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Abstract
Keywords In this research, The flora of Deresinek Basin and its surroundings on the northern slope of the Sultan
Flora; Mountains was investigated. As a result of the research, 458 vascular plant taxa belonging to 77 families

and 270 genera were determined. Nine of the taxa are new to Afyonkarahisar flora. 58 taxa are
endemic, and the rate of endemism is 12.66 %. Distribution of species in the research area according to
plant geography; Mediterranean (67 taxa, 14.62%), Euro-Siberian (50 taxa, 10.98 %), Irano-Turanian (48
taxa, 10.48 %) and unknown (293 taxa, 63.97 %).

Deresinek Basin;
Sultan Mountains;
Afyonkarahisar

Deresinek (Afyonkarahisar) Havzasi Florasi

0z
Anahtar kelimeler Bu arastirmada, Sultan Daglarinin Kuzey yamacinda bulunan Deresinek Vadisi ve cevresinin florasi
Flora; arastirilmistir. Arastirma sonucu 77 familya ve 270 cinse ait 458 damarli bitki taksonu tespit edilmistir.

Deresinek Havzasi;
Sultan Daglari;
Afyonkarahisar

Taksonlarin 9’ u Afyonkarahisar florasi igin yenidir. 58 takson endemiktir. Endemizm orani % 12.66’ dir.
Arastirma alanindaki turlerin bitki cografyasina gore dagihmi; Akdeniz (67 taxa, % 14.62), Avrupa-Sibirya
(50 taxa, % 10.98), iran-Turan (48 taxa, % 10.48) ve bilinmeyen (293 taxa, % 63.97).

© Afyon Kocatepe Universitesi

1. Introduction mentioned features have made our country almost

As it is known, there are 34 hot spots all over the like a continent.

world in terms of floristics. Tlrkiye, on the other
hand, is located at the intersection of three of the
hot spots, namely the Mediterranean, Euro-Siberian
and Irano-Turanian flora regions. In addition to

In the Sultan Mountains, Pinus nigra subsp.
pallasiana var. pallasiana, Cedrus libani, Corylus
avellana, C. Sorbus

colurna, torminalis var.

torminalis, Acer hyrcanum subsp. hyrcanum, Taxus

these three flora regions, the topographical ]
structure, the location of the mountains, the bacc'm‘ta,. Juniperus OX),/ cedrus, J. excellsa, J.
distance-closeness to the seas, the altitude foetidissima, J. communis, Quercus vulcanica, Q.

differences from the sea level, the existence of three
different climate types as Mediterranean, Black Sea
and continental climate, the existence of wetlands,
salty areas and the Anatolian diagonal have

enriched the flora of our country. All of the above-

cerris and Q. pubescens forests have an important
place. Due to its unique natural environment
characteristics of the Sultan Mountains, it has local
climatic conditions. As a result, the plants of the
European-Siberian Flora region also had a significant
possibility of housing.
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For example, two of the three species of Corylus,
one of the plants representing the European-
Siberian Floristic region, are naturally spreading in
Turkey, C. avellana var. avellana and C. colurna '
spread in Afyonkarahisar. C. avellana var. ave
Sultan Mountains, including microclimate in tne
north-facing valley slopes and streams in the 1200-
1400 m 's large communities. The other hazelnut
type C. colurna, on the other hand, consists of
sparse communities mixed with T. baccata in
Kapikayasi location 1500-1700 m and rocky areas.
The C. colurna, which is more common than T.
baccata, has a wide range of trunks. Among the C.
colurna samples, those who reach 380 cm are
remarkable. T. baccata's trunk width reaches up to
320 cm.

C. avellana var. avellana and C. colurna are the
elements of the European-Siberian Floristic Zone.
spreading areas up to
during the glacial

They expanded their
Afyonkarahisar period and
remained on the northern slopes and streams by
adapting to the current places they took refuge in

the interclasial period.

Q. vulcanica is an Eastern Mediterranean element

and is an endemic species for Turkey. In
Afyonkarahisar, especially on the mountain floor,
especially on the northern slopes of the Sultan
Mountains and Kumalar Mountain, it formed
frequent and large communities. Q. vulcanica is also
rarely mixed with Q. cerris var. cerris on the

Emirdaglari and Ahir Mountain.

The number of taxa, which was 11707 in the
resource named "Vascular Plants of Tirkiye",
increased to 12345 with the studies carried out in
the following years (Giiner vd. 2012, Ozhatay et al.

2013, 2015, 2017, 2019).

With this number of taxa, Tiirkiye is quite rich in
terms of species in its climate zone. Considering that
the number of vascular plants in the European
continent, which is 15 times the size of Tirkiye, is 12
500, Tirkiye's floristic richness can be understood
(Bilz et al. 2011). In addition to its floristic richness,

Tirkiye also draws attention with its 3464 endemic
plant species.

In Europe, the number of endemic plant species is
only 3500 (Bilz et al. 2011, Giiner vd. 2012, Ozhatay
et al. 2013, 2015, 2017, 2019).

The first researches in Anatolia were realized with
the observations of various botanists. Published in
1553 by the French naturalist Pierre Belon,
travelogue is the first work that gives information
But the botanist
Tournefort collected plants from Tirkiye. Between
1700 and 1702, Tournefort entered Anatolia from
the Trakya region and traveled all over Anatolia up
to Agri Mount (Baytop 2003).

about the flora of Tirkiye.

The botanical expedition of the Swiss botanist
Boissier to Anatolia in 1842 was an important
beginning for the research of the flora of Tirkiye
(Karamanoglu 1976). Boissier published one of the
most important works in the field of plant
systematics and geography with his work named
"Flora Orientalis", which was published in 5 volumes
between 1867-1888 (Boissier 1867,1888). This work
pioneered the recognition of the flora of Tiirkiye. In
the following years, Koch (1836-1848), Heldreich
(1845-1851), Tchihatcheff (1847-1858), Noé (1849-
1854), Balansae (1854-1866), Bourgeau (1860),
Haussknect (1865), Barbey (1873) and Bornmueller
(1889-1890) came to study the flora of Tirkiye
(Karamanoglu 1976).
However, in the Sultan Mountains, where
theresearch area is located, many local and foreign
researchers have collected plant samples. Among
them, Bormiller (1899) is the researcher who has
collected the largest number of plant specimens
belonging to different families. Researchers who
collected plant samples from Sultan Mountains on
different dates, except Bornmiiller, are as follows:
St. Lager (1907), Balls, Reese, Wall (1935), Heilbronn
and Basarman (1942), Huber-Morath (1948), Birand
and M. Zohary (1953), Sorger (1966 and 1968),
Crawford, Karamanoglu (1954), Yaltink (1958),

Baytop and Dékmeci (1978), Cakirer (1984).
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The fact that the Deresinek Basin has not been
studied in terms of plant biodiversity before has
been an important factor in choosing this region as
a research area. This is because research in
previously unstudied areas has allowed new species
or new records to emerge.

2. Material and Method

Deresinek Valley, chosen as the research area, is
within the borders of Afyonkarahisar province,
Sultandag district, Deresinek and Yakasinek villages.
To describe it in another way, it is the region located
between the Dort Stream Basin and the Eber Stream
Basin and on the northern slope of the Sultan
Mountains. Eber Lake and Aksehir Lake are located
in the North and Northeast of the research area.
According to the grid system used by Davis in his
work "Flora of Tiirkiye and the East Aegan Islands",
the research area in the B3 square is included in the
Irano-Turanian flora region in terms of plant
geography (Figure 1). In the research area, the
altitude starts from 980 meters on the plain and
reaches 2610 meters on the Gelincikana hill.

The Sultan Mountains are composed of Paleozoic
epimetamorphic schists (chloritic sericite schists,
phyllites, quartzites and schists etc.) and quartzites
and limestones that exist in the form of lenses and

wedges between them and extend parallel to the
mountain structure axis in places (Atalay 1977).
The plants that make up the material of the research
consist of 963 plant samples collected in the
vegetation period between 2016-2019 and March-
November. These plant samples were collected
from the habitats where the floristic situation varies
between 1000 and 2610 m in the Deresinek Basin.
After the collected plant samples were turned into
herbarium material, they were identified. In the
identification of plant species, especially Davis's
"Flora of Tiirkiye and The East Aegean Islands",
Boissier's “Flora orientalis” and Giiner's studies on
Checklist of Vascular Plants of Tirkiyewere used
(Boissier 1899- 1899, Davis 1965,1985, Davis et al.
1988, Guner et al. 2000, Glner vd. 2012). Afyon
Kocatepe University Herbarium was also used
during the identification. Identified plant samples
are kept in Afyon Kocatepe University Herbarium.

Since the climatic characteristics of the research
area and the climate data of Sultandagi district,
which is one of the existing meteorology stations,
are missing, the closest districts, Aksehir and Cay,
were evaluated instead. Average precipitation and
temperature values of Aksehir and Cay districts are
given in Table 1. The climate diagrams of Aksehir
and Cay districts, which were prepared based on
these data, are shown in figure 2 and figure 3.

Table 1. Average temperature and precipitation data of Aksehir and Cay districts.

&  Meteorological MONTHS ‘_E,“
& elements I 1 m vV VI VI IX X XI X <
o @é‘;rage Temp 10 21 62 113 157 198 230 228 187 131 68 27 119
=
& Average
< precipitation 551 525 568 59.6 46.6 373 174 109 149 442 571 650 5174
(mm)
'gé‘;rage Temp 49 18 54 114 160 199 230 229 185 129 64 25 118
%
o Average
precipitation 276 338 360 470 291 182 116 41 25 249 377 398 3057
(mm)
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Figure 2. Aksehir climate diagram.
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Figure 3. Cay climate diagram.

3. Results
3.1 Plant collected stations

1. B3 Afyonkarahisar: Sultan Mountains, Demirlik
Hill,

2. B3 Afyonkarahisar: Sultan Mountains, Deresinek
Valley,

3. B3 Afyonkarahisar: Sultan Mountains, Okiizin
Hill,

4. B3 Afyonkarahisar: Sultan Mountains, Karacalar
Hill,

5. B3 Afyonkarahisar: Cay, Upstream,

6. B3 Afyonkarahisar: Sultan Mountains, Firinci Hill,
7. B3 Afyonkarahisar: Cay, Deresinek village,

8. B3 Afyonkarahisar: Sultan Montains, Dumlu Hill,
9. B3 Afyonkarahisar: Yakasinek village-Deresinek
village,

10. B3 Afyonkarahisar: Sultan Mountains, Cigirgan
Hill,

11. B3 Afyonkarahisar: Sultan Mountains,
Gelincikana Hill,

12. B3 Afyonkarahisar: Sultan Mountains, Topyolu
Hill,

13. B3 Afyonkarahisar: Sultan Mountains,
Deresinek Stream,

14. B3Afyonkarahisar: Sultan Mountains, Biyik
Yayla,

15. B3 Afyonkarahisar: Sultandagi, Yakasinek
village,
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3.2 Deresinek Basin Flora

In this study, the families to which the identified
plant species belong and the Latin scientific names
of the plant species are given below in alphabetical
order.

PTERIDOPHYTA

EQUISETIDAE

EQUISETACEAE

Equisetum arvense L.

2, around the gutter, wet places, 1400 m,
30.07.2019, Kargioglu 8971.

ASPLENIACEAE

Asplenium ceterach L.

1, rock cavities, 1900 m, 10.07.2019, Kargioglu 8850.
Asplenium trichomanes L.

2, valley slopes, rocky areas, 1300 m, 02.08.2018,
Kargioglu 8637.

CYSTOPTERIDACEAE

Cystopteris fragilis (L.) Bernh.

3, rocky northern slopes, 1900 m, 06.07.2017,
Kargioglu 8385.

DRYOPTERIDACEAE

Dryopteris filix-mas (L.) Schott

1, rocky northern slopes, 1800 m, 10.07.2019,
Kargioglu 8901.

Dryopteris pallida (Bory) Fomin subsp. pallida

4, rock cavities, 1550 m, 06.07.2017, Kargioglu 8386.
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MAGNOLIOPHYTA

PINOPHYTINA

GNETIDAE

EPHEDRACEAE

Ephedra major Host subsp. major

5, rocky slopes, 1180 m, 10.07.2019, Kargioglu 8902.

PINIDAE

CUPRESSACEAE

Juniperus communis L. var. saxatilis Pall.

1, high mountain range, 2200 m, 10.07.2019,
Kargioglu 8903.

Juniperus excelsa M. Bieb. subsp. excelsa

2, valley slopes, Cistus laurifolius community, 1370
m, 02.08.2018, Kargioglu 8651.

Juniperus foetidissima Willd.

1, Quercus vulcanica community clearing, 1650 m,
06.07.2017, Kargioglu 8375.
Juniperus oxycedrus L. subsp. oxycedrus var.
oxycedrus f. oxycedrus

2, rocky-stony
Kargioglu 8640.

slopes, 1370 m, 02.08.2018,

PINACEAE

Cedrus libani A.Rich. var. libani

2, valley slopes, 1350 m, 15.09.2018, Kargioglu
8665. Mediterranean (mountain) element.

Pinus nigra J.F.Arnold. subsp. pallasiana (Lamb.)
Holmboe var. pallasiana

2, valley slopes, 1350 m, 15.09.2018, Kargioglu
8676.

Pinus sylvestris L. var. hamata Steven
2, valley slopes, 1350 m, 15.09.2018, Kargioglu
8672. Euro-Siberian element.

TAXACEAE

Taxus baccata L.

2, valley slopes, Pinus nigra-Pinus sylvestris-Cedrus
libani clearing, 1600 m, 10.07.2019, Kargioglu 8963.

MAGNOLIOPHYTINA

MAGNOLIDAE

Monocotyledonous plants and dicotyledonous
plants included (Guner vd. 2012).

ACANTHACEAE

Acanthus hirsutus Boiss. subsp. hirsutus

6, Northern slope, forest road edges, 1200 m,
07.06.2018, Kargioglu 8517.

ADOXACEAE

Sambucus nigra L.

2, stream edges 1350 m, 02.08.2018, Kargioglu
8656.

Viburnum lantana L.

2, valley slopes, 1200 m, 01.05.2016, Kargioglu
8290.

AMARANTHACEAE

Chenopodium foliosum Asch.

3, steppe, 1880 m, 15.09.2018, Kargioglu 8666.
Noaea mucronata (Forssk.) Aschers. & Schweinf.
subsp. mucronata

5, rocky-stony places, 1170 m, 16.06.2019, Kargioglu
8729.

AMARYLLIDACEAE

Allium paniculatum L. subsp. paniculatum

4, Cedrus libani-Pinus sylvestris forest clearing,
stony-rocky, 1500 m, 02.08.2018, Kargioglu 8622.
Mediterranean element.

Allium scorodoprasum L. subsp. rotundum (L.)
Stearn

7, steppe, 1000 m, 02.08.2018, Kargioglu 8639.
Galanthus gracilis Celak.

4, Quercus cerris clearing, 1400 m, 23.03.2017,
Kargioglu 8365.

ANACARDIACEAE

9. Pistacia palaestina Boiss.

5, rocky slopes, 1180 m, 04.07.2019, Kargioglu 8822.
E. Mediterranean element.

APIACEAE

Angelica sylvestris L. var. sylvestris

2, stream edges, 1330 m, 07.06.2017, Kargioglu
8403. Euro-Siberian element.

Astrantia maxima Pall. subsp. haradjianii (Grintz.)
Rech.f.

1, Quercus vulcanica clearings, 1800 m, 30.07.2019,
Kargioglu 8972.
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Bunium microcarpum (Boiss.) Freyn & Bornm. ex
Freyn subsp. microcarpum

6, Pinus nigra clearings, 1400 m, 30.07.2019,
Kargioglu 8975. E. Mediterranean element.
Echinophora tenuifolia L. subsp. sibthorpiana (Guss.)
Tutin

7, steppe, 1000 m, 02.08.2018, Kargioglu 8632.
Irano-Turanian element.

Echinophora tournefortii Jaub. & Spach

7, steppe, 1000 m, 02.08.2018, Kargioglu 8633.
Irano-Turanian element.

Ferulago trachycarpa Boiss.

8, rocky-stony places, 2000 m, 29.06.2019, Kargioglu
8751. E. Mediterranean element.

Heracleum platytaenium Boiss.

2, valley slopes, 1300 m, 30.05.2016, Kargioglu
8347. Euro-Siberian element.

Johrenia dichotoma DC.
5, rocky-stony slopes, 1170 m, 04.07.2019,
Kargioglu 8806. Irano-Turanian element.

Laser trilobum (L.) Borkh.

2, valley slopes, Corylus avellana clearing, 1400 m,
30.05.2016, Kargioglu 8326.

Pastinaca sativa L. subsp. urens (Req. ex Gren. &
Godr.) Celak.

2, stream edges, 1200 m, 02.08.2018, Kargioglu
8647.

Scandix macrorhyncha C. A. Mey.

2, valley slopes, rocky-stony places,
26.04.2018, Kargioglu 8459.

Scandix pecten-veneris L.

2, rocky-stony places, 1400 m, 10.07.2019, Kargioglu
8851.

Smyrnium connatum Boiss. & Kotschy

2, stream edges, 1300 m, 08.05.2016, Kargioglu
8293. Mediterranean element.

Torilis leptophylla (L.) Reichb. f.

1180 m,

1340 m,

5, rocky-stony
Kargioglu 8920.
Torilus ucranica Spreng.

5, rocky slopes, 1180 m, 10.07.2019, Kargioglu 8921.

slopes, 10.07.2019,

APOCYNACEAE
Vinca herbacea Waldst. & Kit.

2, valley slopes, rocky-stony places,
30.05.2016, Kargioglu 8337.

1400 m,

ASPARAGACEAE

Asparagus tenuifolius Lam.

4, forest road edge, Quercus vulcanica clearing,
1680 m, 30.05.2016, Kargioglu 8341.

Euro-Siberian element.
Bellevalia tauri Feinbrun
6, Pinus nigra clearing,
Kargioglu 8452.

Endemic “LC”, Mediterranean element.

1200 m, 17.05.2018,

Muscari armeniacum Leichtlin ex Baker
2, valley slopes, rocky-stony places,
26.04.2018, Kargioglu 8462.

Muscari comosum (L.) Mill.

1550 m,

6, Pinus nigra clearing, 1400 m, 17.05.2018,
Kargioglu 8451. Mediterranean element.
**Muscari discolor Boiss. & Hausskn. Ex Boiss.

3, rocky-stony slopes, 1900 m, 30.05.2016,
Kargioglu 8332.

Endemic “NT”, Irano-Turanian element.

Muscari neglectum Guss. ex Ten.

4, meadow, 1700 m, 01.05.2016, Kargioglu 8263.
Muscari tenuiflorum Tausch

3, Quercus vulcanica clearings, 1900 m, 19.05.2019,
Kargioglu 8704.

Ornithogalum armeniacum Baker

2, stream edges, meadow, 1300 m, 08.05.2016,
Kargioglu 8296. E.Mediterranean element.
Ornithogalum fimbriatum Willd.

2, valley slopes,
25.04.2018,
element.

1450 m,
E.Mediterranean

rocky-stony places,
Kargioglu 8413.
Ornithogalum nutans L.

2, stream edges, meadow, 1300 m, 08.05.2016,
Kargioglu 8294. E.Mediterranean element.
Ornithogalum oligophyllum E.D. Clarke

4, Quercus vulcanica clearing, 1680 m, 01.05.2016,
Kargioglu 8275.

Polygonatum orientale Desf.

4, Quercus vulcanica clearing, 1700 m, 01.05.2016,
Kargioglu 8274. Euro-Siberian element.

Scilla bifolia L.

2, meadow, 1300 m, 23.03.2017. Kargioglu 8366.
Mediterranean element.

ASTERACEAE
Achillea arabica Kotschy
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7, roadsides, 1000 m, 30.05.2016, Kargioglu 8356.
Irano-Turanian element.

Achillea nobilis L. subsp. neilreichii (A.Kern.) Velen.
7, village surrounding and roadsides, 1000 m,
30.05.2016, Kargioglu 8336. Euro-Siberian element.
Achillea teretifolia Willd.

3, steppe, 2000 m, 04.07.2019, Kargioglu 8801.
Endemic”LC”, Irano-Turanian element.

Anthemis cretica L. subsp. albida (Boiss.) Grierson
2, valley slopes, Cistus laurifolius clearings, 1450 m,
30.07.2019, Kargioglu 8967.

Arctium minus (Hill) Bernh.

9, roadside, 1000 m, 30.07.2019, Kargioglu 8966.
Euro-Siberian element.

Artemisia campestris L. var. campestris

2, rocky-stony slopes, 1370 m, 02.08.2018,
Kargioglu 8623.

**Aster alpinus L.

3, rocky-stony slopes,
Kargioglu 8773.

Bellis perennis L.

4, meadow, 1700 m, 01.05.2016, Kargioglu 8267.
Euro-Siberian element.

2200 m, 29.06.2019,

Carduus olympicus Boiss. subsp. hypoleucus
(Bornm.) P.H.Davis
3, rocky-stony slopes, 2000 m, 04.07.2019,

Kargioglu 8798. Endemic”LC".
Carlina oligocephala Boiss. & Kotschy subsp.
oligocephala

3, high mountain range, rocky-stony slopes, 2100 m,
04.07.2019, Kargioglu 8834.

Carthamus dentatus (Forssk.) Vahl

7, steppe, 1000 m, 02.08.2018, Kargioglu 8625.
Centaurea cariensis Boiss. subsp. microlepis (Boiss.)
Wagenitz

3, rocky-stony slopes,
Kargioglu 8627.
Centaurea kotschyi (Boiss.) Hayek var. kotschyi

10, rocky-stony slopes, 2000 m, 07.10.2019,
Kargioglu 8787. Endemic”LC".

Centaurea solstitialis L. subsp. solstitialis

7, steppe, 1000 m, 02.08.2018, Kargioglu 8626.
Centaurea virgata Lam.

7, steppe, 1000 m, 07.06.2017, Kargioglu 8401.

Irano-Turanian element.

1900 m, 02.08.2018,

Chondrilla juncea L.

7, village surroundings, steppe, 1000 m, 07.06.2017,
Kargioglu 8402.

Cirsium arvense (L.) Scop.

7, steppe, 1000 m, 02.08.2018, Kargioglu 8651.
Cota austriaca Jacg. Sch. Bip.

6, Pinus nigra clearing, 1400 m, 10.07.2019,
Kargioglu 8922.

Cota tinctoria (L.) J.Gay ex Guss. var. tinctoria

2, stony places, 1300 m, 08.06.2018, Kargioglu 8580.
Crepis foetida L. subsp. rhoeadifolia (M. Bieb.) Celak.
5, rocky-stony slopes, 1170 m, 08.05.2016,
Kargioglu 8311.

Crepis sancta (L.) Bornm.

1, Quercus vulcanica clearings, 1950 m, 10.07.2019,
Kargioglu 8965.

Crupina crupinastrum (Moris) Vis.

6, forest road edges, 1250 m, 10.07.2019, Kargioglu
8923.

Cyanus reuterianus (Boiss.) Holub var. phrygia
Boram.

3, rocky-stony places, 2000 m, 30.05.2016, Kargioglu
8330. Endemic”LC”, E.Mediterranean element.
Cyanus triumfettii (All.) Dostal ex A.Léve & D.Love
subsp. triumfettii

1, forest border, open spaces, 1880 m, 30.05.2016,
Kargioglu 8338.

Doronicum orientale Hoffm.

4, Quercus vulcanica clearing, 1680 m, 01.05.2016,
Kargioglu 8272.

Echinops spinosissimus Turra subsp. bithynicus
(Boiss.) Greuter

7, steppe, 1000 m, 10.07.2019, Kargioglu 8924.
Irano-Turanian element.

Helichrysum plicatum DC. subsp. plicatum

4, Cistus laurifolius clearings, 1600 m, 28.06.2018,
Kargioglu 8594.

Inula anatolica Boiss.

5, rocky slopes, 1170 m, 04.07.2019, Kargioglu 8820.
Endemic”LC".

Inula britannica L.

2, valley floor, damp places, 1330 m, 15.09.2018,
Kargioglu 8696. Euro-Siberian element.

Inula montbretiana DC.

2, valley slopes, Cistus laurifolius clearings, 1380 m,
10.07.2019, 8925.
element.

Kargioglu Irano-Turanian

Inula oculus-christi L.
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5, rocky-stony slopes, 1180 m,

Kargioglu 8466. Euro-Siberian element.

17.05.2018,

Jurinea consanguinea DC.

6, forest road edges, 1250 m, 30.05.2016, Kargioglu
8350.

Lactuca orientalis (Boiss.) Boiss.

4, rocky-stony places, 1500 m, 10.07.2019, Kargioglu
8882. Irano-Turanian element.

Lactuca serriola L.

7, garden, 1000 m, 10.07.2019, Kargioglu 8883.
Lactuca variabilis Bornm.

2, valley slopes, Cistus laurifolius clearings, 1380 m,
10.07.2019, Kargioglu 8926. Endemic”LC”.

Lactuca viminea (L.) J.Pres| & C.Presl

1, rocky-stony slopes, 1470 m, 02.08.2018,
Kargioglu 8657.

Leontodon asperrimus (Willd.) Endl.

2000 m, 04.07.2019,

Kargioglu 8805. Irano-Turanian element.

3, rocky-stony slopes,
Matricaria chamomilla L. var. recutita (L.) Grierson
4, meadow, 1450 m, 01.05.2016, Kargioglu 8280.
Onopordum anatolicum Boiss. & Heldr. ex Eig

9, roadsides, 1000 m, 10.07.2019, Kargioglu 8931.
Endemic”LC”, Irano-Turanian element.

Picnomon acarna (L.) Cass.

7, steppe, 1000 m, 10.07.2019, Kargioglu 8939.
Scolymus hispanicus L. subsp. hispanicus

7, steppe, 1000 m, 10.07.2019, Kargioglu 8940.
Mediterranean element.

Scorzonera cana (C.A. Mey.) Griseb. var. radicosa
(Boiss.) D.F. Chamb.

11, North slope, high mountain range, rocky-stony
places, 2200 m, 29.06.2019, Kargioglu 8767.
Senecio vernalis Waldst. & Kit.

7, steppe, 1000 m, 25.04.2018, Kargioglu 8413.
Senecio vulgaris L.

7, steppe, 1000 m, 17.05.2018, Kargioglu 8479.
Sonchus asper (L.) Hill subsp. glaucescens (Jord.) Ball
2, stream edge, 1250 m, 04.07.2019, Kargioglu 8835.
Tanacetum parthenium (L.) Sch. Bip.

2, stream edge, 1250 m, 04.07.2019, Kargioglu 8836.
Taraxacum scaturiginosum G.E. Haglund

2, valley slopes, stony slopes, 1350 m, 24.05.2018,
Kargioglu 8433.

Tragopogon dubius Scop.

2, valley slopes, rocky-stony slopes, 1380 m,
26.04.2018, Kargioglu 8460.

Tragopogon latifolius Boiss. var. latifolius

5, forest road edge, 1170 m, 17.05.2018, Kargioglu
8484. Irano-Turanian element.

Tussilago farfara L.

2, stony places, 1300 m, 23.03.2017. Kargioglu 8367.
Euro-Siberian element.

Xanthium spinosum L.

7, garden, 1000 m, 28.06.2018, Kargioglu 8600.
Xanthium strumarium L. subsp. strumarium

7, garden, 1000 m, 10.07.2019, Kargioglu 8913.
Xeranthemum annuum L.

7, garden, 1000 m, 02.08.2018, Kargioglu 8664.
Xeranthemum inapertum (L.) Mill.

12, Quercus cerris clearing, 1300 m, 10.07.2019,
8942.

BERBERIDACEAE

Berberis crataegina DC.

12, Quercus cerris clearing, 1300 m, 25.04.2018,
Kargioglu 8411.

BETULACEAE

Corylus avellana L. var. avellana

2, streamside, 1350 m, 15.09.2018, Kargioglu 8684.
Euro-Siberian element.

Corylus colurna L.

2, Demirlik hill, 1600 m, 10.07.2019, Kargioglu 8880.
Euro-Siberian element.

BORAGINACEAE

Alkanna areolata Boiss. var. areolata

3, rocky, 1900 m, 27.04.2017, Kargioglu 8368.
E.Mediterranean element.

Anchusa undulata L. subsp. hybrida (Ten.) Cout.
7, steppe, 1000 m, 30.05.2016, Kargioglu 8357.
Mediterranean element.
Buglossoides arvensis (L.) 1. M. Johnst. subsp.
sibthorpiana (Griseb.) R. Fern.

13, rocky-stony places, 1400 m, 10.07.2019,
Kargioglu 8852.

Cynoglossum montanum L.

14, forest border, open fields, 1880 m, 30.05.2016,
Kargioglu 8335. Euro-Siberian element.

Echium italicum L.

7, steppe, 1000 m, 02.08.2018, Kargioglu 8635.
Mediterranean element.

Heliotropium dolosum De Not.
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7, steppe, 1000 m, 15.06.2017, Kargioglu 8370.
Lithospermum arvense L.

5, rocky-stony places 1180 m, 10.07.2019, Kargioglu
8911. Euro-Siberian element.

Myosotis arvensis (L.) Hill subsp. arvensis

3, rocky-stony places, 1910 m, 30.05.2016, Kargioglu
8333. Euro-Siberian element.

Myosotis incrassata Guss.

2, streamsides, 1250 m, 08.05.2016, Kargioglu 8300.
E. Mediterranean element.

Myosotis ramosissima Rochel

13, rocky-stony places, 1200 m,
Kargioglu 8853.

Onosma armena DC.

4, rocky-stony places, 1500 m, 19.05.2019, Kargioglu
8713. Endemic”LC".

Onosma taurica Willd. var. taurica

10.07.2019,

2, valley slopes, stony places, 1300 m, 08.05.2016,
Kargioglu 8323.

**Symphytum orientale L.

4, Quercus vulcanica clearing, 1690 m, 30.05.2016,
Kargioglu 8342. Euro-Siberian element.

BRASSICACEAE

Aethionema arabicum (L.) Andrz. ex DC.
2, rocky-stony 1330 m,
Kargioglu 8437.

Aethionema cordatum (Desf.) Boiss.
12, stony places, 1400 m, 10.07.2019, Kargioglu
8881.

Alliaria petiolata (M.Bieb.) Cavara & Grande

4, forest road edges, 1650 m, 01.05.2016, Kargioglu
8266.

Alyssum desertorum Stapf.

2, valley slopes, stony places, 1400 m, 30.05.2016,
Kargioglu 8360.

Alyssum hirsutum M.Bieb. var. hirsutum

2, Cistus laurifolius clearings, 1470 m, 01.05.2016,
Kargioglu 8271.

**Alyssum lepidotum Boiss.

slopes, 26.04.2018,

13, rocky-stony places, 1200 m,
Kargioglu 8855. Endemic”LC".
According to Flora of Tiirkiye the stylus of this plant

10.07.2019,

is up to % hairy. In our example, it is completely
hairless. New record for this species Afyonkarahisar.
It was checked by Sinasi Yildirimli on 18.02.2017.
Alyssum minutum Schltdl. ex DC.

2, Cistus laurifolius clearings, 1400 m, 10.07.2019,
Kargioglu 8912.

Alyssum murale Waldst. & Kit. subsp. murale var.
murale

3, rocky-stony
Kargioglu 8609.
Alyssum simplex Rudolph

slopes, 2000 m, 01.08.2018,

13, rocky-stony places,
Kargioglu 8856.

Alyssum strigosum Banks & Sol. subsp. cedrorum
(Schott & Kotschy) T.R. Dudley

5, rocky-stony places, 1180 m, 25.04.2018, Kargioglu
8406.

Arabis caucasica Willd. subsp. caucasica

1200 m, 10.07.2019,

2, valley slopes, forest
01.05.2016, Kargioglu 8291.
Arabis nova Vill.

clearings, 1310 m,

2, valley slopes, stony places, 1400 m, 30.05.2016,
Kargioglu 8359.

Arabis sagittata (Bertol.) DC.

13, rocky-stony places, 1200 m,
Kargioglu 8857.

Aubrieta pinardii Boiss.

3, rocky, 1800 m, 01.05.2016, Kargioglu 8284.
Endemic”LC”.

Barbarea verna (Mill.) Aschers.

4, damp meadow, 1750 m, 01.05.2016, Kargioglu
8281.

Barbarea vulgaris R.Br. subsp. vulgaris

2, streamsides damp places, 1200 m, 08.05.2016,
Kargioglu 8312.

Brassica elongata Ehrh.

7, garden, 1000 m, 10.07.2019, Kargioglu 8913.
Camelina rumelica Velen.

7, garden, 1000 m, 25.04.2018, Kargioglu 8914.
Capsella bursa-pastoris (L.) Medik.

7, garden, 1000 m, 25.04.2018, Kargioglu 8412.
Capsella rubella Reut.

2, streamsides, meadow, 1300 m, 08.05.2016,
Kargioglu 8301. Mediterranean element.

10.07.2019,

Clypeola jonthlaspi L.

2, valley slopes, rocky-stony places, 1300 m,
26.04.2018, Kargioglu 8444,

Draba bruniifolia Steven subsp. heterocoma (Fenzl)
Coode & Cullen

12, Pinus nigra-Cedrus libani clearing, stony places,
1500 m, 19.05.2019, Kargioglu 8700.
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Erophila verna (L.) DC.

2, valley interiors, stony places, 1150 m, 25.04.2018,
Kargioglu 8416.

Erysimum cuspidatum (M. Bieb.) DC.

2, valley slopes, stony places, 1210 m, 30.05.2016,
Kargioglu 8289.

Erysimum kotschyanum Gay

3, rocky places, 1900 m, 10.07.2019, Kargioglu 8915.
Endemic”LC”.

Erysimum smyrnaeum Boiss. & Balansa

2, rocky-stony places, 1200 m, 08.05.2016, Kargioglu
8306.

Fibigia eriocarpa (DC.) Boiss.

2, valley slopes, stony places, 1300 m, 30.05.2016,
Kargioglu 8354.

Isatis glauca Aucher ex Boiss. subsp. glauca

7, roadsides, 1000 m, 04.07.2019, Kargioglu 8837.
Irano-Turanian element.

Lepidium latifolium L.

7, roadsides, 1000 m, 04.07.2019, Kargioglu 8838.
Lepidium perfoliatum L.

7, roadsides, 1000 m, 04.07.2019, Kargioglu 8839.
Matthiola longipetala (Vent.) DC. subsp. longipetala
2, valley slopes, stony places, 1300 m, 30.07.2019,
Kargioglu 8970.

Thlaspi perfoliatum L.

2, valley slopes, steppe, 1300 m, 01.05.2016,
Kargioglu 8325.

Turritis laxa (Sibth. & Sm.) Hayek

4, forest road edge, Quercus vulcanica clearing,
1700 m, 01.05.2016, Kargioglu 8277.

CAMPANULACEAE

Asyneuma compactum (Boiss. & Heldr.) Damboldt
var. compactum

3, stony places, 2000 m, 30.05.2016, Kargioglu 8329.

Endemic”’NT”, E.Mediterranean (mountain)
element.
Asyneuma  limonifolium (L.) Janch. subsp.

pestalozzae (Boiss.) Damboldt

2, rocky-stony places, 1400 m, 10.07.2019, Kargioglu
8858. Endemic”LC”.

Asyneuma linifolium (Boiss. & Heldr.) Bornm. subsp.
linifolium

3, Kayalik yerler, 1900 m, 10.07.2019, Kargioglu
8916. Endemic”’EN”, E.Mediterranean (mountain)
element.

Campanula ajugifolia Schult.

2, valley slopes, Cistus laurifolius clearings, 1340 m,
02.08.2018, Kargioglu 8624.

Endemic”LC”, Irano-Turanian element.

Campanula cymbalaria Sm.
3, rocky North slopes, 2000 m, 10.07.2019,
Kargioglu 8943.

Campanula lyrata Lam. subsp. lyrata

2, valley slopes, stony places, 1330 m, 30.05.2016,

Kargioglu 8351.

CANNABACEAE
Celtis planchoniana K.I.Chr.
2, streamsides, 1330 m, 15.09.2018, Kargioglu 8690.

CAPRIFOLIACEAE

Centranthus longiflorus Stev. subsp. longiflorus

2, valley slopes, stony places, 1200 m, 30.05.2016,
Kargioglu 8353.

Cephalaria transsylvanica (L.) Schrad.

5, rocky-stony slopes, 1180 m, 08.06.2018,
Kargioglu 8583.

Dipsacus laciniatus L.

2, streamsides, 1230 m, 02.08.2018, Kargioglu 8632.

Lonicera caucasica Pall.

4, forest road edge, Quercus vulcanica clearing,
1700 m, 30.05.2016, Kargioglu 8344.

Lonicera etrusca Santi var. etrusca

2, streamsides, 1320 m, 28.06.2018, Kargioglu 8598.
Mediterranean element.

Pterocephalus pinardii Boiss.

slopes, 1180 m, 02.08.2018,
Endemic”LC”,

5, rocky-stony
Kargioglu 8641.
element.

E.Mediterranean

Pterocephalus plumosus (L.) Coulter

12, Quercus cerris clearing, 1300 m, 10.07.2019,
Kargioglu 8917.

Scabiosa argentea L.

5, rocky-stony places, 1170 m, 16.06.2019, Kargioglu
8739.

Valeriana dioscoridis Sm.

2, valley slopes, rocky places, 1350 m, 08.05.2016,
Kargioglu 8314. E.Mediterranean element.

CARYOPHYLLACEAE
Arenaria ledebouriana Fenzl var. pauciflora McNeill
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4, Quercus vulcanica clearing, 1650 m, 19.05.2019,
Kargioglu 8723.

Cerastium anomalum Waldst. & Kit.

2, rocky-stony places, 1420 m, 07.06.2018, Kargioglu
8548.

Cerastium banaticum (Rochel) Heuff. subsp.
banaticum

2, rocky-stony places, 1400 m, 10.07.2019, Kargioglu
8859.

Cerastium fragillimum Boiss.

6, Pinus nigra clearing, 1400 m, 25.04.2018,
Kargioglu 8413.

Dianthus zonatus Fenzl var. zonatus

2, rocky-stony places, 1350 m, 28.06.2018, Kargioglu
8599.

Holosteum umbellatum L. subsp. umbellatum

6, Pinus nigra clearing, 1350 m, 17.05.2018,
Kargioglu 8471.

Minuartia juniperina (L.) Maire & Petitm.

3, rocky, 2000 m, 07.06.2018, Kargioglu 8526.
Minuartia leucocephala (Boiss.) Mattf.

5, rocky-stony slopes, 1170 m, 08.06.2018,
Kargioglu 8556. Endemic”LC”, Mediterranean
element.

Paronychia chionaea Boiss. subsp. chionaea var.
chionaea

4, rocky-stony places, 1500 m, 07.06.2017, Kargioglu
8380.

Saponaria pumilio Boiss.

3, rocky-stony North slopes, 2200 m, 29.06.2019,
Kargioglu 8766. E.Mediterranean element.

Silene compacta Fisch. ex Hornem.

2, rocky-stony places, 1220 m, 02.08.2018, Kargioglu
8659.

Silene dichotoma Ehrh. subsp. dichotoma

13, stony places, 1200 m, 10.07.2019, Kargioglu
8860.

Silene italica (L.) Pers. subsp. italica

2, Demirlik hill, Quercus vulcanica clearing, 1650 m,
08.05.2016, 8308.

element.

Kargioglu Mediterranean
Silene rhynchocarpa Boiss.

3, rocky-stony places, 1900 m, 01.05.2016, Kargioglu
8288. E.Mediterranean element.

Silene supina M. Bieb. subsp. pruinosa (Boiss.)
Chowdhuri

2, valley slopes, Cistus laurifolius clearing, 1330 m,
08.06.2018, Kargioglu 8575.

Silene vulgaris (Moench) Garcke var. vulgaris

2, valley slopes, Pinus nigra clearing, 1400 m,
30.05.2016, Kargioglu 8343.

CELASTRACEAE

Euonymus latifolius (L.) Mill. subsp. latifolius

2, streamsides, 1350 m, 15.09.2018, Kargioglu 8678.
Euro-Siberian element.

CISTACEAE

Cistus laurifolius L.

4, Pinus nigra clearing, 1600 m, 28.06.2018,
Kargioglu 8591. Mediterranean element.

Fumana procumbens (Dunal) Gren. & Godr.

3, rocky-stony slopes, 10.07.2019, Kargioglu 8958.
Helianthemum nummularium (L.) Mill. subsp.
lycaonicum Coode & Cullen

12, Quercus cerris clearing, 1300 m, 10.07.2019,

Kargioglu 8959. Endemic”LC".

COLCHICACEAE

Colchicum atticum Spruner ex Tommas

2, streamsides, meadow, 1300 m, 23.03.2017,
Kargioglu 8361. E.Mediterranean element.
Colchicum triphyllum Kunze

2, streamsides, meadow, 1300 m, 23.03.2017,
Kargioglu 8362. Mediterranean element.

CONVOLVULACEAE

Convolvulus arvensis L.

7, village surroundings, steppe, 1000 m, 30.05.2016,
Kargioglu 8352.

Convolvulus lineatus L.

2, streamsides, stony places, 1200 m, 07.06.2018,
Kargioglu 8546.

Cuscuta europaea L.

2, valley slopes, Cistus laurifolius clearing (on Salvia
tomentosa), 1450 m, 07.06.2017, Kargioglu 8397.
Cuscuta palaestina Boiss.

7, garden, (on Capsicum sp.), 1000 m, 10.07.2019,
Kargioglu 8944.

CORNACEAE
Cornus mas L.
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2, streamsides, 1320 m, 10.07.2019, Kargioglu 8945.
Euro-Siberian element.
Cornus sanguinea L. subsp. australis (C.A.Mey.) Jav.
2, streamsides, 1350 m, 15.09.2018, Kargioglu 8681.
Euro-Siberian element.

CRASSULACEAE
Rosularia libanotica (L.) Sam.

11, Northern slope, stony places, 2200 m,
29.06.2019, Kargioglu 8763. E.Mediterranean
element.

Sedum acre L.

5, rocky-stony places, 1170 m, 08.06.2018, Kargioglu
8582.

Sedum album L.

3, rocky places, 1900 m, 10.07.2019, Kargioglu 8844.
Sedum amplexicaule DC. subsp. tenuifolium (Sm.)
Greuter & Burdet

2, valley slopes, Cistus laurifolius clearings, 1370 m,
29.06.2019, Kargioglu 8783.
element.

Sedum pallidum M. Bieb.

3, rocky places, 1900 m, 10.07.2019, Kargioglu 8840.
Euro-Siberian element.

Mediterranean

Sedum sempervivoides M.Bieb.

11, rocky North slopes, 2200 m, 10.07.2019,
Kargioglu 8927.

Umbilicus luteus (Huds.) Webb & Berthel.

2, rocky-stony places, 1400 m, 10.07.2019, Kargioglu
8862.

CYPERACEAE

Carex coriogyne Nelmes

4, on the forest road, 1600 m, 10.07.2019, Kargioglu
8909. Endemic”LC”, E.Mediterranean element.
Carex panicea L.

2, valley slopes, Cistus laurifolius clearings, 1550 m,
Kargioglu 8378. Euro-Siberian element.

Scirpoides  holoschoenus (L.) Sojak  subsp.
oloschoenus

2, streamsides, damp places, 1150 m, 04.07.2019,

Kargioglu 8816.

ELAEAGNACEAE

Elaeagnus angustifolia L. var. angustifolia

5, forest road edge, 1170 m, 16.06.2019, Kargioglu
8732.

EUPHORBIACEAE

Euphorbia anacampseros Boiss. var. anacampseros
1, Pinus nigra clearing, 1900 m, 17.05.2018,
Kargioglu 8473. Endemic”LC".

Euphorbia kotschyana Fenzl

2, rocky-stony slopes, 1230 m, 02.08.2018,
Kargioglu 8638. E.Mediterranean (mountain)
element.

Euphorbia stricta L.

12, gutter surroundings, 1500 m, 10.07.2019,
Kargioglu 8910. Euro-Siberian element.
Mercurialis annua L.

2, streamsides, stony places, 1300 m, 15.09.2018,
Kargioglu 8694.

FABACEAE

Astragalus angustifolius Lam. subsp. angustifolius
11, rocky-stony Northern slopes, 2200 m,
04.07.2019, Kargioglu 8792.

Astragalus campylosema Boiss. subsp.
campylosema

5, rocky-stony slopes, 1170 m, 08.06.2018,
Kargioglu 8561. Endemic”LC”. Irano-Turanian
element.

Astragalus depressus L. var. depressus

3, rocky, 1910 m, 01.05.2016, Kargioglu 8287.
Astragalus mesogitanus Boiss.

2, rocky-stony places, 1400 m, 10.07.2019, Kargioglu
8863. Endemic”LC”. Irano-Turanian element.
Astragalus microcephalus Willd. subsp.
microcephalus

2, valley slopes, Cistus laurifolius clearing, 1380 m,
10.07.2019, 8941.

element.

Kargioglu Irano-Turanian
Astragalus ponticus Pall.

7, steppe, 1000 m, 30.05.2016, Kargioglu 8348.
Astragalus stereocalyx Bornm.

4, Quercus vulcanica clearing, 1650 m, 01.05.2016,
Kargioglu 8278. Endemic”NT”, Irano-Turanian
element.

Astragalus vulnerariae DC.

6, Pinus nigra ormani clearing, 1450 m, 08.06.2018,
Kargioglu 8572. Endemic”LC".
Colutea melanocalyx Boiss.

& Heldr. subsp.

melanocalyx
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2, valley slopes, stony places, 1330 m, 08.05.2016,
Kargioglu 8316. Endemic”’EN”, E.Mediterranean
element.

Cytisus hirsutus L.

12, Quercus cerris clearing, 1300 m, 28.06.2018,
Kargioglu 8607.

Genista albida Willd.

4, rocky-stony places, 1450 m, 01.05.2016, Kargioglu
8270.

Genista burdurensis P.E.Gibbs

5, rocky-stony places, 1170 m, 16.06.2019, Kargioglu
8740. Endemic”NT”, Irano-Turanian element.
Hedysarum varium Willd. subsp. varium

12, Quercus cerris clearing, 1300 m, 07.06.2018,
Kargioglu 8507. Irano-Turanian element.

Lathyrus aphaca L.

5, forest road edge, 1170 m, 19.05.2019, Kargioglu
8706.

Lathyrus digitatus (M.Bieb.) Fiori

2, Quercus vulcanica clearing, 1320 m, 08.05.2016,
Kargioglu 8318. E.Mediterranean element.
Lathyrus nissolia L.

2, streamsides, 1320 m, 25.04.2018, Kargioglu 8421.
Lotus corniculatus L. var. corniculatus

2, streamsides, stony places, 1250 m, 10.07.2019,
Kargioglu 8949.

Medicago lupulina L.

2, streamsides, stony places, 1300 m, 07.06.2017,
Kargioglu 8399.

Medicago minima (L.) Bartal. var. minima

2, streamsides, stony places, 1120 m, 08.06.2018,
Kargioglu 8587.

Medicago orbicularis (L.) Bartal.

2, streamsides, stony places, 1250 m, 30.05.2016,
Kargioglu 8349.

Medicago sativa L. subsp. sativa

7, steppe, 1000 m, 10.07.2019, Kargioglu 8948.
Medicago x varia Martyn

2, streamsides, stony places, 1400 m, 10.07.2019,
Kargioglu 8864.

Onobrychis hypargyrea Boiss.

7, Firinci hill, 1400 m, 28.06.2018, Kargioglu 8602.
Onobrychis oxyodonta Boiss. var. oxyodonta

2, streamsides, stony places, 1400 m, 10.07.2019,
Kargioglu 8865.

Ononis pusilla L.

2, valley slopes, stony places, 1300 m, 08.05.2016,
Kargioglu 8324. Mediterranean element.

Ononis spinosa L. subsp. leiosperma (Boiss.) Sirj.

2, valley slopes, stony places, 1450 m, 10.07.2019,
Kargioglu 8950.

Pisum sativum L. subsp. sativum var. sativum

2, streamsides, stony places, 1300 m, 25.04.2018,
Kargioglu 8427.

Securigera varia (L.) Lassen

2, rocky-stony places, 1400 m, 10.07.2019, Kargioglu
8867. E.Mediterranean element.

Trifolium arvense L. var. arvense

6, Pinus nigra clearing, 1420 m, 10.07.2019,
Kargioglu 8960.

Trifolium grandiflorum Schreb.

2, streamsides, stony places, 1400 m, 10.07.2019,
Kargioglu 8868. E.Mediterranean element.
Trifolium ochroleucum Huds.

2, valley slopes, Cistus laurifolius clearings, 1320 m,
07.06.2018, Kargioglu 8543.

Vicia cassubica L.

4, Quercus vulcanica clearing, 1650 m, 07.06.2018,
Kargioglu 8539. Euro-Siberian element.

Vicia cracca L. subsp. tenuifolia (Roth) Gaudin

2, valley slopes, stony places, 1300 m, 17.06.2017,
Kargioglu 8389.

Vicia sativa L. subsp. nigra (L.) Ehrh. var. nigra

2, rocky-stony places, 1400 m, 10.07.2019, Kargioglu
8869.

FAGACEAE

Quercus cerris L.

1370 m, 02.08.2018,
Kargioglu 8650. Mediterranean element.

2, rocky-stony slopes,
Quercus infectoria Oliv. subsp. veneris (A.Kern.)
Meikle

2, valley slopes, 1370 m, 15.09.2018, Kargioglu
8668.

Quercus pubescens Willd. subsp. pubescens

2, valley slopes, 1330 m, 15.09.2018, Kargioglu
8695.

Quercus trojana Webb subsp. trojana

2, valley slopes, 1330 m, 15.09.2018, Kargioglu
8651. E.Mediterranean element.

Quercus vulcanica Boiss. & Heldr. ex Kotschy

1, forest border, open spaces 2000 m, 10.07.2019,
8918.
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Endemic”NT”, E.Mediterranean element.

GENTIANACEAE
Centaurium erythraea Rafn. subsp. turcicum
(Velen.) Melderis
2, valley slopes, rocky-stony places, 1330 m,

10.07.2019, 8961.

GERANIACEAE

Erodium cicutarium (L.) L’ Her. subsp. cicutarium

2, streamsides, stony places, 1150m, 08.05.2016,
Kargioglu 8310.

Geranium lucidum L.

2, rocky slopes, 1450 m, 08.05.2016, Kargioglu 8304.
Geranium macrostylum Boiss.

4, Quercus vulcanica clearing, 1720 m, 01.05.2016,
Kargioglu 8279.
element.

E.Mediterranean (mountain)
Geranium purpureum Vill.

2, streamsides, 1300 m, 30.05.2016, Kargioglu 8358.
Geranium pyrenaicum Burm.f.

2, rocky-stony places, 1400 m, 10.07.2019, Kargioglu
8870.

HYPERICACEAE
Hypericum aviculariifolium Jaub. & Spach

4, Cistus laurifolius clearing, 1750 m, 08.06.2018,
argioglu 8552. Endemic”LC”, E.Mediterranean
element.

Hypericum lydium Boiss.

6, forest road edge, 1350 m, 07.06.2017, Kargioglu
8379.

**Hypericum montbretii Spach

4, on the forest road, 1400 m, 10.07.2019, Kargioglu
8962.

Hypericum origanifolium Willd. var. depilatum
(Freyn & Bornm.) N.Robson

2, valley slopes, stony places, 1300 m, 15.06.2016,
Kargioglu 8283. ”LC”,

element.

Endemic Irano-Turanian
Hypericum orientale L.

2, valley slopes, Cistus laurifolius clearings, 1400 m,
10.07.2019, Kargioglu 8904.

Hypericum perforatum L. subsp. perforatum

7, steppe, 1000 m, 10.07.2019, Kargioglu 8871.
Hypericum scabrum L.

3, rocky-stony places, 2000 m, 07.06.2018, Kargioglu
8524. Irano-Turanian element.

IRIDACEAE

Crocus chrysanthus (Herb.) Herb.

2, meadow, 1300 m, 23.03.2017. Kargioglu 8363.
Crocus pallasii Goldb. subsp. pallasii

3, Quercus vulcanica clearing, 1800 m, 02.11.2018,
Kargioglu 8683.

Crocus speciosus M. Bieb. subsp. speciosus

14, Quercus vulcanica clearing, 1850 m, 03.12.2018,
Kargioglu 8691.

Iris kerneriana Asch. & Sint.

12, Quercus cerris clearing, 1300 m, 02.06.2014,
Kargioglu 7715. Endemic”LC”, Euro-Siberian
element.

Iris schachtii Markgr.

3, rocky places, 1900 m, 02.06.2013, Kargioglu 7709.

Endemic ”LC”, Irano-Turanian element.

JUGLANDACEAE

Juglans regia L.

5, forest road edge, 1170 m, 15.09.2018, Kargioglu
8689.

JUNCACEAE

Juncus inflexus L.

2, streamsides, damp places, 1150 m, 04.07.2019,
Kargioglu 8817.

LAMIACEAE

Ajuga chamaepitys (L.) Schreb. subsp. chia (Schreb.)
Arcang.

3, rocky-stony places, 1910 m, 01.05.2016, Kargioglu
8286.

Clinopodium graveolens (M.Bieb.) Kuntze subsp.
rotundifolium (Pers.) Govaerts

2, rocky-stony places, 1400 m, 17.05.2018, Kargioglu
8467.

Clinopodium vulgare L. subsp. vulgare

4, Quercus vulcanica clearings, 1700 m, 10.07.2019,
Kargioglu 8872.

Lamium amplexicaule L. var. amplexicaule

2, streamsides, stony places, 1250 m, 08.05.2016,
Kargioglu 8297.

Lamium garganicum L. subsp. striatum (Sm.) Hayek
var. striatum

15



Deresinek (Afyonkarahisar) Basin Flora, Kargioglu ve Bashan.

12, Quercus cerris clearing, 1450 m, 01.05.2016,
Kargioglu 8262. Mediterranean element.
Marrubium anisodon K. Koch

2, rocky-stony places, 1400 m, 10.07.2019, Kargioglu
8873.

Marrubium astracanicum Jacq. subsp. macrodon
(Bornm.) P.H. Davis

3, steppe, 2000 m, 01.08.2018, Kargioglu 8614.
Endemic”LC”.

Marrubium parviflorum Fisch. & C.A.Mey. subsp.
parviflorum

7, steppe, 1000 m, 08.05.2016, Kargioglu 8317.
Irano-Turanian element.

Marrubium lutescens Boiss. & Heldr. subsp.
lutescens
1, rocky-stony slopes, 1900 m, 29.06.2019,
Kargioglu 8778. Endemic”LC”, Mediterranean
element.

Mentha longifolia (L.) L. subsp. longifolia

2, streamsides, damp places, 1400 m, 02.08.2018,
Kargioglu 8644.

Mentha longifolia (L.) L. subsp. typhoides (Brig.)
Harley

4, Quercus vulcanica clearing, damp places,
10.07.2019, Kargioglu 8895.

Micromeria cristata (Hampe) Griseb. subsp. phrygia
P. H. Davis

3, rocky places, 2000 m, 10.07.2019, Kargioglu 8841.
Endemic”LC”, Mediterranean element.

Nepeta nuda L. subsp. nuda

2, valley slopes, steppe, 1880 m, 15.09.2018,
Kargioglu 8667. Euro-Siberian element.

Origanum sipyleum L.

2, stony places, 1330 m, 15.09.2018, Kargioglu 8686.
Endemic”LC”, E.Mediterranean element.

Origanum vulgare L. subsp. hirtum (Link) letsw.

2, rocky-stony slopes, 1530 m, 02.08.2018,
Kargioglu 8646. E.Mediterranean element.

Phlomis armeniaca Willd.

3, rocky-stony places, 1900 m, 10.07.2019, Kargioglu
8957. Irano-Turanian element.

Phlomis nissolii L.

7, step, 1100 m, 02.08.2018, Kargioglu 8648.
Endemic”LC”, Irano-Turanian element.
Phlomis pungens Willd. var. pungens
1170 m, 16.06.2019,

5, rocky-stony slopes,

Kargioglu 8749.

Prunella vulgaris L.

2, streamsides, 1350 m, 10.07.2019, Kargioglu 8896.
Euro-Siberian element.

Salvia cadmica Boiss. var. cadmica

12, rocky-stony places, 1450 m, 01.05.2016,
Kargioglu 8269. Endemic”LC".

Salvia sclarea L.
5, rocky-stony
Kargioglu 8828.
Salvia tomentosa Mill.

slopes, 1370 m, 02.08.2018,
Kargioglu 8655. Mediterranean element.

slopes, 1170 m, 04.07.2019,

2, rocky-stony

Salvia verticillata L. subsp. amasiaca (Freyn &
Bornm.) Bornm.

3, rocky-stony places, 1900 m, 10.07.2019, Kargioglu
8842. Irano-Turanian element.

Scutellaria albida L. subsp. albida

2, rocky-stony places, 1400 m, 10.07.2019, Kargioglu
8874. E.Mediterranean element.

Scutellaria orientalis L. subsp. alpina (Boiss.) O.
Schwarz var. alpina

11, Northern slope, 2000 m, steppe, 26.09.2019,
Kargioglu 8756.

Sideritis montana L. subsp. remota (d’ Urv.) P. W.
Ball ex Heywood

2, steppe, 1300 m, 10.07.2019, Kargioglu 8892.
E.Mediterranean element.

**Sideritis phrygia Bornm.

6, rocky-stony slopes, 1500 m, 02.08.2018,
Kargioglu 8658. Endemic”NT”, Irano-Turanian
element.

Teucrium chamaedrys L. subsp. chamaedrys

2, rocky-stony slopes, 1430 m, 02.08.2018,
Kargioglu 8662.

Teucrium polium L. subsp. polium

12, Cistus laurifolius clearing, 1250 m, 10.07.2019,
Kargioglu 8893.

Thymus leucostomus Hausskn. & Velen.

4, Cistus laurifolius clearings, 1750 m, 07.06.2018,
Kargioglu 8557.

Endemic”NT”, Irano-Turanian element.

Thymus longicaulis C. Presl subsp. chaubardii
(Reichb. f.) Jalas

2, valley slopes, Cistus laurifolius clearings, 1550 m,
10.07.2019, 8894.

element.

Kargioglu Mediterranean
Ziziphora tenuior L.
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12, Quercus cerris clearing, 1200 m, 19.05.2019,
Kargioglu 8716. Irano-Turanian element.

LILIACEAE

Fritillaria pinardii Boiss.

10, steppe, 1900 m, 01.05.2016, 8283.
Irano-Turanian element.

Gagea bohemica (Zauschn.) Schult. & Schult. f.

2, Corylus avellana clearings, 1350 m, 04.04.2016,
Kargioglu 8159.

Gagea foliosa (C. Presl) Schult. & Schult. f.

10, step, 1880 m, 08.05.2016, Kargioglu 8307.
Gagea granatelli (Parl.) Parl.

2, streamsides, 1300 m, 01.05.2016, Kargioglu 8282.
Mediterranean element.

LINACEAE

Linum cariense Boiss.

3, rocky-stony places, 2000 m, 30.05.2016, Kargioglu
8331. Endemic”LC”, Irano-Turanian element.

Linum catharticum L.

4, Cedrus libani-Pinus sylvestris forest clearing,
rocky-stony places, 1500 m, 07.06.2018, Kargioglu
8504.

Linum hirsutum L. subsp. pseudoanatolicum P.H.

Davis

5, rocky-stony slopes, 1170 m, 08.06.2018,
Kargioglu 8571. Endemic”LC”, Irano-Turanian
element.

Linum tenuifolium L.
2, valley slopes, Cistus laurifolius clearing, 1450 m,
10.07.2019, Kargioglu 8897.

MALVACEAE

Malva neglecta Wallr.

7, road and garden edges, 1000 m, 19.05.2019,
Kargioglu 8699.

MORACEAE

*Ficus carica L. subsp. carica

5, forest road edge, 1170 m, 04.07.2019, Kargioglu
8814. Mediterranean element.

*Morus alba L.

15, garden, 1000 m, 10.7.2019, Kargioglu 8937.
*Morus nigra L.

15, garden, 1000 m, 10.7.2019, Kargioglu 8938.

OLEACEAE

Jasminum fruticans L.

2, valley slopes, rocky places, 1330 m, 08.05.2016,
Kargioglu 8315. Mediterranean element.

Ligustrum vulgare L.

1400 m, 07.06.2018,
Kargioglu 8514. Euro-Siberian element.

12, forest road edges,

ONAGRACEAE

Epilobium dodonaei Vill.

2, stony places, 1350 m, 15.09.2018, Kargioglu 8675.
Euro-Siberian element.

Epilobium hirsutum L.

2, stony places, 1350 m, 15.09.2018, Kargioglu 8682.
**Qenothera biennis L.

7, garden edge, 890 m, 15.09.2018, Kargioglu 8685.
(an invasive species)

ORCHIDACEAE

Cephalanthera epipactoides Fisch & C.A.Mey.

12, Quercus vulcanica forest clearing, 1700 m,
10.07.2019, Kargioglu 8900.
element.

E.Mediterranean

Cephalanthera rubra (L.) Rich.

4, Pinus nigra-Cedrus libani forest clearing, 1600 m,
06.07.2017, Kargioglu 8374.

Epipactis helleborine (L.) Crantz subsp. helleborine
1, Cistus laurifolius clearing, 1550 m, 06.07.2017,
Kargioglu 8373.

Orchis mascula (L.) L. subsp. pinetorum (Boiss. &
Kotschy) G.Camus

1, Quercus vulcanica forest clearing, 1600 m,
10.07.2019, 8854,
element.

Kargioglu E.Mediterranean
Orchis palustris Jacq.

2, streamsides, 1100 m, 10.07.2019, Kargioglu 8898.
Orchis pallens L.

3, rocky-stony places, 1900 m, 10.07.2019, Kargioglu
8899. Euro-Siberian element.

OROBANCHACEAE
Odontites verna Dumort.
2, rocky-stony slopes, 1370 m, 02.08.2018,
Kargioglu 8645.

Pedicularis cadmea Boiss.

11, North slope, rocky-stony places, 2000 m,

30.05.2016, Kargioglu 8328.
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Endemic”LC”, E. Mediterranean element.
Phelypaea coccinea (M. Bieb.) Poir.

2, valley slopes, Cistus laurifolius community
clearing, 1400 m, 17.05.2018, Kargioglu 8465.
Irano-Turanian element.

PAEONIACEAE
Paeonia mascula (L.) Mill. subsp. mascula
2, stony places, 1200 m, 08.05.2016, Kargioglu 8292.

PAPAVERACEAE

Corydalis solida (L.) Clairv. subsp. solida

2, valley slopes, 1350 m, 25.04.2018, Kargioglu
8407.

Fumaria officinalis L. subsp. officinalis

2, streamsides, 1300 m, 08.05.2016, Kargioglu 8319.
Glaucium leiocarpum Boiss.

2, rocky-stony places, 1400 m, 10.07.2019, Kargioglu
8875.

Papaver argemone L. subsp. argemone

2, streamsides, 1150 m, 08.05.2016, Kargioglu 8302.
Papaver dubium L. subsp. dubium

2, valley slopes, rocky-stony places, 26.04.2018,
Kargioglu 8455.

Papaver macrostomum Boiss. & A.Huet

2, valley slopes, stony places, 1220 m, 08.05.2016,
Kargioglu 8309. Irano-Turanian element.

Papaver pilosum Sibth. & Sin. subsp. sparsipilosum
(Boiss.) Kadereit

4, Quercus vulcanica forest clearing, 1700 m,
07.06.2017, Kargioglu 8377. Endemic “LC”".

Papaver rhoeas L.

2, valley slopes, steppe, 1210 m, 30.05.2016,
Kargioglu 8285.

PLANTAGINACEAE

Digitalis ferruginea L. subsp. ferruginea

1370 m, 02.08.2018,
Kargioglu 8631. Euro-Siberian element.

2, rocky-stony slopes,
**Digitalis lamarckii Ivanina

5, forest road edge, 1170 m, 28.06.2018, Kargioglu
8592. Endemic”LC”, Irano-Turanian element.
Globularia orientalis L.

12, Quercus cerris clearing, 1250 m, 07.06.2018,
Kargioglu 8501. Irano-Turanian element.

Globularia trichosantha Fisch. & C.A. Mey. subsp.
trichosantha

2, valley slopes, steppe, 1400 m, 01.05.2016,
Kargioglu 8268. Irano-Turanian element.

Plantago holosteum Scop.

3, steppe, 2200 m, 10.07.2019, Kargioglu 8963.
Mediterranean element.

Plantago lanceolata L.

2, streamsides, damp places, 1300 m, 10.07.2019,
Kargioglu 8905.

Plantago major L. subsp. intermedia (Gilib.) Lange
2, streamsides, damp places, 1330 m, 10.07.2019,
Kargioglu 8906.

Veronica bozakmanii M.A.Fisch.

2, streamsides, stony places, 1300 m, 08.05.2016,
Kargioglu 8295. Irano-Turanian element.

Veronica chamaedrys L.

2, valley slopes, stony places, 1300 m, 30.05.2016,
Kargioglu 8346. Euro-Siberian element.

Veronica pectinata L. var. glandulosa Riek ex M. A.
Fisch. var. pectinata

2, valley slopes, stony places, 1300 m, 08.05.2016,
Kargioglu 8298.

PLUMBAGINACEAE

Acantholimon acerosum (Willd.) Boiss. subsp.
acerosum var. acerosum

2, valley slopes, stony places, 1470 m, 128.06.2018,
Kargioglu 8597. Irano-Turanian element.
Acantholimon puberulum Boiss. & Balansa subsp.
puberulum

3, steppe, 2000 m, 04.07.2019, Kargioglu 8795.
Irano-Turanian element.

Plumbago europaea L.

7, roadsides, 1000 m, 04.07.2019, Kargioglu 8824.

Euro-Siberian element.

POACEAE

Aegilops triuncialis L. subsp. triuncialis

5, rocky-stony places, 1170 m, 08.06.2018, Kargioglu
8577.

Aegilops cylindrica Host

5, rocky-stony places, 1170 m, 10.07.2019, Kargioglu
8908. Irano-Turanian element.

Brachypodium sylvaticum (Huds.) P. Beauv.

1, Quercus vulcanica clearing, 2000 m, 10.07.2019,
Kargioglu 8748. Euro-Siberian element.

Briza humilis M.Bieb.

5, stony places, 1200 m, 10.07.2019, Kargioglu 8876.
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Bromus sterilis L.

2, streamsides, 1230 m, 30.07.2019, Kargioglu 8971.
Bromus tectorum L.

2, streamsides, 1230 m, 30.07.2019, Kargioglu 8972.
Calamagrostis pseudophragmites (Haller) Koeler

2, streamsides, damp places, 1150 m, 04.07.2019,
Kargioglu 8785.

Euro-Siberian element.

Dactylis glomerata L. subsp. hispanica (Roth) Nyman
12, Quercus cerris ormani 1300 m,
08.06.2018, Kargioglu 8567.

Echinaria capitata (L.) Desf.

5, forest road edges, 1230 m, 30.07.2019, Kargioglu
8973.

Hordeum bulbosum L.

clearing,

5, rocky-stony places, 1170 m, 16.06.2019, Kargioglu
8735.

Melica ciliata L. subsp. ciliata

3, rocky places, 2000 m, 10.07.2019, Kargioglu 8845.
Phleum exaratum Griseb. subsp. exaratum

5, rocky-stony slopes, 1170 m, 30.05.2016,
Kargioglu 8355.

Phleum montanum K. Koch subsp. serrulatum
(Boiss.) Dogan

1, Quercus vulcanica clearing, rocky places, 2000 m,
10.07.2019, Kargioglu 8885.

E.Mediterranean element.

Poa bulbosa L.
2, rocky-stony slopes, 1300 m, 02.08.2018,
Kargioglu 8628.

Stipa holosericea Trin.

1300 m, 08.05.2016,

Kargioglu 8313. Irano-Turanian element.

2, rocky-stony slopes,
Taeniatherum caput-medusae (L.) Nevski subsp.
crinitum (Schreb.) Melderis

1170 m, 10.07.2019,
Kargioglu 8964. Irano-Turanian element.

5, rocky-stony slopes,

POLYGALACEAE

Polygala anatolica Boiss. & Heldr.

4, Pinus nigra clearing, rocky, 1550 m, 07.06.2018,
Kargioglu 8509.

Polygala pruinosa Boiss. subsp. pruinosa

2, valley slopes, Cistus laurifolius clearings, 1350 m,
17.05.2018, Kargioglu 8500.

POLYGONACEAE
Atraphaxis billardieri
billardieri

3, rocky-stony, 2000 m, 10.07.2019, Kargioglu 8955.
Irano-Turanian element.

Jaub. & Spach. subsp.

**polygonum alpinum All.

11, North slopes, rocky-stony places, 2200 m,
29.06.2019, Kargioglu 8755.

Euro-Siberian element.

Polygonum cognatum Meissn.

7, garden, 1000 m, 10.07.2019, Kargioglu 8956.
Polygonum convolvulus L.

2, streamsides, 1330 m, 15.09.2018, Kargioglu 8692.
Rumex acetosella L.

2, streamsides, stony places, 1330 m, 17.05.2018,
Kargioglu 8468.

Rumex crispus L.

15, garden, 1000 m, 24.05.2018, Kargioglu 8432.
Rumex scutatus L.
5, rocky-stony
Kargioglu 8818.

slopes, 1170 m, 04.07.2019,

PORTULACEAE
Portulaca oleracea L.
15, garden, 1000 m, 10.07.2019, Kargioglu 8946.

PRIMULACEAE

Anagallis arvensis L. var. arvensis
2, rocky-stony slopes, 1400 m, 10.07.2019,
Kargioglu 8877.

Androsace maxima L.

2, valley slopes, stony places, 1300 m, 01.05.2016,
Kargioglu 8273.

Cyclamen cilicium Boiss. & Heldr.

2, valley slopes, Quercus infectoria clearings, 1300
m, 02.11.2018, Kargioglu 8697. Endemic”NT".
Primula acaulis (L.) L. subsp. acaulis

4, forest road edge, 1650 m, 19.05.2019, Kargioglu

8724. Euro-Siberian element.

RANUNCULACEAE

Adonis aestivalis L. subsp. aestivalis

7, garden edge, 1000 m, 30.05.2016, Kargioglu 8360.
Ceratocephalus falcatus (L.) Pers.

2, streamsides, stony places, 1230 m, 23.03.2017,
Kargioglu 8361.

Delphinium peregrinum L.

19



Deresinek (Afyonkarahisar) Basin Flora, Kargioglu ve Bashan.

7, steppe, 1100 m, 02.08.2018, Kargioglu 8630.
Mediterranean element.

Eranthis hyemalis (L.) Salisb.

2, streamsides, stony places, 1300 m, 23.03.2017,
Kargioglu 8364.

Ranunculus arvensis L.

2, streamsides, 1280 m, 01.05.2016, Kargioglu 8265.
Ranunculus brutius Ten.

2, valley slopes, Cistus laurifolius clearing, 1450 m,
28.06.2018, Kargioglu 8608. Euro-Siberian element.
Ranunculus demissus DC. var. major Boiss.

4, Pinus nigra-Cedrus libani clearing, 26.04.2018,
Kargioglu 8458. Endemic”LC".

Ranunculus ficaria L. subsp. ficariiformis Rouy &
Foucaud

2, streamsides, damp places, 1230, 25.04.2018,
Kargioglu 8430.

Ranunculus repens L.

2, streamsides, damp places, 1230, 30.05.2016,
Kargioglu 8340.

Ranunculus reuterianus Boiss.

4, forest road and its edges, 1700 m, 30.05.2016,
Kargioglu 8339. Endemic”LC".

Ranunculus rumelicus Griseb.

12, Quercus cerris clearing, 1300 m, 01.05.2016,
Kargioglu 8264. Mediterranean element.
Thalictrum lucidum L.

6, forest road and its edges, 1450 m, 06.08.2018,
Kargioglu 8566.

RESEDACEAE

Reseda luteola L. subsp. lutea

5, forest road edges, 1170 m, 08.06.2018, Kargioglu
8585.

RHAMNACEAE

Frangula dodonei Ard. subsp. dodonei

2, streamsides, 1350 m, 02.08.2018, Kargioglu 8639.
Rhamnus petiolaris Boiss. & Balansa

2, valley slopes, rocky, 1380 m, 10.07.2019,
Kargioglu 8951. Endemic”LC".

Rhamnus thymifolia Bornm.

2, rocky-stony places, 1200 m, 10.07.2019, Kargioglu
8878. Endemic”LC”.

ROSACEAE
Agrimonia eupatoria L. subsp. eupatoria

5, rocky-stony slopes, 1180 m, 16.06.2019,
Kargioglu 8728.

Amelanchier parviflora Boiss. var. parviflora

12, forest road edges, 1250 m, 19.05.2019,
Kargioglu 8710. Endemic “LC”, E.Mediterranean
element.

*Amygdalus communis L.

5, forest road edges, 1170 m, 16.06.2019, Kargioglu
8733.

*Cerasus avium (L.) Moench

7, garden, 1000 m, 10.07.2019, Kargioglu 8928.
Cerasus mahaleb (L.) Mill. var. mahaleb

5, forest road edge, 1170 m, 10.07.2019, Kargioglu
8930.

Cerasus prostrata (Labill.) Ser. var. prostrata

11, rocky Northern slopes, 2200 m, 29.06.2019,
Kargioglu 8777. Mediterranean element.

*Cerasus vulgaris Mill.

7, garden, 1000 m, 10.07.2019, Kargioglu 8929.
Cotoneaster nummularius Fisch. & C.A.Mey.

2, rocky places, 1250 m, 02.08.2018, Kargioglu 8652.
Crataegus azarolus L. var. azarolus

7, garden edge, 890m, 10.07.2018, Kargioglu 8919.
Crataegus monogyna Jacq. subsp. monogyna

2, valley slopes, 1350 m, 15.09.2018, Kargioglu
8673.

Crataegus orientalis Pall. ex M.Bieb. subsp.
orientalis

2, valley slopes, 1350 m, 15.09.2018, Kargioglu
8670.

Geum urbanum L.

4, forest road edge, Quercus vulcanica clearing,
1700 m, 01.05.2016, Kargioglu 8276.

Euro-Siberian element.

Malus sylvestris (L.) Mill. subsp. orientalis var.
orientalis

12, forest road edges,
Kargioglu 8642.

Mespilus germanica L.

2, streamsides, 1350 m, 15.09.2018, Kargioglu 8671.
Euro-Siberian element.

1200 m, 02.08.2018,

Potentilla recta L.

2, valley slopes, Cistus laurifolius clearings, 1370 m,
17.05.2018, Kargioglu 8499.

Potentilla reptans L.

2, streamsides, damp places, 1350 m, 10.07.2019,
Kargioglu 8932.
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Potentilla speciosa Willd.

1, rocky Northern slopes, 2200 m, 10.07.2019,
Kargioglu 8933.

Prunus divaricata Ledeb. subsp. divaricata

12, 1100 m, forest road edges, 01.08.2018,
Kargioglu 8615.

Prunus spinosa L.

5, rocky slopes, 1170 m, 10.07.2019, Kargioglu 8934.
Euro-Siberian element.

Pyracantha coccinea M.Roem.

2, streamsides, 1320 m, 10.07.2019, Kargioglu 8935.
Euro-Siberian element.

Pyrus elaeagnifolia Pall. subsp. elaeagnifolia

12, forest road edges, 1250 m, 10.07.2019,
Kargioglu 8936.

Rosa canina L.

12, Q. cerris forest clearing, 1250 m, 10.07.2019,
Kargioglu 8886.

Rosa pulverulanta M.Bieb.

3, rocky-stony places, 2000 m, 02.08.2018, Kargioglu
8653.

Rubus canescens DC. var. canescens

7, roadside, 1000 m, 10.07.2019, Kargioglu 8887.
Euro-Siberian element.

Sanguisorba minor L. subsp. balearica (Bourg. ex
Nyman) Munoz Garm. & C.Navarro

2, valley slopes, stony places, 1330 m, 30.05.2016,
Kargioglu 8327.

Sorbus torminalis (L.) Crantz var. torminalis

2, streamsides, 1300 m, 02.08.2018, Kargioglu 8660.
Sorbus umbellata Fritsch

2, streamsides 1350 m, 15.09.2018, Kargioglu 8677.

RUBIACEAE
Asperula lilaciflora Boiss. subsp. phrygia (Bornm.)
Schonb.-Tem.

4, Cistus laurifolius community clearings, 1750 m,
10.07.2019, Kargioglu 8888. Endemic”LC".
Asperula nitida Sm. subsp. hirtella (Boiss.) Ehrend.
3, rocky-stony places, 1900 m, 10.07.2019, Kargioglu
8889.
Endemic”NT”,

element.

E.Mediterranean (mountain)
Crucianella angustifolia L.

1, Cistus laurifolius community clearings, 1600 m,
10.07.2019, 8890.
element.

Kargioglu Mediterranean

Galium album Mill. subsp. pycnotrichum (H.Braun)
Krend|

4, Cistus laurifolius community clearings, 1750 m,
10.07.2019, Kargioglu 8890. Euro-Siberian element.
Galium parschale Forssk.

4, steppe, 1600 m, 10.07.2019, Kargioglu 8891.
E.Mediterranean (mountain) element.

Galium spurium L. subsp. spurium

2, streamsides, 1330 m, 28.06.2018, Kargioglu 8595.
Euro-Siberian element.

Galium verum L. subsp. verum

7, steppe, 1000 m, 30.07.2019, Kargioglu 8974.
Euro-Siberian element.

SALICACEAE
Populus tremula L. subsp. tremula
2, streamsides and valley slopes, 1350 m,

10.07.2019, Kargioglu 8952.

Salix alba L. subsp. alba

2, streamsides, 1330 m, 10.07.2019, Kargioglu 8953.
Euro-Siberian element.

Salix cinerea L. var. cinerea

2, streamsides and valley slopes, 1350 m,
02.08.2018, Kargioglu 8654.

Euro-Siberian element.

SANTALACEAE

Thesium scabriflorum P.H.Davis

1, Cistus laurifolius community clearings, 1450 m,
10.07.2019, Kargioglu 8954. Endemic”VU”, Irano-
Turanian element.

Viscum album L. subsp album

15, garden (on Amygdalus communis), 1000 m,
10.07.2019, Kargioglu 8947.

SAPINDACEAE

Acer hyrcanum Fisch. & C.A.Mey. subsp.
sphaerocaryum Yalt.

2, stony places, 1200 m, 10.07.2019, Kargioglu 8879.
Endemic”VU”, E.Mediterranean element.

In the sample | took on this date (02.08.2018), the
wing and leaf sizes differ. In my example, the wing
lengthis 2.5-3.2 cm, in Flora it is 2-2.3 cm; leaf is 7.7-
8 cm in my example and 3.5-5.5 cmin flora.

Acer platanoides L.

2, valley interiors, 1350 m, 15.09.2018, Kargioglu

8688. Euro-Siberian element.
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Acer tataricum L. subsp. tataricum
12, forest road edges, 1400 m, 07.06.2018,
Kargioglu 8510.

SCROPHULARIACEAE

Verbascum cheiranthifolium Boiss. var. heldreichii
Boiss.

3, rocky-stony places, 1800 m, 30.07.2019, Kargioglu
8975. Endemic”NT”.

Verbascum flavidum (Boiss.) Freyn & Bornm.

4, forest road edge, 1600 m, 30.07.2019, Kargioglu
8976. Euro-Siberian element.

Verbascum phrygium Bornm.

3, rocky-stony places, 1900 m, 10.07.2019, Kargioglu
8847.

Endemic “NT”, Irano-Turanian element.

Verbascum splendidum Boiss.

12, Quercus cerris clearing, 1300 m 30.07.2019,
Kargioglu 8977. E. Mediterranean element.

SOLANACEAE

Hyoscyamus niger L.

12, forest road edge, 1350 m, 17.05.2018, Kargioglu
8493,

Solanum americanum Mill.

5, garden, 1000 m, 10.07.2019, Kargioglu 8884.

TAMARICACEAE

Tamarix parviflora DC.

2, streamsides, 1330 m, 15.09.2018, Kargioglu 8674.
Mediterranean element.

THYMELAEACEAE
Daphne oleoides Schreb. subsp. oleoides
3, rocky places, 2000 m, 01.08.2018, Kargioglu 8610.

ULMACEAE

Ulmus glabra Huds.

2, valley slopes, 1370 m, 15.09.2018, Kargioglu
8669. Euro-Siberian element.

VERBENACEAE

Verbena officinalis L. var. officinalis

5, rocky-stony North slopes, 1170 m, 16.06.2019,
Kargioglu 8731.

VIOLACEAE

Viola odorata L.

12, Quercus cerris clearings, 1400 m, 04.04.2014,
Kargioglu 7778.

Viola sieheana W. Becker

2, valley slopes, rocky-stony slopes, 1300 m,
06.05.2013, Kargioglu 7682.

XANTHORRHOEACEAE

Asphodeline taurica (Pall.) Endl.

11, rocky North slopes, 2300 m, 29.06.2019,
Kargioglu 8779. E.Mediterranean element.

ZYGOPHYLLACEAE

Tribulus terrestris L.

15, uncultivated farmland and roadsides, 1000 m,
30.07.2019, Kargioglu 8968.

Zygophyllum fabago L.

15, steppe, 1000 m, 30.07.2019, Kargioglu 8969.
Irano-Turanian element.

4. Discussion and Conclusion

As a result of this study, 270 genera belonging to 77
families and 458 taxa belonging to these genera
were determined. Of the 458 taxa, 6 taxa belong to
Pteridophyta, 452 taxa belong to Magnoliophyta, 9
of these 452 taxa belong to Pinophytina and 443
belong to Magnoliphytina.

In the distribution of 458 taxa identified in the

research area according to phytogeographic
regions; It was found that the Mediterranean flora
region was represented by 67 taxa (14.62 %), the
Euro-Siberian region was represented by 50 taxa
(10.98 %) and the Irano-Turanian flora region was
represented by 48 taxa (1048 %). The
phytogeographic distribution of the remaining 294
taxa could not be determined. 58 of the 458 taxa
determined are endemic and the endemism rate is

12,44%.

In the study area, Asteraceae (54), Fabaceae (35),
Brassicaceae (33), Lamiaceae (32), Rosaceae (27),
Poaceae (16), Caryophyllaceae (15), Apiaceae (15),
Ranunculaceae (12) and Boraginaceae (13) were
determined as the richest families in terms of
species (Table 2). In the study area, Astragalus (8),
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Alyssum (7), Ranunculus (7), Hypericum (7), Silene
(6), Centaurea (4), Verbascum (4), Achillea (3) and
Minuartia (2) contain the most species were
determined as genera (Table 3).

Considering the comparison of the families
containing the most taxa in the floristic studies
carried out in the research area and nearby regions
in the table 2. below, it is seen that the Fabaceae
family is in the first place in Barla Mountain and
Ahirdagi, on the other hand, Deresinek Basin (Sultan
Mountains), Doganhisar (Sultan Mountains), The
Chief Commander Historic National Park, Akdag,
Maymun Mountains, Kumalar Mountains and Emir
Mountains, we see that the Asteraceae family ranks
first. Asteraceae and Fabaceae are the first two
families in the flora of Tirkiye. The research area
shows the most similarity with the flora studies
carried out in Doganhisar and Emir Mountains,
which are closer (Ocakverdi 1984, Ekim et al. 1985,
Bekat 1987, Gemici 1990, Ayta¢ and Vural 1990,
1991, Kargioglu 2003, Akgicek 2003, Kése and Ocak
2004).

When we look at the comparison of the genera with
the most taxa in the floristic studies carried out in
the research area and the nearby region, we see
that the genus Astragalus is in the first place in all
studies except the Monkey Mountains (Ocakverdi
1984, Ekim et al. 1985, Bekat 1987, Gemici 1990,
Aytac and Vural 1990, 1991, Kargioglu). 2003,
Akcicek 2003, Kose and Ocak 2004).

This study of the flora of Deresinek Basin made a
significant  contribution to the flora of
added taxa to

Afyonkarahisar flora list and endemic species list

Afyonkarahisar. Newly
are; Alyssum lepidotum Boiss. (Endemic), Aster
alpinus L., Digitalis lamarckii lvanina (Endemic),
Hypericum montbretii Spach, Muscari discolor Boiss.
& Hausskn. ex Boiss. (Endemic), Oenothera biennis
L., Polygonum alpinum All., Sideritis phrygia Bornm.
(Endemic), Symphytum orientale L.

IUCN Red Data Book categories and plants in these
categories identified in the Deresinek Basin are
shown in Table 4 (Ekim et al. 2000, IUCN 2012).

Table 2. Comparison of the families with the most taxa according to the results of the floristic studies carried

out in the research area and the nearby region.
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Total Taxa Number 458 461 667 776 1058 603 481 898 495
Asteraceae 54 55 89 87 136 65 81 104 53
Fabaceeae 35 48 81 109 105 77 41 77 51
Brassicaceae 33 24 29 48 67 34 26 50 36
Apiaceae 15 17 26 34 44 19 17 36 19
Lamiaceae 32 35 45 56 61 50 41 71 44
Caryophyllaceae 15 27 41 43 52 31 12 42 30
Boraginaceae 13 11 20 25 24 18 17 33 17
Rosaceae 27 14 30 22 38 21 14 42 17
Poaceae 16 45 47 43 62 33 20 89 38

23



Table 3. Comparison of the genera with the most taxa according to the results of the floristic studies carried
out in the research area and the nearby region.
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Astragalus 8 10 21 19 18 16 12 17 12
Centaurea 4 9 8 12 15 8 17 8 7
Trifolium 3 1 15 12 22 12 12 10 6
Silene 6 4 11 12 13 8 15 15 10
Alyssum 7 2 8 10 10 7 12 7 6
Ranunculus 7 5 11 10 16 11 14 11 7
Minuartia 2 - 6 6 9 6 5 6 4
Hypericum 7 - 7 6 12 6 4 5 3
Salvia 4 - 6 9 8 5 9 13 8

Table 4. IUCN categories of endemic plants determined in the Deresinek Basin.

Species

IUCN Categories

Papaver pilosum subsp. sparsipilosum
Bellevalia tauri

Muscari discolor

Achillea teretifolia

Carduus olympicus subsp. hypoleucus
Centaurea kotschyi

Cyanus reuterianus

Inula anatolica

Lactuca variabilis

Onopordum anatolicum

Onosma armena

Alyssum lepidotum

Aubrieta pinardii

Erysimum kotschyanum

Asyneuma compactum var. compactum
Asyneuma limonifolium subsp. pestalozzae
Asyneuma linifolium subsp. linifolium
Campanula ajugifolia

Pterocephalus pinardii

Minuartia leucocephala

Helianthemum nummularium subsp. lycaonicum
Carex coriogyne

Euphorbia anacampseros var. anacampseros
Astragalus campylosema subsp. campylosema
Astragalus mesogitanus

Astragalus stereocalyx

Astragalus vulnerariae

Colutea melanocalyx subsp. melanocalyx
Genista burdurensis

Quercus vulcanica

Hypericum aviculariifolium

Hypericum origanifolium var. depilatum
Iris kerneriana

Iris schachtii

Marrubium astracanicum subsp. macrodon
Marrubium lutescens subsp. lutescens
Micromeria cristata subsp. phrygia
Origanum sipyleum

Phlomis nissolii

Salvia cadmica var. cadmica

Sideritis phrygia

Thymus leucostomus

Linum cariense

Linum hirsutum subsp. pseudoanatolicum
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Pedicularis cadmea

Digitalis lamarckii

Cyclamen cilicium

Ranunculus demissus var. major
Ranunculus reuterianus

Rhamnus petiolaris

Rhamnus thymifolia

Amelanchier parviflora var. parviflora
Asperula lilaciflora subsp. phrygia
Asperula nitida subsp. hirtella
Thesium scabriflorum

Acer hyrcanum subsp. sphaerocaryum
Verbascum cheiranthifolium var. heldreichii
Verbascum phrygium
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With this research, the flora of the Deresinek
Valley between the Dort Stream and the Eber
Stream in the North of the Sultan Mountains was
determined, and as a result, 9 new taxa were
added to the flora of Afyonkarahisar. Therefore,
this study contributed to the flora and biological
diversity of Afyonkarahisar, and also lllustrated
flora of Turkiye.
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0z
Bu c¢alismanin amaci; Citrobacter izolatlarina karsi laktik asit bakterilerinin antimikrobiyal ve

antibiyofilm aktivitelerini belirlemektir. Bu ¢alismada kullanilan Citrobacter izolatlan (C1, C2, C3) BD
PhoenixTM otomasyon sistemi ile Citrobacter braakii olarak tanimlanmistir. Biyofilm olusumu Kongo
Anahtar kelimeler kirmizili agar ve mikrotitrasyon plak metodu kullanilarak incelenmistir. Antibiyogram test sonuclarina
Antibiyobiyotik direnci;  ggre, tiim izolatlar amfisilin ve amoksilin-klavulanata karsi direncli bulunmustur. Antimikrobiyal aktivite
Biofilm; Citrobacter test sonuglar laktik asit bakterilerinden elde edilen ekstraktlarin (Lactococcus lactis (L1), Lactobacillus
spp; Laktik asit fermentum (L2), Enterococcus faecalis (L3), Lactobacillus casei (L4), Lactobacillus plantarum (L5),
bakterileri. Enterococcus faecium (L6), Lactobacillus curvatus (L7), Enterococcus durans (L8) Lactococcus garviae
(L9), Enterococcus faecalis (L10)) Citrobacter braakii Gzerinde antimikrobiyal ve antibiyofilm etkinliginin
oldugu saptanmistir. En yiksek antimikrobiyal etki C2 izolati lizerinde ve en disuk etki C3 izolati
Gzerinde belirlenmistir. Antibiyofilm test sonuglarina gore L1, L2, L4, L6, L7, L8 ekstraktlarinin en ylksek

dozlarinin tim Citrobacter izolatlarinda biyofilm olusumunu engellendigi gorilmistiir.

Evaluation of Antimicrobial and Antibiofilm Activities of Lactic Acid
Bacteria (LAB) Against Citrobacter spp. Isolates

Abstract
The aim of this research was to evaluate the antimicrobial and antibiofilm effects of LABs against

Citrobacter isolates. In this study, Citrobacter isolates (C1, C2, C3) which were identified as Citrobacter
braakii with the BD PhoenixTM automation system. Biofilm formation investigated by Congo red agar
method and microtiter plate method. Acording to antibiogram test results, all isolates was resistance
to ampicillin, amoxicillin-clavulanate. Antimicrobial activity test results revealed that extracts of LABs

Keywords
Antibiotic resistance,
Biofilm; Citrobacter
spp; Lactic acid
bacteria.

(Lactococcus lactis (L1), Lactobacillus fermentum (L2), Enterococcus faecalis (L3), Lactobacillus casei
(L4), Lactobacillus plantarum (L5), Enterococcus faecium (L6), Lactobacillus curvatus (L7), Enterococcus
durans (L8) Lactococcus garviae (L9), Enterococcus faecalis (L10)) extracts have an antimicrobial effect
on Citrobacter braakii. The highest antimicrobial effect determined on C2 isolate and the lowest effect
determined on C3. According to antibiofilm test results, it was observed that high doses of L1, L2, L4,
L6, L7, L8 extracts inhibited biofilm formation in all Citrobacter isolates.
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Laktik asit bakterilerinin Citrobacter spp. izolatlarina karsi antimikrobiyal ve antibiyofilm aktiviteleri, Erdogmus vd.,

1. Giris

Biyofilm, ylizeye yapisarak liretmis olduklari polimer
yapisinda jelimsi bir tabaka icerisinde yasayan
mikroorganizmalarin meydana getirdigi topluluktur.
Bu tabaka sayesinde mikroorganizmalar kendilerini
sartlara karsi korurlar. Bazi

biyofilm

cevresel
mikroorganizmalar olusturarak
antibiyotiklere karsi direng gosterirler, bu duruma
bagl olarak enfeksiyonlarin tedavi edilmesi giderek
2015).

ekzopolisakkarit matriks icinde kiimelenmis bir

zorlagir  (Percival  vd. Bakterilerin

bicimde vyer almasi onlarin bagisiklik sistemi
tarafindan fark edilmemelerini saglar ve fagositoz ile
yok edilmeleri zorlagir. Arastirmalar, biyofilm
Uretebilen bakterilerin planktonik formlarina gore
100-10000 kat daha fazla antibiyotiklere karsi
olduklarini Bu bakteriler

direncli gostermistir.

biyofilm tabakasi icinde ayrildiklarinda tekrar
antibiyotiklere karsi duyarli hale gegebilirler (Donlan
ve Costerton 2002, Szczuka ve Kaznowski 2014).
Bakterilerde biyofilm olusumu antibiyotik direncine
sebep olarak hastaliklarin tedavisini zorlastirir ve
arastirmacilar her yil yeni antibiyotikler kesfetmek
zorunda kalrr. Bu durum ilag sektériinde ekonomik
kayiplarin artmasina sebep olur (Costerton 1999).
Ayrica, mikroorganizmalar tarafindan olusturulan
biyofilmler gida endistrisinde de gidalarin
bozulmasi, ekonomik kayiplarin olusmasi, gidalarin
raf dGmirlerinin kisalmasi, gida kaynakli hastaliklarin
artmasi gibi ciddi problemlere sebep olur (Giin ve
Ekinci 2009, Syne vd. 2013, Corcoran vd. 2014, Di

Ciccio vd. 2015).

Laktik asit bakterileri (LAB) gidalardaki baslica
probiyotiklerdir. Bunlarin cogu genel olarak giivenli
(GRAS) statislinde yer alan mikroorganizmalardir.
LAB’lar pek ¢ok organik asit, diasetil, aseton,
hidrojen peroksit gibi antimikrobiyal bilesikler,
peptidler ve bakteriyosin Uretirler (Magnusson ve
Schniirer 2001, Dinger vd. 2010, Bayram ve Yildirim
2016, Erdogmus ve Korcan 2017). LAB'lar tarafindan
Uretilen bakteriyosinler saglik ve gida sektoriinde
alternatif antimikrobiyal ajanlar olarak
gorllmektedir. Citrobacter spp. Enterobacteriaceae
familyasinin Gyesidir (Nada vd. 2004, Bae vd. 2010).
solunum vyolu sistemi

Bu tdrler idrar ve

enfeksiyonlari gibi cesitli hastaliklara sebep olur.
Ayrica Citrobacter tirleri yiyecek ve su yoluyla
bulasan gida kaynakli enfeksiyonlarin da baslica
nedenlerindendir (Doran 1999).

Bu calismanin amaci; LAB’larin hayvansal orjinli
Citrobacter spp. izolatlarina karsi antimikrobiyal ve
antibiyofilm etkilerini belirlemektir.

2. Materyal ve Metot

2.1. Calisma kullanilan

mikroorganizmalar

kapsaminda

Bu calisma kapsaminda kullanilan LAB izolatlari daha
once tamamlanan bir proje kapsaminda; fermente
et Urlinlerinden izole edilerek 16S rRNA sekans
analizi ile tanimlanmistir. Lactococcus lactis (L1),
Lactobacillus fermentum (L2), Enterococcus faecalis
(L3), Lactobacillus
plantarum  (L5),

casei (L4), Lactobacillus

Enterococcus  faecium  (L6),
Lactobacillus curvatus (L7), Enterococcus durans (L8)
Lactococcus garviae (L9), Enterococcus faecalis (L10)
olarak tanimlanmistir (Proje No: AKU-BAP 17. MYO.
07). Hayvansal orjinli Citrobacter izolatlari ise Afyon
Kocatepe  Universitesi, Veteriner  Fakiiltesi,
Mikrobiyoloji Anabilim Dali kiltiir koleksiyonundan
temin edilmistir. Biyofilm c¢alismalarinda pozitif
kontrol olarak kullanilan Pseudomonas aeruginosa

ATCC 11778 susu ticari olarak satin alinmistir.
2.2. Citrobacter izolatlarinin antibiyogram testi

Citrobacter izolatlari (C1, C2, C3) BDPhoenix™
otomasyon sistemi kullanilarak tanimlanmis ve
antibiyogram testi yapilmistir.

2.3. Biyofilm olusumunun degerlendirilmesi

Citrobacter izolatlarinin  biyofilm  olusturma
yeteneklerini belirleyebilmek i¢cin Kongo kirmizili
agar ve mikrotitrasyon plak yontemi kullaniimistir.
izolatlar Kongo kirmizi agarli (beyin-kalp infiizyon
broth 37 g /L, sukroz 50 g /L, kongo kirmizisi 0,8 g /L
ve agar 10 g /L) besiyerine ekilerek 37 °C'de, 24 saat
inklbe edilmistir (Percival vd. 2015). Kuru, kirmizi,

siyah, dizgin ve seffaf koloniler biyofilm pozitif
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olarak degerlendirilirken pembemsi, diiz ve merkezi

koyu koloniler biyofilm negatif olarak

degerlendirilmistir (Donlan ve Costerton 2002).

Ayrica, Citrobacter izolatlari mikrotitrasyon plak
yontemi icin Nutrient Broth (NB) besiyerinde 37
°C'de, 24 saat
periyodundan sonra, her bir sivi kiltiirden 50 plL

inkiibe edilmistir. inkiibasyon
alinarak 96-kuyucuklu plakaya aktarildi ve yeniden
37°C, 24 saat inklibe edilmistir. Ardindan sivi
besiyeri kuyucuklardan uzaklagtiriimig ve kuyucuklar
g kez distile su ile yikanmistir. 150 uL kristal viyole
soliisyonu (%0.5 (v / v)) kuyucuklara eklenmis ve oda
isisinda 45 dakika bekletilmistir.
kuyucuklar tekrar distile su ile yikanmis ve ardindan

Daha sonra

150 pL etanol: asetik asit (95: 5) her bir kuyucuga
eklenerek 10 dakika bekletilmistir. Kuyucuktan 100
puL ahnarak vyeni bir kuyucuga aktarimis ve
absorbans degerleri 570 nm’de spektrofotometre
kullanilarak belirlenmistir (Thermo Multiskan Go). P.
aeruginosa ATCC 11778 susu pozitif kontrol olarak
ve mikroorganizma ekilmeyen besiyeri ise negatif
kontrol olarak kullaniimistir. Tim calismalar (¢ kez

tekrar edilmistir (Mah ve O’Toole 2001).

2.4. Citrobacter spp’nin hareketlilik (kayma, yiizme
ve titreme) testleri

Titreme (twitching) testi Rashid ve Kornberg
(2000)’in yontemi kullanilarak, kayma (swarming) ve
ylizme (swimming) testleri ise Deziel vd. (2001)’in
yontemi kullanilarak yapilmistir. Tim testler (g kez
tekrarlanmistir. P. aeruginosa ATCC 11778 pozitif
kontrol olarak ve mikroorganizma ekilmeyen

besiyeri ise negatif kontrol olarak kullaniimistir.

2.5. LAB’larin ekzopolisakkarit (EPS) iiretiminin
degerlendirilmesi

LAB’larin EPS Uretimi Marshall ve Rawson (1999)’a

gore vyapimistir.  Tdm  calismalar ¢ kez
tekrarlanmistir. LAB izolatlari NB besiyerinde 37°C,
24 saat inklibe edilmistir. Daha sonra izolatlar 0.5
McFarland bulanikligina getirilmistir (yaklasik 1- 4
x102 kob/mL) ve 5 mL NB besiyerine ekilerek 37°C,
24 saat inklibe edilmistir. Daha sonra her bir

kiltirden 1 mL ependorf tlplere aktariimis ve

100°C’de, 10-15 dakika su banyosunda
bekletilmistir. %85 trikloroasetik asit (TCA) %0.17
oraninda eklenmis ve oda isisinda sogutulmustur,
14000 20 dakika
Slpernatant yeni bir ependorf tlipline alinarak esit

rpm’de santrifijlenmistir.
oranda etanol eklenmistir ve 14000 rpm’de 20
dakika santrifiijleme islemi yapilmistir. Sipernatant
kisim dokullip tekrar etanol ilave edilmistir ve 14000
rom’de 20 dakika santriflij edilmis; ardindan fenol
sulfurik asit yontemi uygulanmistir. Peletler 100 plL
steril saf suda ¢ozdirilerek Gizerine 50 pL saf fenol
eklenmistir. Ardindan 500 pL sdlfarik asit eklenmis
vortekslenerek 37°C'de 20 dakika bekletilmistir.

Orneklerin 490 nm dalga boyunda
spektrofotometrede absorbanlari  6lglimistir.
Sonuglar  glukoz  standart  egrisine  gore
degerlendirilmistir.

2.6. LAB’larin antimikrobiyal  etkinliginin

degerlendirilmesi

LAB izolatlart Man Rogasa Sharp (MRS) broth
besiyerinde 37°C'de, 24 saat inkibe edilmistir.
Ardindan 8000 dakika (+4°C)
santriflijlenmistir. Elde edilen supernatantlar 0.2 um

rom’de 10

por capinda membran filtreden gecirildikten sonra
filtratlar antimikrobiyal etkinligini belirlenmek igin
agar kuyu diflizyon ve disk diflizyon yontemlerinde
kullanilmistir (Schillinger ve Luke 1989, Pringsulaka
vd. 2002). Citrobacter izolatlari 0.5 McFarland
bulanikligina getirilmis bakteriyel sispansiyonlar
steril bir swab ile NA besiyerine ekilmistir.
Besiyerine kuyucuklarin agilmasi icin 6 mm capinda
steril agar delici kullaniimigtir. LAB kiiltir filtratindan
100 pL kuyucuklara aktarilmistir. Agar disk diflizyon
yonteminde  Mueller Hilton Agar (MHA)
kullanilmistir. Bos antibiyotik disklere 15 pL LAB
kiltdr filtratlarindan emdirilmistir. Petriler 37°C, 24
saat boyunca inklbe edilmis ve olusan zon caplari
Olcllerek degerlendirme yapiimistir. 10 pug amikasin
pozitif kontrol ve mikroorganizma ekilmeyen
besiyeri ise negatif kontrol olarak kullaniimistir. Tim

denemeler Uger kez tekrarlanmistir.

2.7 LAB’larin antibiyofilm etkinliginin belirlenmesi
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LAB’larin antibiyofilm etkinligini belirleyebilmek igin
Thenmozhi vd. (2009) yontemi kullaniimistir (Gomes
vd. 2019). LAB’lar MRS besiyerinde 37 °C’'de 48 saat
inkiibe edilmistir ve 4000 rpm’de santrifiijlenerek
membran filtreden gegirilmistir. Hiicre bulunmayan
sipernatant iki kez ayni miktar etil asetat ile
ekstrakte edilmistir. Citrobacter izolatlar1 37°C’'de 24
saat inklibe edilmis; ardindan LAB ekstraktlari
patojen kiiltiire eklenerek 37°C’'de 24 saat tekrar
inkiibe edilmistir. inkiibasyon periyodundan sonra
sivi besiyeri uzaklastiriimis ve kuyucuklar ¢ kez
distile su ile yikanmistir. % 0.5 kristal viyole
sollisyonu kuyucuklara dagitiimis ve oda sicakhginda
45 dakika inkibe edilmis ardindan 570 nm’de
absorbans oOl¢cimi yapilmistir (Thermo Multiskan
Go) (Donlan ve Costerton 2002, Mah and O’Toole
2001). Tum cahsmalar Ug¢ kez tekrarlanmistir. %
inhibisyon degerinin hesaplanmasi icin asagidaki
forml kullaniimustir.

[1 - (OrnekAsso /Kontrol Aszo)] x 100.

3. Bulgular

Citrobacter izolatlari (C1, C2, C3) BDPhoenix™
otomasyon sistemi ile Citrobacter braakii olarak

antibiyotik direnci C2 izolatinda saptanmistir. Bu

izolat, amoksilin-klavulanat, ampisilin, sefepim,

sefitriakson, sefuroksim, ertapenem
antibiyotiklerine direngli, gentamisin, imipenem,
netilmisin, piperosilin-

meropenem, piperasilin,

tazobaktam, tigesiklin, trimetroprim-
slilfametaksazol, amikasin, aztreonom, seftazidim,
siprofloksasin

antibiyotiklerine  karsi  duyarlihk

gostermistir.

Citrobacter braakii izolatlarinin hepsinin biyofilm

olusturabildikleri  kongo  kirmizi  agar ve

mikrotitrasyon  plak  yontemleri  kullanilarak
belirlenmistir (Cizelge 2). Kritik optik yogunluk
(dansite) degerine gbre (ODc) biyofilm olusumu
belirlenmistir. Biyofilm olusturmayanlar [(-), OD <
ODc], dusuk seviyede biyofilm olusturanlar [(+), ODc
< 0D <2 x0Dc], orta derecede biyofilm olusturanlar
[(++), 2 x ODc < OD <4 x ODc], gugla biyofilm
olusturanlar [(+++), OD > 4 x ODc] olarak
degerlendirilmistir (Gomes vd. 2009). C1 ve C3
izolatlari gliclii biyofilm olusturan olarak ve C2 izolati
orta derecede biyofilm olusturan izolat olarak
degerlendirilmistir. Hareketlilik test sonuglari tim

Citrobacter izolatlarinin yizebildigini, kayabildigini

tanimlanmis ve antibiyogram sonuclari Cizelge 1'de ve titreme hareketi yapabildigini gostermistir

gosterilmistir. Antibiyogram test sonuglarina goére (Cizelge 2).

tim izolatlar ampisilin ve amoksilin-klavulanat

antibiyotigine karsi direncli bulunmustur. En yiksek

Cizelge 1. Citrobacter izolatlarinin antibiyogram testi sonuglari

Test Mikroorganizmalan
Cc1 c2 c3

Antibiyotikler MiK MiK MiK
Amikasin <=4 S <=4 S <=4 S
Amoksisilin-klavulanat >32/2 R >32/2 R >32/2 R
Ampisilin >8 R >8 R >8 R
Aztreonam <=1 S <=1 S <=1 S
Sefepim <=1 S >8 R <=1 S
Seftazidim <=0.5 S <=0.5 S <=0.5 S
Seftriakson <=0.5 S >4 R <=0.5 S
Sefuroksim 4 S 4 R 4 S
Siprofloksasin <=0.125 S <=0.125 S <=0.125 S
Kolistin <=1 S <=1 S <=1 X
Ertapenem <=0.25 S >1 R <=0.25 S
Gentamisin <=1 S <=1 S <=1 S
imipenem 1 S 2 S 1 S
Meropenem <=0.125 S 0.5 S <=0.125 S
Netilmisin 1 S 2 S 1 S
Piperasilin <=4 S <=4 S <=4 S
Piperasilin- tazobaktam <=4/4 S <=4/4 S <=4/4 S
Tigesiklin 1 S 1 S 1 S
Trimetoprim-silfametoksazol <=1/19 S <=1/19 S <=1/19 S

MiK (Minimum inhibisyon konsantrasyonu; S (duyarl), | (ihmli), R (direngli).

30



Laktik asit bakterilerinin Citrobacter spp. izolatlarina karsi antimikrobiyal ve antibiyofilm aktiviteleri, Erdogmus vd.,

Cizelge 2. Citrobacter izolatlarinin hareketlilik ve biyofilm olusumu testi sonuglari

Test Mikroorganizmalari Hareket ( mm)

Biyofilm Olusumu

Kayma Yizme Titreme OD4SS
C1 6 8 10 0,818 (0,52) +++
Cc2 9 7 9 0,681(+0,35) ++
C3 13 8 11 1,068 (+0,58) +++
PK 9 8 10 1,285 (+0,12) +++
NK - - - 0,204 (£0,22) -

NK: Negatif kontrol, PK: Pozitif kontrol, OD: Optik dansite; SS: Standard sapma; (+) diisiik biyofilm olusumu, (++) orta derecede biyofilm olusumu,

(+++) giiclii biyofilm olusumu, (-) biyofilm olusumu yok

LAB izolatlarinin EPS lretim miktarlari Cizelge 3’te
gosterilmistir. En ylksek EPS lretimi L3 izolatinda
42.3242.15 mg/mL ve en distk EPS Uretimi ise L7
izolatinda 3.85+0.28 mg/mL olarak belirlenmistir.

Cizelge 3. LAB izolatlarinin ekzopolisakkarit Gretimi

Agar disk diflizyon ve agar kuyu difiizyon testi

sonuglarina goére LAB ekstraktlari Citrobacter
izolatlar lizerinde farkl seviyelerde antimikrobiyal
etkinlik gostermistir  (Cizelge 4). Amoksilin-
klavulanat, ampisilin, sefepim, seftriakson,

sefuroksim, ertapenem antibiyotiklerine direngli

olarak belirlenen C2 izolatinin LAB extraktlarina

karsi duyarli oldugu tespit edilmistir. LAB
LAB izolatlan EPS miktari (mg/mL):SS ekstraktlari C3 izolati Uzerinde ise distk
L1 (Lactococcus lactis) 30.44£1.25 antimikrobiyal etkinlik gostermistir.
L2 (Lactobacillus fermentum) 33.5040.75
L3 (Enterococcus faecalis) 42.32+2.15
L4 (Lactobacillus casei) 27.35+1.00
L5 (Lactobacillus plantarum) 35.75+1.75
L6 (Enterococcus faecium) 15.60+1.15
L7 (Lactobacillus curvatus) 3.85+0.28
L8 (Enterococcus durans) 4.25+0.20
L9 (Lactococcus garviae) 7.4410.55
L10 (Enterococcus faecalis) 6.15+0.78
SS: Standard sapma
Cizelge 4. Patojen test mikroorganizmalarina karsi LAB ekstraktlarinin antimikrobiyal etkisi.
Test Agar disk diflizyon testi sonuglari (mm) +SS
Mikroorganizmalar ™ 7 L2 L3 L4 Ls L6 L7 L8 L9 L10 | NK PK
C1 9+0.7 10+1.2 12+1.1 12+1.0 11+0.7 9+0.5 - - - 9+1.2 - 15+0.3
c2 9+0.8 10+0.9 13+0.8 11+1.2 12+1.1 13+1.1 8+0.2 11+1.5 10+0.5 12+1.0 - 14+1.5
c3 10+0.5 8+0.2 9+1.0 8+0.1 - - - 9+0.4 - 15+1.7
Agar kuyu difiizyon testi sonuglari (mm)
Cc1 13+0.5 9+0.5 12+1.3 10+1.2 11+0.8 9+1.2 14+0.5 13+1.0 10+0.0 12+1.2 - 15+1.5
c2 10+0.7 13+1.1 11+1.5 13+0.8 12+0.7 16+1.5 19+1.3 20+1.4 11+0.5 10+0.5 - 15+1.2
Cc3 9+0.4 12+1.2 11+0.9 12+1.4 - 11+0.9 12+1.0 - - 9+0.4 - 16+1.0

NK: Negatif kontrol, PK: Pozitif control, SS: Standard sapma

LAB ekstraktlarinin Citrobacter izolatlari Gizerindeki

Cizelge
Lactococcus lactis (L1), Lactobacillus fermentum

antibiyofilm etkisi 5'te gOsterilmistir.

(L2), Lactobacillus casei (L4), Enterococcus faecium
(L6),
durans (L8) izolatlarinin 1:1 konsantrasyonlarinin

Lactobacillus curvatus (L7), Enterococcus

tum Citrobacter izolatlarinda biyofilm olusumunu en
az %2,93 ve en ¢ok %83,86 oraninda engelledigi
(L5)
izolatindan elde edilen 1:1 konsantrasyonundaki

belirlenmistir.  Lactobacillus  plantarum

ekstraktin en ylksek antibiyotik direncine sahip olan

Cl1 izolatinin biyofilm olusturmasini  %83,86
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inhibe edebildigi
Enterococcus faecalis (L3), Lactobacillus plantarum

oraninda saptanmistir.
(L5), Lactococcus garviae (L9), Enterococcus faecalis
(L10) izolatlarinda elde edilen ekstraktlarin C2
izolatinin  biyofilm olusumunu engellemedikleri
belirlenmistir. Ayrica, Lactococcus garviae (L9),

Enterococcus faecalis (L10) ekstraktlari C3 izolatinin
biyofilm olusumunu engellemedigi belirlenmistir.

Cizelge 5. LAB ekstraktlarinin Citrobacter biyofilm olusumu lizerine inhibisyon etkisi

LAB Ekstrakt % inhibisyon

LAB Ekstrakt

% inhibisyon

Konsantrasyonu C1 C2 C3 Konsantrasyonu C1 C2 C3
Lactococcus lactis (L1) Enterococcus faecium (L6)
1/1 80,92 8,51 37,64 1/1 81,5 10,86 17,79
1/2 73,10 - 24,16 1/2 80,81 - 9,83
1/4 66,62 - 3,27 1/4 80,26 - -
1/8 43,76 - - 1/8 71,77 - -
Lactobacillus fermentum (L2) Lactobacillus curvatus (L7)
1/1 52,81 2,93 68,18 1/1 75,67 17,03 42,16
1/2 - - 36,24 1/2 28,23 - 34,83
1/4 ; ; - 1/4 21,02 - -
1/8 - - - 1/8 17,60 - -
Enterococcus faecalis (L3) Enterococcus durans (L8)
1/1 82,15 - 26,87 1/1 61,98 18,51 3,93
1/2 81,41 - 5,96 1/2 53,54 8,68 -
1/4 81,05 - - 1/4 - - -
1/8 75,55 - - 1/8 - - -
Lactobacillus casei (L4) Lactococcus garviae (L9)
1/1 69,43 17,62 15,23 1/1 70,90 - -
1/2 57,09 - 7,49 1/2 65,64 - -
1/4 ; - - 1/4 53,17 - -
1/8 - - - 1/8 43,88 - -
Lactobacillus plantarum (L5) Enterococcus faecalis (L10)
1/1 83,86 - 25,84 1/1 73,82 - -
1/2 74,57 - - 1/2 46,21 - -
1/4 50,73 - - 1/4 19,43 - -
1/8 30,31 - - 1/8 11,85 - -

(-) inhibisyon yok

4, Tartisma ve Sonug

Citrobacter spp. tlrleri gida kaynakh hastaliklarin
baslica etmenleri arasindadir (Tassew vd. 2010,
Ifeadike vd. 2012, Settanni vd. 2013). Pek ¢ok
calismada Citrobacter spp. ‘lerin antibiyotiklere karsi
direncgli olduklari gosterilmistir. Priyadarshini ve
Ramaswamy (2016) yapmis olduklari bir ¢alismada;
Citrobacter turlerinin %79 sefaleksin, %70 sefoksit,
%70 siproflaksin ve %69 seftazidime karsi direngli
olduklarini belirlemislerdir. Baska bir c¢alismada
Citrobacter tirlerinin antibiyotik direnglilik profili
arastirilmistir (Liu vd. 2017). Calismada kullanilan

tim izolatlarin sefoksitin’e karsi direngli ve
imipenem, meropenem ve amikasin
antibiyotiklerine karsi duyarli olduklari

belirlenmistir. Bu tirlerin sefoksitine karsi direncli
olduklari imipenem, meropenem ve amikasine karsi
ise duyarl olduklari saptanmistir. Bu galismada, g
Citrobacter izolati (C1, C2, C3) BD Phoenix™
otomasyon sistemi kullanilarak Citrobacter braakii
olarak tanimlanmistir. Tim izolatlarin ampisilin ve
amoksilin-kavulanata  karsi  direngli  olduklar
belirlenmistir. En ylksek antibiyotik direncini C2

izolatl gbstermistir.
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Mikroorganizmalarda biyofilm olusumu antibiyotik
direncinde 6nemli bir rol oynamaktadir. Biyofilm
olusumu bu bakteriler tarafindan olusturulan

enfeksiyonlarin  tedavisini  zorlastirmakta ve
ekonomik kayiplara sebep olmaktadir (Uludag Altun

ve Sener 2008, Aydemir Hancer 2018).

Son yillarda arastirmacilar bazi mikroorganizmalar
tarafindan Uretilen maddelerin biyofilm olusumunu
engelleyebilecegini ortaya koymuslardir
(Subramanian vd. 2012, Pasteris vd. 2014,
Rybalchenko vd. 2015, Dixon vd. 2018). Probiyotik
Ozellikte olan LAB'lar gesitli antimikrobiyal maddeler
patojen
mikroorganizmalarin gelisimini inhibe etmektedir.

Uretmektedir  ve bu maddeler
LAB’lar tarafindan uretilen bakteriyosinler patojen

dogal
Yapilan

mikroorganizmalara karsi
2010).
bakteriyosinlerin patojen mikroorganizmalara karsi
etkili oldugu ve gidalan
kullanilabildikleri gosterilmistir
Bakteriyosinlerin  gida

koruyucudurlar
(Carminati vd. arastirmalarda,
koruma amagh
(Tamime 2006).
koruyuculari olarak
kullanilmalarinin asil nedenleri; onlarin genel olarak
glvenli bulunmalari, 6karyotik hiicreler Gzerinde
aktivite gostermemeleri ve toksik olmamalari, pH ve
edebilir
mikroorganizmalara karsi etkili olmalaridir (Galvez
vd. 2007, Srinivasan vd. 2013). Rybalchenko vd.
(2015)
stafilokoklar, Candida albicans ve enterotoksijenik

sicakhgi tolere olmalari ve

Lactobacillus  fermentum  susunun
enterobakteriler Gzerinde etkili oldugu saptanmistir.
L. fermentum 97'nin farkh gram pozitif ve gram
negatif firsat¢l patojen bakterilerde biyofilm
olusumunu inhibe ettigi belirlenmistir (Rybalchenko
vd. 2015).
(2012),

bakteriyosin izole etmislerdir ve bu bakteriyosinin

Baska bir calismada ise Srinivasan vd.

Lactobacillus  rhamnosus  susundan
gida kaynakli patojenler, gram pozitif ve gram
etkili
gostermislerdir. Pasteris vd. (2011), Lactococcus
lactis CRL 1584

Uzerindeki etkisini arastirmislardir. L. lactis CRL 1584

negatif  bakterilere  karsi oldugunu

izolatinin Citrobacter freundii

supernatantlarinin  Citrobacter freundii
inhibe etkisi

gostermislerdir. Baska bir calismada (Bendjeddou
vd. 2012),
Uretilen bakteriyosinin 32 patojen sus Uzerinde

patojeni

lzerinde edici oldugunu

Lactobacillus paracasei tarafindan

antibakteriyel etkisi oldugu belirlenmistir. Bizim
calisma sonuclarimiz; L1, L2, L4, L6, L7, L8

izolatlarindan elde edilen ekstraktlarin 1:1
konsantrasyonlarinin tim patojen test
mikroorganizmalarinda biyofilm olusumunu

engelledigi  belirlenmistir. LAB  ekstraktlarinin

seyreltme oranlari arttikca antibiyofilm

etkinliklerinin azaldigi saptanmistir.
Ayrica, bu c¢alismada LAB’larin EPS (retim
kapasiteleri arastirilmistir. EPS Uretimi, bakterileri
fagositoz, antibiyotik ve osmatik basinca karsi
koruyucu bir etki olusturur (Cerning 1990). Bugline
kadar yapilan ¢alismalarda, LAB’lar tarafindan EPS
Uretilebildigini aciga c¢ikarmistir. Tallon vd. (2013)
bitkisinden izole ettikleri Lactobacillus
plantarum EP56 izolatinin 0.114 mg/mL EPS

Urettigini belirlemislerdir (Tallon vd. 2013). Baska bir

misir

calismada ise Looijesteijn vd. (2001) Lactococcus
lactis subsp. cremoris NZ4010. izolati tarafindan
Uretilen EPS’nin bakteriyofaj, metal iyonlarn ve
antimikrobiyal ajanlara karsi koruyucu bir etkisi
oldugu gosterilmistir. Bizim c¢alismamizda LAB
izolatlarinin farkh oranlarda EPS Uretimi yaptiklari
belirlenmistir. En fazla EPS lretimi L3 izolatinda ve
en distk EPS Uretimi ise L7 izolatinda saptanmistir.
LAB izolatlari tarafindan tiretilen EPS miktari arttik¢a
LAB’larin adhezyon kapasitelerinin de artabilecegi
ve bu durumun onlarin daha iyi kolinize olmalarina
katki saglayabilecegi dlstnilmustir (Looijesteijn
vd. 2001).

Sonug¢ olarak; bu calisma ile LAB ekstraktlarinin
[Lactococcus lactis (L1), Lactobacillus fermentum
(L2), Enterococcus faecalis (L3), Lactobacillus casei
(L4), Lactobacillus plantarum (L5), Enterococcus
faecium  (L6),
Enterococcus durans (L8) Lactococcus garviae (L9),
Enterococcus faecalis (L10)] hayvansal orjinli
Citrobacter braakii (C1, C2, C3) izolatlar Uzerinde
antimikrobiyal ve antibiyofilm etkinliginin oldugu

Lactobacillus  curvatus  (L7),

belirlenmistir. LAB’lardan elde edilen antimikrobiyal
etkili maddeler antibiyotikler i¢in alternatif olarak
tedavisinde

Citrobacter spp. enfeksiyonlarinin

kullanilabilir. ileride yapilacak olan c¢alismalar
LAB’lardan antimikrobiyal etkili maddelerin izole
saflastirilmasi  ve

edilmesi, karakterizasyonu
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yapilmasi lizerine olmalidir. Bu sayede, antibiyofilm
etkinligi yliksek olan LAB’lardan elde edilen bu
maddeler gida ve saglik sektoriinde kullanilabilir ve
biyoteknolojik calismalar ile gelistirilebilir.
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Abstract

Since protons are not fundamental particles, they produce very large backgrounds in proton-proton
collisions. Therefore, in supersymmetry searches, the main challenge is to differentiate supersymmetric
signals from Standard Model background. Hence, extensive background analysis becomes an important
probe to obtain information in the direction of supersymmetry searches. Among the variety of

keywords signatures in this direction, single lepton channel is one of the effective processes in which Standard
Supersymmetry; Model background is obtained. In this work, starting from the generation of background emerging from
Standard Model; Single  various events, basic selections and cuts have been applied to obtain a homogenous and a clean sample.
lepton channel; On the other hand, the magnitude of missing transverse energy and scalar sum of all transverse
Analysis momentums are crucial to detect particles that can escape without leaving trace in the detector.

Therefore, all necessary histograms have been plotted. Emerging the leading backgrounds from W-
bosons + jets and top quark-antiquark + jets events, almost all energy regions, it is seen that W+jets
have greater contribution to background. However, for the collisions that produce high number of jets
top quark-antiquark + jets become more dominant. Final step of the work is the application of additional
selections and cuts for the isolation of potential supersymmetry signals.

Tek Lepton Kanalinda Standart Model Ardalan Analizi
0z

Protonlar temel pargacik olmadiklari igin, proton-proton garpismalarinda blyik bir ardalan Gretirler.
Dolayisiyla, stpersimetri arayiglarinda ana problem, slpersimetrik sinyalleri bu Standart Model
ardalanindan ayirmaktir. Bu nedenle, kapsamli bir ardalan analizi, slipersimetri arayislari yoniinde bilgi

Anahtar kelimeler edinebilmek i¢in 6nemli hale gelir. Tek lepton kanali, Standart Model ardalaninin elde edildigi etkin
Supersimetri; Standart ~ stireclerden biridir. Bu ¢alismada, cesitli olaylardan olusan ardalan Uretilmis, homojen ve temiz bir
Model; Tek lepton ardalan olusabilmesi icin temel secimler ve kesimler uygulanmistir. Ote yandan, dedektérde iz

birakmadan kacabilen pargaciklari tespit edebilmek icin, kayip enine enerjinin blyukligi ve tim enine
momentumlarim skaler toplami olduk¢a 6nemlidir. Bu nedenle, gerekli tim histogramlar gizilmistir.
Ardalan, biyuk 6lglide W-bozonlari + jetleri ve top kuark-antikuark + jetlerinden olusmakla birlikte,
neredeyse tim enerji bolgelerinde en fazla katki, W+jetlerinden gelmektedir. Ancak ¢ok sayida jet
Ureten carpismalar igin top kuark-antikuark + jetleri daha baskin hale gelmektedir. Calismanin son adimi
ise, potansiyel sipersimetri sinyallerinin izolasyonu icin ek secimler ve kesimlerin uygulanmasidir.

© Afyon Kocatepe Universitesi

kanali; Analiz

1. Introduction leading candidate for the experimental work via

Supersymmetry (SUSY) is an essential theory to proton-proton (pp) collisions. SUSY searches in

advance new physics Beyond Standard Model (BSM)

(Ramond 1971, Golfand, and Likhtman 1971, Neveu high transverse missing energy (E'Ifniss) which can
and Schwarz 1971, Nilles 1984, Fayet 1975). Being originate from the lightest supersymmetric particle,
in the case of R-parity conserving SUSY. Indeed, this

collider experiments typically examine events with

one of the strongest tools for the solution of certain
is the reason why the lightest SUSY particle could be

a good candidate for viable dark matter (Farrar and
Fayet 1978.). Recent results on searches for SUSY in

problems, like gauge hierarchy problem (Hooft
1980) and gauge coupling constant unification

problem (Dimopoulos et al. 1981), which cannot be '
explained by the Standard Model (SM), it is also a single lepton channel are presented at the center of
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mass energy of 7 TeV (Chatrchyan et al. May. 2013,
CMS Collaboration 2012, ATLAS Collaboration
2012), 8 TeV (CMS Collaboration 2013, ATLAS
Collaboration 2014 and 2015.) and 13 TeV (Yildiz
2016, CMS Collaboration 2016, ATLAS Collaboration
2016, Khachatryan et al. 2017) at CERN LHC, by
using data recorded in CMS and ATLAS experiments.

The main challenge in SUSY searches is to obtain
sufficient sensitivity to collision data and signal
while  understanding the contribution of
background. So, extensive background analysis has
to be done, to isolate signal from the SM
background. In this study, SM background for single
lepton channel has been produced for future SUSY
analysis. The leading backgrounds emerge from
W + jets (W-boson) and tt+jets (top quark-
While the

momentum of the partons is difficult to determine

antiquark) events. longitudinal
due to their composite structure, the missing
transverse momentum (F7%) which is the negative
vector sum of the transverse momenta could be

reconstructed.

PR = =X pr (1)

The magnitude of missing transverse momentum is
defined as in Equation (2) (Yildiz 2016).

[PFs] = B (2)

In addition to that, scalar sum of all transverse
momentums (Hy) is also considered in Equation (3).
The polar angle 0 is the angle between beam pipe
(z-axis). Instead of 8, pseudorapidity is often used as
in Equation (4).

Hr = ¥ |prl (3)

n=—lIntan (g) (4)

The background is produced for the gluino pair
production T1tttt scenario and T5qqqqWW scenario
(Chatrchyan et al. Sep. 2013, Alwall et al. 2009, Alves
et al. 2012). Both SUSY scenarios lead to single
lepton final state. In the first scenario gluino pair is
produced after collision and it decays to top quark-

antiquark and the lightest neutralino final state (
tt + %1 ). In the second scenario, the gluino pair
which is produced after collision, decay to quark-
antiquark and W-boson (qgW#? ) final state.

2. Computational Details

MadGraph5 (Alwall et al. 2011, the NNPDF
Collaboration et al. 2014) is a groundwork that aims
to implement all the tools required for SM and BSM
theories. All the processes could be simulated to
leading order (LO) accuracy for a given Lagrangian.
In this study main SM backgrounds, tt + jets, W +
jets, DY + jets which refer to q7 = Z/y* = 171~
events and single-top quark events in t-channel and
tW process, are generated by using MadGraph5
event generator. In addition to that the results are
analyzed with Root program package (Brun and
Rademakers 1997.).

3. Results and Discussion

3.1 Basic selections and cuts

The dominant background for this search comes
from W + jets whose contribution remains the
greatest almost all energy regions and all event
selections. In the region with four jets or higher,
where BSM theories expected to be effective, tt +
jets should become more dominant (ATLAS
Collaboration 2016, Khachatryan et al. 2017).

The aim of the event selections is to gather a
homogenous and clean background sample. Since
the analysis is carried out for one lepton channel,
events should contain single electron or single muon
as seen from the Table 1. Pseudorapidity for
electron and muon has been chosen as n! < |2.1]
and for the jets 1/ <|2.4|. EF¥SS >80 GeV
requirement is implemented which further lower
DY-backgrounds and multijet to a negligible level.

Moreover, to avoid cross trigger an event p;] >
30 GeV is chosen for electron muon and jets.

Table 1. Basic event selections and cuts, where | and j
refer to lepton and jets consecutively. N; refers

to number of leptons.

Basic Event Selections and Cuts
N =1
N < 2.1

38
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pv > 30 GeV
EPISS > 80 GeV
0 < |2.4]

The magnitude of missing transverse energy is
crucial for detecting particles that can escape
without leaving a trace in the detector, such as
neutrinos and weakly interacting particles. In
addition to that, high amount of missing transverse
energy is expected for SUSY events. For those
reasons, generating SM background for the
magnitude of missing transverse energy ETSS and
scalar sum of all transverse momentums Hrt is
important. Therefore, Hy and EXSS histograms
after event selections and cuts are given in Figure 1a
and 1b in which W + jets and tt + jets dominant for
all regions. However, the contribution of DY + jets
for Hr < 120 GeV region surpasses tt + jets.

. Wjets

B i+ jets
DY + jets

@4 Single Top

2
=
@
>
B 10
1
107!
Hr (GeV)
- W+ jets
- B tE+ jets
0 -~ DY+jets
- 54 Ssingle Top
g 10 = —=
s =
o = =
> - -
= — —
10 = —=]

T
s

50 50 200 250 300 500

EPisS (GeV)
Figure 1. (a) Hp and (b) EXISS after event selections and
cuts.

Many SUSY models lead to very large number of
jets. For this reason, understanding the behavior of
SM background, as a function of number of jets
and of b-jets, is essential. In Figure 2a and 2b,
number of jets and of b-jets after event selections
and cuts have been plotted. It is clearly seen that if
Njets < 6 and Npjers < 3 leading background is

W + jets otherwise tt + jets.

W +jets
tt + jets
DY + jets
&% Single Top

Events

1 WHjets
| B tt+ jets

- DY +jets
#55 Single Top

Events

ijets

Figure 2. (a) Number of jets and (b) number of b-jets after
event selections and cuts.

After applying event selections and basic cuts given
at Table 1, transverse momentum (py) and
pseudorapidity () of single lepton events are
plotted Figure 3a and 3b. The largest contribution to
background originates from W + jets for all the
region, as expected. In Figure 3a while in the region
between 30 to 60 GeV DY + jets has greater
background, above 60 GeV tt + jets produces more
events. Also, in Figure 3b, for the vertical axis (y) tt +
jets, and for the beam pipe axis (z) DY + jets have
generate more events.

0 WHjets

Bt +jets
DY + jets

i Single Top

10*

Events

IIII| IIIIIIII| IIIII|'||'| |||||mT_|'
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10°
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Figure 3. (a) Lepton pr and (b) lepton pseudorapidity n
after event selections and cuts.

3.2 Additional selections
YMmeT is defined as in Equation (5).

Yvgr = EFSS/ Hy (5)

Both, Yygt and Ht can discriminate potential SUSY
signals from SM background (Yildiz 2016). In
simulated events these two variables are found to
be considerable uncorrelated. This fact gives one an
advantage of differentiating T1tttt and T5qqqqWW
signals (Chatrchyan et al. Sep. 2013, Alwall et al.
2009, Alves et al. 2012) from the SM background for
selected region. For that reason, additional
selections, N; >4, Hr > 300 GeV and E-’rniss >
150 GeV have been applied in Figure 4b. With those
new cuts, 99.9% additional data cleaned as seen

from Table 2.

Yymer(GeV?'/?2)
Events

100 200 300 400 500 600 700 800 900 1000

Hr (GeV)

5

Yymer(GeV?'/2)
Events

IH‘}HIM‘!H‘!H‘H ‘ :\‘1

100 200 300 400 500 600 700 800 900 1000

Hr (GeV)
Figure 4. (a) Yygr as a function of Hyp with basic event
selections and (b) with additional cuts N; > 4,

Hp > 300 GeV and ESS > 150 GeV.

Table 2. Number of events after additional cuts. Basic
selections and cuts from Table 1 normalized to

1.
Selections Number of Events
Basic Selections and Cuts 1.00000
N; >4 0.01590
EPISS > 150 GeV 0.00124
Hr > 300 GeV 0.00107

4. Conclusion
In this study, SM backgrounds, W + jets, tt+ jets,
DY + jets and
generated for one

single top events have been

lepton channel by using
MadGraph5 event generator. The leading SM
from W + jets

contribution remains the highest almost among all

background emerges whose
regions. However, for the region with number of jets
greater than 5 and number of b-jets greater than 2,
the highest contribution comes from tt + jets. In
order to isolate potential SUSY signals from

background new cuts N; >4, Hy > 300 GeV and

EMIsS > 150 GeV have been applied and additional
99.9% background has been cleaned for potential
SUSY signal region. To understand the effect of
these new cuts Yyt and Hy histograms are plotted
and reduced background has been observed.
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Abstract

The major goal of this research was to examine how coumarin affects lipid model membranes. For this
reason, liposome membranes were formed using dimyristoyl phosphatidylcholine (DMPC) as
zwitterionic lipid. The influence of coumarin on the morphology, packing order, fluidity, and hydration

state of lipid membranes was specifically investigated by means of microscopic (field emission scanning
electron microscopy (FE-SEM)) and spectroscopic (attenuated total reflection Fourier transform
Coumarin; Liposomes; infrared (ATR-FTIR) spectroscopy) techniques. Taken into account the results obtained with FE-SEM

Phospholipids; ATR- images and analysis, liposomes without and with coumarin have uniform structures and spherical

Keywords

FTIR; FE-SEM shapes in appearance. However, coumarin-loaded liposomes are observed with an increase in size
when compared to a mean diameter of unloaded-liposomes. Considering ATR-FTIR analysis, the
investigation of the vibrational bands which belong to the hydrophobic and hydrophilic parts of DMPC
lipid reveals that coumarin alters the physical features of the DMPC liposomes by decreasing the order
and increasing the fluidity of the system and making hydrogen bonding with the interfacial and
headgroup regions of zwitterionic lipid DMPC. Finally, performing more biophysical studies on the
interactions of biologically active compounds with model membranes plays an important role in
determining the molecular action mechanisms of these compounds in drug discovery and formulations.

Kumarin Yiklii Lipozomlarin Morfolojik ve Yapisal Ozelliklerinin
Belirlenmesi Uzerine Biyofiziksel Arastirma
0Oz
Bu arastirmanin esas amaci kumarinin lipit model membranlari nasil etkiledigini incelemektir. Bu
nedenle, zwitteriyonik lipit olarak dimiristoil fosfatidilkolin (DMPC) kullanilarak lipozom membranlar
olusturulmugtur. Kumarinin lipit membranlarin paketleme dizeni, akiskanhgi, hidrasyon durumu ve
morfolojisi Uzerine etkisi, 6zellikle mikroskobik (alan emisyonlu taramali elektron mikroskobu (FE-SEM))
ve spektroskopik (zayiflatilmis toplam yansima Fourier donusum infrared (ATR-FTIR) spektroskopisi)
Anahtar kelimeler teknikleri ile incelenmistir. FE-SEM gorintdileri ve analizleri ile elde edilen sonuglar dikkate alindiginda,
Kumarin; Lipozomlar;  kumarinsiz ve kumarinli lipozomlar gérinim olarak diizgiin yapilara ve kiresel sekillere sahiptir.
Fosfolipitler; ATR-FTIR;  Bununla birlikte, kumarin yukli lipozomlarin, yiklenmemis lipozomlarin ortalama capi ile
FE-SEM karsilastirildiginda boyutunda bir artis gdzlenmistir. ATR-FTIR analizleri gdz 6éniine alindiginda, DMPC

lipitinin hidrofobik ve hidrofilik kisimlarina ait titresim bantlarinin incelenmesi, kumarinin sistemin
dlzenini azaltarak ve akiskanhgini artirarak ve zwitteriyonik lipit DMPC'nin araylizey ve bas grup

bélgeleri ile hidrojen bag yaparak DMPC lipozomlarinin fiziksel ozelliklerini degistirdigini ortaya
koymaktadir. Sonug olarak, biyolojik olarak aktif bilesiklerin model membranlar ile etkilesimleri (izerine
daha fazla biyofiziksel galismalarin gergeklestirilmesi, ilag kesfi ve formulasyonlarinda bu bilesiklerin
molekuler etki mekanizmalarinin belirlenmesinde énemli rol oynamaktadir.

© Afyon Kocatepe Universitesi
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1. Introduction

Liposomes are microstructures made up of a bilayer
of natural or synthetic lipids that produce an
amphipathic environment with a polar headgroup
and a long hydrophobic tail (e.g., phospholipid or
lecithin) (Briuglia et al. 2015). Liposomes are also
spherical vesicles with a mimetic cell membrane
consisting of an aqueous inner core and a lecithin
bilayer shell. They are used for encapsulating
antibiotics, peptides, polyphenols, as well as several
chemicals owing to their excellent biocompatibility,
low toxicity, and ability to shield the active
compounds from surroundings (Zhang et al. 2020).
Therefore, liposomes are effective drug delivery
systems for both hydrophobic and hydrophilic
agents, and also powerful models for biological
membrane research in biophysics, biochemistry,
and structure—function relationships (Zhao and
Feng 2006). Liposomes are utilized to examine how
drugs interact with membranes, which can reveal
important details about various pharmacokinetic
characteristics of drugs (Mahajan and Mahajan
2013, Sreekanth and Bajaj 2013). Furthermore, by
using liposomes as model systemes, it is possible to
investigate the membrane properties such as
membrane trafficking, membrane fusion, cell

adhesion, molecular recognition, and others
(Pereira-Leite et al. 2013). Gene delivery systems,
vaccines, signal enhancers in medical diagnostics,
and solubilizers for various chemicals are also
among the biomedical uses for which they are
beneficial (Sorkin et al. 2013).

It is critical to ensure long-term stability of
liposomes with regards to lipid bilayer rigidity by
high phase transition

using lipids with a

temperature, which is influenced by polar
headgroups, fatty acid side chains, chain length, and
degree of unsaturation (Briuglia et al. 2015). For this
reason, dimyristoyl phosphatidylcholine (DMPC)
(Figure 1) used in this study is a well-known
zwitterionic phospholipid, which is a significant
ingredient of pulmonary surfactant compounds
located on alveoli surfaces and it serves as a good

model for the structural phosphatidylcholines (PCs)

present in eukaryotic cell membranes (Wood et al.
2021). It contains a neutrally charged headgroup
and two aliphatic chains of 14 carbon atoms
(Miskowiec et al. 2017, Scheibe and Hauser 2018).
Two endothermic processes are seen in DMPC
aqueous dispersions. A less energetic process is a
pretransition about at 14 °C while a more energetic
one is a main phase transition around 24 °C (Prenner
1999). DMPC is widely utilized in the
preparation of biomimetic membranes. It was

et al

preferred as a model system because the structure
of DMPC lipid bilayers has been extensively studied
by neutron reflectivity (NR) (Burgess et al. 2004),
atomic force microscopy (AFM) (Li et al. 2008), and
polarization = modulation infrared reflection
absorption spectroscopy (PM-IRRAS) (Zawisza et al.
2004, Bin et al. 2005). In addition, NMR (Weisz et al.
1992, Hong et al. 1996, Marsan et al. 1999), X-ray
diffraction (Mavromoustakos et al. 1990, Petrache
et al. 1998), and computer simulation (Damodaran
and Merz 1994, Kothekar 1996, Duong et al. 1999,
Pasenkiewicz-Gierula et al. 1999, Zubrzycki et al.
2000) studies were performed for structural and

dynamical features of DMPC.

In our previous study, we have systematically
examined the molecular interactions between citrus
flavonoids, hesperidin and naringin, and model lipid
membranes composed of DMPC by using both
experimental and  theoretical techniques,
differential scanning calorimetry (DSC), attenuated
total reflection Fourier transform infrared (ATR-
FTIR) spectroscopy, field emission scanning electron
microscopy (FE-SEM), atomic force microscopy
(AFM), (DFT).

Methodologies demonstrated that even little

and density functional theory
structural alterations can have a significant impact

on membrane bilayers and influence the
distribution of these flavonoids throughout the
membrane. As a result of that research, changes in
the structural and dynamical features of lipid
membranes can be crucial for activities concerning
the inhibition of
antioxidant mechanism (Altunayar-Unsalan et al.

2022a).

lipid peroxidation and the
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In our recent research, we focused on a better
understanding of the molecular mechanism of
action of hesperidin as an antioxidant agent.
Therefore, firstly, by using spectroscopic,
calorimetric and microscopic techniques (ATR-
FTIR spectroscopy, DSC and AFM), we studied the
influence of hesperidin incorporation in model
membranes consisting of DMPC and cholesterol
(CHOL) to mimic mammalian cell membranes.
Secondly, molecular docking studies were carried
out to predict hesperidin's inhibition potential of
the human lanosterol synthase (LS), an enzyme
present in the last stage of cholesterol synthesis.
Then, the hesperidin's ADME/Tox (absorption,
distribution, metabolism, excretion, and toxicity)
profile was computed to determine its possible
effect on living system. Taken into account all
these investigations, it is concluded that binding
properties and orientation of hesperidin in
DMPC/CHOL lipid bilayer would provide valuable
information on its antioxidant and lipid
peroxidation inhibitory activity. Because of its
antioxidant properties, hesperidin may be a high
potential for use as a therapeutic drug for
hypercholesterolemia (Altunayar-Unsalan et al.
2022b).

As polyphenols are known to have strong
antioxidant properties both in vitro and in vivo
(Oteiza et al. 2005), coumarin (coum) (1,2-
benzopyrone) (Figure 1) used in this study is the
simplest constituent in a broad family of naturally
occurring phenolic compounds composed of fused
benzene and a-pyrone rings (Mirunalini and
Krishnaveni 2011). It is the primary component of
coumarin derivatives and has aromatic and
fragrant properties that are present throughout
the plant family. Coumarin exists in a variety of
plant origins, including fruits, medicinal herbs,
vegetables, and spices as well as all sections of the
plant-fruits, leaves, stems, and roots. It is
observed in significant proportions in several
cinnamon varieties (Loncar et al. 2020). Coumarin
is also a well-known fluorescent component and it
belongs to the benzopyrone family (Kalyanram et
al. 2020). Coumarin and its derivatives have a
variety of biological characteristics that are

essentially determined by their chemical
composition (Matos et al. 2017). As a result, they
have been used in a variety of pharmaceutical
purposes, including antioxidants (Witaicenis et al.
2014, Pérez-Cruz et al. 2018), antiviral (Mishra et
al. 2020), antimicrobial (Al-Majedy et al. 2017),
anti-inflammatories (Chen et al. 2017, Liu et al.
2020), anticancer (Emami and Dadashpour 2015),
anti-HIV (Liu et al. 2020), anticoagulants (Akoudad
et al. 2014), and antituberculosis (Keri et al. 2015)
agents. Coumarin and its derivatives have
attracted significant scientific attention as
potential therapeutic candidates since these
substances have antioxidant properties (Zhang
and Wang 2004, Beillerot et al. 2008, Lin et al.
2008; Cavar et al. 2012). Antioxidant agents like
hydroxycoumarins have been examined because
of their capacity to prevent neurodegenerative
diseases. The possible mechanisms are associated
to free radical scavenging and postponing or
preventing biomolecule oxidation (Matos et al.
2013).

To further understand the antioxidant action
mechanism of biological active compounds,
knowledge of the molecular interactions of these
compounds with lipids is clearly required. Changes
in some physical features of the bilayer can
influence the rate of protein and lipid oxidation in
membranes. The rate of membrane oxidation is
greatly influenced by membrane fluidity and
lateral phase separation (Oteiza et al. 2005). To
better reveal the mechanism involved in
antioxidant activity, we aimed to examine the
interaction of coumarin with model membranes -
liposomes composed of DMPC lipid bilayers, and
thus identify how coumarin is distributed in DMPC
lipid bilayers. To achieve this purpose, firstly, FE-
SEM  (Field Emission Scanning Electron
Microscopy) technique was performed to examine
the microscopic appearance of coumarin-loaded
and coumarin-unloaded liposomes. Secondly,
attenuated total reflection Fourier transform
infrared (ATR-FTIR) spectroscopy was utilized to
determine the characteristic structures of these
liposomes.
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coumarin

o &

DMPC

Figure 1. Chemical structures of coumarin and DMPC. Molecules were constructed by BIOVIA Discovery Studio Visualizer
v20.1.0.19295 (BIOVIA, Dassault Systemes, Discovery Studio Visualizer, v20.1.0.19295, San Diego: Dassault

Systémes, 2019).

Then, the infrared spectra indicating coumarin's
capacity to bind to the DMPC lipid bilayer were
analyzed in detail. Finally, these data would have a
significant impact on coumarin conformation,
orientation, and partitioning within DMPC lipid
membranes, and also the physicochemical
characteristics and functioning of the cell
membranes. Thus, this type of study would also give
valuable

significant  and insight into the

comprehension of the antioxidant action

mechanisms of coumarin.
2. Materials and Methods
2.1 Chemicals

1,2-dimyristoyl-sn-glycero-3-phosphocholine
(DMPC) was purchased from Avanti Polar Lipids
(Alabaster, AL, USA). Coumarin, chloroform, and PBS
(phosphate buffered saline) were obtained from
Sigma-Aldrich (St. Louis, MO, USA).

2.2 Liposomes’ preparation

Bangham method (Bangham et al. 1965, Bangham
1978) that was previously described was used for
the preparation of liposomes. DMPC and coumarin
were dissolved in chloroform. For spectroscopic and
microscopic investigations, the quantities of DMPC
were used according to the values determined by
Altunayar-Unsalan et al. (2022a). For coumarin-
loaded liposomes, 1 mol% (low) and 40 mol% (high)
concentrations of coumarin were used. These
concentrations are consistent with previous studies

about polyphenols in lipid bilayers (Saija et al. 1995,
Demetzos et al. 2001, Fadel et al. 2011, Koukoulitsa
et al. 2011, Longo et al. 2016, Khattari et al. 2017).
Under a steam of nitrogen, the mixtures were
evaporated. In order to form thin homogeneous,
solvent-free films, the mixtures were waited in high
vacuum for approximately 2 hours. 10 mM PBS
buffer in deionized H,0 (pH 7.4) was used to hydrate
the dried films and then, for 20 minutes these
mixtures were vortexed. To check the experimental
reproducibility, the mixtures were prepared in
triplicate for every measurement.

2.3 FE-SEM (Field emission scanning electron
microscopy)

Thermo Scientific Apreo S LoVac SEM (ThermoFisher
Scientific, USA) with Schottky FEG (Field Emission
Gun) was used for imaging the liposomes in high
vacuum mode. Before imaging, 6 nm gold-palladium
coating were applied on the samples using Leica EM
ACE600 sputter coater under vacuum with argon gas
(Leica Microsystems, Germany) to make the surface
conductive. Imaging resolution and acceleration
voltage were 0.9 nm and 1 kV, respectively. For the
experiments, maximum beam of current of 50 nA
and 30 kV accelerating potential were used.
Micrographs were analyzed by 1.53t
software (Schneider et al. 2012).

Image)

2.4 ATR-FTIR (Attenuated total reflection Fourier
transform infrared) spectroscopy
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IR spectroscopic measurements of liposomes in the
presence and absence of coumarin were made
utilizing Fourier transform infrared spectrometer.
The IR spectrometer used here includes an ATR set-
up. A PerkinElmer Spectrum Two FTIR spectrometer
(PerkinElmer Inc., Waltham, MA, USA) that uses
diamond crystal as an internal reflection element
and a deuterated triglycine sulfate (DTGS) detector
was used to record ATR-FTIR spectra. Spectral range
that was covered was 4000-1000 cm™. 64 scans
were used with the spectral resolution of 2 cm™.
ATR crystal was carefully cleaned with ultra-pure
organic solvents and used for collecting background
spectra before every measurement at ambient
temperature. The spectra were evaluated by
PerkinElmer Spectrum v10.5.4 software
(PerkinElmer Inc., Waltham, MA, USA) and water
vapor and CO; contributions were removed. In the
3400-3200 and 1800-1500 cm™ regions, OH
stretching bands due to the PBS buffer are detected
and they overlap with the relevant lipid bands.
Therefore, PBS spectrum was first recorded and
then subtracted from the liposomes’ spectra.
PerkinElmer Spectrum v10.5.4 software
(PerkinElmer Inc., Waltham, MA, USA) was used for
manual subtraction to reach a suitable baseline in
the bulk water area. In order to make detailed
analysis, the subtracted original spectra were used.
The positions of the peaks were determined with
regard to the weight center whereas the widths of
the peaks were measured from the 80% of the
highest positions of the peaks. Furthermore,
normalization was done for visual representation
according to the CH; antisymmetric stretching band
in the spectra.

2.5 Statistical data analysis

The results of quantitative experiments were
expressed as mean * standard deviation (SD). The
statistical analysis was performed with the Mann-
Whitney U test by SPSS Statistics Version 25 (IBM
Corp. Released 2017. IBM SPSS Statistics for
Windows, Version 25.0. Armonk, NY: IBM Corp.). *p-
value < 0.05 was considered as a statistically
significant. All experiments were repeated three
times

using freshly prepared samples and

microscopic images are representative images from
three independent experiments.

3. Results and Discussion
3.1 Morphological analysis

Electron microscopy (EM) is a technique used to
visualize liposomes at high magnifications. It is
widely used for studies of liposomes consisting of
lipids since the wavelength of the electron, thus
diffraction-limited resolution is several orders of
magnitude smaller than that of optical microscopy,
allowing for high-quality imaging of liposomes. In
EM, electron beam is focused on the sample’s
surface using different electromagnetic lenses.
Then, these particles are dispersed by the specimen
before being refocused and enlarged by a second
set of electromagnetic lenses in the imaging section
to form a projected picture (Robson et al. 2018).

Scanning electron microscopy (SEM) used in this
study can get information on the morphology and
size of a sample as well as relevant details on the
concentric organization of the distinct lipid layers
(Robson et al. 2018). Figure 2 shows the FE-SEM
micrographs of DMPC liposomes without and with
coumarin (1 mol% and 40 mol%). From the FE-SEM
image in Figure 2a, it is obvious that liposomes
without coumarin are smooth, round and they bear
spherical structures. The distribution of particles
seems to be quite uniform, and no aggregation is
observed. Moreover, size analyses performed on FE-
SEM image in Figure 2a indicate that unloaded-
liposomes have a mean diameter of 130.98 + 28.77
nm (Table 1). Figures 2b and 2c present the FE-SEM
images of the coumarin-loaded liposomes. These
micrographs show that liposomes with coumarin
have uniform structures, smooth surfaces and free
from crystalline nature of coumarin. Additionally,
particles seem to have no tendency to aggregate.
The mean diameters of coumarin-loaded liposomes
are determined to be 139.35 £ 27.19 nm for 1 mol%
coumarin and 195.95 + 77.14 nm for 40 mol%
coumarin, and the particle diameters seem to
increase with increasing coumarin content (Figures
2b and 2c, Table 1). This result indicates that
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coumarin has a particle size-increasing effect when
compared to unloaded liposomes.
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Figure 2. FE-SEM micrographs of DMPC liposomes without and with coumarin. a) pure DMPC, b) DMPC + 1 mol%
coumarin, c) DMPC + 40 mol% coumarin.

Table 1. Particle sizes of DMPC liposomes without and In a study conducted by Niaz et al. (2018), SEM was

with coumarin. applied to image the morphological characteristics
Lipid Particle size (nm) of chitosomes and liposomes in the absence and
presence of nisin. Their results showed that the

DMPC 130.98+28.77 mean diameter of liposomes is between 50-100 nm,
DMPC + 1 mol% coum 139,35 + 27 19* which is in line with the literature (Trucillo et al.
2018). It is also stated that nisin-loaded liposomes

DMPC + 40 mol% coum 195.95 + 77.14* have larger particle size (80-108 nm) when

compared to the size of empty liposomes (54-60
Asterisk (*) denotes p-value < 0.05 that was considered as a statistically L. . L.
significant. nm), and this is due to the encapsulation of nisin in

the core and bilayers of these nanovesicular system.
These findings are consistent with our results, which
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indicate the increase in the particle size of
coumarin-loaded liposomes (139.35 * 27.19 nm for
1 mol% coumarin and 195.95 + 77.14 nm for 40
mol% coumarin) in comparison to that of unloaded
one (130.98 + 28.77 nm). Thus, it is obvious that
coumarin is encapsulated in the liposome systems in
our study. In another research, Trucillo and his
colleagues (2018) examined the eugenol-loaded
liposomes by using SEM, and they determined that
these liposomes are spherical, and their surfaces are
smooth. When they performed the size analysis on
the SEM images, they revealed that these liposomes
have a mean diameter of 100-200 nm, which is also

in line with our findings.

3.2 Structural analysis

ATR-FTIR technique is effective to achieve relevant
lipid hydrocarbon chain
(vCH,, vCHs), lipid
(vPO,~, VCN*C), and
hydrogen bonding/hydration between and around

data concerning the
orientation/conformation
headgroup conformation

lipids (vPO2~, vCO). It also provides essential data
regarding the orientation and partition of these
and the
intermolecular interactions that occur
integration (Hull et al. 2005).

compounds in the bilayer system,

during

The FTIR spectrum of membrane lipids gives
numerous important data on both structure of lipid
(acyl chain unsaturation/length, and headgroup)
and membrane physical condition (chain ordering,
2013). The
spectrum is divided into two separate parts. The C-

phase transition) (Derenne et al.

H stretching vibrations v(C-H) contribute to the high
wavenumber region of the FTIR spectrum (3100-
2800 cm™). As a result, it is mostly derived from lipid
acyl chains. In addition, this region primarily consists
of C-H stretching bands from various vibrational
modes such as vis(CH=CH) at 3010 cm™, va5(CHs) at
2960 cm™, vas(CH,) at 2920 cm™, vs(CHs) at 2870 cm”™
1 and vs(CH,) at 2850 cm™. However, the polar
headgroups of the lipids are mostly associated with
the lower wavenumber part of the FTIR spectrum
(<1800 cm™). In this region, the ester v(C=0) band is
typically dominant, and the contributions of
phosphate at 1090 cm™ (vs(PO;7)) and 1240 cm™

(vas(PO27)) come in turn. Besides, acyl chains
1465 cm™
conformations absorb at 1470 cm™ (Derenne et al.

2013).

contribute at whereas all-trans

characteristics of the vass(CH2)

vibrational bands are related to the acyl chains’

The spectral

conformational status in various lipid phases such as
the gel or fluid phases. They provide monitoring of
the chain-melting transition, and this transition is
assigned to rapid variations in the proportion of
trans to gauche rotamer of CH; groups of lipids. As
the number
hydrophobic region of the lipid bilayers increases,
the vass(CH,) vibrational bands shift to a higher
wavenumber with reduced intensity and increased

of gauche conformers in the

half-width. However, when compared to the
gauche-rich states, the vass(CH;) vibrational bands
are shifted to with the

enhanced intensity and reduced half-width for

lower wavenumber

trans-rich situations of lipid bilayers (Cieslik-Boczula
2018).

49



Determination of Morphological and Structural Properties of Coumarin-Loaded Liposomes, Altunayar-Unsalan

A

Absorbance (a.u.)

—— DMPC
DMPC+1mol%coum
——— DMPC+40mol%coum

3000 2980 2960 2940 2920

2900 2880 2860 2840 2820 2800
Wavenumber (cm-1)

o

Absorbance (a.u.)

WAN

———DMPC
DMPC+1mol%coum
——— DMPC+40mol%coum

1800 1700 1600 1500

1400 1300 1200 1100 1000
Wavenumber (cm-t)

Figure 3. ATR-FTIR spectra of DMPC liposomes without and with coumarin. a) 3000-2800 cm™, b) 1800-1000 cm™.

The vibrational peaks originating from the PO, and
C=0 groups (hydrogen bond
observed to change while intermolecular hydrogen
bonding occurs (Hull et al. 2005). It is known that a
red shift in the wavenumber of v(C=0) is attributed
to the hydrogen bonding (Wong and Mantsch 1988,
Hlbner et al. 1994, Ueda et al. 1994). Besides, the
hydration status of polar headgroups of lipids can be

acceptors) are

monitored using the wavenumber data of v.s(PO;7)
(Lopez-Garcia et al. 1993). Higher wavenumbers are
associated with a dehydrated PO, group and
oppositely, lower wavenumbers correspond to a
hydrated PO, group (Casal et al. 1989).

In this work, the interactions between coumarin and
the lipid model membranes were investigated to

detect the physical alterations in the membranes by
utilizing ATR-FTIR spectroscopy. In the ATR-FTIR
spectra of DMPC
containing coumarin in 1 mol% (low) and 40 mol%

liposomes both pure and
(high) concentrations, the methylene antisymmetric
stretching mode (vas(CH2)), the carbonyl stretching
mode (v(C=0)), and the phosphate antisymmetric
stretching mode (vas(PO27)) were taken into account.
Figure 3 shows the ATR-FTIR spectra of DMPC
liposomes without and with coumarin. The inclusion
of coumarin induces some alterations in the
intensity, width, and position of the relevant
spectral bands (Figures 3a and 3b). These variations
were analyzed in detail, and the corresponding
values are given in Figures 4 and 5.
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Figure 4a indicates the results for the coumarin
concentration dependence of the wavenumber of
Vas(CH;) of DMPC liposomes. 0 mol% implies pure
DMPC liposomes without coumarin. When low (1
mol%) and high (40 mol%) concentrations of
coumarin are added to pure DMPC liposomes, slight
changes in wavenumber values of vas(CH2) occur,
and it is seen that this band slightly shifts towards
higher wavenumber values. This situation shows
that DMPC model membranes containing both low
and high concentrations of coumarin are disordered
and have more gauche rotamers in the acyl chains
(Casal et al. 1980, Mantsch 1984). Changes in acyl
chain conformation are linked to distinctive
wavenumber alterations in methylene vibrations.
These changes are thought to be caused by a Fermi-
resonance interaction between the stretching and
bending vibrations (Gericke and Hiihnerfuss 1993,
Zhao and Feng 2006).

Figure 4b shows the data acquired for coumarin
concentration dependence of the bandwidth of
Vas(CH2) of DMPC liposomes. The incorporation of
low (1 mol%) and high (40 mol%) concentrations of
coumarin into pure DMPC liposomes causes a shift
of the bandwidth to higher values, reflecting an
enhancement in the fluidity of membrane (Casal et
al. 1980, Lee and Chapman 1986, Zhao and Feng
2006). Membrane fluidity is an essential physical
property of biological membranes because it is
cellular  functions

associated to including

permeability, lateral motion of membrane
components, transport of nutrients, regulation of
enzyme activity and osmotic stability of cells.
Changes in membrane fluidity have an impact on
membrane protein activity by altering its lipid
microenvironment and interactions (de la Haba et
al. 2013). Areduction in fluidity, for instance, results
in the loss of its functioning as a barrier (Sadzak et
al. 2020). Several studies have found that lipid
peroxidation causes a reduction in membrane
fluidity in various cell membranes (Kaplan et al.

2000, Solans et al. 2000, Benderitter.
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Figure 4. Coumarin concentration dependence of the
wavenumber of the CH2 antisymmetric stretching mode
of DMPC
dependence of the bandwidth of the CH» antisymmetric

liposomes (a). Coumarin concentration

stretching mode of DMPC liposomes (b). Asterisk (*)
denotes p-value < 0.05 that was considered as a
statistically significant.

et al. 2003). However, one of the mechanisms in the
protection against peroxidation could be the
interaction of polyphenolic components with lipid
membranes. There are two probable interactions; i)
if polyphenols partition in the non-polar part of the
bilayer, which is related with their hydrophobic
nature, they can alter membrane fluidity, ii) when
the more hydrophilic flavonols interacts with the
polar head groups of lipids at the membrane's lipid-
water interface, they are able to form hydrogen
bonds with these head groups, and thus provide
some protection to the bilayer (Oteiza et al. 2005,
Sadzak et al. 2020).
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Coumarin concentration dependence of the
wavenumber of v(C=0) of DMPC liposomes is
demonstrated in Figure 5a. As seen from graph, the
addition of 40 mol% (high) concentration of
coumarin into pure DMPC liposomes induces an
apparent shift of the wavenumber to lower values,
which is an indication of hydrogen bonding (Wong
and Mantsch 1988, Hiibner et al. 1994, Ueda et al.
1994). However, this shift is not observed in 1 mol%
coumarin when compared to pure DMPC liposomes.
This indicates that 1 mol% coumarin has no
significant effect on the interfacial region of DMPC
liposomes for the hydration/dehydration status.
When coumarin concentration dependence of the
wavenumber of v,(PO;") of DMPC liposomes is
examined (Figure 5b), 1 mol% coumarin causes a
small shift of the wavenumber to higher values,
referring to a dehydrated PO, group (Casal et al.
1989). However, the inclusion of 40 mol% coumarin
significantly decreases the wavenumber values,
indicating to a hydrated PO, group (Casal et al.
1989), and thus this coumarin concentration has a
significant effect on the polar head group of DMPC

liposomes for the hydration/dehydration status.

Kalyanram et al. (2020) studied the effects of
concentration and alkyl tail length of amphiphilic
amino  methyl coumarin on dipalmitoyl
phosphatidylcholine/dipalmitoylphosphatidylserine
(DPPC/DPPS) lipid bilayer by
experimental techniques and molecular dynamics
(MD) their

spectroscopy results, it was observed that the

using several

simulations.  From fluorescence
inclusion of lower concentration (5 mM) of short-
tailed (Cs) coumarin into DPPC/DPPS liposomes
shifts the spectrum towards higher wavelength (red
shift), indicating the electrostatic binding and
insertion of these molecules into the DPPC/DPPS
lipid bilayer. This red shift was also observed for the
other coumarin molecules (Coand Cyz), but the long-
tailed (Ci2) a higher shift in
fluorescence when compared to Csand Csdue to the

coumarin has

intermolecular hydrogen bonds between the longer
alkyl tail of coumarin and the hydrocarbon chains of
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lipids. However, at 25 mM coumarin concentration,
fluorescence intensity was reduced

Figure 5. Coumarin concentration dependence of the
wavenumber of the C=0 stretching mode of DMPC
liposomes (a). Coumarin concentration dependence of
the wavenumber of the POz antisymmetric stretching
mode of DMPC liposomes (b). Asterisk (*) denotes p-
value < 0.05 that was considered as a statistically
significant.

due to fluorescence quenching caused by
aggregation. In addition to the experimental results,
MD simulations were performed using short-tailed
(Cs) and long-tailed (Ciz) coumarin at different
concentrations in the 85:15 DPPC/DPPS lipid bilayer
at 323 K. When 42 Cs coumarin (Cs-42) molecules
added into the lipid system, these short-tailed
molecules penetrated in the DPPC/DPPS lipid
bilayer. However, their head groups interacted
firstly with the head groups of these lipids. Thus, Cs
coumarin changed the physical properties of the
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lipid system by increasing the area per lipid (A.) and
decreasing the bilayer thickness (Dwm). For Cs-166
and Cs-209 systems at high concentrations of Cs
coumarin, these alterations were also occurred.
When long-tailed (Ci;) coumarin systems were
taken into account, it was observed that coumarins
at low (C12-42) and high (C12-166) concentrations
interact with the hydrocarbon chains of lipids
without alterations in ALand Dw as a result of stable
C12-184 and Cy-209

lipid bilayers as a
consequence of which an aggregation is formed. In

interactions. However,

coumarins disrupted the

addition, their MD simulations were indicated that
both Csand Ci; coumarins have flip-flop behavior in
the DPPC/DPPS lipid bilayer and Cs systems have a
lower flip-flop percentage than Ci; systems at the
These
agreement with our ATR-FTIR spectroscopy study

same concentration. findings are in
indicating that the simple coumarin used in our
study changes the physical properties of DMPC lipid
bilayer by decreasing the order and increasing the
fluidity of the

concentration.

system depending on the

Sarpietro et al. (2011) investigated the interactions
of three coumarins (esculin, esculetin, and
scopoletin) with DMPC multilamellar
(MLVs) or monolayers as biomembrane models by

vesicles

applying Langmuir-Blodgett and DSC (differential
scanning calorimetry) methods. Their findings
showed that the addition of increasing molar
fraction of these three coumarins into DMPC MLVs
induces a decrease in Tr, (the gel to liquid-crystalline
phase
membrane destabilization
participating  of
phospholipids. However, they also reported that

transition temperature), suggesting a
resulting from the
coumarins  between the
scopoletin and esculetin have a more destabilization
they

suggested that esculin remains near the polar

effect than esculin. For this situation,
headgroup of phospholipids while the other two
coumarins stay close to the polar headgroup and
span toward the acyl tails of them. In our study, it
was observed that 40 mol% concentration of
coumarin makes strong hydrogen bonding with the
C=0 and PO;™ groups of DMPC. However, coumarin

possess six hydrogen atoms and it is quite possible
that it can construct hydrogen bonds and interact
with its environment with its carboxyl oxygen and
hydrogens. The skeletal coumarin in our study has
not any short or long-tailed alkyl chain. Thus, the
complete penetration into the hydrophobic core
might not be expected based on the results
discussed by both Kalyanram et al. (2020) and
Sarpietro et al. (2011). Our results clearly indicate
that skeletal coumarin interacted with both polar
headgroup and interfacial region of the DMPC
strongly depending on the concentration. In
conclusion, the molecular structures of coumarins
are quite important for their localization and
orientation in the phospholipid bilayers. The type
and location of the substituent connected to the
aromatic ring of coumarin compounds have a
significant impact on their antioxidant activity
(Bubols et al. 2013).
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Abstract

This paper presents the results of obtaining new easily preparing zirconium-containing complex
catalytic systems for ethylene copolymerization and their theoretical studies. The synthesized arylimine
metal complexes with “grafted” ionic-liquid ligands have been tested in the liquid-phase
copolymerization process of ethylene in the aromatic solvents medium. It has been shown that the

prepared catalytic systems can be used together with ionic liquids such as [bmim]BF4 and [bmim]
Keywords HSO4. Using of organoaluminum compounds such as methylaluminiumoxane and (C2H5)2AICI, these
Ethylene; catalytic systems provide the formation of mixtures of the linear PE with high density, different
Polymerization;ionic thermodynamic characteristics, molecular mass distribution and crystallinity. It was found that these
liquids; Metal complex;  catalytic systems allow to control the structure and composition of the products obtained. It is known
Polyethylene that in organometallic catalysis, ligands within a metal complexes play an important role in the
formation of catalytic active centers. The nature of the catalytic centers also has a great influence on
preparation of (co)polymers with various structures. Therefore, the choice of ligands is a very important
factor for obtaining products with desired properties. The structural parameters of the synthesized
catalytic systems were investigated using HyperChem software (version 8, Hypercube Inc.). Activation
energy, dipole moment, bond angle, the bond length, the HOMO and LUMO orbitals have been

calculated.

Etilenin Okten-1 ile Kopolimerizasyonu i¢in iyonik Sivi Ligandlar iceren
Zirkonyum Komplekslerin Molekiiler Modellemesi

Oz

Bu makale, etilen kopolimerizasyonu igin yeni kolayca hazirlanabilen zirkonyum iceren kompleks

katalitik sistemlerin elde edilmesinin sonuglarini ve teorik galismalarini sunmaktadir. "Asilanmis" iyonik

sivi ligandlari ile sentezlenen arilimin metal kompleksleri, aromatik ¢ézlciler ortaminda etilenin sivi fazlh

kopolimerizasyon isleminde test edilmistir. Hazirlanan katalitik sistemlerin [bmim]BF4 ve [bmim] HSO4

Anahtar kelimeler gibi iyonik sivilarla birlikte kullanilabilecegi gosterilmistir. Metilaliminyumoksan ve (C2H5)2AICI gibi
Etilen; Polimerizasyon;  organoaliminyum bilesikleri kullanildiginda bu katalitik sistemler farkli termodinamik 6zellik, molekiler
iyonik sivilar; Metal kitle dagilimi ve kristal yapiya sahip, lineer yiiksek yogunluklu PE karigimlarinin olugsmasini saglar. Bu
kompleks; Polietilen  katalitik sistemlerin, elde edilen Griinlerin yapisini ve bilesimini kontrol etmeye izin verdigi bulunmustur.
Organometalik katalizde, metal kompleksler igindeki ligandlarin, katalitik aktif merkezlerin olusumunda

onemli bir rol oynadigi bilinmektedir. Katalitik merkezlerin dogasi da cesitli yapilara sahip kopolimerlerin
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hazirlanmasinda buyik etkiye sahiptir. Bu nedenle istenilen 6zelliklere sahip trlnlerin elde edilmesinde

ligand sec¢imi ¢ok oOnemli bir faktordir. Sentezlenen katalitik sistemlerin yapisal parametreleri
HyperChem vyazilimi (versiyon 8, Hypercube Inc.) kullanilarak arastirildi. Aktivasyon enerjisi, dipol

momenti, bag agisi, bag uzunlugu, HOMO ve LUMO orbitalleri hesaplanmistir.

1. Introduction

The scientific direction called "Green Chemistry"
appeared in the 90s of the 20" century and has
found quickly supporters in the chemistry
community. New approach to the chemical
reactions and processes that have being
developed in many laboratories around the world
have been designed to drastically reduce the
environmental impact of large-scale chemical
production (intRef.1) Chemical risks can be
inevitably arise when aggressive environments
are used in the chemical industry. Taking
precautions against these risks is traditionally
done by industrial workers by limiting their
contact with these substances. “Green
chemistry” suggests a different strategy such as
thoughtfully and eco-friendly selection of initial
materials and process schemes generally
excluding the use of harmful substances (Azizov
2010, Greer 2020, Akhundova 2019).

In the last 20-25 years, low-melting salts (ionic
liquids-IL) have attracted great attention of
researchers due to the uniqueness of their
properties - non-volatility, incombustibility, a
wide temperature range of being in a liquid state,
high thermal and electrical conductivity, low
toxicity, and high thermal stability. According to
these properties, IL is the main focus of Green
Chemistry. A remarkable feature of ionic liquids is
the ability of "fine tuning" their properties which
can be tailored by judicious selection of cation,
anion, and substituents. This make it possible to
obtain hydrophilic and hydrophobic, acidic and
basic ionic liquids. For example, tetrafluoroborate
ILs miscible with water at any molar ratio
whereas ionic liquids with the same cations based
on the hexafluorophosphate anion show
hydrophobic properties and also insoluble in
saturated hydrocarbons (Meindersma 2012).

© Afyon Kocatepe Universitesi

Increasing interest to studying and using of ILs in
chemistry and chemical technology is not only
simulated by their unusual and in many unique
properties, but also the possibility of solving
some of the environmental problems caused and
apply their in chemical production. This is
primarily related to the vapor pressure of ionic
liquids, which favorably distinguishes them from
traditional volatile organic solvents. Due to their
ability to dissolve metal complexes and even
metal salts, which are immiscible with non-polar
solvents, ionic liquids make it possible to organize
two-phase catalytic systems. This property of the
IL makes catalyst recycle and product separation
easily. Because of these qualities IL can be safely
used in the processes of the two-phase catalysis
by metal (Mao 2013).

Although there are many experimental data in
this field, complex theoretical researches have a
special value and are very important nowadays.
Preliminary theoretical calculations allow to save
time on while conducting experiments, predict
results and set the correct tasks (Reis 2022).

This scientific work is devoted to the results on
the preparation of new and easily obtaining
zirconium-containing arylimine complex catalytic
systems and molecular modelling of obtaining
ligands and arilimine catalytic systems. Zirconium
complexes with ionic liquid type ligands were
synthesized and tested in the ethylene
polymerization process. The ionic liquids such as
1-butyl-3-methylimidazolium tetrafluoroborate,
1-butyl-3-methylimidazolium methyl sulfate were
used as modificators in these reactions.

2. Materials and methods

Schlenk techniques (operating in an inert
atmosphere) were mainly used in experimental
works. The common features of all working
methods in an inert atmosphere were the
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removal of air from the reaction medium by
vacuum, as well as the use of inert gases such as
argon or nitrogen.

Ethylene used as a monomer (with a purity of
99.9%) was obtained from the pyrolysis process
EP-300 in Sumgayit, Republic of Azerbaijan and
dried over aluminum oxide.

Toluene, heptane and hexane stored in Schlenk-
type glass containers were used as solvents for
polymerization processes (99% purity, German
production "Alfa Aesar"), precleaned, dried on
sodium, and then stored in Schlenk glass bottles.

Ethyl and isopropyl alcohols have been used as
deactivators of catalytic systems after the
polymerization of ethylene.

lonic liquid -  1-butyl-3-methylimidazolium
tetrafluoroborate - [bmim]BF4 - (AlfaAesar, A
Johnson Matthey Company), MM = 226.02 g/mol,
d420=1.21 g/cm3 nd20 = 1.52.

lonic liquid - 1-butyl-3-methylimidazolium methyl
sulfate - [bmim]HSO4 - (AlfaAesar, A Johnson
Matthey Company), MM= 208.24 g/mol, d420 =
1.367 g/cm3, nd20 = 1.5316.

As a co-catalyst of the catalytic system was used
10% solution in toluene of methylaluminoxane
(MAQ) was purchased from Aldrich Chemical
Company (d=0,875 g/sm3, Th.p =1110C).

2.1. Synthesis of metal complexes with ionic-
liquid type ligands

The above mentioned compounds used as ligands
(L) were synthesized according to the relevant
Schiff  base
dimethylaniline and aniline were used as

formation reaction. 2,6-
aromatic amine donors to form Schiff’s base. Ly
ligand were obtained by the condensation of 4-
methyl salicylic aldehyde with 2,6-dimethylaniline
(2). L, ligand were obtained by the condensation
of salicylic aldehyde with aniline (2). These
ligands also are lewis bases because they donate
electron pairs to the central atom.

HiC,
OH o HiC OH
H
C=N
+ HN —
- OH2
HiC
HyC HC
HiC

(1)

@)

Since the nitrogen atom in the imine bond, also
known as azomethine nitrogen, contains
unpaired electrons, they can form complexes. On
the other hand, by means of its m-orbitals the
azomethine system can be a coordination site for
ions. So, MC1 (3) and MC2 (4) metal complexes
were obtained by adding Schiff based L1 and L2
ligands to ZrCl, solution in toluene under stirring
in a nitrogen, respectively.

(3)

g Q

(4)

In a short period of time the reaction solution
turned to yellow. The released HCl binds to the
ligand by forming an ionic bond with the m-orbital
of azomethine group and form strong metal
complex. The obtained complexes are
conventionally called “ionic-liquid ligand based
complexes” due to forming quaternary
ammonium salt-type structures (Qanbarli 2020,
Ganbarli 2022).

2.2. Polymerization of ethylene

60



Molecular Modelling of Zirconium Complexes for Ethylene Copolymerization, Ganbarli et. al.

Ethylene polymerization was carried out in an
autoclave made of stainless steel and designed
for high pressure. The temperature in the
reaction zone was maintained by an
ultratermostat and measured by a thermocouple
of the recording device. The autoclave was
equipped with a mixer, a jacket for cooling or
heating, and nozzles for the entry of components,
solvent, and aluminum-organic compound. The
pressure in the reactor and ethylene stored
cylinder was monitored by a manometer. Prior to
the process, the reactor was connected to a
vacuum system, cleaned of oxygen and moisture
under vacuum at a temperature of 65-70°C
during 1-2 hours. Then the reactor was fed with
dry argon or nitrogen. The polymerization of
ethylene was mainly carried out in an aromatic
solvent medium. Preparation the solutions of the
catalyst components and delivery to the reactor
were carried out under argon or nitrogen. The
components of the reaction mixture were
introduced into the reactor as follows: solution of
metal complex, ionic liquid, aluminum organic
(CoHs)2AICH) and  the
residual amount of solvent. After mixing the

compounds (MAO or

component of the catalytic systems during 15-20
minute at room temperature (20-22 °C) ethylene
was introduced to the reactor. At the end of the
reaction, the active catalyst was decontaminated
with a 10% of alcohol solution of HCI acid. The
polymer is filtered and washed well with acidified
ethanol and then with distilled water. After
washing and filtration, the polymer is heated to
60-70 °C and dried in vacuum for obatining
constant weight.

2.3. Physicochemical methods of analysis

The thermodynamic parameters of polymers
were determined by the DSC method using a Q-
20 differential-scanning calorimeter
(manufactured by Thermoelectron Corporation
(USA)) at 10 °C/min in an air or nitrogen

atmosphere.

The structure and composition of the obtained
products were determined by Spectrum One
spectrophotometer (manufactured by Perkin

Elmer (USA)) and infrared spectroscopy in the
spectral range of 400-4000 cm™.

The density of the polymer samples was
measured by pycnometric method.

X-ray diffraction of the samples were carried out
on a PANalytical Empyuren diffractometer
manufactured in the Netherlands.

2.4. Theoretical methods of analysis

The chemical structure of the desired ligands and
their complexes was built using HyperChem
software (version 8, Hypercube Inc.) ) (IntRef. 2).
Conformational analysis of the compounds was
performed through the semiempirical molecular
orbital calculation method. Semiempirical
methods introduce parameters based on
molecular data. The most commonly used
semiempirical methods included in Hyperchem
software are AM1 and PM3 methods. They are
suitable for predicting heats of formation,ground
state geometries and ionization potentials. There
is also ZINDO method which is suitable for
predicting the visible-UV band of the molecules
containing hydrogen atoms and first or second
period elements.

Geometry optimization of ligands and their metal
complexes was performed through the
calculations for activation energy, dipol moment,
bond angles and bond length.

Frontier orbitals and chemical reactivity of the
ligands and their metal complexes was described
through the HOMO and LUMO orbital
calculations. The HOMO and LUMO orbitals are
commonly known as Frontier Orbitals and were
found extremely useful in explaining chemical
reactivity.

Total energy gradient was calculated as a root
mean square (RMS) value. The gradient (G) is the
rate of change of total energy (E) with respect to
displacement of each atom in the x, y, and z
directions for atoms from 1 to n.

3. Theory/calculation/discussion
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For comparison, we have carried out both
experimental and theoretical studies.

3.1. Polymerization of ethylene in the
presence of MC

The zirconium-containing arylimine complexes
were synthesized according to the previously
reported simple method by us (Azizov2008). The
HCI released during the reaction is bonded with
the nitrogen atom and contained in the ionic
liguid type ligand. The obtained complexes
forming quaternary ammonium salts like
structures were conditionally named as “ligand-
charged” complexes. It is known that the step of
using an additional organometallic compound, in
particular butyl lithium is used for deprotonation
of the ligand.

Our previous studies have shown that these
catalytic systems are highly effective in the
oligomerization (Azizov 2015, Khamiyev 2017,
Khamiyev 2016) of ethylene and the
polymerization of ethylene in tandem systems
with metallocene catalytic systems (Qanbarli
2020).

The results obtained are shown in table 1. As can
be seen from the table, the productivity of the
catalytic system is 72-134 kg PE / g Zr h™
Comparative experiments were carried out under
the same conditions using TiCls as a precursor of
the catalytic system. In this case, the catalyst
activity is 110 kg PE /g Zr h.

Table 1. Polymerization of ethylene (reaction
conditions: Pet= 20-30 atm, T = 30-35°C, time

MC2  [bmim]BF4 MAO 1/5000 72
MC2  [bmim]HSO4 MAO 1/5000 82
MC2 - MAO+(C2H5)2AICI  1/1000/300 120

MC2  [bmim]BF4 MAO+(C2H5)2AICI  1/1000/300 126
MC2  [bmim]HSO4  MAO+(C2H5)2AICI  1/1000/300 134

=30 minutes).
Aluminium Zr /Al, Cata
MC IL organic molar ratio  lytic
compound Acti-
vity,
Kg
PE/g
rZr
h-1
MC1 - MAO 1/5000 79
MC1 [bmim]BF4 MAO 1/5000 83
MC1 [obmim]HSO4  MAO 1/5000 89
MC1 - MAO+(C2H5)2AICI 1/1000/300 115

MC1  [bmim]BF4 MAO+(C2H5)2AICI  1/1000/300 121
MC1  [bmim]HSO4  MAO+(C2H5)2AICI  1/1000/300 132
Mcz2 - MAO 1/5000 85

As can be seen from the table 1, MAO and
(CoHs):AICI were used as cocatalyst in the
polymerization process of ethylene. Additional
using of (C;Hs)AICI leads to an increase the
activity of the catalytic systems. In this case, it is
possible to reduce the amount of MAO. Also, IL
are used as solvent of metal complexes.
Application of IL as solvent lead to an increase
the activity of the catalytic systems. Various
analysis methods including infrared spectroscopy,
DSC and X-ray diffraction were applied for
identification the structure of the synthesized PE
(Qanbarli 2020).

The prepared catalytic systems provide for the
formation of mixtures of linear PEs having a high
molecular weight (150000-350000), high density
(0,96-0,97), mono/multimodality and narrow or
wide MWD (3-76), various crystal parameters
(56-78) and melting temperature (130-141°C )
(Ganbarli 2022). The advantage of these catalytic
systems is that they can be prepared directly in
the polymerization reactor using a one-pot
reaction with catalyst components and ionic
liquids. This process can be carried out before the
introduction of the aluminum organic compound
or separately prepared precursor of the catalytic
system into the polymerization reactor in a
medium ethylene, inert gas or vacuum.

3.2. The structure of metal complexes.
Theoretical calculations

Theoretically probable structures of metal
complexes with ligand have been estimated to
find the most possible model building stable
structure. The shapes appearing in figure 1
indicate the calculation optima geometries for
the above mentioned ligands Li, L, and their
complexes MC;, MC,. Bond length of these
ligands and metal complexes can be clarify in
figure 2.
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Figure 1. The optima geometries of L1, L2, MC1 and
MC2.

The outcomes of geometry optimization
calculations for activation energy, dipol moment
and bond angles are tabulated in table 2 for L,
and L; ligands. The C-O-H bond angle of L; and L;
ligands are 109,4710 and 111,5290 respectively.
The C=N-C bond angle is appear to be 120 for L;
ligand and 126,8540 for L, ligand.

Table 2. The bond angles, dipol moments and
activation energy values of ligands.

Ligands  Activation Dipol -O-H =N-C bond
energy,kcal moment, bond angle, A°
/mol Debye angle,
AO
L1 15.232569 1.54915 109,471 120
L2 9,378117 1,634 111,529 126,854

MC2

Figure 2. The bond length of L1, L2, MC1 and MC2.
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The N-H bond length of MC1 and MC2 metal
complexes are 1,22634 A° and 1,0916 A°
respectively. The outcomes of PM3 and AM1
method of semi-empirical calculations are
tabulated in table 3 for MC1 and in table 4 for
MC2 complexes.

Table 3. Semi-empirical calculations results for MC1
metal complex.

Parametres AM1 method PM3 method
Total energy, kkal/mol -81299,06872 -81311,40107
Binding energy, kcal/mol -3292, 376657 -3304,709006

Heat of formation, -63,66565687 -75,99800622

kcal/mol

Electronic energy, -522667,4945 -522679,8268
kcal/mol

Nuclear energy, kcal/mol 441368,4258 441368,4258
Free energy, kcal/mol - -81190,3
Dipole moment, debye 14,33 14,6
Zero-ptVib energy, 122,3758953 122,3758953
kcal/mol

Heat capacity (25 0K), - 0,0108622
kcal/mol/deg

Entropy (25 OK), - 0,06002
kcal/mol/deg

The calculated rotational partition function of
MC; complex is 127171 and vibrational partition
function is 1,26479 at 25 °C temperature.

Table 4. Semi-empirical calculations results for MC2
metal complex.

Parametres ZINDO1 method PM3 method

Total energy, kcal/mol -129576,6742 -91471,09877

Binding energy, kcal/mol -11905,44606 -3960,322898

Heat of formation, kcal/mol -7851,453063 93,67010207

Electronic energy, kcal/mol -821316,1352 -677013,8689
Nuclear energy, kcal/mol 691739,461 585542,7701
Free energy, kcal/mol -129577 -91471,1
Dipole moment, debye 18,91 10,71

RMS gradient, kcal/(AO mol) 0,09846 0,1003

Zero-ptVib energy, kcal/mol 177,4285333 177,4285333

The value of dipole moment helps in
distinguishing between polar and non-polar
molecules. Greater the dipole moment, greater is
the polarity in a molecule. The dipole moment of
MC1 and MC2 metal complexes, using semi-
empirical PM3 calculations, are 14,6 and 10,71

Debye respectively. It is found that the dipole
moment increases with the size and the MC1
metal complex is more polar than MC2 complex.

The highest occupied molecular orbital (HOMO)
and lowest unoccupied molecular orbital (LUMO)
of MC1 and MC2 complexes are presented in
figure 3 and figure 4 respectively. The HOMO
and LUMO orbitals were found to be extremely
useful in explaining chemical reactivity.
Electrophilic attacks were shown to correlate
very well with atomic sites having high density of
the HOMO orbital, whereas nucleophilic attacks
correlated very well with atomic sites having high
density of the LUMO orbital (Kunichi Fukui was
developed this concept and awarded the Nobel
prize in chemistry in 1981).

LUMO

Figure 3. The HOMO and LUMO orbitals of MC1 metal
complex.

The HOMO orbitals energy of MC1 complex is
calculated -1,519887 eV and symmetry is 54 A.
The LUMO orbitals energy is calculated
0,7507896 eV and symmetry is 55 A. The energy
difference (AE) in HOMO-LUMO is 0,769.
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LUMO

Figure 4. The HOMO and LUMO orbitals of MC2 metal
complex.

The HOMO orbitals energy for MC2 metal
complex is calculated -7,427243 eV and
symmetry is 62 A. The LUMO orbitals energy is
calculated -0,4746813 eV and symmetry is 66 A.
The energy difference (AE) in HOMO-LUMO is
6.95.

The HOMO-LUMO energy differences (AE) of MC1
(0,769) and MC2 (6,95) reflects that MC2 metal
complex is more stable than MC1.

4, Results

Thus, it can be concluded that based on the
conducted research effective catalytic systems via
simple methods have been developed and high-
density polyethylene has been obtained in their
presence. The structural parameters of the
synthesized catalytic systems were investigated
using HyperChem software (version 8, Hypercube
Inc.). It was found that the metal complex (MC1)
was prepared based on L1 ligand having more

steric hindrance which synthesized by the
interaction of 4-methyl salicylic aldehyde with
2,6-dimethylanilinehas a higher polarity and is
less stable. Metal complex (MC2) based on
salicylic aldehyde with aniline has a relatively
simple steric hindrance is less polar and stable.
The solubility of these complexes in ionic liquids
during the polymerization of ethylene leads to
obtain similar activity under the same conditions
and production of high-density polyethylene in
the presence of both catalytic systems. However,
the molecular mass distribution in the presence
of these catalytic systems are different. The
molecular mass distribution is narrower in the
presence of MC1 whereas broader molecule
weight values are obtained in the presence of
MC2.

5. Conclusions

It is known that the synthesis of polymeric
materials with the required structure is one of
the important conditions. It is important to
regulate the parameters, especially the molecular
characteristics of the polymers obtained both in
the gas and liquid phase polymerization
processes. There are many scientific directions
for this purpose. One of the main conditions is
easily synthesis of the ligands and metal
complexes based on their and design of these
compounds. In this regard, the catalytic systems
we have synthesized for the polymerization of
ethylene in the liquid phase in the field of metal
complex catalysis and calculated various
thermodynamic parameters are unique. These
calculations and easily synthesis of the metal
complexes will be useful in the future for the
synthesis of various polymeric materials and
planning of experiments in advance.
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Oz

2,2'-bipiridin ligandi ve bakir(ll)asetat tuzu ile elde edilen kompleks, sulu sodyum perklorat ¢ozeltisi ile
Anahtar kelimeler gfjktUrUIerek, Perklorat tuzu haline 'getirildi.' i'zo'le edilen rpavi ren!fli {Cu(bipy)g((;104)z} kompleksi,
L dimetilformamit (DMF)’de yeniden kristallendirildi. Kompleksin molekiil yapisi, tek kristal x-isini kirinimi
Bipiridin; Bakir yontemi ile yeniden belirlendi. Carpik-oktahedral geometride olan kompleks; triklinik kristal yapida, P-
Kompleksi; Tris ligand; 7 yzay grubunda, a = 7.920(4) A, b = 10.970(6) A, c = 18.374(11) A, a=100.43(3) °, B=90.05(2) °,
Perklorat; Kristal Yapi v=97.84(2)° ve Z=2 birim hiicre parametrelerinde kristallenmistir. Ekvatoryel pozisyondaki Cu-N baglari
hemen hemen ayni uzunlukta olup (Ort. 2,025 A), eksenel pozisyonundaki Cu-N(2) ve Cu-N(4) bag
uzunluklari ise sirasiyla 2.224(3) ve 2.440(3) A’ dur. Kompleksin kristal istiflenmesi; C~H---O ve m--O

etkilesimleri ile kararl bir 3D ag olusturmustur.

Synthesis of tris-(2,2'-bipyridyl)copper(ll)perchlorate, {[Cu(bpy)s3](ClO4)2}
and Redetermination of the Crystal Structure

Abstract

The complex obtained with 2,2'-bipyridine ligand and copper(ll) acetate was precipitated with aqueous

sodium perchlorate solution to become the perchlorate salt. The isolated blue colored
{Cu(bipy)s3(C104),} complex was recrystallized in dimethylformamide (DMF). The molecular structure of
the complex was redetermined by single crystal x-ray diffraction method. Crystals in distorted-

Keywords
Bipyridine; Copper
Complex; Tris ligand;

Perchlorate; Crystal octahedral geometry are triclinic, space group P-1, with Z=2 in a unit cell of dimensions: a = 7.920(4) A,

b=10.970(6) A, c = 18.374(11) A, a=100.43(3 ) °, B=90.05(2) °, y=97.84(2)°. Cu-N bonds in the equatorial

Structure
position are almost the same length (average 2.025 A), while the Cu-N(2) and Cu-N(4) bond lengths in
the axial position are 2.224(3) and 2.440(3) A, respectively. Crystal packaging of the complex; It formed
a stable 3D network with C—H---O and m---O interactions.
© Afyon Kocatepe Universitesi
1. Giris dnvanini almis ve hala bu unvan pek degismemistir

(Constable and Housecroft 2019). {[M(bpy)s](ClO4)2}
yapisinda olan, Yao et al. (2005) Co(ll) kompleksinin;
(Ranjbar et al. 2007) Cd(Il)) kompleksinin, (Cheung
et al. 2011) ise Ru(ll) kompleksinin tek-kristal
ozelliklerini daha 6nce yayinladilar.

{[Cu(bpy)s](ClO4),} kompleksinin kristal yapisi, ilk
defa, (Anderson 1972) tarafindan yayinlandiktan

2019 yilinda 131. yas glnini kutlayan 2,2'-bipiridin
(bpy) ligandi, koordinasyon kimyasinda en yaygin
kullanilan ve en kolay tanimlanan ligandlardan
biridir. 2,2'-bipiridin iceren koordinasyon bilesikleri,
metal iyonlarinin komplekslesme termodinamigi ve
kinetigi, metal komplekslerinin  baglanmasi,

fotokimyasi, fotofizigi ve elektrokimyasi hakkindaki

. N . sonra, Liu et al. (1991) tekrar ayni kompleksin kristal
anlayisimizi gelistirmede ¢ok Onemli roller i o S
oynamistr. iki disli bir ligand olan bpy, yapisini rapor ettiler. Her iki yayinda da triklinik
.. . . kristal yapi, P-1 uzay grubu ve Z=2 parametresi
supramolekiiler ve metalosupramolekiiler kimyada

. . ortaktir fakat rapor ettikleri kompleksin, geometrisi
¢ok yaygin uygulamalara sahiptir. Bu ylzden de,

2000’li yillarin basinda, "en yaygin kullanilan ligand" ve birim hiicre parametreleri benzer degildir.
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(Anderson 1972), diger bes Cu-N baglarina gore
daha uzun olan Cu-N (2,450 A) bagini, koordinasyon
bagl olarak almis ve geometriyi, eksenel Cu-N
baglarindaki esit olmayan bozulmalar ile olusmus
“carpik-oktahedral” olarak belirlemistir. Oysa Liu et
al. (1991) uzun mesafeden (2,469 A) dolayi, bu bagin
olusmadigini ve bu yiizden geometrinin “carpik-kare
piramit” oldugunu sdylemislerdir. Yine Anderson
(1972)’a gore birim hicre boyutlari; a = 12.673(17),
b = 18.440(21), ¢ = 7.937(7) A, a= 90.37(14), 8=
120.56(13), y = 98.80(11)° iken, Liu et al. (1991)'a
gore ise a = 7.904(1), b = 11.029(2), c = 18.471(4) A,
a= 79.69(2), 6= 89.88(l), y = 82.15(2)° dir. Bu
farkhliklar
sentezlenip, kristal yapisinin tekrar belirlenmesine

nedeniyle, kompleksin yeniden
ihtiyac duyulmustur.

Bu calismada, o©nce 2,2'-bipiridin ligandi,
bakir(ll)asetat tuzu ile komplekslestirilmis, daha
sonra sulu sodyum perklorat ¢ozeltisi ile coktirilip
perklorat tuzu haline getirilmistir. izole edilip
kristallendirilen kompleksin kristal yapisi, tek kristal
X-1sini kirimimi teknigi ile, daha glincel programlar
kullanilarak ve daha iyi rafine degerleri (R; = 0.052)
ile yeniden belirlenmistir. Ayrica karakterizasyon,

FT-IR spektroskopisi teknigi ile desteklenmistir.

2. Materyal ve Metot

Tum kimyasallar ticari kaynaklardan satin alinarak,

ileri  saflastirma  yapilmadan  kullaniimistir.
Kimyasallar; Merck Millipore (Darmstadt-Almanya)
MO. ABD)

firmalarindan satin alindi. Kompleksin FT-IR (ATR)

ve Sigma Aldrich (Inc. St. Louis,
analizi, Thermo Scientific (Nicolet iS5, iD7) ile
yapildi. Tek-kristal X-i1sini analizi ise, Bruker APEX-I|
CCD difraktometre cihazi ile gergeklestirildi. X-isini
kirinimi icin uygun kristaller, DMF ¢6ziicislinde, oda
sicakliginda yavas buharlastirma ile elde edildi.
Kristal, data toplama sirasinda 296 °K'de tutuldu.
Yapi, Olex2 yapi ¢6ziim programlari ile rafine edildi
(Dolomanov et al. 2009, Bourhis et al. 2015).

Dikkat!!! Perklorat bilesikleri ile calisirken c¢ok
dikkatli
reaktiflerle temas ettiginde veya mekanik soka

olunmalidir; bircogu isitildiginda, diger

maruz kaldiginda siddetle patlayabilir.

2.1 Sentez

=

MeOH
AN A - >
N
1. CU(OAG), H,0
) 2. NaCIO,(aq)
=

2,2"bipyridine

(Cl04)

{ICu(bpy)sl(ClO4)z}

Sema 1. Sentez Semasi.

Cu(OAc);-H,0 (0,32 g, 1,6 mmol) tuzunun 20 mL
metanoldeki ¢ozeltisine, 2,2'-bipiridin (0,25 g, 1,6
mmol) ligandinin 10 mL metanoldeki ¢ozeltisi yavas
yavas ilave edilip, oda sicakhginda 1 saat karistirildi.
Olusan koyu mavi renkli ¢ozeltiye, 1M’lik NaClO,
sulu ¢ozeltisi damla damla ilave edilerek, perklorat
tuzu halinde ¢okmesi saglandi. Cokelek siizildi ve
az bir soguk su ile yikandi. Tamamen kurutulan
kompleks (Sema 1) DMF(dimetilformamid)’de
yeniden kristallendirildi. FT-IR (ATR/cm™): 3073,
1735, 1602, 1574, 1492, 1472, 1440, 1314, 1248,
1159, 1069, 1020, 996, 904, 811, 760, 734, 651, 619,
481,439,421, 408.

3. Bulgular ve Tartisma

Kompleksin  FT-IR spektrumunda, karakteristik
aromatik C—-H gerilme piki; 3073 cm™'de, piridin
halkasina ait C=C, C=N pikleri ise; 1602, 1574, 1492,
1472 ve 1440 cm™'de gozlenmistir (Yilmaz 2022).
Perklorat pikleri; 1069 ve 651 cm™'de, Cu—N gerilme
titresimi ise, 421 cm™'de belirlendi (Campos-Vallette
et al. 1996).

Tris-(2,2'-bipiridil)bakir(ll)perklorat ~ kompleksinin
kristal yapisi ve segili atomlarin etiketlendirilmesi
Sekil 1’de, molekiiler istiflenme ve fiziksel
etkilesimler Sekil 2’de, tek-kristal parametreleri
Cizelge 1'de, secilen bag uzunluklari ve acilari ise
Cizelge 2’de gosterilmistir. Ug adet 2,2'-bipiridin
ligandinin dort N atomu, ekvatoral koordinasyon
pozisyonlarini isgal ederken, iki N atomu ise eksenel
koordinasyon pozisyonlarini isgal etmektedir.
Kompleksin ana iskeletinin koordinasyon
geometrisi, (Liu et al. 1991) dedigi gibi “carpik-
karepiramit” degil, Anderson (1972) dedigi gibi
“carpik-oktahedral” dir. Her iki yayinda belirtildigi
gibi, kristal; triklinik yapida, P-1 uzay grubuna sahip
ve Z=2'dir. Birim hiicre uzunluklari ; a=7.920(4) A, b
= 10.970(6) A ve ¢ = 18.374(11) A olarak, Liu et al.
(1991) benzer sekilde bulunmustur. Birim hiicre
actlar ise; 0=100.43(3) °, B=90.05(2) °, y=97.84(2)°
olarak, her iki yayindan farkli bulunmus ve benzer
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baska kompleksin degerleri ile cok daha uyumludur
(Chamayou et al. 2007). Cizelge 2’de gorilecegi
Gzere, ekvatoryel pozisyondaki Cu—N(1), Cu—N(3),
Cu-N(5) ve Cu-N(6) bag uzunluklari (Ort. 2,025 A)
onceden rapor edildigi gibi, hemen hemen aynidir
(Anderson 1972, Chamayou et al. 2007, Liu et al.
1991). Eksenel pozisyondaki Cu—N(2) ve Cu—N(4)
bag wuzunluklar, Jahn-Teller etkisinden dolayi,
sirasiyla; 2.224(3) ve 2.440(3) A degerlerindedir ve
literatlir degerleri ile uyumludur (Anderson 1972,
Chamayou et al. 2007, Liu et al. 1991). Cizelge 3’ten
de gorilecegi gibi, cis konumlarindaki N—Cu(1)-N
bag acilari, 90°’den sapmis olarak, 74,06 ile 99,85°
arasindadir. Trans konumlarindaki N(4)—-Cu(1)-N(2),
N(5)—Cu(1)-N(1), N(6)—Cu(1)-N(3), bag acilar ise
180° yerine sirasiyla, 174.90(10), 173.73(11) ve
165.85(11)° dir. Cu(bpy)s*? kompleks iyonunun
koordinasyon geometrisinde, molekildeki carpiklik
ve bozulmalardan dolayi, D3 simetrisinden 6nemli
Olcide sapma vardir.

Ayrica kristal yapi, C-H---O (Ort. 2,587 A) ve n---O
(Ort. 3,150 A) etkilesimleri ile kararli bir 3D ag
olusturmustur (Sekil 1). iki “ClO4“ anyonundan biri,
benzer molekiildeki “BFs“ anyonunda oldugu gibi
“Cl—0"” baglarindan birinin etrafinda rotasyonel
bozukluk sergilemektedir (Chamayou et al. 2007).

(Sekil 2)

Cizelge 1. Tek-kristal parametreleri

Empirical formula C30H24Cl,CuNgOsg
Formula weight 731.011
Temperature/K 296

Crystal system triclinic

Space group P-1

a/A 7.920(4)

b/A 10.970(6)

c/A 18.374(11)

a/° 100.43(3)

B/° 90.05(2)

v/° 97.84(2)
Volume/A3 1554.7(15)

YA 2

Pealcg/cm3 1.562

u/mm-t 0.936

F(000) 747.8

Crystal size/mm3 0.1 x0.06 x 0.05
Radiation Mo Ka (A =0.71073)

20 range for data
collection/®
Index ranges

5.2t0 54.98

-10<h<10,-14<k<14,-23<|

<23
Reflections collected 27945
Independent reflections 6934 [Rint= 0.0632, Rsigma=
0.0883]
Data/restraints/paramet  6934/6/452
ers
Goodness-of-fit on F2 1.066

Final R indexes [I>=20 (I)]
Final R indexes [all data]
Largest diff. peak/hole / e
A3

R1=0.0523, wR,=0.1043
R1=0.1245, wR,=0.1319
0.80/-0.64

Sekil 1. Tris-(2,2'-bipiridil)bakir(ll)perklorat kompleksi-
nin kristal yapisi ve segili atomlarin etiketlendirilmesi
(Daha iyi gorinim i¢in H atomlari gésterilmemistir)
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Sekil 2. Molekdler istiflenme ve fiziksel etkilesimler

Cizelge 2. Segilen bag uzunluklari (A) ve acilari (°).

Atom Atom Length/A Atom Atom Atom Angle/® Atom Atom Atom Angle/®
cu(l) N(1) 2.016(3) N(2)  Cu(l) N(1) 77.19(12) N(5)  Cu(1) N(3) 94.67(11)
cul) N(2) 2.224(3) N(3)  Cu(l) N(1) 91.36(11) N(5)  Cu(l) N(4) 83.61(10)
Cu(l) N(3) 2.022(3) N(3)  Cu(l) N(2) 101.80(11) N(6)  Cu(l) N(1) 94.61(11)
Cu(l) N(4) 2.440(3) N(4)  Cu(l) N(1) 99.73(11) N(6)  Cu(l) N(2) 92.04(11)
Cu(l) N(5) 2.036(3) N(4) Cu(l) N(2) 174.90(10) N(6)  Cu(l) N(3) 165.85(11)
cu(l) N(6) 2.027(3) N(4)  Cu(l) N(3) 74.06(11) N(6)  Cu(l) N(4) 92.26(11)
N(5)  Cu(l) N(1) 173.73(11) N(6)  Cu(l)  N(5) 79.91(11)
N(5)  Cu(l) N(2) 99.85(11)
4. Sonug Tesekkiir

Bu calismada, c¢ok yaygin bir ligand olan 2,2'-
bipiridin ligandi ile bakir(ll) metali arasinda olusan, ,
“carpik-oktahedral” tris-yapidaki
{[Cu(bpy)s](ClOa4),} kompleksi sentezlenmis; molekdl
yapisi FT-IR spektroskopisi ve tek-kristal X-isini
spektroskopisi yardimiyla karakterize edilmistir.
Cu(ll) merkez atomu, ¢ adet cift disli “bpy”

ligandinin alti N atomu ile koordinasyon olusturarak,

geometri ve

tris yapida Ug¢ adet bes-lyeli selat halkasi olusturur.
Daha once iki kez yayinlanan kompleksin geometri
ve birim hilicre parametreleri arasindaki bariz
farklardan dolayi, kompleksin kristal yapisi yeniden
belirlenmistir. Ozellikle geometri ve birim hiicre
uzunluklari arasindaki ikilik giderilmis ve birim hiicre
acllarinin yeni degerleri rapor edilmistir. Kompleksin
kristal istiflenmesi; C—H---O ve rt---O etkilesimleri ile,

kararli bir 3D ag olusturmustur.
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0z
Adlandirilmig varlik tanima problemi, veri ¢ikarimi, dogal dil isleme ve metin madenciligi gibi alanlarin
alt dah olarak ele alinmaktadir. Adlandirilmis varlik tanima, yapilandiriimamis metinlerdeki varlk

isimlerinin uygunluklarina gore &nceden belirlenen kisi ismi, organizasyon ismi veya yer ismi gibi

Anahtar kelimeler siniflara atama yapmak icin kullanilan bir aragtir. Gelisen teknoloji ile birlikte sosyal aglar ¢ok insan
Kdfur Tespiti; tarafindan kullaniimaktadir. Sosyal medya kullanan kisiler her tiirlii resim, metin veya video igeriklerini
Adlandinimis Varlik paylasabilmektedir. Paylasilan bu igerikler ise bazen uygunsuz yani aile yapisini etkiler nitelikte
Tanima; olabilmektedir. Bu ¢alismada, Twitter'daki Turkce tweetler kullanilarak kifir, hakaret ve uygunsuz

Dogal dil isleme;
Bi-LSTM;
BERT

kelimeler adlandiriimis varlik tanima problemi olarak ele alinmis ve bu kelimeler farkli yontemler ile
tespit edilmeye calisiimistir. Calismada, énce metinlerde gegen kelime ve kelime 6bekleri etiketlenmis
daha sonra ise etiketlenen kelimeler vektorlestirilmistir. Vektérler, Bi-LSTM ve oOnegitimli BERT
modelleri kullanilarak egitim yapilmistir. Bi-LSTM modeli hem egitimde hem de test asamasinda %99‘a
yakin dogruluk orani sergilemistir. BERT modeli ise egitim agamasinda %99 civarinda dogruluk orani
gOsterirken, test basarisinin %95 civarinda oldugu gézlemlenmistir. Calisma hizi agisindan, Bi-LSTM
modelinin BERT modelinden yaklasik olarak 3 kat daha hizli oldugu goriimustir.

Censorship of Profanity Words in Turkish Social Media Texts with
Named Entity Recognition Models

Abstract

Named Entity Recognition problem is considered as a sub-branch of fields such as data extraction,
natural language processing and text mining. Named entity recognition is a tool used to assign classes
such as predetermined person name, organization name or place name according to the suitability of

Keywords
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Profanity Detection;
Named Entity
Recognition (NER);
Natural Language
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BERT

1. Giris
Web ve mobil uygulamalarin kullanimi arttikca,
katkilarindan
icerigin varhgi daha sorunlu hale gelir. Sosyal haber

entity names in unstructured texts. With the developing technology, social networks are used by many
people. People using social media can share any image, text or video content. These shared contents
may be inappropriate, that is, affect the family structure. In this study, using Turkish tweets on Twitter,
swearing, insults and inappropriate words were studied as a named entity definition problem and these
words were tried to be determined by different methods. In the study, first the words and phrases in
the texts were labeled, and then the labeled words were vectorized. Training was done using vectors,
Bi-LSTM and pretrained BERT models. The Bi-LSTM model showed close to 99% accuracy both in training
and testing. On the other hand, the BERT model showed a training accuracy of around 99% during the
training phase, while the test success was observed around 95%. In terms of operating speed, it has
been observed that the Bi-LSTM model is approximately 3 times faster than the BERT model.

© Afyon Kocatepe Universitesi

siteleri, forumlar ve herhangi bir ¢evrimigci topluluk,
bir toplulugun sosyal normlarina ve beklentilerine
uygun sansirleyerek,  kullanici
tarafindan olusturulan igerigi yonetmelidir. Bu tir

kaynaklanan uygunsuz olmayanlari
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icerigin  sanslrlenmemesi, vyalnizca potansiyel
kullanicilar veya ziyaretgileri caydirmakla kalmaz,
ayni zamanda bu tir igerigin kabul edilebilir

olduguna da kanaat getirebilir.

Her seyin dijital olarak yonetildigi glinimiizde,
insanlarin kullandigl birgok cevrimigi platform ve
forum var. Instagram gibi herhangi bir sosyal medya
platformundan bir 6rnek alirsak, onlarin gizlilik
politikasi, kullanicilarin herhangi bir
mustehcen/kaba dili herkese acik bir platformda
paylasamayacaklarini  veya  yazamayacaklarini
gostermektedir. Bircok kurum ve kurulus, kamusal
alanlardaki yasa disi faaliyetlerin tespit edilmesi icin
cesitli goriinti isleme, sosyal medya metinlerindeki
kuflrleri tespit etmek icin cesitli metin isleme
birlikte,

mevcut kuflr algilama sistemleri, cesitli faktorler

teknolojileri  kullanmaktadir. Bununla
nedeniyle hala kusurlu olmaya devam etmektedir.
(Su et al. 2017, Sood et al. 2012, Laboreiro and

Oliveira 2014).

Kiftr tespitinin  genellikle kolay bir is oldugu
disindlir. Bununla birlikte, gecmis calismalar,
mevcut liste tabanli sistemlerin kot performans
gosterdigini gostermistir. Degisen kufirli argoya
uyum saglamada, gizlenmis veya yalnizca kismen
sansirlenmis (6rnegin, “@ss, fS#%”) veya kasith
(6rnegin,

veya kasitsiz olarak vyanlis yazilmis

“aptaalll” gibi) kafarli  terimleri tanimlamada
basarisiz olurlar. Bu nedenlerden dolayi, sistemi
atlatmalari kolaydir ve hatirlanmalari ¢ok zayiftir
(Sood et al. 2012, Sood et al. 2012, Lee et al. 2018).
ikinci olarak, liste tabanli yaklasim, her tiirlii coziime
uydurulan tek boyutlu bir ¢c6zimddr. Saygisiz veya
uygunsuz taniminin, kullaniminin ve algilarinin tim
baglamlarda gegerli olduguna dair varsayimlarda

bulunurlar (Laboreiro and Oliveira 2014).

Kisiler tarafindan saygisiz metinlerin kullaniimasi,
dijital alanin 6zglrliginld ve butunlUglni tehdit
etmektedir. Bu tiir saygisiz metinleri kontrol etmek
denetleme ve

icin geleneksel olarak manuel

raporlama mekanizmalari  kullanilmistir.  insan
yorumuna bagimhlk ve sonuglarin gecikmesi bu
sistemin Onlindeki en biylk engeller olmustur.

Sureci otomatiklestirmek icin 6nceki derin 6grenme

tabanh yaklasimlar, geleneksel evrisim ve yineleme
tabanli sirali modellerin kullanimini icermektedir.
Bununla birlikte, bu modeller hesaplama agisindan
pahali olma egilimindedir ve daha yliksek bellek
etiketli
gorevlerde nispeten zayif performans gosterirler.

gereksinimine  sahiptir.  Ayrica, ¢ok

GUnlUmuz dinyasinda, metni ikili bir sekilde
siniflandirmak artik yeterli degildir ve bu nedenle,
cok etiketli
yapabilen esnek bir ¢6zim gereklidir (Ratadiya and

Mishra 2019).

metinler (izerinde iyi genelleme

Kifir iceren kelimeler her zaman tespit edilen bariz
s6z 6bekleriigermemektedir. Kelimenin anlami veya
icerigi baglamsal olarak kiflr olabilmektedir. Bu
durumlarda liste bazli ve kural tabanl sistemler
kelimeyi tespit etmekte zorlanabilmektedir. O
ylizden bu tarz sistemler liste veya kural disi bir
kifir ile karsilastiginda basarisiz olabilmektedir. Yi
et al. (2021) makalesinde kelime gomme ve LSTM
modelini kullanarak bir ktfir tespit yontemi
dnerilmistir. Onerilen yéntem, egitim yapmak icin
metni “onset”, “nucleus” ve “coda” olarak 3 ayri
parcaya bolmistr.

Yukaridaki
climleler her zaman nefret séylemi olmadigindan,

durumlara ek olarak, kufir iceren
nefret sdyleminin otomatik tespiti i¢cin anahtar
kelime olarak kifiir kullanmak tam olarak mimkin
olmayabilir. Ornegin, " What the hell is wrong with
this air conditioner?", ciimlesinde aslinda
soylenmek istenen “Bu klimanin nesi var?” Seklinde
cevirilebilir ancak kafirld "cehennem" kelimesini
icermesine ragmen kasith olarak dilin kotlye
kullanilmasindan ¢ok duygusal bir ifadedir. Benzeri
durumlar pek ¢ok dilde goriilebilmektedir (Teh and
Cheng 2020). Tersine bu durum, nefret, kafir
icermeyen muglak sakalar yoluyla da ortaya
¢ikabilir. Bu gibi durumlari tespit etmekte climle
kifir zorluklarindan bir

icerisindeki tespitinin

tanesidir.

Tirkce kuflr tespit calismalarindan biri Celik ve
Yildinm  (2020)
Calismada, 6nce metin 6n islemlerden gegirilmistir.

tarafindan  gerceklestirmistir.

Daha sonra eger kelime sayisi 2 veya daha az ise
metin sezgisel modele, 3 kelime ya da daha fazla ise
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yapay zekd modeline yonlendirilmistir. 3 fakh yapay
zekd modelinin dondirdigi olasiliklara bakarak
hakem modelin karar vermesi saglanmistir.

Cizelge 1. Adlandinilmis Varlik Tanima icin Varlik Ornekleri

ve Tanimlari
TUR TANIMI
Kisi insan, hayali karakter
Gruplar Ulus, din, politik grup
Organizasyon Sirket, ajans, enstitl
Yer Ulke, sehir, eyalet adlari
Konum Dag, su kaynagi,
Uriin Otomobil, arag, yiyecek
Olay Adlandirnimis kasirga,

Sanatsal aktivite Kitap, sarki vb. Adlari

Kanuni belge Kanunla adlandiriimig

Dil Adlandiriimis herhangi
Tarih Mutlak veya goreli
Zaman Ginden daha kisa zaman
Yiizde % isareti iceren yiuzdeler
Para Birim dahil parasal
Nitelik Agirlik veya mesafe

Siralama ifadeleri Birinci, ikinci vb.

Bir metni degerlendirirken veya anlarken, insanlar,
degerler, konumlar vb. gibi adlandiriimis varliklari
dogal olarak taniriz. Ornegin, "Jack Dorsey, Amerika
Birlesik Devletleri'nden bir sirket olan Twitter’'in
kurucularindan biridir." climlesinde (¢ tiir varlik
tanimlayabiliriz:

Kisi Adi: Jack Dorsey,

Sirket Adi: Twitter,

Konum Adi: Amerika Birlesik Devletleri.
Ancak
edebilmeleri igin

bilgisayarlar i¢cin, onlari  kategorize

once varlklar tanimalarina
yardimci olmamiz gerekir. Bu, makine 6grenimi ve
Dogal Dil isleme (NLP) aracihigiyla yapilir. Dogal dil
isleme, dilin yapisini ve kurallarini inceler ve metin
ve konusmadan anlam gikarabilen akilli sistemler
yaratirken, makine  6grenimi, makinelerin
O0grenmesine ve zaman iginde gelismesine yardimci
olur.

Bir varligin ne oldugunu 0Ogrenmek icin, bir
adlandiriimis varlik tanima modelinin bir kelimeyi
veya bir varligi olusturan kelime dizisini (6rnegin,
“Izmir sehri”) tespit edebilmesi ve hangi varlik
kategorisine  ait bilmesi

oldugunu gerekir.

varlik tanima (Named Entity

Recognition - NER), bir metindeki kisi adlari, yerler,

Adlandiriimis

markalar, parasal degerler ve daha fazlasi gibi temel
ogeleri
Calismalarda kullanilan bazi adlandirilmis varhk

kolayca tanimlamamiza yardimci olur.

turleri Cizelge 1'de verilmistir.

Bir metindeki ana varliklari ayiklamak,
yapilandirilmamis verileri siralamaya ve buyik veri
kiimeleriyle ugrasmaniz gerektiginde ¢ok 6nemli
olan bilgileri algilamaya yardimci olur (Siencnik
2015). Adlandinlmis varlk tanimanin bazi ilging
kullanim érnekleri sunlardir:
e Miisteri cagrilarini
(Subramaniam et al. 2009).

Musteri cagri hatlarinda, musteri isteklerini daha

siniflandirmak

hizli degerlendirmek ve yanitlamak igin adlandiriimig

varhk  tanima  teknikleri  kullanilabilmektedir.
Misterilerin sorunlarini ve sorgularini kategorilere
ayirmak gibi tekrarlayan misteri hizmetleri gorevleri
otomatiklestirilebilir ve sorun ¢6zim oranlarini
iyilestirmeye ve musteri memnuniyetini artirmaya
yardimci olacak degerli zamandan tasarruf edilebilir.
Uriin adlari veya seri numaralari gibi ilgili veri
parcalarini  ¢ekmek igin varlik ayklama da
kullanabilir ve bu sorunu ele almak igin sorunlu
uygun ekibe

yonlendirmeyi kolaylastirilabilir (Luo et al. 2011).

durumlari en temsilciye veya

e Miisteri geri bildirimlerini degerlendirmek

(Meng et al. 2012).

Cevrimici degerlendirmeler ve incelemeler, misteri
geri bildirimi i¢cin kaynak olusturabilir. Misterilerin
drinler hakkinda neleri begendigi, begenmedigi ve
isletmenin iyilestiriimesi gereken yonleri hakkinda
bilgiler saglayabilir. Adlandirilmis varlk tanima
sistemleri, tim bu muisteri geri bildirimlerini
diizenlemek ve tekrar eden sorunlari saptamak igin
kullanilabilir.  Ornegin, olumsuz misteri geri
bildirimlerinde en sik bahsedilen konumlari ve illeri
saptamak icin adlandirlmis  varlik tanima
kullanilabilir, bu sayede misteri belirli bir ofis veya
subeye yonlendirebilir (Han et al. 2017).

e cerik 6nerisi olusturmak.
Netflix ve YouTube gibi bircok modern uygulama,
optimum musteri deneyimleri olusturmak icin 6neri
sistemlerine glvenir. Bu sistemlerin ¢ogu, kullanici

arama ge¢misine dayali Onerilerde bulunabilen
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adlandiriimis varlik tanimaya dayanir. Ornegin,
Netflix'te ¢ok sayida komedi izliyorsaniz, Komedi
varligi olarak siniflandiriimis daha fazla o6neri
alirsiniz, ya da Youtube’da izlenilen video tiiriine
gore benzer video tirleri 6nerilmektedir. Yine
burada video tirleri adlandirilmis varlik tanima
olarak ele alinmaktadir (Guo et al. 2009, Bowden et
al. 2018).
o Ozgecmisleri islemek.

isverenler, giinlerinin pek cok saatini 6zgecmisleri
gozden gecirerek dogru adayr aramakla gegcirirler.
Her 6zgecmis ayni tirde bilgi icerir, ancak bunlar
genellikle farkli sekilde diizenlenir ve bicimlendirilir.
Varlik adi tanima yontemleri kullanilarak, kisisel
bilgiler, ad, adres, telefon numarasi, dogum tarihi, e-
posta, sirket adlari, beceriler, sertifikalar, egitim ve
deneyimleriyle ilgili verilere ulasilabilir (Deepak et
al. 2020, Pawar et al. 2012). Bu sayede adaylarlailgili
en alakal bilgiler aninda g¢ikarilir ve adaylar is igin
hizli bir elemeye tabi tutulabilir.

Bizim bu ¢calismamizda, climle icerisinde gecen kifur
ve hakaret iceren kelimeler ve kelime gruplari
adlandirilmis varlik olarak ele alinmistir. Etiketleme
icin 10B2 etiketleme yontemi kullaniimisgtir. Daha
sonrasinda etiketlenen kelime gruplar Bi-LSTM
(Bidirectional Long Short-Term Memory) ve BERT
(Bidirectional Encoder Representations from
Transformers) modelleri ile egitilerek kifiur ve
hakaret

edilmistir.

olarak tanimlanan kelimeler tahmin

Makalenin devaminda, 2. bolimde, NER ile ilgili
literatirdeki 6n calismalar analiz edilmistir. Bir
sonraki 3. Bolimde, NER calismalari icin ihtiyag
duyulan metotlar ve teknikler verilmektedir. 4.
bélimde hesaplama deneylerinde kullanilan veri
seti anlatilmaktadir. Son olarak hesaplama sonuglari
ve tartismalar 5. bolimde yer almaktadir.

2. Literatiirdeki On Calismalar
Adlandirilmis varlik tanima (NER) uygulamalari

arasinda, siber zorbalk tespiti ve uygunsuz

iceriklerin tespiti gibi alanlarda olan uygulamalar
son zamanlarda artan O©Oneme sahiptir. Kisiler
tarafindan saygisiz metinlerin kullaniimasi, dijital
alanin tehdit

OzgurlGglini  ve  butunlGgini

etmektedir. insan yorumuna bagimhlik ve
sonuglarin gecikmesi bu sistemin otomasyonunun
zorluklardir.  Siireci

onlindeki en  blyilk

otomatiklestirmek icin derin 6grenme tabanl

yaklasimlar gittik¢e yayginlagsmaktadir.

Adlandiriimis varlik tanima problemi ile ilgili ilk
calismalardan biri 1991 yilinda Rau (Rau 1991)
tarafindan yapilmistir. Yazar, adlandiriimis varlik
tanimay! metin igerisindeki sirket isimlerini bulmak
icin kullanmigtir. Daha sonra adlandirma yapmak
icin farkh sinif isimleri kullanilsa da son ve gilincel
CoNLL 2003
Computational Natural Language Learning) (Sang
and Meulder 2003) ve MUC-6
Understanding Conference) (Grishman

calismalarda (Conference on
(Message
1995)
konferanslarinda kullanilan veya ortaya atilan varlik
adi tanimlari kabul goérmistir ve kullaniimistir.
CoNLL'de adlandirilmis varlik tanima problemi,
genel olarak metinde gegen ve ENAMEX olarak
adlandirilan kisi adi (Person), yer adi (Location) ve
organizasyon adi (Organization) igin siniflandirma
islemi olarak kabul edilmektedir (Sang and Meulder
2003). MUC-6’ da ise ENAMEX sinifi disinda NUMEX
(parasal degerler, sayisal degerler ve yiizde ifadeleri)
ve TIMEX (saat, tarih) degerleri adlandirilmis varhk
olarak dabhil
edilmistir (Krupka 1995). Bu ¢ adlandiriimis varlik
tanima sinifi, yani ENAMEX, NUMEX ve TIMEX
siniflari disinda calismanin kapsamina bagli olarak

tanima problemine yeni siniflar

veri ¢tkarimi igin alana 6zgi varlik tanimlamalari da
yapilabilmektedir.

Nr. <ENAMEX TYPE="PERSON">Dooner</EMMEX> mot with <EWAMEX TYPE="PERSON"artin
Puris</EIANER>, prosident and chief exocutive officer of <ENAKEX
TYPE="URGANTZATION" s Ammiratd & Puris</ENANER>, about <ENAMEX

TYRE="0RGANIZATION YHcCannc/ENAMERS ' acquiring the agency with billings of <HUHER
TYPE="MOUEY">$400 million</NUKEX?, but nothing has naterialized.

Sekil 1. Ornek Adlandirilmis Varlik Tanima gosterimi
(Grishman 1995).

Sekil 1’de MUC-6 Konferansindan alinan yazidan
bazi adlandiriimis varlik tanima 6érnekleri verilmistir.
Burada “Mr.” 6nekinden sonra gelen “Dooner” ismi
ENAMEX olarak adlandiriimis ve kelime tipi Kkisi
(Person) olarak belirlenmistir. “Ammirati & Puris”
ise yine ENAMEX olarak atanmis, ama kelime tipi
olarak organizasyon (Organization) secilmistir. Son
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olarak “$400 million” NUMEX sinifina atanmis ve

kelime tipi olarak para (Money) olarak
belirlenmistir. Adlandiriimis varlik tanimada bu gibi
yapilandiriimamig metinlerdeki varlklari bulup daha
Onceden siniflara atama

belirlenmis islemi

gerceklestirilmektedir.

NER modellerinde, sozcik vektoérlerini olusturmak
icin gozetimsiz o6grenme kullanilabilir. S6zcik
vektoérlerini olustururken (Mikolov et al. 2013)
makalesinde skip-gram modeli ile strekli vektor
uzayi temsili kullaniimistir. Glines ve Tantug (2018)
tarafindan yapilan calismada Milliyet gazetesinin
web sitesinden alinan ve daha dnceden etiketlenmis
olan Tirkce veriler kullaniimistir. Kullanilan veri
setini yapay sinir agina eklemek igin sozclikler
vektorlerden olusan bir dizi haline getirilmigtir.
Sozcik vektorlerini 6gretebilmek amaciyla 184
milyon sozcikten olusan haber yazilari derlemesi
kullaniimistir. Genel olarak bakildiginda, yapay zeka
egitimi icin kelimelerin 3 ana temsil 6zelliginden
faydalanilmigtir. Bunlar soézciik vektorleri, yazim
ozellikleri ve bicim bilimsel 6zelliklerdir. Kelimeleri
vektorlestirmek amaciyla acgik kaynak kod olan
Word2Vec kodlari
yazimsal 6zelliklerini ifade etmek icin “hepsi blyik”,

kullanilmistir.  Kelimelerin
“hepsi kiguk”, “ilk harfi blyuk”, “ayra¢ var-yok”,
“nokta var-yok”, “sayisal deger degil” gibi kelime
ozelliklerine bakilmistir. Bicim bilimsel 6zelliklerde
ise tliremis sozciklerde son tiiremedeki s6zclik tiri
etiketi (POS) ve bicim bilimsel etiketler ayri birer
ozellik olarak ele alinmistir. Glines ve Tantug (2018)
¢alismasinda adlandiriimis sinif tanima etiketi olarak
ENAMEX ve kelime tlri olarak organizasyon (ORG),
kisi (PER), yer (LOC) adlari kullaniimistir. Bunlarin
diger (O)
siniflandinimistir.  Calismada, adlandirilmis varhk

disinda kalan kelimeler, olarak
tanima islemi icin LSTM modelinin bir tirid olan Bi-
LSTM kullanilmistir (Hochreiter and Schmidhuber

1997).

Glnes ve Tantug (2018) makalesinde kullanilan
LSTM yapisi Derin Ciftyonli (deep bidirectional)
olarak hazirlanmis yani hem ileri (forward) hem de
geri (backward) beslemeli, 50 katmanh olarak
uygulanmistir. Daha sonra ileri ve geri besleme ile
olusturulan LSTM vyapilari birlestirilmis ve sonuna

100 ve 4 adet iki katmandan olusan klasik sinir agi

yapisl
ogrenmeden kaginmak

eklenmistir. Ogrenme sirasinda  asiri

icin farkh katmanlarda
DBLSTM ve unutma katsayisi kullanilmigtir. En iyi
sonug, 5 katmanl ve 0.4 unutma katsayili DBLSTM
DBLSTM’deki
sayIsi basarinin arttigi

gozlemlenmistir. Sonuglari degerlendirirken F1-skor

yapisinda elde edilmistir. Ayrica,

katman arttikca
degeri kullanilmistir. Ozellikle tek katmanli yapidan
iki katmanli yapiya gegildiginde, basarida %12,31
puanlik bir artis gézlemlenmistir. Kitliphane olarak
Keras

da Tensorflow kitiphanesinin igindeki

modili  kullanilmigtir.  Calismanin  sonuglarini,
ENAMEX veri etiketleri ile dlcim uygulanabilmesi
amaciyla, 10B2 (Sang and Veenstra 1999) yapisina
dénustirilmistir. Olgme sirasinda  CoNLL-2003
Olgme stratejisi uygulanmistir. Egitim sirasinda 3
farkh girdi yapisi olusturulmustur. ilk basta sadece
sOzcik vektorleri tek basina kullanilmis, daha sonra
buna yazim 6zellikleri eklenmis ve en son olarak da
bu ikisine bicim bilimsel 6zellikler eklenmistir. En iyi
sonug, 3 girdinin birlikte kullanildigi zaman, F1 skoru
%93,69 olarak elde edilmistir. Bununla birlikte
ozellikle yazim 6zelliklerinin modele eklenmesinden
sonra onemli bir artis oldugu gozlenmistir. Ulasilan
basari sonucu, Tirkge icin olusturulan adlandiriimis
varlik tanima modellerinde ulasiimis en iyi sonug

olarak nitelendirilmistir.

Nasiboglu and Gencer (2021) calismasinda Ingilizce
haber yazilarindan alinan yaklasik 47 bin climlede
kisi, yer, kurulus, tarih ve olay adlari tespit edilmistir.
Veri kimesindeki adlandiriimis varliklari bulmak igin
onceden egitilmis iki farkh model, Stanford ve Spacy
kiitiphanelerinde NER icin olusturulmus Derin
Ogrenme modelleri kullanilmistir. Kisi isimlerini
tanimada Spacy kitliphanesinin daha iyi oldugu,
organizasyon ve yer isimlerini tanimada Stanford
kiitiphanesinin daha iyi oldugu goézlemlenmistir.
Ayrica Spacy kitliphanesinin egitim siiresi agisindan
Stanford kitiphanesinden daha verimli oldugu
tespit edilmistir.

Shen et al. (2017) makalesinde derin 6grenme (Deep
Learning) yontemi ile aktif 6grenme ydntemi

birlestirilerek, bir adlandinlmis varlik tanima

uygulamasi yapilmistir. Genellikle derin 6grenme
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yapabilmek i¢in ¢cok sayida veri gerekmektedir. S6z

konusu makalede bu soruna ¢6zim olarak
olusturulan bir yapr gosterilmistir. Yapi, ana
hatlariyla CNN-CNN-LSTM olarak tasarlanmistir.
Makalede

Network) modeli, temel olarak incelenmis ve

gecen CNN (Convolutional Neural
aciklanmistir. ilk olarak LeCun tarafindan énerilen
CNN uygulamasi resim tanima islemlerinde ve
gorintl islemede c¢ok tercih edilen bir yontemdir

(LeCun et al. 1990, 1998).

Shen et al. (2017) makalesinde, ilk CNN yapisi
karakter kodlayici (character encoder), ikinci CNN
yapisi kelime kodlayici (word encoder) olarak ve son
olarak LSTM ise etiket ¢ozlici (tag decoder) olarak
tasarlanmistir. Karakter kodlayici, karakterlerine
gore kelimelerin 6zelliklerini gikarmak igin kullanilir.
Kelime kodlayici bir kelimenin etrafindaki kelime
dizilerine bakarak 6zellik vektorl olusturur. Etiket
kodlayici ise kelimeler dizisinin olusma veya olma
olasiliklarini olusturur.

Cizelge 2. Formatlanmis climle 6rnegi

BOS Murat yillardir  izmir’de yasar. EOS PAD

0] B-PER 0] B-LOC O (0] O

Cizelge 2’de cumle igerisindeki kelimelerin nasil
temsil edildigi gosterilmektedir. Climlenin basina
BOS (Beginning of the sentence) tokeni, climlenin
sonuna ise EOS (Ending of the sentence) tokeni
getirilmistir. Bunlara ek olarak BOW (Beginning of
the word) tokeni ve EOW (Ending of the word)
tokenleri  kullanilmistir.  Birden ¢ok cilimlenin
hesaplanmasi i¢in, benzer uzunluktaki cimleler
gruplara ayrilmis ve uzunluklari bir demet iginde
Uniform hale getirmek igin ciimle sonuna PAD
tokenleri eklenmistir. Bicimlendirilmis climle f(Xl-j)
{X;;}, TVinci
sozclikteki j'inci karakter bazinda bir “one-hot

olarak belirtiimektedir; burada,

encoding” kodlamasidir.

Calismada, her i kelimesinin karakter ozelliklerini
2'de,
(character-level
encoding) icin iki katmanh 6rnek CNN mimarisi

¢ikarmak icin  CNN uygulanmistir. Sekil

karakter seviyesinde kodlama

gosterilmektedir. Ayrica her kelimenin karakter

char

seviyesinde kodlama vektori w; ile ifade

edilmektedir. Bu islemlerden sonra karakter
seviyesinde ozellikler, o kelimeye karsilik gelen
gdm{li gizli bir kelime ile birlestirilmistir. Bu vektor

Wiemb olarak adlandiriimis. Ayrica s6z seviyesinde

girdiler de Wifu” ile ifade edilmistir.

1
Wifu = (Wichar’wiemb) (1)

max pooling

b [0 (|68 | |0 | [ 02| 0[]0
T T T X T T
by | by || o | [hoy | [hy'| by | by
il TR T X1 il T
X21 Xg2 | [X23| [X24| [X25 X268 X7
[BowW] K a t e [EOW] [PaD]

Sekil 2. Karakter seviyesinde kodlamaya 6rnek CNN yapisi
(Shen et al. 2017)

Gizli kelime yapilariyla word2vec egitimi baslatiimis

ve ardindan egitim siresince bu yapilar
gincellenmistir (Mikolov ve ark., 2013). Egitim
verilerinde gizli kelimelere genelleme yapmak igin,
her kelimeyi, kelime birakma yontemine (word-drop
method)

sirasinda %50 olasilikla 6zel bir [UNK] (bilinmeyen)

benzeyen bir yaklasim olan, egitim
tokenle degistirilmistir. Kelime diizeyde temisiller,
her kelimenin pozisyonu kullanilarak CNN ile
kelime

cikarimistir.  Sekil  3’te seviyesinde

kodlamaya 6rnek CNN yapisi gosterilmistir.

Enc Enc Enc Enc E E E
hi" h5" h5" hi" | hy™ | hg™ hi™

(2) (2) (2) (2) (2) (2) (2)
hj hi hy hi hy hy hi
(1) 1y (1) (1) (1) (1) (1)
h h h hj h; g h
full full full full full full Ful
wi wh' Wi Wi wa W wr ot
[BOS] Kate lives on Mars [EOS] [PAD]

Sekil 3. Kelime seviyesinde kodlamaya 6rnek CNN yapisi
(Shen et al. 2017)

Yapinin son kismini da LSTM ile yapilan etiket ¢6zlicl
(tag decoder) olusturmaktadir. Etiket ¢6zlici, kelime
seviyesi kodlayici 6zelliklerine bagh olarak etiket
dizileri Gizerinde bir olasilik dagilimini hesaplar. Bu
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da P[yz,y3 yn_ll{hiE"C}] ile ifade edilmis olur.
Burada poptler olan Kosullu Rastgele Alanlar
(Conditional Random Fields-CRF) (Lafferty et al.
2001) algoritmasi etiket ¢6ziict olarak kullaniimistir.
Denklem 2, bu algoritmanin agiklayan denklem
gosterilmidir. Bu denklemdeki W, A, b; 6grenebilen
parametreler, t; ise vektoriin koordinatlaridir:

P[)’z,)’a Yn—1|{hiEnC]] X exp (Z?:_zl{thm + b}ti + 4t (2)

S6zl gegen calismada 6grenme sireci birden fazla
turdan olusturulmustur. Her turun basinda, aktif
cimleleri Onceden

0grenme algoritmasi

tanimlanmis limite kadar aciklanacak sekilde
secmistir. Ek aciklamalari aldiktan sonra, artiriimis
veri kimesi Uzerinde egitim alarak model
parametreleri glincellenmis ve bir sonraki tura
gecilmistir. Bir clmleyi aciklama maliyetinin
climledeki kelime sayisiyla orantili oldugu ve segilen
climledeki her kelimenin bir kerede agiklanmasi
gerektigi varsayillmistir. Kismen agiklamali cimlelere
izin verilmemis veya agiklanmamistir. Ayrica, bu
¢alismada veri seti olarak CoNLL-2003 English (Sang
and Meulder 2003) ve OntoNotes-5.0 English
(Pradhan et al. 2013) kullaniimistir.

Mikolov et al. (2013) makalesinde kurulan
algoritmadaki ana 6nemli etken hiz etkenidir. Sonug
bolimiinde verilen cizelgelere gore makale test
setindeki verilerde epoch basina 11 saniye gibi ayni
alandaki ¢alismalara goére ¢ok ©6nemli bir hiza
ulasmistir. Ayrica egitim setinde de epoch basina 22
saniyelik hiz ile ayni alandaki calismalara gore en iyi
hiza ulagmistir. Hiz anlaminda esit oldugu
calismalarda da Fl-skoru basarisi (%90,69) daha

ylksek olarak gbzlenmistir.

Ahmet’in babasi beyaz koyunu araba ile kdye getirdi.
a) Normal metin

<isim>Ahmet<isim><TamlayanEki>in<TamlayanEki><isim>

baba<isim><TamlananEki>si<TamlananEki><Sifat>beyaz<Si
fat><isim>koyun<isim><NesneEki>u<NesneEki><isim>arab
a<isim><DigerZarflar>ile<DigerZarflar><isim>kdy<isim><D

olayhiTimlegEki>e<DolayhTimlegEki><Yiiklem>getir<Yiikle
m><ZamanEki>di<ZamanEki>

b) Uygun S6z dizimsel metin

Sekil 4. S6z dizimsel analiz kullanarak etiketlenme 6rnegi.

Ozkaya and Diri (2011) makalesinde Sartli Rastgele
Alan (Conditional Random Field - CRF) (Wallach
2004)
adlandirilmis varlik tanima islemi gergeklestirilmis

yontemi  kullanilarak, kural tabanh
ve eposta metinlerindeki climlelerde adlandiriimis
varlik tanima Gzerine c¢alisiimistir. Siral veri, s6z

dizimsel analiz kullanilarak etiketlenmistir (Sekil 4).

Sartli Rastgele Alan algoritmasinda dizili kelimeleri

isaretlemek veya bolimlendirmek amaciyla
kullanilan, Maksimum Gizli Markov Modeli ve
Markov

gosteren bir olasilik ortaya cikar. Sarth Rastgele

Entropi Modelinin genel durumunu

Alanda Sekil 5'de gosterildigi gibi, y gibi belirli bir

isaret dizisinin x degeriyle sarth olasihgini
hesaplamak icin, yonsiz cizge modeli
kullanilmaktadir.

Y; Ya Ys ) )

X =Xy,...,. Xn-1,Xn

Sekil 5. y isaret dizisinin x degeriyle sarth olasiligini
hesaplamak i¢in yénsiz cizge modeli.

Ozkaya and Diri (2011) calismasinda veri seti,
akademik, kurumsal ve kisisel olmakla, toplam 150
mail metni ile calisiimistir. Onemli 6zelliklerin ortaya
konmasina yardimci olan unvanlarin, bazi 06zel
kelimelerin ve kisaltmalarin oldugu sozliiklere de
ihtiyac duyulmustur. O yizden, bu calismada 175
adet kisaltma listesi (ing., Fr., Tsk, Sok., Mah., TD, Sn,
AS., Ltd,, ...), 35 adet unvan listesi (Prof., Dr., Av.,
Gen,, ...), ve 32 adet 6zel kelimeler listesi (Sayin,
Hanim, Bey, Hocam, Universite, Bakanlk, Hastane,
Dag, Tepe, ...) kullanilmistir. Calismada e-posta
metinlerindeki kelime o6zelliklerini elde ederken 3
ana yapidan yararlanilmistir. Bunlar bashk bilgisi,
etiketlenebilen  6zellikler ve  kural tabanh
ozelliklerdir. Baslik bilgisi “From, To, Cc, Bcc, Send,

Sender, In-Reply-to, Reply-to, Forwarded by” gibi

baslik kaliplarindan sonra varlik adi gelecegi
dislintlerek, o kisimlardaki varlik isimleri
arastinlmistir.  Etiketlenen  oOzellikler kisminda

kelimenin biylik harf ile baslayip baslamamasi,
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icinde nokta, virgll gibi noktalama isareti icerip
icermemesi, cimlenin ilk kelimesi olup olmamasi,
kelimenin baslk bilgisinde olup olmamasi, kelime
unvan listesinde veya 6zel kelimeler listesinde yer
aliyor mu almiyor mu gibi filtreler ile oOzellikler
Ozelliklerde her
gelen
soy isimler

olusturulmustur. Kural tabanli

kelimeden o6nce ve sonra kelimeler

belirlenerek isimler, yakalanmaya
cahsiimistir. Daha sonra 1'li, 2li ve 3’li n-gramlara
bakilarak bazi son ekler belirlenmeye calisilmistir.
Ayrica kelime uzunluguna bakilarak da o kelimenin
kisaltma veya unvan adi olup olmayacaginin
tahmininde ise yarayacagl duastnldlmistir. Son
olarak da art arda gelen kelimelerde isim olarak
nitelendirilebilecek kelimenin hangisinin isim,
olabilecegi
calisiimistir. Bu g¢alismada (g farkh sinif (yer, kisi,

hangisinin soy isim belirlenmeye
kurum ismi) icin 50 farkli eposta taranmistir.

Adlandirilmis  varhk taninmasinda en basaril
sonuclar %87 ile kurumsal epostalar olmustur. En
distk dogru tanima orani ise %72 ile kisilerde
olmustur. Bu ¢alismada dogru tanimadaki en bilytk
isaretlerinin

etkenlerden, genellikle noktalama

dogru yerde kullanilmasi ve yazim yanhsi

yaptlmamasi oldugu vurgulanmistir.

Schiersch et al. (2020) calismasinda, sokak adlari,
durak adlari ve glizergah adlari gibi cografi varliklarla
ve standart adlandiriimis varlik tirleriyle aciklamal
Almanca veri seti olusturulmustur. Ayrica, kazalar,
trafik sikisikliklari, satin almalar ve grevler gibi trafik
ve endustri ile ilgili n-li (birbiri ile iliskili n adet varhk
adinin bulunmasi) iliskileri ve olaylari iceren bir dizi
15 agiklama eklenmistir. Veri seti genel olarak online
radyo istasyonlari, polis ve demiryolu
haber

mesajlari ve trafik raporlarindan olusturulmustur.

gazete,

sirketlerinden gelen metinleri, Twitter

Bu calisma, cografi wvarliklarin agiklanmasini
amacglayan hem adlandinlmis varhk tanima
algoritmalarinin  hem de n-li iliski c¢ikarma

sistemlerinin  egitimine ve degerlendiriimesine
olanak taniyan bir ¢alisma olmustur. Veri setini
olusturmak igcin Twitter Search API, uberMetrics
Search API, RSS Feeds gibi metin saglayici servisler
kullaniimistir. Sadece Almanca metinleri cekebilmek
“langid” kitluphanesi

icin Python ile vyazilmis

kullaniimistir. Adlandirilmis varlik tanima galismasi

icin Stanford Core NLP (Manning et al. 2014)

araclarindan  vyararlanilmistir.  Ayrica  varliklar
arasinda iliski ¢tkarimi yapmak icin DARE algoritmasi
kullanilmistir. DARE, serbest metinler tzerinde iliski
¢ikarimi igin minimal denetimli bir makine 6grenme
DARE

birbirine

sistemidir. algoritmasi,  tim iliski
baglayan

bagimlilik alt graflarini 6grenir (Krause et al. 2012).

argimanlarini minimum
Sari ve Aktas (2018) makalesinde ders icerigi olarak
hazirlanmis cografya ve tarih metinlerinin igerisinde
adlandiriimis varlik adi bulunmaya ¢ahisiimistir. Bu
¢alismada amag, girdi metinlerde varlk adlarini
belirleyerek terimler so6zligl olusturabilmekten
ibarettir. Olusturulan sistem, cimleler Uzerine
calisan ve kural tabanh bir sistemdir. Cumleleri
belirlemek i¢in dncelikle gereksiz bosluk, karakter ve
semboller cimle sonlarini

¢ikarilmig, sonra

belirlemek icin regex (regular expression)
kullanilmistir. Regex islemi sirasinda olusabilecek
hatalar icin Tirkce kisaltmalarin oldugu bir

sozlikten yararlaniimistir. Cimle sonlari
belirlendikten sonra birimlestirme (tokenize) islemi
yapilmistir.  Sozcikleri birimlestirmek icin her
sozcligin; buyidk harf icerip icermedigi, tamaminin
bliyik harften olusup olusmadigi, son karakterinin
icerip
(icerdigi sayilarin giin ay yil sayisi olmasi da

nokta olup olmamasi, sayi icermemesi
isaretlenmis), kesme isareti, virgiil, noktali virgdl,
parantez icermesi, ylizde icermesi dikkate alinmistir.

Yi et al. (2021) calismasinda FastText modelini
kullanarak sadece kelimelerin anlamlarini degil ayni
bilgilerini de  dikkate
LSTM  modeli
kullanilarak baglam akisi konusunda egitim yapilmis,

zamanda  morfoloji

almaktadirlar. Bunun vyaninda,
onceki calismalarda énerilen metodolojilerle tespit
edilemeyen kiifiirler tespit edilmistir. Onerilen
yontemle 40005 kdafurld ve 40254  kifiirsiz
cimleden 40126 cumle kifar, 40133 cumle kufir
degil olarak tahmin edilmistir. Siniflandirma
performans testi gostergelerine gére dogruluk orani
%96,15, geri cagirma orani %96,29 ve kesinlik %96
Onceki

dizenleme mesafesi (edit

olarak tespit edilmistir. bir ¢alismada

Onerilen distance)
algoritmasi ile bu c¢alismada Onerilen ydntem

arasindaki karsilastirmali analizin sonucu, onerilen
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yontemin daha dogru kuflr tespiti yapabildigini
dogrulamistir.

I3lenmig Metin

2 Kelime ya da Dakha 4z

S

Sezgisel Metin
Degerlendirmesi

3 Kelime ya da Daha Fazla

Caziimsel Metin
Degerlendirmesi

[0]Deseekdti | @ ¢ | wes | | tuks | | bekr | ¢
E Sezgisel v 'l Jr \L .
: Yaklagum I i
+ ¢ | MBLE Olasilik 1-UKB Olasalik I-BET (astlsk H
: i . Dhefieri Dreeri Degeri :
| dli Sezgisel | \L
v | Yaklagien Karar| @
femmemsmnmneaea st Hakem - LB |2
Ikeili Hakem
Kararn

Sekil 6. Turkge kifur tespit icin 6rnek model yapisi (Celik
ve Yildirim 2020).

and Mishra kafar
¢alismasinda,

(2019)
katkilar g

Ratadiya tespiti

gosterilen kisimda
siralanmistir. Cogu yaklasimda kullanilan tekrarlama
mekanizmasi tamamen atlanmasina ragmen iyi
sonuglar elde edilmistir. Tekrarlama olmadiginda
diziyle ilgili bilgileri saglamak icin konumsal kodlama
etkin  bir
birlestirme kullanarak padding’e ragmen bir dizide

sekilde kullanilmistir.  Son olarak,
bulunan maksimum bilginin etkili bir sekilde
tutuldugu gosterilmistir. Onerilen yéntemde, her
modelin tahminine ve modelin dogruluguna gore bir
agirhk atanmustir. Bireysel agirlik degeri 0 ile 1
arasindadir ve tim modellere atanan agirliklarin
toplami 1'e esit olmalidir. Tahminlerin agirliklarla
¢arpimlarinin toplami nihai tahmin olarak kabul
edilmektedir. Agirlikli ortalama tahminleri denklem
3’te gosterilmistir. P;, i'inci modelin tahminini ve W;
ise i'inci modele atanan katsaylyi gostermektedir.

AgrilikliOrtalamaTahmini = Y-, P;W; (3)

Celik ve Yildinm (2020) kiifur tespiti calismasinda, 3
fakh yapay zeka modelinin déndirdigi olasiliklara
bakarak, hakem modelin karar vermesi saglanmistir.
Sekil 6’da galismanin ana yapisi gosterilmektedir.

Celik ve Yidinm (2020) galismasinda, metin 6n
isleme asamasinda kelimeler kiigik harf yapilmis,
http benzeri baglantilar kaldirilmis, hatal kelimeler
dizenlenmis, dolgu kelimeleri yok edilmis, metnin
icerisinde gegen rakamlar silinmis, kelimelerdeki
yinelenen harfler yeniden dizeltilmis, kisaltma
olarak vyazilmis kelimeler vyeniden dizeltilmis,
noktalama isaretleri silinmis, tek harfli heceler ve
tim fazla olan bosluklar kaldirilmistir. Yazarlar
calismalarinin  sezgisel model kisminda Ratcliff-
Obershelp algoritmasi yardimiyla metin igerisindeki
kelimeler ile kifir listesi icerisindeki kelimelerin dizi
benzerligini (string similarity) bulmustur. Elde edilen
dizi benzerligi belirlenen esigi asarsa sozcuk kufir
olarak tanimlanmistir. Ayrica Java tabanh Tirkce
metin isleme  kitlphanesi olan Zemberek
kullanilarak kelimelerin sonuna farkli Tirkce ekler
getirilmis ve dizi benzerlikler o sekilde elde
edilmistir. Yapay zeka tabanli model kisminda ise 3
farkl model kullanilmistir. Bunlar: Naif Bayes tabanli
Lojistik Baglanim (NBLB), iki Yénli Uzun Kisa Sureli
Bellek (IUKB) ve iki Yénli Kapili Tekrarlayan Hiicre
(IBKT) modelleridir. Son kisimda ise lojistik tabanli
hakem bir model ile karar verilmektedir.

Twitter

Yilmaz vd. (2022)

platformundan elde

¢alismasinda
edilen  bir veri seti
olusturulmustur. Tirkce tweet metinlerden olusan
etiketleyiciler tarafindan el ile
LSTM ve GRU modellerinin
performanslari

bu veri seti,
etiketlenmis ve
siniflandirma karsilagtiriimistir.

Tirkce icin saldirgan dil konusunda c¢oklu
siniflandirmanin  yapildigi ilk ¢alismadir. Burada
Word2vec yontemi ile kelime temsilleri elde
edilmistir. Boylece genisletilmis korpus kullaniminin
katkisi

setinde

siniflandirma performanslarina

karsilastirilmistir.  Ayrica toplanan veri

genisletilmis derlem ve etiketli veri olmak tzere iki

farkh veri kullanilmistir.  Bu verilerin farki, ilkinin

gorece olarak daha fazla veriden olusmasi ve
digerinin ise etiketli olmasidir. Amag, algoritmalarin

calisma basarilarini ve performanslarini

karsilastirmaktir. ~ Siniflandirma  islemi ise (g

asamalidir.  Birinci asamada “saldirgan” ve

“saldirgan  degil” olarak ikili siniflandirma
yapilmistir. ikinci asamada saldirgan olan tweet

metni “hedefli” ve “hedefsiz” olarak ayrilimistir.
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“hedefli”,
olarak coklu

Boylelikle iki asamada sonucunda,

|”

“hedefsiz” ve “saldirgan degi
siniflandirma yapilmistir.  Uglincli asamada ise,
diger”
olarak ayrilmistir. Tim asamalar sonucunda ise

n u

hedefli olan tweet metni “birey”, “grup”,

“saldirgan degil”, “hedefsiz”, “birey”, “grup” ve
“diger” olarak ¢oklu siniflandirma yapilmistir (Yilmaz
vd. 2022).

3. Materyal ve Metot
3.1 NER Etiketleme Yontemleri

Adlandirilmis varlik tanima galismalarinda kullanan
pek cok etiketleme yontemi vardir. Bunlardan
bazilari part of speech (POS) (Schmid 1999), 10, 10B
(Ramshaw and Marcus 1995) ve 10B2 gibi pek ¢ok
etiketleme yontemi bulunmaktadir. POS yontemi
daha ¢ok kelimelerin climledeki gérevini anlamak
icin kullanitlir. 10, 10B ve I0B2 gibi etiketleme
yontemleri ise kelimeleri gruplandirmak veya
siniflandirmak i¢in kullanilmaktadir. Bu etiketleme
yontemi sayesinde hedef varlik adini ve diger

gruplari birbirinden ayirabiliriz.

3.1.1 Part of Speech (POS) Tagging

Adlandirilmis varlik tanimlama uygulamalarinda
kelimeleri daha iyi tanimlamak ve anlamak icin en
¢ok kullanilan yontemlerden bir tanesi de konusma
bolimlerini etiketlemedir (part of speech (POS)
tagging).
cimledeki her bir

Konusma bolimlerini etiketleme, bir

kelimenin, o kelimenin
konusmanin hangi kismi (6rnegin, isim, Fiil, Sifat,
vb.) oldugunu etiketlemek i¢in kullanilir. Bunu yapan
bir bilgisayar programi, bir metin alani girdisi
almakta, metni bir kelime listesine ayristirmakta ve
ardindan her bir kelime ile birlikte bu kelimenin
konusmanin hangi bolimu oldugunu iceren, ayni
boyutta bir liste dondiarmektedir. Konusma
boliimlerini etiketleme, hem insanlarin hem de
bilgisayarlarin ayni kelimenin farkli kullanimlarini
ayirt etmesine ve bir kelime hakkinda daha fazla
baglam vermesine olanak tanimaktadir. Ornegin,
“kaz” kelimesi “kaz gérdim” ciumlesinde fiil iken
“topragl kaziyorum” climlesinde isimdir. Konusma
bolimlerini  etiketlemenin  tim  uygulamalari,
Gzerinde egitim almak icin etiketlenmis bir bltinluk
bitlinlik, ¢ogu

gerektirir. Bu kelimenin net

oldugunu, yani kelimenin herhangi bir kullaniminda
ayni etikete sahip oldugunu gosterir. Bir 6rnek
olarak "glizel" kelimesinin her zaman bir sifat olmasi
olabilir.

3.1.2 IOB Tagging
IOB formati, (i¢, dis,
hesaplamali dilbilimde bir yiginlama goérevinde

baslangic  kisaltmasi),

belirtecleri etiketlemek icin yaygin bir etiketleme
bicimidir (Collobert et al. 2011). Bu yontem ilk defa,
(1995)
sunulmustur. Bir etiketin dnlindeki “B”, etiketin bir

Ramshaw and  Marcus tarafindan
yiginin baslangicinda oldugunu gosterir. Bir “0O”
etiketi, bir belirtecin higbir pargaya ait olmadigini

IIIII

gosterir. Bir etiketten onceki oneki, etiketin,
aralarinda “O” etiketleri olmayan diger bir parcayi
hemen takip eden bir yiginin iginde oldugunu
belirtir. “O” etiketinden sonra bir yigin geldiginde,
yiginin ilk simgesi “B” 6nekini alir. Ornek olarak Sekil
7'de, 10B ve baska bir etiketleme yapisi olan 10
(icinde-disinda) etiketleme vyapilari gosterilmistir.
Yaygin olarak kullanilan diger bir benzer bicim, her
yiginin basinda B etiketinin kullaniimasi disinda IOB
bicimiyle ayni olan I0B2 big¢imidir (yani, tim pargalar
B etiketi ile baslar).

10 Kodlama 10B Kodlama

Mehmet PER B-PER

Edvard PER B-PER

Munch PER [-PER
‘un 0 0
resmini O 8]

Ahmet PER B-PER
‘e O 8]
gosterdi 0 0

Sekil 7. 10B etiketleme 6rnegi.

Calismamizda IOB etiketleme yontemi kullaniimistir.
POS etiketleme yontemi cimlenin o&gelerinin
anlasiilmasi gereken durumlarda kullanilmaktadir.
Kufirlerin climlenin hangi 6gesi olacagl degisiklik
gosterecegi icin bu yontem tercih edilmemistir. Tek
basina kifir olan bir kelimenin B ile etiketlenmesi
halinde

faydasi olacagi diisiintldiigiinden, bu calismada IOB

kelimelerin baslangiglarini  yakalamaya

yontemi kullaniimistir.
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3.2 LSTM (Long Short Term Memory)

LSTM, yinelenen sinir aginin (RNN) bir alt dahdir.
LSTM genellikle sirali veya zamana bagh olarak
degisen dinamik yapilari tahmin etmek icin kullanihr.
Klasik sinir aglarindaki tim veri girisleri ve bu
girdilere bagh olusan sonuglar diger giris ve
¢ikislardan ayri veya kopuk olarak olusmaktadirlar.
Bununla birlikte genellikle, dogal dil isleme konusu
gibi siral bilgi iceren yapilarda klasik sinir aglari pek
iyi sonuglar ortaya koyamamaktadir. Boyle bir
durumda devreye yinelenen sinir aglari (RNN)
girmekte ve eldeki dizinin her bir elemani icin ayni
dikkate alarak
gerceklestirmektedir. Bu sayede dizili durumdaki
girdilerin butin siralama yapisi veya baska bir

isi, onceki sonuglari

deyisle semasi muhafaza edilmis olur. Yinelenen
sinir aglarindaki tim giktilar kendinden 6nceki
elemanlarin ¢iktilarina bagl olarak degismekte veya
meydana gelmektedir. Fakat kelimeler arasi mesafe
arttikga RNN’in 6nceki verileri kullanmasi zorlasir.

W—()—> tann hy = tanh (Wi hy 1 + Wopzy)

I (%)
T t = tanh (I'i' (h‘:l))
X

t

Sekil 8. Yinelenebilir Sinir Ag1 (RNN) yapisi.

ht ——* stack

1

Output Sequence

® ® ©O
,—444%M_@_Jﬁ( T%D
‘? é Cell
' |
(3) ® &

Input Sequence

Neural Network

0 0 — > < |[d

Sigmoid layer

Sekil 9. Uzun Kisa Vadeli Hafiza Aglari (Long Short Term
Memory-LSTM) yapisi.

Sekil 8’de, X; girdi, h(t-1) bir 6nceki adimda Uretilen
gizli durum (hidden state), W agirlik matrisi ve tanh
ise agriik fonksiyonunu olusturmaktadir. RNN
yapisi, “kayip gradyan” (vanishing gradient) ve
“tasan gradyan” (exploding graident) problemleri
ylzinden, yani olusan cikti degerinin cok kiiclk veya
¢ok blylik ¢ikmasi yliziinden, glinlimiizde ¢ok tercih
edilmemektedir. RNN’in bir alt yapisi olan LSTM
(Long Short

Term Memory) ise sagladigi

avantajlardan 6tiri daha ¢ok kullaniimaktadir (Sekil
9).
oklar

Sekil 9’da Uzere,

vektorlerin bir araya gelmesini, oklarin ayrilmasi ise

gorllecegi birlesen

kopyalanarak iki vektorin meydana gelmesini
gostermektedir. Ayrica, LSTM vyapisinda duruma
gore birden farkh aktivasyon fonksiyonu da

kullanilabilmektedir. Bunlara ek olarak hicre
durumu (cell state), LSTM icin cok 6nemli bir
elemandir. Hicre durumu, bir hiicreden diger
gegisini
gerceklestirmektedir.  Ayrica, hiicre durumu
edebilmektedir. LSTM

kendini glincel tutmak icin bazi gecitlere sahiptir.

hicreye veri diizglin  bir bicimde

glincellenerek optimize

Bunlar, unutma kapisi (forget gate), girdi kapisi
(input gate) ve cikti kapisi (output gate) kapilaridir.

fe = o(Wy.[he—q,x.] + by) (4)
i, = oWy [he_y, x¢] + by) (5)
C, = tanh(W,. [he—1, x¢] + b.) (6)
Ce=fr*Co_q +ip* Cy (7)

Unutma kapisi, kendisine gelen verilerin hangisini
unutacagina sigmoid fonksiyonu ile denklemde
gosterildigi gibi karar verir. Cikan degerler 0’a
yakinsa, unutmaya yakin davranir. Degerler 1'e
yakinsa, hi¢ degisiklik yapmaz ya da yakinlik oranina
uygun olarak az degistirir. Girdi kapisi, genellikle
hangi bilgilerin sonradan kullanilacagina karar verir.
Sigmoid fonksiyonu sayesinde Girdi kapisi hangi
degerlerin kullanilmasi gerektigine (5) numaral
fonksiyonu kullanarak karar verir. (6) numarali tanh
fonksiyonunda ise hiicre durumu tzerine eklenmeye
aday olan verilerden bir vektér olusturulur.
Sonrasinda, bu olusan iki vektor birlestirilerek Hiicre
durum vektori tzerine eklenir. Daha sonra da Girdi
ve Unutma kapilarindan gelen bilgiler kullanilarak
(7) numaral denklemde gosterildigi gibi hicre
durumu glincellenir. Hiicre durumuna gore de her

seferinde (8) ve (9) denklemleri ile ¢ikti vektori

giincellenir:
0; = o(W,. [he—q, x¢] + bo) (8)
hs = oy * tanh(C;) (9)
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Ayrica LSTM’de geri besleme (backpropagation)
yapilirken de RNN’in aksine, her seferinde ayni W
agirhk matrisi ile carpiimak yerine, her adimda farkl
bir unutma kapisi ile garpildig icin gradyan kaybi
veya tasmasi sorunundan da kurtulmus olunur.

3.3 Bi-LSTM

Bi-LSTM (Bidirectional Long Short Term Memory)
modelinde, tek bir model egitilmek yerine iki model
egitilmektedir. ilk model saglanan girdinin sirasini
Ogrenir ve ikinci model bu siranin tersini 6grenir.
oldugundan dolayi,
mekanizma olusturulmasi

Egitilmis iki model ikisini

birlestirmek icin bir
gerekiyor. Bu adim genellikle birlestirme adimi

olarak adlandirilr.

3.4 BERT

BERT (Bidirectional Encoder Representations from

Transformers), transformatorlerden c¢ift yonli

enkoder temsilleri anlamina gelir ve Google
tarafindan gelistirilmis bir dil gésterimi modelidir
(Devlin et al. 2018). BERT modeli, dogal dil ¢ikarimi
ve yorumlama gibi ciimle seviyesindeki goérevleri,
bunlar bitinsel olarak analiz ederek, belirteglerin
tanimlanmasi ve soru cevaplamasi gibi belirteg
diizeyinde gorevleri, modellerin ince taneli (fine-
grained) cikti Gretmesi icin gerekli oldugu belirteg

seviyesi gorevleri gerceklestirebilir.

BERT modeli, temelde maskelenmis dil modeli
mantigini kullanir. Maskelenmis dil modelinde,
rastgele bazi belirtecler giristen maskelidir ve amacg,
sadece baglamsal, yani icerik olarak, maskeli
kelimenin orijinal kelime kimligini tahmin etmektir.
Ornegin, Tirkce’de ki “yaz” kelimesi hem fiil hem de
isim anlamina gelebilmektedir. Model, buradaki
ayrimi yaparak “yaz” kelimesinin anlamina gore bir
vektoér ortaya cikarmaktadir. Yani kelime mevsim
olan “yaz” ise ayri, fiil olan “yaz” kelimesi ise ayri bir
vektér olusturmaktadir. Ayrica, sagdan sola dil
modelinin aksine BERT modeli, hedef kelimenin hem
sagindan hem solundan 6rnekleri birlestirerek gift
yonli derin donustirtcllerin (bidirectional deep
transformers) egitimine izin verir. Bunlara ek olarak,
BERT modeli bir sonraki climle tahmini igin de
kullanilabilmektedir.

BERT, 6n egitimli modellerin géreve 6zgli mimariye
olan ihtiyaci azalttigini gostermektedir. BERT, ¢ok
gorevli mimarinin daha iyi performans gosteren,
hem blylk bir cimle diizeyi ve hem de belirteg
seviyesi gorevleri lizerine son teknoloji performansi
elde eden ilk ince ayar (fine-tuning) temelli gésterim
modelidir.

NSP  MaskLM MEiLM INLI MER /SQuAD

£3

&%
G0 e G I

-
G- Cl=l)- [
BERT
E-I=]- [EllE=l=]- [E]

BERT
EIe]- [EIEIE]- [E]

BR- HEER- G

Masked Sentence A

EE ER 6

Masked Sentence 8 Quastion Paragraph

Unlabeled Sentence A and B Pair Question Answer Pair

Pre-training Fine-Tuning

Sekil 10. BERT icin genel 6n egitim ve ince ayar
proseddrleri (Devlin et al. 2018).

Sekil 10’da BERT icin genel 6n-egitim ve ince ayar
prosedirleri gosterilmektedir. Cikti katmanlarinin
yani sira, ayni mimariler hem egitim dncesi hem de
ince ayarlarda kullaniimaktadir. Onceden egitilmis
model parametreleri, farkli asagi akis gorevleri igin
modelleri baslatmak amaciyla da kullanilir. ince
ayarlama sirasinda, tim parametreler ince
ayarlanmaktadir. Sekilde, [CLS], her giris 6rneginin
onune eklenen 6zel bir semboldir ve [SEP], 6zel bir

ayirici belirtegtir (6rnegin, sorulari / cevaplari ayirir).

4. Bulgular

4.1. Veri Seti ve On islemler

Bu calismada, derin 6grenme tabanli Bi-LSTM ve
BERT modelleri kullanarak Tirkce tweet metinleri
Gzerinde kufar, hakaret veya asagilayici kelime
tespitine ¢ahsilmistir. Calismada kullandigimiz veri
seti Github Uzerinden duygu durumu analizi ile
alakali  bir calismadan alinmistir (1-internet
kaynaklari). Bu veri seti, Twitter’dan alinmig Tiirkce
tweetlerden olusmaktadir. Veri seti aslinda climlede
duygu analizi gerceklestirmek i¢in olusturulmus bir
veri setidir. Ancak icerisinde Tiirk¢ce hakaret ve kifiir
iceren tweetler bulundugu icin amaca uygun olarak
etiketleme yapilmis ve kifir tespitine ¢alisiimistir.
Veri setinde toplamda 15110 ctimle bulunmaktadir.
Cizelge 3’te, veri setindeki birka¢ 6rnek cimle
Climle igerisinde kifarli

verilmistir. gecgen

kelimeleri tespit etmek amaciyla kelimeler 10B
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tagging yontemine gore etiketlenmistir (Cizelge 4).
Ayrica, cimleler icerisindeki kelimeleri etiketlemek
icin kullanilan kifurli kelimelere internet kaynaklari
boélimiinden ulasilabilir (2- internet kaynaklari).

Cizelge 3. Veriden alinmig 6rnek tweetler.

Serefsizlik, sozde sanatgilarin vazgecemedigi bir degerdir
Kendisi de bilmiyordur ¢iinki beyinsiz

En uzun yolculuklar bile, tek bir adimla baslar. Gelecegin
mimarlari genglerimiz igin atilan ilk adimlari var glicimiizle
desteklemeye devam ediyoruz.

Merhaba, konuyla ilgili yardimci olmak isteriz. irtibat
numaranizi direkt mesaj olarak bize iletir misiniz?

Cok gtizel bir galisma olduguna inaniyoruz. Yazimizda iki
boélimiin de avantaj ve dezavantajlarini degerlendirmeye
calistik. Unutmayiniz, bu bir tstiinliik konusu degil. isimiz
ve amacimiz bilim.

Cizelge 4: Etiketlenmis 6rnek ciimle.

Kelime Etiket
serefsizlik B-Profanity
sozde o
sanatgilarin o]
vazgecemedigi O

bir (0]

degerdir O

Veri 6n hazirlik asamasinda asagidaki islemler
yapilmistir:
e Climle icerisindeki tim noktalama isaretleri
kaldiriimustir,
e Tim harfler kiigiik hale getirilmistir,
e “@” isareti ile baslayan ve twitterda Kkisi

etiketleme i¢in kullanilan bahsetmeler
kaldiriimistir.
Veri etiketleme asamasinda asagidaki islemler
yapilmistir:
e On hazirhktan gecgen kelimeler
tokenlestirilerek ayri  tokenler haline

getirilmistir.

e Her token ve sonrasinda gelen kelime bir
kiflr veya hakaret iceren séze esit mi diye
kontrol edilerek eldeki kiflr sozliigiyle
tokenler eslenmistir. Etiketleme islemi 10B
etiketleme sistemine gore
gerceklestirilmistir.

o Etiketlenmeyen veya sozliikte bulunmayan
kelimeler manuel olarak kontrol edilmis ve

eslenme saglanmistir.

4.2 Model Mimarisi

Calismamizda BILSTM Model Mimarisi kullanilmistir.
Model mimarisi olusturulurken tim climleler en
boyda
donisturidlmustir. Vektor boylarini esitlemek igin

uzun cimle ile ayni vektorlere
vektorler sifir ile doldurulmustur. Cimle icerisindeki

kelimeler vektorlestirilirken kategorik
vektorlestirme uygulanmistir. Her benzersiz sézciik
essiz bir tek sayi ile temsil edilmistir. Olusturulan
climle vektorleri modellerin giris katmanina en uzun
climlenin boyu kadar, yani 68 sayi ile verilmistir.
Girdi katmanindan sonra ezberlemeyi engellemek
icin ylizde 10’luk bir birakma (dropout) katmani ilave

edilmistir.

BiLSTM modeli hafiza yapisina sahip oldugu icin
ezberlemeyi dnlemek amaciyla sinir agi katmanina
%20 tekrarlayan birakma (recurrent dropout)
Cift  Yonlu

sonra da

eklenmistir. beslemeli sinir agl

katmanindan birlestirme katmani
eklenmistir. ileri ve geri yondeki sinir aglari 150 adet
nérondan olusturulmustur. Bu sayede birlestirme
katmani tek yonli katmanlarin iki katina, 300 adet
nérona cikarilmistir. Daha sonra cikti katmanina
softmax aktivasyon fonksiyonu eklenmistir. Bu
katman ise 68 satir 3 situndan olusan tahmin

vektorini dondirmektedir (Sekil 11).

Ciimle Vektoril
(68,68)

0 Geri Besleme Katmam
(None, 68, 150)
Girdi Katmam Tekrarlayan Birakma
(None, 68, 68) 8,20 — Softmax
Birlestirme Katmam e cypy Katmam
i fleri Besleme Katmam (None, 68, 300) (Nane, 68, 3)
N (None, 68, 130}
Dropout Katmant
%10 Tekrarlayan Birakma
—— %20

Sekil 11. BILSTM Model Mimarisi

BiLSTM modelinde aktivasyon fonksiyonu olarak

softmax  kullanilmistir.  Yinelemeli aktivasyon
fonksiyonu olarak ise sigmoid fonksiyonu tercih
edilmistir. Sigmoid fonksiyonu donis degerleri O ile
1 araliginda oldugundan c¢ikti katmani hizli bir

sekilde yakinsamayi saglamistir. 10 ve 11 numaral

fonksiyonlarda sirasiyla sigmoid ve softmax
fonksiyonlari verilmistir.
1
fG) = —= (10)
et (11)
O-(Z)l - 25_(:1 ezj
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4.3. Degerlendirme metrikleri

Bu calismadaki farkhhklardan biri, cimleyi bir bitiin
olarak ele alip tiim clmleyi hakaret igeriyor veya
icermiyor diye degerlendirmek vyerine, climleyi
tokenlestirerek her kelimenin hakaret olup olmama
olasihgi belirlenmeye ¢alisiimistir. Modelin sonunda
elde edilen, hakaret iceren kelimeler sansirlenmis,
climlenin geri kalani ise oldugu gibi gosterilmistir.
Degerlendirme Olglsi olarak dogru pozitif (True
Positive-TP), dogru negatif (True Negative-TN),
yanlis pozitif (False Positive-FP), yanlis negatif (False
Negative-FN) degerleri baz alinmistir (Cizelge 5).

Cizelge 5. Karisiklik Matrisi (Confusion Matrix).

° sentence = "Bugiin ne kadar gizel bir gin!"
censored = censor_sentence(sentence)
print{censcred)

C oo I ¢/ 50000000, 5 25|
Runring Prediction: 100% [N /1 [00:00<00:00, 8.08it/s]

Bugiin ne kadar gizel bir gilin!

Sekil 13. Normal bir cimle ve model tahmin ¢iktisi.

Cizelge 6 ve 7’'de, Bi-LSTM ve BERT modellerinin
Bi-LSTM modeli
hem egitimde hem de test asamasinda %99‘a yakin

calisma sonugclari gosterilmistir.

dogruluk orani (accuracy) sergilemistir. BERT modeli
ise egitim asamasinda %99 civarinda dogruluk orani
gosterirken, test dogruluk orani %95 civarinda
BERT modeli
basarisina

Ozelinde test
gore

gozlemlenmektedir.

basarisinin  egitim dusis

Actually Positive

Actually Negative

nedenlerinden birisi, egitim yapilirken secilen epoch

Predicted Positive True Positives (TP)

False Negatives (FN)

False Positive (FP)
Predicted Negative

True Negatives (TN)

sayisinin azhgl olarak dislnilmektedir. Ayrica iki

modeli egitim sireleri acisindan karsilastirmak

Modellerin keskinlik (precision), hassasiyet (recall)
ve Fl-skor olcimleri, TP, TN, FP ve FN degerleri
kullanilarak asagidaki sekilde hesaplanmistir:

Kesinlik = —=~ (12)
TP+FP
, TP
Hassasiyet = e (13)
F1 — 74 KesinlikxHassasiyet (14)

Kesinlik+Hassasiyet

5. Tartigma ve Sonug

Kullanilan modellerin egitimi, Google Colab Gzerinde
saglanan GPU (Graphical Processor Unit) Tesla K80
isimli sanal makine ile gergeklestirilmistir. Sanal
makine, 33 MB CPU (Central Processing Unit) ve 1.4
GB GPU’ya sahiptir. Egitim ve test setleri %80’e %20
olacak sekilde ayarlanmistir. Sekil 12 ve 13’te, 6rnek
model ¢iktilari gosterilmistir. Egitilmis modele
verilen cimleler 6nce tokenlestirilmis, sonra da
modelin tahminleme yapmasi saglanmis ve yapilan
tahminlere gore sanslrlenmis climle sekline
donduarilmustir.

Q centence - “gerizekali bunlar ne bigim insan anlamadim ya”
censored = censor_sentence(sentence)
print (censored)

1o | /1 (00:00<00.00, 12 36its)
Funning Prediction: 100% [ /1 [00:00<00:00, 7.91it/s]

g** bunlar ne bigim insan anlamadim ya

Sekil 12. Hakaret iceren climle ve sanslirlenmis model
tahmin giktisi.

gerekirse; Bi-LSTM modeli her adimi 840 milisaniye
civarinda gercgeklestirirken, BERT modeli her adimi
2,2 Bi-LSTM
modelinin yaklasik olarak 3 kat daha hizli oldugu

saniye civarinda tamamlamistir.
gorilmektedir.

Cizelge 6. Bi-LSTM modelinin ¢alisma performansi.

Loss Accuracy F1-Score Precision Recall
LSTM
Train  0.0010 0.9997 0.9997 0.9997 0.9996
Test 0.0036 0.9992 0.9992 0.9992 0.9992

Cizelge 7. BERT modelinin ¢alisma performansi.

BERT Loss Accuracy i Precision Recall
Train 0.0026 0.988 0.9884 0.9876 0.9893
Test 0.0316  0.952 0.9336  0.9223 0.9453

Sonu¢ olarak, bu c¢alismada Tirkce tweetler
kullanilarak hakaret veya kifir iceren kelime ve
kelime 6beklerinin tespiti problemi ele alinmistir. Bu
probleme, NER problemi olarak yaklasiimistir ve
¢6zUmu icin derin 6grenme tabanli Bi-LSTM ve BERT
modelleri kullaniimistir. Modellerin karsilastirmal
sonuglari analiz edilmistir. Bi-LSTM modeli hem
egitimde hem de test asamasinda %99‘a yakin
dogruluk orani sergilemistir. BERT modeli ise egitim
asamasinda %99 civarinda basari gosterirken, test
basarisinin %95 civarinda oldugu gozlemlenmistir.
Calisma hizi agisindan, Bi-LSTM modelinin BERT

85



Adlandirilmis Varlik Tanima Modelleri ile Tiirk¢e Sosyal Medya Metinlerinde Kiifiirlii S6zlerin Sansiirlenmesi, Nasiboglu ve Gencer

modelinden yaklasik olarak 3 kat daha hizli oldugu
gorulmustir.

Galismada kullanilan veri seti, genel olarak sosyal
medya mesajlarindan olusmaktadir. Yapilan calisma,
incelenen literatlire gore, Tirkce’de makine
0grenmesi temelli yontemlerle yapilan ilk kelime
bazli kifir tespiti ¢alismasidir. Genel itibariyle
calismalar siber zorbalik tespiti lzerine ve cimle
Celik and Yildinm, (2020)

¢alismasinda oldugu gibi, literatiirdeki ¢alismalar

bazli galigmalardir.

climle icerisinde ktfirlu bir so6ziin gecip gegmedigini
tespit etme lzerine kuruludur.

Yapilan bu galismada, Tirkce'de kelime bazh bir
kiflr tespit yontemi derin 68renme yontemleri ile
birlikte uygulanmistir ve basarili sonuglar elde
edilmistir. Bu sayede sosyal medya ve benzeri
platformlarda zaman gegiren kisilerin direkt olarak
ofansif  sozlere kalmadan

maruz iceriklere

ulasabilmesi mimkindir. Ayrica listeye dayali
yontemlerde oldugunun aksine, liste disi olan veya
Obekleri de sekilde

kisaltilmis  soz basarili

yakalanmistir.

Bu calisma farkli uygulama alanlari, yani dergi, kitap
veya gazete gibi diger basin kuruluslarindan veri
alarak daha genel metinlerde istenmeyen kelimeleri
sansirleme amacgl gelistirilebilir. Ayrica, ileri
cahismalar olarak, kullanilan metnin yaninda diger ek
Ozelliklerinin de dikkate alinarak daha yiksek
gelistirilmesi

performansl algoritmalarin

disiandlebilir.

6. Kaynaklar

Bowden, K. K., Wu, J., Oraby, S., Misra, A., and Walker,
M., 2018. SlugNERDS: A named entity recognition tool
for open domain dialogue systems. arXiv preprint
arXiv:1805.03784.

Celik, A. and Yidirnm, B., 2020. Turkish profanity
detection enhanced by artificial intelligence. 28th
Signal Processing and Communications Applications
Conference (SIU), 1-4. |EEE.

Deepak, G., Teja, V., and Santhanavijayan, A., 2020. A
novel firefly driven scheme for resume parsing and

matching based on entity linking paradigm. Journal of
Discrete Mathematical Sciences and

Cryptography, 23(1), 157-165.

Devlin, J., Chang, M. W.,, Lee, K., and Toutanova, K., 2018.
Bert: Pre-training of deep bidirectional transformers
for language
arXiv:1810.04805.

understanding. arXiv preprint

Grishman, R., 1995. The NYU System for MUC-6 or
Where's the Syntax?, New York Univ, Ny, Dept. Of
Computer Science.

Guo, J., Xu, G., Cheng, X., and Li, H., 2009. Named entity
recognition in query. In Proceedings of the 32nd
international ACM SIGIR conference on Research and
development in information retrieval, 267-274.

Giines, A., and Tantug, A. C., 2018. Turkish named entity
recognition with deep learning. In 2018 26th Signal
Processing and  Communications
Conference (SIU), 1-4. |EEE.

Applications

Han, J., Sun, A., Cong, G., Zhao, W. X,, Ji, Z., and Phan, M.
C., 2017. Linking fine-grained locations in user
comments. IEEE Transactions on Knowledge and Data
Engineering, 30(1), 59-72.

Hochreiter, S., and Schmidhuber, J., 1997. Long short-
term memory. Neural computation, 9(8), 1735-1780.

Krause, S., Li, H., Uszkoreit, H., and Xu, F., 2012. Large-
scale learning of relation-extraction rules with distant
supervision from the web. In International Semantic
Web Conference, 263-278,
Heidelberg.

Springer, Berlin,

Krupka, G., 1995. SRA: Description of the SRA system as
used for MUC-6. In Sixth Message Understanding
Conference (MUC-6): Proceedings of a Conference
Held in Columbia, Maryland, November 6-8, 1995.

Laboreiro, G., and Oliveira, E., 2014. What we can learn
from looking at profanity. In International Conference
on Computational Processing of the Portuguese
Language, 108-113, Springer, Cham.

Lafferty J., McCallum A., Pereira F., et al.,, 2001.
Conditional random fields: Probabilistic models for
segmenting and

labeling sequence data. In

Proceedings of the eighteenth international

conference on machine learning, ICML, 1, 282—-289.

86



Adlandirilmis Varlik Tanima Modelleri ile Tiirk¢e Sosyal Medya Metinlerinde Kiifiirlii S6zlerin Sansiirlenmesi, Nasiboglu ve Gencer

LeCun, Y., Boser, B. E., Denker, J. S., Henderson, D.,

Howard, R. E., Hubbard, W. E., and Jackel, L. D., 1990.
back-
in neural

Handwritten digit recognition with a
propagation

information processing systems, 396-404.

network. In Advances

LeCun, Y., Bottou, L., Bengio, Y., and Haffner, P., 1998.
Gradient-based learning applied to document
recognition. Proceedings of the IEEE, 86(11), 2278-
2324,

Lee, H. S, Lee, H. R,, Park, J. U,, and Han, Y. S., 2018. An
abusive text detection system based on enhanced
abusive and non-abusive word lists. Decision Support
Systems, 113, 22-31.

Luo, F., Xiao, H., and Chang, W., 2011. Product named
entity recognition using conditional random fields.
In 2011 Fourth international conference on business
intelligence and financial engineering, 86-89. IEEE.

Manning, C. D., Surdeanu, M., Bauer, J., Finkel, J. R,
Bethard, S., and McClosky, D., 2014. The Stanford
CoreNLP natural language processing toolkit. In
Proceedings of 52nd annual meeting of the
association for computational linguistics: system
demonstrations, 55-60.

Meng, X., Wei, F., Liu, X., Zhou, M., Li, S., and Wang, H.,
2012.
summarization in twitter. In Proceedings of the 18th

Entity-centric topic-oriented opinion
ACM SIGKDD international conference on Knowledge

discovery and data mining, 379-387.

Mikolov T., Chen K., Corrado G., and Dean J., 2013.
Efficient estimation of word representations in vector
space, arXiv preprint arXiv:1301.3781.

Mikolov T., Sutskever I., Chen K., Corrado G.S., and Dean
J., 2013. Distributed representations of words and
phrases and their compositionality. In Advances in
neural information processing systems, 3111-3119.

Nasiboglu R. and Gencer M., 2021. Comparison of Spacy
And Stanford Libraries' Pre-Trained Deep Learning
Models for Named Entity Recognition, Journal of
Modern Technology and Engineering, 6(2), 104-111.

Ozkaya, S., and Diri, B. 2011. Named entity recognition by
conditional random fields from Turkish informal texts.
In2011 |EEE  19th

Signal  Processing  and

Communications Applications Conference (SIU), 662-
665). IEEE.

Pawar, S., Srivastava, R., and Palshikar, G. K., 2012.

Automatic gazette creation for named entity
recognition and application to resume processing.
In Proceedings of the 5th ACM COMPUTE Conference:

Intelligent & scalable system technologies, 1-7.

Pradhan S., Moschitti A., Xue N., Ng H.T., Bjérkelund A.,
Uryupina O., Zhang Y., and Zhong Z., 2013. Towards
robust linguistic analysis using ontonotes. In CoNLL,
143-152.

Ramshaw, L., and Marcus, M. P., 1995. Text Chunking
Learn. ACL Third
Workshop on Very Large Corpora, June 1995, 82-94.

Using Transformation-Based

Ratadiya, P., and Mishra, D., 2019. An attention ensemble
based approach for multilabel profanity detection. In
2019 International Conference on Data Mining
Workshops (ICDMW), 544-550. IEEE.

Rau L.F., 1991. Extracting company names from text, In
Proceedings of Seventh IEEE Conference on Artificial
Intelligence Applications, 1, 29-32: |EEE.

Sang E. F. and Veenstra J.,, 1999. Representing text

chunks, In Proceedings of the ninth conference on
chapter of the
Computational Linguistics, 173-179. Association for

European Association  for

Computational Linguistics.

Sari, O. C., ve Aktas, 0., 2018. Tiirkce Ders Metinleri icin
Ozellestirilmis Bir Varlik ismi Tanima Yapisi. Tiirkiye
Bilisim Vakfi Bilgisayar Bilimleri ve Mliihendisligi
Dergisi, 11(2), 52-68.

Schiersch, M., Mironova, V., Schmitt, M., Thomas, P.,
Gabryszak, A., and Hennig, L., 2020. A german corpus
for fine-grained named entity recognition and
relation extraction of traffic and industry events. arXiv
preprint arXiv:2004.03283.

Schmid, H., 1999. Improvements in part-of-speech
tagging with an application to German. In Natural
language processing using very large corpora, 13-25.
Springer, Dordrecht.

Shen, Y., Yun, H., Lipton, Z. C., Kronrod, Y., and
Anandkumar, A., 2017. Deep active learning for

87



Adlandirilmis Varlik Tanima Modelleri ile Tiirk¢e Sosyal Medya Metinlerinde Kiifiirlii S6zlerin Sansiirlenmesi, Nasiboglu ve Gencer

named entity arXiv  preprint

arXiv:1707.05928.

recognition.

Siencnik, S. K., 2015. Adapting word2vec to named entity
In Proceedings of the 20th Nordic
Conference of Computational Linguistics (NODALIDA
2015), 239-243.

recognition.

Sood, S. O., Antin, J.,, and Churchill, E., 2012. Using
crowdsourcing to improve profanity detection.
In 2012 AAAI Spring Symposium Series, 69-74.

Sood, S., Antin, J., and Churchill, E., 2012. Profanity use in
online communities. In Proceedings of the SIGCHI
conference on human factors in
systems, 1481-1490.

computing

Subramaniam, L. V., Faruquie, T. A,, Ikbal, S., Godbole, S.,
and Mohania, M. K., 2009. Business intelligence from
voice of customer. In 2009 IEEE 25th International
Conference on Data Engineering, 1391-1402). |IEEE.

Su, H. P,, Huang, Z. J.,, Chang, H. T., and Lin, C. J., 2017.
Rephrasing profanity in chinese text. In Proceedings
of the First Workshop on Abusive Language
Online, 18-24.

Teh, P.L.,, and Cheng, C.B., 2020. Profanity and hate

speech  detection. International  Journal  of
Information and Management Sciences, 31(3), 227-

246.

Sang E.F. and Meulder F., 2003. Introduction to the conll-
2003 shared task: Language independent named
entity recognition. In Proceedings of CoNLL-2003,
Edmonton, Canada, 4, 142-145. Association for
Computational Linguistics.

Wallach, H.M., 2004. Conditional Random Fields: An
Introduction, University of Pennsylvania CIS Technical
Report.

Yilmaz, S.5., Ozer, i, ve Gokcen, H., 2022. Twitter
Platformundan Elde Edilen Tirkce Saldirgan Dil
Derlemi. Miihendislik Bilimleri
Dergisi, 4(2), 304-316.

ve Arastirmalari

Yi, M., Lim, M., Ko, H., and Shin, J., 2021. Method of
profanity detection using word embedding and LSTM.
Mobile Information Systems, Article ID: 6654029,
https://doi.org/10.1155/2021/6654029

internet kaynaklari

1-https://github.com/ezgisubasi/turkish-tweets-
sentiment-analysis/tree/main/data, (10.05.2022)

2-https://github.com/d35k/Turkish-Swear-
Words/blob/master/swears.txt, (10.05.2022)

88



Afyon Kocatepe Universitesi Fen ve Miihendislik Bilimleri Dergisi

Afyon Kocatepe University Journal of Science and Engineering

AKU FEMUBID 23 (2023) 015102 (89-100) AKU J. Sci. Eng. 23 (2023) 015102 (89-100)
DOI: 10.35414/akufemubid.1152432
Arastirma Makalesi / Research Article

Derin Ogrenme ile Gogiis Réntgeni Goriintiilerinden COVID-19 ve Viral
Pnomoni Tespiti

Pinar TUFEKCi*!, Burak GEZICi?
L2 Tekirdad Namik Kemal Universitesi, Corlu Miihendislik Fakiiltesi, Bilgisayar Miihendisligi Béliimii, 59860, Tekirdad,
Tlirkiye.

Sorumlu yazar e-posta ":ptufekci@nku.edu.tr ORCID ID: https://orcid.org/0000-0003-4842-2635
e-posta 2:burakgezici333@gmail.com  ORCID ID: https://orcid.org/0000-0001-8976-0185
Gelis Tarihi: 02.08.2022 Kabul Tarihi: 18.01.2023
0z
GiUnlmiiz sartlarinda her ne kadar pandemi etkilerini kaybetmis ve bitme siirecinde olsa da, COVID-19

halen etkilerini insanlar Gzerinde hafif olarak gostermektedir. Yapay Zeka ve gorlntl isleme
teknolojilerindeki gelismelerle birlikte, bu tir viriislerin erken asamalarda dogru bir sekilde tespit
edilmesi, hem dogru tedavinin uygulanarak hastaligin iyilesme siirecine hizli bir sekilde yardimci olacak
hem de saglik sistemlerinin Uzerindeki yuki hafifletmis olacaktir. Bu calismada, gogls rontgeni

Anahtar kelimeler goruntulerinden, COVID-19 ve viral pndmoni hastaliklarini ayirt etmeye ¢alisan, yiksek dogruluklu ve

COVID-19;
Viral pnémoni;

glvenilir bir model olusturulmaya c¢ahlsilmistir. Bu amagla, derin 6grenme algoritmalarindan olan
Evrigsimli Sinir Aglarinin AlexNet ve GoogleNet 6zel mimarilerinin, dogrudan orijinal halleri ve transfer
o0grenmeyle gelistirilmis halleri uygulanarak, genis kapsamli bir modelleme g¢alismasi yapilmistir.
Modelleme siirecinde, kullanilan veri seti (COVID-19 Radiography Database) popiiler bir veri seti olup,
3 sinifli ve her sinifta farkl sayida 6rnek bulunduran dengesiz bir veri setidir. Bu veri setine, veri azaltma
ve arttima yontemleri uygulanarak, her sinifta esit sayida 6rnek iceren dengeli 2 yeni veri seti

Derin 6grenme;
AlexNet;
GoogleNet

olusturulmustur. Orijinal veri seti ve yeni olusturulan veri setleri, 80-20 oraninda egitim ve test veri
setine boliinerek ve ayni zamanda 3, 5 ve 10 kez capraz dogrulamaya gore boliinerek, model
performanslari 6lgtilmustiir ve en iyi performansa sahip model bulunmaya galisilmistir. Sonug olarak, en
iyi model, veri arttirma yontemiyle dengeli hale getirilmis veri setinin, 10 kez ¢apraz dogrulamaya gore
bolinerek, transfer 6grenme ile gelistirilmis AlexNet mimarisinin uygulandigi model olarak, % 99.90
dogruluk basarisi ile bulunmustur.

Detection of COVID-19 and Viral Pneumonia from Chest X-Ray Images
with Deep Learning

Abstract

In today's conditions, although the pandemic has lost its effects and is in the process of ending, COVID-
19 still shows its effects on people as mild. With the developments in image processing and Artificial
Intelligence technologies, the correct detection of such viruses in the early stages will both help the
healing process of the disease quickly by applying the right treatment, and will alleviate the burden on

Keywords health systems. In this study, it has been tried to create a high-accuracy and reliable model that tries to
COVID-19; distinguish COVID-19 and viral pneumonia diseases from chest X-ray images. For this purpose, a
Viral pneumonia; comprehensive modeling study has been carried out by applying the AlexNet and GoogleNet special
Deep learning; architectures of convolutional neural networks, which are deep learning algorithms, directly to their
AlexNet; original versions and to their improved versions with transfer learning. The data set used in the
GoogleNet

modeling process (COVID-19 Radiography Database) is a popular data set and an unbalanced data set
with 3 classes and a different number of samples in each class. By applying data reduction and increase
methods to this data set, 2 new balanced data sets containing equal number of samples in each class
were created. By dividing the original dataset and newly created datasets into training and test datasets
at a rate of 80-20, and also by cross validating 3, 5, and 10 times, model performances were measured
and the model with the best performance was tried to be found. As a result, the best model was found
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with 99.90% accuracy, as the data set balanced by data augmentation method was divided according

to cross validation 10 times and AlexNet architecture developed with transfer learning was applied.

1. Giris

COVID-19, bir koronavirlis tlrl olan siddetli akut
solunum sendromu koronaviriis 2’nin (SARS-CoV-2)
neden oldugu bulasici bir hastaliktir. Bu hastalik,
2019'da ¢ikmis ve 11 Mart 2020’de Diinya Saglik
Orgiitti (WHO) tarafindan resmi olarak bir pandemi
olarak ilan edilmistir. Tibbi gorintiilerin Yapay
Zekada (Al) kullanilmasi, COVID-19 ile enfekte olmus
hastalarin hizli bir sekilde tespit edilip tedavisine
baslanmasi agisindan faydal olmustur. Bu nedenle,
COVID-19’un, sinirli verilerle kisa siirede, Al'nin
gorintld siniflandirma araglari ile teshis edilmesi
mevcut pandemi ile miicadele icin acil bir ihtiyag
haline donismustir. Yakin ge¢cmiste yapilan bir
calismada, tiiberkiiloz hastaliginin teshisi icin gdgus
rontgen gorintileri kullanilarak derin 6grenme (DL)
algoritmalari ile modeller gelistirilmistir. Benzer
¢alismalarin, COVID-19’un erken teshisinde de
uygulanabilecegi ve doktorlara tedavi siirecinde
yardimci olabilecegi dnerilmistir (Yi et al. 2020).

COVID-19, goriintl siniflandirma igin olusturulmus
modeller ile hastanelerde, rontgen goriintilerinden
kolaylikla teshis edilebilinir. Polimeraz Zincir
Reaksiyonu (Polymerase Chain Reaction — PCR)
testinin sonuglarinin alinmasina goére, cekilen bir
gobgls rontgen gorintlsinin bir DL modeline girdi
olarak verilip sonucunun alinmasi islemi daha hizh
olabilecektir ve bu sayede klinik durum ve model
¢iktist normal ise hasta PCR testinin sonuglari
Ancak,

rontgen patolojik bulgular gosteriyorsa, hasta yakin

beklenirken eve godnderilebilinecektir.
takip icin hastaneye yatirilacaktir. Genel olarak,
gogus rontgeninde patolojik bulgularin yoklugu veya
varligl, hastayr eve génderme veya hastayl daha
fazla gozlem igin hastanede tutma konusunda klinik
bir karar vermenin temelini olusturmaktadir.

Rontgen gorintilerinin -~ yorumlanmasi  ve
gorintilerde bulunan ince gorsel detaylarin tespit
edilmesi, radyologlarin kapasitesiyle sinirhdir. Al,
gbgls rontgenlerinde normalde radyologlar
tarafindan taninmayacak oruntdleri
kesfedebildiginden (Kim et al.2019), literatiirde

Afyon Kocatepe Universitesi.

COVID-19’u ayirt etmek icin Evrisimli Sinir Aglar
(ESA) kullanan Derin Ogrenme modellerindeki yeni
gelismeler hakkinda birgok ¢alisma yer almaktadir.

al.(2020),
(Generative Adversarial Networks - GAN) ve Derin

Loey et Cekismeli  Uretici  Aglar
Transfer Ogrenmesine dayali modelleme ¢alismalari
ile COVID-19’u teshis etmeye c¢alismislardir. Bu
calismada, 4 Oznitelik ve toplam 306 o6rnekten
olusan ‘COVID-19 Image Data Collection’ veri seti
kullanilmistir. AlexNet, GoogleNet ve ResNetl8
mimarileri ile gelistirilen modellerin sonuglari,
sirasiyla, %52, %52.8, %50 olarak paylasiimistir.
Pham (2020) ise derin 6grenme ile COVID-19'un
teshisi igin, 3 farkh veri seti igeriginden verileri ayri
ayri toplayarak, 6 farkl veri setine dontstirmustar.
Dondstirilen bu veri setleri Uzerinde yapilan
calismalarda, AlexNet, GoogleNet ve SqueezeNet ile
modeller gelistirilmistir ve model sonuglari, sirasiyla,
%99.14, %99.70, %99.85 olarak elde edilmistir.

Minaee et al.(2020), Derin Transfer Ogrenmesini
kullanarak COVID-19’u teshis etmeye calismislardir.
Bu calismada, 2 oOzniteligi bulunan ‘Covid-Xray-5k-
Dataset’ veri seti kullanilmis olup, bu veri seti
icermektedir. Modelleme
ResNet18, ResNet50,
SqueezeNet ve DenseNet-121 ile alinan sonuglar,
siraslyla %98.30, %98.40, %98.30 ve %98.90 olarak
elde edilmistir. Farooq ve Hafeez'in (2020) birlikte
gelistirdikleri ~ COVID-ResNet ve  COVID-Net
ile COVID-19 hastalari ile Pndmoni

hastalarina ait akciger gorintilerinden, hastalik

toplam 5,000 Ornek

¢alismalari  sonucunda,

modelleri

teshisi yapilmaya galisilmistir. Kullandiklari veri seti,
internet Gzerinden farkh yerlerden toplanmis olup,
toplam 2,862 o6rnek gorintli icermektedir.
Gelistirilen COVID-ResNet ve COVID-Net modelleri
ile, sirasiyla, %96.23 ve %83.5 dogruluk basarilari
elde edilmistir.

Adedigba et al.(2021),
gorintilerinden COVID-19 teshisinde bulunmaya

gogus rontgeni
¢ahsmislardir. Kullandiklari ‘COVID-19 Image Data
Collection Tuberculosis chest x-ray’ adli veri seti

dengesiz oldugu icin, Oncelikle bu veri setini
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uyguladiklari veri arttirma yontemiyle dengeli hale
getirmislerdir. Daha sonra, dengesiz ve dengeli veri
setlerini ResNet ve DenseNet mimarileri ile
modelleme calismalarinda kullanarak, dengesiz veri
setiyle, %94.17 ve %94.17 dogruluk basarisini,
dengeli veri seti ile de %95.43 ve %96.83 dogruluk
basarisi
al.(2021), gogls rontgeni gorintilerinden COVID-
Kullandiklari

‘COVID-19 Patients Lungs X-ray Images’ adli veri seti,

sonuglarini elde etmislerdir. Umer et

19’u teshis etmeye c¢alismislardir.

dengesiz oldugu igin 6ncelikle veri arttirma ile bu
veri setini dengeli hale getirmislerdir. Ardindan
VGG-16 ve AlexNet mimarilerini dengeli veri setine
uygulayarak, modeller gelistirmislerdir ve sonug
olarak da sirasiyla, %97.76 ve %67.76 dogruluk
basarilarini elde etmislerdir. Elshennawy ve Ibrahim
(2020), yaptiklari calismada, derin 6grenme ile,
(ResNet152V2 ve
MobileNetV2) tranfer 6grenme ile kendi modelleme

onceden egitilmis modelleri

¢ahismalarinda kullanmislardir. Bu ¢alismada, ‘Chest
X-Ray Images’ adli veri setinin toplam veri sayisi, veri
arttirma yolu ile 5,856 adet veriden 30,855’e
cikarilmistir.  Onceden  egitilmis  iki model
(ResNet152V2 ve MobileNetV2) ile birlikte, ESA ve
‘Long Short Term Memory’ (LSTM) derin 6grenme
algoritmalari  da  kullanilmistir.  ResNet152v2,
MobileNetV2, ESA ve LSTM’den alinan sonuglar,
sirasiyla, %99.22, %96.48, %92.19 ve %91.80 olarak
paylasiimistir.

Chouhan et al.(2020), transfer 6grenme ile pnémoni
teshisi icin yeni bir derin 6grenme modeli
gelistirmislerdir. Kullanilan ‘Guangzhou Women and
Children's Medical Center’ adh veri seti, toplam
5,232 veri icermektedir. AlexNet, DenseNet121,
InceptionV3, GoogleNet ve ResNetl8 modelleri
uygulanarak alinan sonuglar sirasiyla, %92.86,
%92.62, %92.01, %93.12 ve %94.23 olarak
bulunmustur. Ucar ve Korkmaz da (2020), hafif ag
tasarimiile 6ne ¢ikan SqueezeNet modelini Bayesian
ile COVID-19 teshisi igin
uyarlamislardir. Bu c¢alismada kullanilan ve 5,949
adet veri iceren ‘COVID-19 Cases from Chest

Radiography Images’ adli veri setinin, veri arttirma

optimizasyon katkisi

yolu ile sayica verileri arttirlmis ve SqueezeNet
modeline uygulanmistir. Model basarisi, %98.30
olarak paylasiimistir.

Khan et al.(2020), ise COVID-19 tespitini, CoroNet
mimarisini kullanarak, 2 ve 3 siniflimodellemeler ile
gerceklestirmislerdir. 967 oOrnek gorlntl iceren
‘COVID-19 X-Ray Images’ adl veri seti ile %99.00
performans basarisi elde edilmistir. Oztiirk vd.
(2020) de gogis rontgen goruntdlerini kullanarak,
COVID-19 tespiti i¢cin yeni bir model sunmuslardir.
Kullandiklari  ‘Covid-Chestxray-Dataset’ adli veri
setinde toplam 625 gorinti bulunurken, sunduklari
bu modelde, ESA’dan (retilmis ve lizerinde bazi
degisiklikler yapildigi bildirilmistir. DarkCovidNet
adini verdikleri bu modelde, ikili ve ¢ok sinifh
siniflandirma igin ortalama dogruluk %98.08 ve
%87.02 olarak bulunmustur.

Apostolopoulos ve Mpesiana (2020), COVID-19’un
teshisini, ESA
gerceklestirmislerdir. Kullanilan ‘COVID-19 X Rays’

mimarileri Uzerinde
adh veri seti, toplam 1,428 oOrnek veri icermekte
olup, modellerin (VGG-19, MobileNetV2, Inception,
Xception ve Inception ResNetV2) sonuglari, sirasiyla,
%98.75, %97.40, %86.13, %85.57, %84.38 dogruluk
basarisi olarak paylasiimistir. Rahman et al.(2020),
ise COVID-19 tanisinda toplam 5,247 6rnek iceren,
‘Chest X-Ray Images’ adli veri setini kullanarak, 2 ve
3 sinifli, AlexNet, ResNetl18, DenseNet201 ve
SqueezeNet mimarileri ile modeller
olusturmuslardir. Transfer 6grenme ile 3 sinifl
modellemelerden alinan sonuglar sirasiyla, %88.40,
%87.70, %93.30 ve %86.10 dogruluk basarisi olarak
elde edilmistir.

Al-Bawi et al.(2020), COVID-19 tanisi amaciyla
CCBlock adh bir model gelistirmislerdir. Kullanilan
‘COVID-19 Image Data’ adh veri setinde toplam
1,828 6rnek gorunti yer almakta olup, CCBlock adli
modelden elde edilen sonug¢ %98.86 dogruluk
basarisi olarak paylasiimistir. Majeed et al.(2020),
COVID-19’u normal gogls rontgenlerinden teshis
etmek icin, daha iyi performans Uretecek olan az
sayilda parametreye sahip bir ESA mimarisi
gelistirmeye calismislardir. Kullanilan ‘COVID19-X-
Rays’ adli veri setinde toplam 5,840 6rnek gorinti
olmakla birlikte gelistirdikleri model olan CNN-X ile
elde edilen sonug %99.35 dogruluk basarisi olarak
Rajpurkar et al.(2017), CheXNet

modeli ile gbglis rontgenlerinden Pndmoni teshisi

bulunmustur.

yapmaya cahsmislardir. Kullanilan ‘Hospital-Scale
Chest X-Ray Database’ adli veri seti toplam 105,408
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ornek veri icermektedir ve CheXNet modelinden
elde edilen sonug¢ %76.80 dogruluk basarisi olarak
kaydedilmistir. Alhudhaif et al.(2021), 1,218 gorinti
iceren ‘Covid-Chestxray-Dataset’ adl veri setini
kullanarak COVID-19 ve Pndémoniyi, teshis etmeye
DenseNet201, ResNet18 ve
SqueezeNet modelleri ile ikili siniflandirma
performanslari, sirasiyla, %94.96, %91.60 ve %89.92
dogruluk basarisi olarak elde edilmistir.

Vaid et  al(2020),  COVID-19'un ikili
siniflandirmasinin dogrulugunu artirmak i¢cin VGG19

cahsmislardir.

mimarisini kullanarak bir model 6nermislerdir.
Kullanilan veri seti toplam 364 X-ray taramasi
icermektedir. Modelleme c¢alismalari sonucunda,
%96.30 dogruluk basari sonucu alinmistir. Panwar et
al.(2020), COVID-19 teshisi icin, nCOVNet'e dayal
bir model 6nermislerdir. Bu ¢alismada kullanilan veri
seti, toplam 337 6rnek goglis rontgeni gorintisi
icermektedir. Modelin performansi, veri seti egitim
icin %70 ve test icin %30 bolinerek, rastgele
ornekleme kullanilarak, ikili
%88.10 dogruluk basarisi olarak bulunmustur.
vd.(2020), COVID-19

Convolutional CapsNet'e dayali yeni bir model

siniflandirma igin

Toraman tespiti  igin
onermislerdir. Kullanilan veri seti, toplam 3,150
ornek gorintl icermektedir. Sonuglar, ikili ve cok
sinifli siniflandirma igin %97.24 ve %84.22 dogruluk
basarisi ile elde edilmistir.

Nour vd.(2020) da klinik uygulamalari desteklemek
icin yeni bir COVID-19 tibbi tani icin derin 6grenme
ve Bayes optimizasyonuna dayanan bir model
onermislerdir. Kullanilan veri seti, COVID-19 pozitif
135, negatif 939 ve pnomoni pozitif 941 Ornek
olmak tizere toplam 2,033 6rnek rontgen goriintisi
icerirken, COVID-19 sinifinailiskin drneklerin sayisini
artirmak icin veri arttirma yontemi kullanilmistir.
Onerilen sistemin performansi, veri setinin egitim ve
test icin, %70 ve %30 olarak bolinmesiyle, %97.40
dogruluk basarisi olarak bulunmustur. Ahuja et
al.(2020), duragan dalgaciklar yontemini ile egitim
veri setinin boyutunu artirmak icin blylitme
kullanmis ve transfer 6grenme ile de farkli ESA
mimarilerini karsilastirmislardir. Kullanilan veri seti,
COVID-19 pozitif icin 349 6rnek ve negatif icin de
397 6rnek goriintl icermektedir. Ayni zamanda her
iki sinif igin 6rnek sayisini artirmak icin veri blyiitme
teknikleri uygulanmistir. Bu ¢alismada, 6rneklerin

%70'i egitim, %30'u da test performansini 6lgmede
kullanilmistir. En iyi performans, %99.04’lik ikili
siniflandirma basarisi ile ResNetl8 modelinden
alinmistir. Konar et al.(2021), COVID-19'un otomatik
teshisi icin, %93.10 dogruluk basarisiyla vyari
denetimli bir sig sinir agl modeli 6nermislerdir.

Bu calismada, popliler bir veri seti olan ‘COVID-19
Radiography Database’ (CRD) (Int Kyn. 1),
kullanilarak COVID-19’un ve Viral

saptanmasina yonelik bir modelleme ¢alismasina

Pndmoninin

yer verilmistir. CRD veri setinde toplam 15,153
ornek akciger gorintisii bulunmakta olup, 3,616
goriintl COVID-19 hastaligina yakalanan bireylere,
10,200 gorintl hastaligi bulunmayan bireylere ve
1,345 gorinti ise Viral Pnémoni hastasi kabul edilen
bireylere ait goriintilerdir. Bu veri setinin, her bir
sinifin farkh sayida gorunti icermesinden dolayi,
dengesiz bir veri seti oldugu saptanmistir. Bunu
bertaraf etmek icin, veri azaltma ve arttirma
yontemleri kullanilarak, her bir sinifta esit sayida
goranti  olacak sekilde, dengeli veri setleri
olusturulmustur. Daha sonra dengesiz ve dengeli
veri setleri, derin 06grenmenin Evrisimsel Sinir
Aglarinin en popiler olan 6zel mimarilerinden,
AlexNet ve GoogleNet mimarilerine uygulanarak,
genis kapsamli deneysel modelleme calismalari
Python

kullanilarak

yapilmistir.  Modelleme  c¢alismalari,

programlama dilinin 3. versiyonu
gelistirilmistir. Modelleme c¢alismalari esnasinda,
AlexNet ve GoogleNet mimarilerinin, orijinal ve
transfer 6grenmeyle gelistirilmis hallerini kullanan
modeller olusturulmustur. Ayrica, veri setleri, 80-20
oraninda egitim ve test veri seti olarak ve capraz
dogrulamaya (3,5 ve 10 kez) gore bolinerek, model
performanslari 6lctilmistir ve en iyi performansa
sahip model bulunmaya ¢alisilmistir. Sonug olarak,
en iyi model, veri arttirma yoluyla olusturulan
dengeli veri setine 10 kez capraz dogrulama
uygulanarak, transfer 0Ogrenmeye dayanarak
gelistirilmis AlexNet mimarisinin kullanildigi model
olarak, % 99.90 dogruluk basarisi ile bulunmustur.

2. Materyal ve Metot

Bu calismada COVID-19 ve Viral Pnémoni tespiti igin
gerceklestirilen modelleme siirecinin tiim adimlari,
Sekil 1'de gosterildigi gibidir ve her bir adim, bu
bolimde agiklanmistir.
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Bu c¢alisma, Intel Core i7 9th Gen@4.50 GHz turbo
islemci, 16 GB RAM ve 4 GB NVIDIA GeForce GTX
1650Ti ekran karti (GPU) iceren Windows 10 64 bit
isletim sisteminde,
Python

pandas, os, sklearn, keras, PIL, cv2 ve matplotlib

Google Colab uygulamasi

lizerinde, tensorflow, timeit, numpy,

kiitiphaneleri  kullanilarak  gergeklestirilmistir.
Python'da her islem igin kullanilan kitlGphaneler

Cizelge 1'de belirtilmistir.

ESA Ile Modelleme

Verl Arttirma ve Azaltma
—_ 0
Orijinal Veri Setinin

Uygulanmasi

D1 veri sefi, Dengesiz

PC)

Model Degerlendirmesi

Sekil 1. Modelleme sureci.
2.1 Veri seti tanitimi

Bu calismada, halka agik olarak paylasilan ‘COVID-19
Radiography Database’ kullaniimistir (Int Kyn. 1) ve
D1 olarak adlandirilmistir. Bu veri seti, COVID-19
(3,616 ornek), Viral Pnomoni (1,345 ornek) ve
Normal (10,192 o6rnek) olmak lzere 3 sinif ve
15.153 akciger rontgen gorintisi
icermektedir. Bu veri setinin, her bir sinifta farkl

toplamda

sayida gorintl icermesinden dolayi, dengesiz bir
veri seti oldugu gorilmastir.

D1 veri setinden, her bir sinifta esit sayida 6rnek
iceren 2 yeni, dengeli veri seti (D2 ve D3 olarak
adlandirilan) taretilmistir. D1 veri setinin, en diistk
ve en ylksek 6rnek iceren siniflari ‘Viral Pnémoni’
(1.345 ornek) ve ‘Normal’ (10.192 6rnek) oldugu
gorilmastar. ‘COVID-19’ ve
‘Normal’ siniflarindan rastgele 1.345 6rnek ve ‘Viral
Pnémoni’ sinifinin da tamami segilerek, D2 veri seti

D1 veri setindeki,

olusturulmustur. Ayrica, D1 veri setinin ‘COVID-19’
(3.616 o6rnek) ve ‘Viral Pnomoni’ (1.345 ornek)
siniflarindaki 6rnek gérinti sayilari, bu siniflardaki
gorlntilere rastgele doéndirme veri arttirma
yontemi (Shorten and Khoshgoftaar 2019), 50, 60,
70, 80, 90 ve 100 derece dondirme agilari ile
‘Normal’

uygulanarak, sinifinin - 6rnek sayisina

(10.192 ornek) yiikseltilerek D3 veri seti elde
edilmistir.
Cizelge 1. Calismada kullanilan Python kitiphaneleri.

Kutliiphane Agiklama Asama
Drive GoF)gIe (;qlal?
Drive erigimi
: Kod satir zaman
Time
sayacl
o
Veri §t' ink K Veri setinin
Shuffle en .se fnin ?”SI okunmasi ve
islenmesi ) .
islenmesi

Kfold capraz

StratifiedKFold L .
gegerlilik islemi

Numpy Matris iglemleri
Pandas Veri Yapisi
PIL Goruntileme Goruntu isleme
Kitaphgi yetenegi
Tensorflow Modelleme Model olusturma

Egitim ve Test Egitim ve Test

Sklearn.model_selection . ; verilerini
= Bolimlemesi -
bélimleme
Tensorflow.keras
Tensorflow.keras.models . T
CNN Mimarileri Modelleme

Tensorflow.keras.layers

galismalari

Tensorflow.keras.optimizers
Tensorflow.keras.losses
Matplotlib.pyplot

Gorsellegtirme Model sonuglari

Cizelge 2’de D1, D2 ve D3 veri setlerinin 6rnek
sayilari belirtilmistir.
Cizelge 2. Veri setleri.

Veri Her Bir Siniftaki Toplam
Seti Stnif Adh Ornek Sayisi Ornek Sayisi
Viral Pnémoni 1.345
D1 COVID-19 3.616 15.153
Normal 10.192
Viral Pnémoni 1.345
D2 COVID-19 1.345 4.035
Normal 1.345
Viral Pnémoni 10.192
D3 COVID-19 10.192 30.576
Normal 10.192

2.2 Veri setinin béliinmesi

GOgls rontgeni gorintilerinden COVID-19 ve Viral
Pnémoni tespiti icin, orijinal veri seti (D1) ve yeni
olusturulan veri setleri (D2 ve D3), 6nce, 80-20
oraninda egitim ve test veri seti olarak ayriimistir.
Daha sonra da, veri setlerine, 3, 5 ve 10 kez capraz
dogrulama uygulanarak modelleme c¢alismalarina
baslanmistir. 3 kez ¢apraz dogrulama ile veri seti,
rastgele olarak 3 esit pargcaya bolinmekte ve
sonrasinda 3 farkli asamada sirasiyla bu pargalardan
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biri test veri seti, diger 2 parga da egitim veri seti
olarak kullanilmaktadir. Bu sayede her bir alt kiime
en az bir kez test amaciyla kullanilmis olmaktadir
(Kalaycr 2018). Siniflandirma islemi, ayrilan her bir
egitim ve test verisi icin 3 kez tekrarlanmig
olmaktadir. Bu islem ayni sekilde 5 ve 10 kez capraz
dogrulama igin de gergeklestirilmistir.

2.3 Modellemede kullanilan CNN mimarileri

Veri setleri, evrisimli sinir aglarinin 6zel bir mimarisi

olan AlexNet ve GoogleNet mimarilerine
uygulanarak modeller gelistirilmistir. AlexNet ve
GoogleNet ile Covid-19 hastaliginin teshisinde
bircok calismada basarili sonuglar elde edilmesinden
dolayr bu c¢alismada da
Modellemenin ilk safhasinda, orijinal AlexNet ve
egitilip,
Olgllmustlr. Daha sonra ise, transfer 6grenme

tercih  edilmistir.

GoogleNet mimarileri performanslari
uygulanarak gelistirilmis AlexNet ve GoogleNet

mimarileri ile egitilip, performanslari tekrar
OlgUlmustar.

Literatlire gore derin 06grenmeyle alakali ilk
makalenin Lecun et al.(1998) tarafindan yayinlanmis
oldugu soylense de kiresel capta fark edilmesi 2012
ILSRVC 17

yarismasiyla olmustur. Bu yarismayi derin 6grenme

yilinda gerceklestirilen ImageNet
mimarisi ile tasarlanan AlexNet modeli kazanmistir.
AlexNet,

ortaklama katmanlarinda da maksimum ortaklama

aktivasyon fonksiyonu olarak Relu,
kullanmaktadir. Yaklasik 60 milyon parametrenin
kullanildig1 AlexNet, paralel olarak cift grafik islem
birimi (GPU) Uzerinde c¢alisan ilk model olma
ozelligini de tasimaktadir. ImageNet ILSRVC 17
yarismasinda  siniflandirma  dogruluk  orani
%74,3'ten %83,6’ya cikarimistir (Krizhevsky et
al.2012).

GoogleNet de evrisimli bir sinir agidir ve yaklasik
1.000 gorintiiden olusan desenleri siniflandirma
kapasitesine sahiptir. Alexnet'ten 12 kat daha az
parametre kullanir. Bilgisayarla gori
uygulamalarinda kullanilan diger sinir aglarina
benzer sekilde, bu model gorintileri girdi olarak
kabul eder ve cikti olarak gliven diizeyi ile birlikte
ogrenilen siniflarindan birinin etiketlerini Uretir.
GoogleNet'in mimarisi, 9 baslangic modulu dahil
olmak Uzere 22 katmandan olusur. Baslangic¢
modult, (1x1) ile (5x5) arasinda degisen boyutlarda

ogrenilebilir filtreler kullanir ve bu da farkli ayrinti
dizeylerinin 6zelliklerini yakalamaya yardimci olan
paralel olarak evrisim gerceklestirir (Szegedy et
al.2015).

2.4 Performans oélgiitii

Bu calismada, karmasiklik matrisi sonuglarindan
duyarlilik, 6zgullik ve dogruluk metriklerini elde
etmek igin dncelikle dogru pozitif (DP), dogru negatif
(DN), yanhs pozitif (YP), yanhs negatif (YN) degerleri
elde edilmistir. Sonrasinda asagida verilen esitlikler
kullanilarak metrik degerler Esitlik 1, Esitlik 2 ve
Esitlik 3’de verilmistir.

DP

Duyarlilik = SPDN (1)

%~ ..., DN

Ozgillik = ———— (2)

Dogruluk = ———22N __ (3)
DP+DN+YP+YN

2.4 Modelleme

Orijinal AlexNet mimarisi ile olusturulan modelde,
giris degeri 227x227x3 olarak secilmistir. AlexNet
mimarisi, toplamda 5 evrisim katmanindan
olusmakta olup ‘padding’ olarak ‘same’ degeri
verilerek, modelin goriuntiler Uzerindeki tarama
boyutu standart tutulmustur. Katmanlar arasinda
kullanilan aktivasyon fonksiyonlari RelLu’dur. Bu
modelde, 3 tane maksimum havuzlama katmani, 5
evrisim katmani ve son olarakta 3 tane tam
baglantili katman ve 2 tane 0.4 degerli ‘dropout’
(seyreltme) katmani kullaniimistir. Cikis katmani
olarak AlexNet’in orijinal néron boyutu 1.000 olarak
sabit tutulmus ve siniflandirici olarak ‘Softmax’
kullaniimistir. Bu modelde ‘optimizer’ olarak ‘adam’;
‘batch_size’ parametresi olarak 64; ‘loss’ fonksiyonu
olarak

‘categorical_crossentropy’ segilmistir.

Transfer Ogrenme uygulanmasiyla gelistirilmis

AlexNet modelinde, orijinal AlexNet modelinin
‘dropout’” ve c¢ikis katmanlarindaki 2 deger
AlexNet

katmanindaki, 0.4 olan

degistirilmistir. Buna gore, orijinal
modelinin 2 ‘dropout’
degerler, 0.2 yapilmistir. Ayrica, orijinal AlexNet
modelinin ¢ikis katmanindaki 1.000 olan ndéron
sayisl, veri setlerindeki sinif sayisi olan 3’e
sabitlenmistir.

Orijinal ve tranfer 6grenmeyle gelistirilmis AlexNet

modellerinde, veri setleri (D1, D2 ve D3), 6nce 80-20
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oraninda egitim ve test seti olarak bolinmustir.
Daha sonra da, veri setleri, 3, 5 ve 10 kez capraz
dogrulama uygulanarak bolinmustir.
Modellemede kullanilan en uygun dongi sayisi (DS)
degerleri bulunurken, minimum doéngui sayilari olan,
10, 20 ve katlariyla birlikte modelin bu doéngilere
verecegi cevaplar analiz edilmistir. Yapilan
analizlerde, her modelin en yiiksek basariya ulastig
bir nokta olmus ve sonrasindaki doéngiilerde bu
sonuglarin daha iyisi saptanamamistir. Dolayisi ile
dongl sayisi belirlenirken, modelin sonuclarinin en
ylksek basariya ulastigl noktadan sonra bir yikselim
egrisi yok ise en yiksek basarinin alindigi nokta,
dongl sayisi olarak kabul edilmistir. Buna gore, DS
degeri, D1 ve D2 veri setleri icin 250, D3 veri seti icin
de 220 olarak bulunmustur.

Orijinal GoogleNet mimarisi, 9 baslangic modili
kullanir ve 7x7x1024’ten 1x1x1024’e gitmek igin
ortalama havuzlamayi kullanarak tamamen bagh
tiim katmanlari ortadan kaldirirken ¢ok 6énemli olan,
gorinmeyen c¢ok sayida parametreyi ortadan
kaldirir. Ortalama havuzlama katmani, son baslangig
modili tarafindan Gretilen tim 6zellik haritalarinda
bir ortalama alir ve giris yuksekligi ile genisligini
1x1’e dustrmektedir. 0.4 degerli ‘dropout’ katmani

kullanilmistir. Cikis katmani olarak GoogleNet’in

Cizelge 3. D1 Veri seti icin modelleme sonuglari.

orijinal néron boyutu (1.000) sabit tutulmus,

siniflandirici  olarak ‘Softmax’ kullaniimistir. Bu
modelde ‘optimizer’ olarak ‘adam’; ‘batch_size’
parametresi olarak 64; ‘loss’ fonksiyonu olarak
‘sparse_categorical_crossentropy’ secilmigtir.

Transfer Ogrenme uygulanmasiyla gelistirilmis
GoogleNet modelinde, orijinal GoogleNet modelinin
¢ikis katmanindaki 1.000 olan néron sayisi, veri
setlerindeki sinif sayisi olan 3’e sabitlenmistir.
Orijinal ve transfer 06grenmeyle gelistirilmis
GoogleNet modellerinde, veri setleri, 6nce 80-20
oraninda egitim ve test seti olarak boélinmustdr.
Daha sonra da, veri setleri, 3, 5 ve 10 kez capraz
dogrulama uygulanarak bollinmustur.
Modellemede kullanilan en uygun DS degerleri, D1
veri setiicin 150, D2 veri seti icin 200 ve D3 veri seti
icin de 190 olarak bulunmustur. COVID-19 ve Viral
Pnémoni tespiti icin, D1, D2 ve D3 veri setleri igin,
orijinal (AlexNet_O ve GoogleNet_O) ve transfer
o0grenme ile gelistirilmis (AlexNet_TO ve
GoogleNet_TO) modeller, 80-20, CV-3, CV-5 ve CV-
10 icin egitilip performanslari dlgtlmustir ve her bir
veri seti icin olusturulan modellere ait dogruluk,
duyarlilik, o6zgullik degerleri ve model calisma

sureleri Cizelge 3, 4 ve 5’de verilmistir.

Veri Dogruluk Basarisi (%) Duyarlilik (%) Ozgiilliik (%) Calisma
"Se"tinin . Model bs Egitim Test Egitim Test Egitim Test Siresi
Béliinmesi (sa:dk)

AlexNet_O 250 100.00 98.16 99.86 97.13 99.80 98.40 3:16

AlexNet_TO 250 100.00 98.52 99.74 97.59 99.76 98.63 3:29

80-20 GoogleNet_O 150 99.59 97.63 98.03 97.80 99.68 98.27 2:43

GoogleNet_TO 150 99.60 97.49 98.47 97.94 99.32 97.24 3:05

AlexNet_O 250 98.80 96.02 99.01 95.15 99.73 97.10 4:09

AlexNet_TO 250 99.13 96.38 99.36 95.92 99.79 96.85 3:56

V3 GoogleNet_O 150 100.00 98.94 99.08 98.24 99.60 99.25 3:21

GoogleNet_TO 150 100.00 98.62 98.22 95.67 99.37 99.38 3:40

AlexNet_O 250 99.05 96.57 99.85 97.81 98.64 97.05 4:28

AlexNet_TO 250 99.19 96.64 99.27 97.76 99.41 98.13 4:41

s GoogleNet_O 150 99.94 99.02 99.53 98.18 99.83 99.08 3:55

GoogleNet_TO 150 99.83 98.57 99.73 98.49 99.28 99.62 3:40

AlexNet_O 250 99.13 96.62 99.28 97.26 99.40 95.42 4:57

AlexNet_TO 250 99.16 96.70 99.77 95.53 99.94 98.71 4:39

Vo GoogleNet_O 150 100.00 99.07 99.87 98.13 99.58 99.37 4:03

GoogleNet_TO 150 99.97 98.71 100.00 99.48 100.00 97.58 3:46

Cizelge 4. D2 Veri seti icin modelleme sonuglari.

Model

DS

Dogruluk Basarisi (%)

Duyarlilik (%)

Ozgiilliik (%)
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Veri Calisma
Setinin Egitim Test Egitim Test Egitim Test Siresi
Béliinmesi (sa:dak)

AlexNet_O 250 100.00 96.90 99.73 96.92 99.81 97.75 2:27

AlexNet_TO 250 100.00 96.28 99.91 97.04 99.60 98.24 2:19

80-20 GoogleNet_O 200 100.00 94.55 98.83 95.79 99.26 94.83 1:50

GoogleNet_TO 200 100.00 93.80 100.00 94.65 99.95 93.27 1:57

AlexNet_O 250 100.00 99.04 99.17 97.05 100.00 99.48 2:56

AlexNet_TO 250 100.00 99.27 99.73 96.70 98.54 97.16 3:01

V3 GoogleNet_O 200 100.00 99.34 98.85 98.46 100.00 99.46 2:43

GoogleNet_TO 200 99.93 98.71 99.55 97.59 99.42 99.67 2:38

AlexNet_O 250 100.00 98.96 99.30 99.28 99.65 99.50 3:05

AlexNet_TO 250 100.00 99.30 99.59 99.25 98.77 99.16 3:19

s GoogleNet_O 200 100.00 99.48 99.63 99.18 100.00 98.38 3:04

GoogleNet_TO 200 99.97 98.82 99.01 97.48 99.35 99.06 2:51

AlexNet_O 250 100.00 99.23 100.00 97.80 99.44 97.36 3:48

AlexNet_TO 250 100.00 99.38 99.72 97.99 99.10 99.83 3:35

Vo GoogleNet_O 200 100.00 99.63 99.17 98.45 99.91 99.68 3:27

GoogleNet_TO 200 100.00 99.09 99.10 99.21 99.53 99.51 3:38

Cizelge 5. D3 Veri seti icin modelleme sonuglari.

Veri Dogruluk Bagsarisi (%) Duyarlilik (%) Ozgiilliik (%) Calisma
"S(.e-tinin . Model DS Egitim Test Egitim Test Egitim Test Siiresi
Béliinmesi (sa:dk)

AlexNet_O 220 100.00 98.45 99.34 97.65 99.40 98.61 5:29

AlexNet_TO 220 100.00 98.76 99.61 98.09 99.57 98.84 5:04

80-20 GoogleNet_O 190 100.00 98.14 98.92 98.43 99.13 97.72 4:31

GoogleNet_TO 190 100.00 94.27 99.18 95.68 99.44 98.15 4:57

AlexNet_O 220 100.00 99.76 99.84 98.46 100.00 99.47 5:45

AlexNet_TO 220 100.00 99.79 99.91 98.35 99.96 99.93 5:33

V3 GoogleNet_O 190 100.00 99.46 100.00 97.74 99.82 99.66 4:47

GoogleNet_TO 190 100.00 94.85 99.83 98.05 99.98 98.73 4:32

AlexNet_O 220 100.00 99.79 98.49 97.52 100.00 98.94 5:19

AlexNet_TO 220 100.00 99.84 100.00 98.26 99.65 99.20 4:52

s GoogleNet_O 190 100.00 99.53 99.06 97.91 99.89 99.68 4:26

GoogleNet_TO 190 100.00 95.24 99.44 96.85 98.58 92.14 4:38

AlexNet_O 220 100.00 99.87 99.95 98.73 100.00 99.91 5:51

CV-10 AlexNet_TO 220 100.00 99.90 99.88 98.96 100.00 99.86 5:43

GoogleNet_O 190 100.00 99.74 98.77 98.4 99.99 99.36 5:14

GoogleNet_TO 190 100.00 95.48 97.34 92.72 99.51 97.94 4:58

3. Bulgular COVID-19 ve Pndmoni tespiti yapabilen en iyi model,

Cizelge 3, 4 ve 5’deki sonuglar karsilastirildiginda,
tlim veri setleri icin, transfer 6grenmeye dayanarak
gelistirilmis AlexNet modelleri ile, orijinal AlexNet
modellerine gére daha basarili sonuglar alinmistir.
Benzer sekilde, genel olarak, orijinal GoogleNet
modelleri ile de transfer O6grenmeye dayanan
GoogleNet modellerine gore daha iyi sonuglar
alindigi goralmiustdar.

veri arttirma yapilarak 6rnek sayisi arttirilmis olan
D3 veri seti kullanilarak elde edilmistir. Bu modelde
transfer 6grenme ile gelistirilmis AlexNet mimarisi,
10 kez capraz dogrulama (CV-10) uygulandiginda,
220 DS icin calistirilarak, en yiksek test performansi
olan %99,90 dogruluk basarisina ulasmistir. D3 veri
setinin kullanilmasi sonucu elde edilen bu en iyi
modele ait, dogruluk grafigi ve egitim sonrasinda
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siniflara ait performans metriklerinin elde edildigi
karmasikhik matrisi Sekil 2 ve 3’de verilmistir.

Accuracy

1.04

0.8

0.6+

0.44

0 S50 75 100 125 150 175 200 225
Sekil 2. En iyi modelin dogruluk grafigi.

Confusion Matrix

30T

CONID-19

25000

20000

Prpemonia o
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1 5000

10000

Mormal 1 5000

COVID-E) Prcumonis Normal
Predicted Label

Sekil 3. En iyi modelin karmasiklik matrisi.
4. Tartisma

GUnUmiz sartlarinda her ne kadar pandemi
etkilerini kaybetmis ve bitme siirecinde olsada,
COVID-19 halen etkilerini insanlar (izerinde hafif
Yapay Zeka’daki

gelismelerle, 6zellikle Derin Ogrenme mimarileri ile

olarak gostermektedir.
akciger rontgen gorintileri kullanilarak, bu tir
virUslerin erken asamalarda tespiti, hizli iyilesmeye
ve saglik sistemlerinin Gzerindeki yiiki hafifletmeye
yardimci olacaktir. Bu nedenle, COVID-19’u yiiksek
performansla ve kisa slrede tespit edebilen
modellere ihtiyag vardir.

Ayrica, COVID-19 ve Viral Pnémoni en ¢ok yanhs
teshisin yapildigi, iki hastaliktir ve teshislerin dogru
yapilmamasi durumunda vyanlis tedavi siireci,
hastaligin daha da ¢ok artmasina ve yayllmasina
sebebiyet verebilmektedir. Hastaligin kaynagi,
COVID-19 mu yoksa Viral Pnémoni mi, bunu dogru
bir sekilde ayirt etmek bu agidan 6nem arz
etmektedir. Ayni zamanda, akciger rontgen
gorintilerinden COVID-19’un teshisi, PCR testine
gore daha kisa

sirede yapilabilecegi

dislinilmektedir. Bu sayede, hem uygulanacak

dogru tedavi agisindan, hem de siirecin daha erken
kontrol altina alinmasi agisindan da fayda saglanmis
olacaktir.

Cizelge 6. Bu calismada 6nerilen modelin, literatlirdeki
diger ¢calismalarla karsilastirilmasi.

Dogruluk Basari

Siniflandirnci (%) Yazarlar
AlexNet 52.00 Loey and et al
GoogleNet 52.80 2020 !
ResNet18 50.00
AlexNet 99.14
GoogleNet 99.70 Tuan D. Pham
SqueezeNet 99.85
ResNet18 98.30
ResNet50 98.40 Minaee and et
SqueezeNet 98.30 al., 2020
DenseNet-121 98.90
COVID-ResNet 96.23 Farooqg and
COVID-Net 83.50 Hafeez, 2020
ResNet 94.17
DenseNet 94.17 Adedigba and
ResNet+DA 95.43 etal., 2021
DenseNet+DA 96.83
VGG-16 97.76 Umeer and et
AlexNet 67.76 al., 2021
ResNet152V2 99.22
MobileNetv2 96.48 aEr:zhﬁ)“rZE‘i"g
CNN 92.19 2020 !
LSTM-CNN 91.80
AlexNet 92.86
DenseNet121 92.62 X
InceptionV3 92.01 S'”gh;(;’;'oet al,
GoogleNet 93.12
ResNet18 94.23
Ucar and
SqueezeNet 98.30 Korkmaz, 2020
Khan and et al.,
CoroNet 99.00 2020
. Ozturk and et
DarkCovidNet 98.08 al,, 2020
VGG-19 98.75
MobileNetV2 97.40 Apostolopoulos
Inception 86.13 and Mpesiana,
Xception 85.57 2020
Inception 84.38
ResNetV2 88.40
AlexNet 88.40 Rahman and et
ResNet18 87.70
al., 2020
DenseNet201 93.30
SqueezeNet 86.10
Al-Bawi and et
CCBlock 98.86 al,, 2020
Majeed and et
CNN-X 99.35 al,, 2020
Rajpurkar and
CheXNet 76.80 etal, 2017
TR It
- etal., 2021
SqueezeNet 89.92
AlexNet_TO 99.90 Onerilen Model

Cizelge 6’da literatlrdeki benzer ¢alismalarda alinan
sonuglar ve bu ¢calismada 6nerilen model sonucu yer
Cizelge 6’daki
karsilastirildiginda, bu calismada o©nerilen model

almaktadir. sonuglar

sonucunun %99.90 dogruluk basarisi ile en iyi
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performansa sahip model oldugu gorilmistir ve bu
sonu¢ da modelin basarisini ve glivenilirligini ortaya
koymaktadir.

5. Sonug

Bu calismada, gogis rontgen gorintileri
kullanilarak, COVID-19 ve viral pndmoni teshisi igin
derin 6grenme algoritmalarindan olan evrisimli sinir
aglarinin AlexNet ve GoogleNet 6zel mimarileri ile
genis kapsamli bir modelleme ¢alismasi yapilmigtir.
Modelleme siirecinde, her bir mimarinin Once
orijinal model parametreleri ile denemeler yapilmis
ve daha sonra da transfer 6grenme ile baz
parametreler degistirilerek denemeler yapilmistir.
Calismanin temel amaci, evrisimli sinir aglarini
kullanan farkh modeller olusturmak ve bu
modellerin performanslarini  karsilastirip, en iyi
modeli belirlemektir. Modelleme de kullanilan
orijinal veri seti, ‘COVID-19 Radiography Database’
veri seti olup, 3 sinifli ve her sinifta farkh sayida
ornek bulunduran dengesiz bir veri setidir. Bu veri
setine, veri azaltma ve arttirma yontemleri
uygulanarak, 2 adet dengeli veri seti
olusturulmustur. Orijinal veri seti ve yeni
olusturulan veri setleri, 80-20 oraninda egitim ve
test veri setine boliinerek ve ayni zamanda 3, 5 ve
10 kez capraz dogrulamaya gore boliinerek, model
performanslari 6l¢ctilmustdr.

Cizelge 3, 4 ve ©5deki model sonuclar
degerlendirildiginde, tiim veri setleri (D1, D2 ve D3)
icin, en iyi performanslarin 10 kez ¢apraz dogrulama
uygulanan modellerden (sirasiyla, 99.07, 99.63 ve
99.90) alindig1 gorulmustir. Genel olarak, dengeli
veri setlerinden, dengesiz veri setine gore daha iyi
sonuglar alinmistir. Bununla birlikte, veri arttirma
yoluyla dengeli veri seti olusturmanin, veri azaltma
ile dengeli veri seti olusturmaya gore daha iyi oldugu
da, alinan sonuglardan anlasiimaktadir. Ayrica, D1
ve D2 veri setleri icin en iyi modellerin, GoogleNet
orijinal mimarisini kullanan modeller oldugu, D3 veri
seti icinse transfer 6grenmeye dayanan AlexNet
mimarisi oldugu gorilmastar.

Sonug olarak, veri arttirma yontemiyle dengeli hale
getirilmis olan veri setinin (D3), 10 kez c¢apraz
dogrulamaya gore bolinerek, transfer 6grenme ile
gelistirilmis  AlexNet mimarisine uygulanmasi
sonucu elde edilen modelin, en iyi ve glivenilir
model oldugu, bulunan model performansi % 99,90
dogruluk basarisi ile de gosterilmistir.
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Abstract

Steganography is a subject of study that has been used to hide information throughout history. In
cryptology science, the information to be hidden is encrypted. Both study subjects are widely used in

information security and protection. In our study, digital image steganography, which is one of the
application areas of steganography, was developed and applied to hide text in the selected images.
While doing this, the low bands that will hide the data using the discrete Haar wavelet transform of the

Keywords images obtained first. The text to be hidden is encrypted with the one-time-pad algorithm. The key
Steganography; used for the encryption is transmitted to the receiver using a transmission layer based on a Highly
Optimal Pixel Secured Information Exchange Algorithm. The algorithms use a randomly generated key pool

Adjustment Process; maintained by both the transmitter and the receiver. A key is selected from the pool randomly by
Discrete Haar Wavelet  generating a random key start point for every message. The pool size and the randomness are critical
Transform; factors in guaranteeing no key repetition, which is a requirement for a one-time-pad. The ciphertext
One-Time-Pad and the key starting point indicator are hidden in the low bands of the pictures by utilizing the least
significant bit method. The optimal pixel adjustment process was applied to the pre-stego-images, this
resulted in an improvement in the results. The results obtained in this study are compared against the
pre-optimal pixel adjustment process results and the results obtained through peer studies. The test
results show that the proposed method outperformed all the methods in terms of peak signal-to-noise
ratio, structural similarity index metric, mean absolute error, mean consequential error and the

encryption key security.

Tek Kullanimlik Serit Sifreleme Yontemi icin Gelistirilmis Anahtar
Uretimi ve Degisimi ile Yiiksek Giivenli Hibrit Goriintii Steganografisi

Oz

Steganografi, tarih boyunca bilgileri gizlemek igin kullanilan bir ¢alisma konusudur. Kriptoloji biliminde
gizlenecek bilgiler sifrelenir. Her iki ¢calisma konusu da bilgi glivenligi ve korunmasinda yaygin olarak
kullaniimaktadir. Calismamizda steganografinin uygulama alanlarindan biri olan dijital gorunti

Anahtar kelimeler steganografisi gelistirilmis ve secilen gorintiilerde metin gizlemek igin uygulanmistir. Bunu yaparken
Steganografi; oncelikle elde edilen gériintiilerin ayrik haar dalgacik doénlisiimi kullanilarak verileri gizleyecek diistik
Optimum Piksel bantlar elde edilir. Gizlenecek metin tek kullanimlik serit algoritmasi ile sifrelenir. Sifreleme igin
Ayarlama Siireci; kullanilan anahtar, Yiksek Guvenlikli Bilgi Degisim Algoritmasina (HSIEA) dayali bir iletim katmani
Ayrik Haar Dalgacik kullanilarak aliciya iletilir. Sifreleme igin kullanilan anahtar, Yiksek Guvenlikli Bilgi Degisim
Dénisimil; Algoritmasina dayali bir iletim katmani kullanilarak aliciya iletilir. Algoritmalar hem verici hem de alici

tarafindan saglanan rastgele olusturulmus bir anahtar havuzu kullanir. Her mesaj igin rastgele bir
anahtar baslangic noktasi olusturularak havuzdan rastgele bir anahtar segilir. Havuz boyutu ve
rastgelelik, tek seferlik bir tus takimi icin bir gereklilik olan tus tekrari olmamasini garanti etmede kritik
faktorlerdir. Sifreli metin ve anahtar baslangi¢ noktasi gostergesi, en az anlamli bit yontemi kullanilarak
resimlerin alt bantlarinda gizlenmistir. On-stego gériintiilere optimal piksel ayarlama islemi uygulanmis,
bu da sonuglarda iyilesme saglamistir. Bu calismada elde edilen sonuglar, optimum Oncesi piksel

Tek Kullanimlik Serit
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ayarlama islemi sonuglari ve akran g¢alismalari yoluyla elde edilen sonuglarla karsilastirilmistir. Test
sonuglari, 6nerilen yontemin, tepe sinyal-glrlti orani, yapisal benzerlik indeksi metrigi, ortalama
mutlak hata, ortalama sonug hatasi ve sifreleme anahtari glivenligi agisindan tiim yontemlerden daha
iyi performans gosterdigini géstermektedir.

1. Introduction

Information security has been tried and achieved
through various methods throughout human history
(Takaoglu and Takaoglu 2020a). Watermarking,
cryptography and steganography are the methods
used to provide information security.
Steganography is a set of methods developed to
conceal confidential information. Regardless of the
type, any information that is important and needs to
be hidden is the subject of steganography (Takaoglu
and Takaoglu 2020b). As it can be understood,
steganography is a very old study subject as it
focuses on concealing information. The word
steganography is based on ancient Greece. The
combination of the words stegos, meaning cover,
and grafia, meaning writing, can be translated as
hidden writing (Takaoglu and Takaoglu 2019). When
the literature is examined, thousands of studies on
steganography are seen. Naturally, due to the
development of technology and the increasing
possibilities of applying new algorithms with other
methods such as cryptography algorithms, resulting
in many innovative studies are carried out (Sakk and

Wang 2021).

Steganography can be examined in sub-branches
such as linguistic, physical and digital (technical)
(Saad et al. 2021). Linguistic steganography is not
one of our focus areas. Printer steganography:
yellow dot analysis can be given as examples of
physical steganography. Digital steganography is
subdivided into image, audio, video and text
(Benedict, 2019).
steganography is the concern of this study. Several

steganography Image
steps must be carried out to achieve digital image
steganography which includes, choice of both the
cover image and the stenographic algorithm to be
used. The secret message to be hidden must be
specified and a digital key is required (Maji et al.
2019). The process of steganography is shown in
Figure 1. In this study, a text file containing secret

© Afyon Kocatepe Universitesi

information is hidden inside the images selected as

cover image.
Cover Secret Stego
Image message message
C M S

Steganographic

Steganographic
algorithm algorithm
(Embedding (Extracting

Process) Process)

Stego Secret
image message
S M
I Sender side | I Receiver Side |

Figure 1. Process of steganography.

Many studies are covering different digital image
steganography. In recent studies, techniques such
as pixel value difference (PVD), discrete cosine
transform (DCT), least significant bit (LSB), pixel
indicator technique (PIT), discrete Haar wavelet
transform (DHWT), optimal pixel adjustment
process (OPAP) is utilized (Xie et al. 2021). These
shared techniques are spatial domain and frequency
domain  methods used in

digital image

steganography (Deng et al. 2019).

Image steganography requirements can be

explained under four headings. These are
undetectability, payload capacity, security and
robustness (Kapila and Thind 2021). Undetectability
is one of the very important requirements in digital
image steganography. The payload which is inserted
in the cover-image is of great importance for the
obtained stego-image not to be noticed by the eye.
Because it must be ensured that the obtained stego-
image has an indistinguishable resemblance to the
original image (Pandey et al. 2019). Another
important requirement of image steganography is
security. Stego-image should not be detected by the

attacker using various analysis methods, or in cases
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where it is detected, the hidden information should
not be obtained. For this reason, it is of great
importance that the result obtained after the
steganography procedures have high peak signal-to-
noise ratio (PSNR) values. It is also important that
the transmission network used is selected from a
secure channel. The tampering of the transmitted
information by unwanted third parties is a factor
that reduces security. Payload capacity refers to the
maximum amount of data that can be hidden in the
cover image. The size of the data to be hidden
should be selected according to the payload
capacity and it is necessary not to cause the stego-
image to be detected by capacity analysis
techniques. In the case of hiding data above payload
capacity, imperceptibility and security requirements
are jeopardized (Darbani et al. 2019). For this
reason, digital image steganography should be done
by determining the payload capacities of cover-
images to be used. Robustness means that the
hidden data is removed from the stego-image in any
case. Robustness is a sensitive requirement in digital
image steganography because any external impact
on the generated stego-image creates a problem in
removing the hidden information without damage.
For this digital
steganography is desired, the above-mentioned

reason, if successful image
requirements should be met at the most optimal

level (S6nmez et al. 2018).

The method of combining steganography and
cryptology has been applied in many applications in
recent years (Mshir and Varol 2019). This is due to
the combination of cryptology and steganography,
if any information hidden by steganography is
detected, second protection is obtained via the
encrypted data (Kumar 2019). Hybrid systems
developed in this way provide more robust and safe
results (Kim et al. 2019). Due to the combined use
individual
their
hybridization technique which results in a more

of cryptology and steganography,

deficiencies are compensated for by

robust and safe system (Setiadi et al. 2017).

According to Kerchoff, the encryption algorithms
used in cryptology are known in detail by the
attackers. For this reason, even if a new encryption
algorithm is developed from scratch, measures

should be taken to increase security, considering
that the operation of the encryption algorithm used
is known to others. Again, according to Kerchoff,
privacy should only be the key in encryption
algorithms. For this reason, key confidentiality is of
great importance in the proposed hybrid encryption
and steganography studies (Wahab et al. 2021).
Today, many encryption algorithms can be used
with steganography and suitable for the sensitivities
specified by Kerchoff (Varthakavi et al. 2020). When
the literature is examined, Blowfish, Asymmetric
Cryptography  Algorithm (RSA), Advanced
Encryption Standard (AES), and One-Time-Pad (OTP)
algorithms appear in the mix as popular encryption
algorithms used with steganography (Menon and
Vaithiyanathan 2018).

Today, it is very difficult to crack documents
encrypted with AES (Manohar and Kumar 2020). It is
expected that even with quantum technology it will
still take some time to decrypt the AES algorithm by
brute force (Zhang et al. 2021). The OTP algorithm is
one of the encryption algorithms that are very
strong and unbreakable, just like AES. In the OTP
encryption algorithm, random key selection is made
as much as the message length (Shukla et al. 2013).
And by XOR the password with the text to be
encrypted, an encrypted message that is very
difficult to crack is obtained (Boakye-Boateng and
Lashkari 2019). In addition, the OTP algorithm was
used in this study, since there are other studies that
we are carrying out on the OTP algorithm (Tobin et
al. 2017).

There are studies in which more than one
encryption algorithm is used in cases where the
success of stenographic is not prioritized and
protection is desired to be kept high with
encryption. For example, in a study conducted by
Menon and Vaithiyanathan (2018), it was aimed to
provide three-layer privacy and security by using
Blowfish and AES

steganography. There are also steganography

algorithm together with
studies proposed with a similar logic. In the study
published by Benedict (2019), it was aimed to hide
the data by performing multiple steganography.
Accordingly, the text to be hidden is divided into
parts and hidden by steganography on more than
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one cover-image. In the study conducted by Al-
Ashwal et al. (2015), text and image data to be
hidden
compression algorithm. This compressed data is
hidden using DHWT and OPAP algorithms. When the
obtained results are compared with the peer studies

lossless were compressed using the

they have chosen, successful results have been
obtained. The use of the LZW algorithm in his
studies provides lossless compression of the secret
data and causes the data size to increase for
example from 8 bits to 16 bits. However, it has been
stated by researchers that the hidden data they
compress with LZW will increases hidden capacity.
Finally, the stage in which the OPAP process was
applied in the relevant study may have prevented
them from obtaining more successful results.
Conversely, more successful results can be obtained
if OPAP is applied on the stego-image obtained after
DHWT is performed.

The method proposed in this study uses DHWT, LSB,
and OPAP processes in order to successfully hide the
secret text encrypted with the OTP encryption
algorithm. It is not possible to obtain data encrypted
with OTP by brute force, even if a stego-image is
detected. To date the key sharing problem is still
open for improvements. The random key produced
to be used by the OTP encryption algorithm is based
on the PhD thesis conducted by Mustafa Takaoglu,
“Highly
algorithm based on encryption and steganography

namely secure information exchange
techniques"”, in 2022, in which a secure key
exchange layer is used between the sender and
receiver. In this way, the problem of secure key
sharing, which is the weakest aspect of the methods

suggested in the literature, is resolved.

The rest of this study continues as follows: Discrete
Haar wavelet transform, least significant bit, one-
time-pad encryption algorithm and optimal pixel
adjustment process methods are used. To fully
understand the method proposed, a detailed
explanation is presented in the preliminary
preparations section. The method we developed is
introduced in the proposed method section. In the
results and discussion section, the results obtained

are compared with peer studies. In the conclusion

part, a summary of the results and how they
compare to other methods is explained.

2. Materials and Methods
2.1 Discrete Haar wavelet transform

Discrete wavelet transform is an application of the
wavelet transform which is formulated in equation
1. w is a continuous function, j is a scaler, and k is a
shifting parameter (Ravichandran et al. 2016). The
equation representing w is:

wj(t) =2712w(277t — k) (1)

Wavelet series expansion maps a function of a
continuous variable into a series of coefficients. If
the expanded function is discrete, the resulting
coefficients are called discrete wavelet transform
(Bendjillali et al. 2019). There are three discrete
wavelet transformations, the first is the one-
dimensional discrete wavelet transform (1-D DWT,
2-D DWT, and 3-D DWT) (Arica and Kurtuldu 2009).
The 1-D DWT is used in the proposed method; the
multiresolution formulations of the scaling and
wavelet functions are as given in Equations 2 and 3.

Ojmn(x,y) = 27/20(27x —m, 27y —n) (2)
ﬁjg,m,n(x' y) = 2j/219i(2jx -m,2/y — n) (3)

where i = directional wavelets, j= arbitrary starting
scale, m and n determine the position of scaling
function.

Discrete wavelet transform is used to transform
image pixels into wavelets. Various encodings are
made on the frequency-based images obtained
using this technique (Kapila and Thind 2021).
Multilevel wavelet decomposition is applied on the
original selected image Figure 2 (a). Applying a 1-D
DWT single-level decomposition of Figure 2 (b) on
the original image will produce the result shown in
Figure 2 (c).

LL HL

LH HH

(b)
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Figure 2. Multilevel wavelet decomposition.

The advantage of the discrete wavelet transforms
compared to other transformation methods is
keeping the frequency and position information.
The DWT algorithm achieves this; the DWT
algorithm requires the data in matrix form to be able
to perform the transformation (Jasril et al. 2012).

As a result of keeping the frequency position, the
encodings of different kinds of DWT, including signal
denoising, data compression, and 2-D DWT could be
performed.

Equation 4 shows the 2-D function of the Haar
matrix associated with the Haar wavelets.

Hy = H 11] (4)

In this case, the transformation is applied to each
2x2 matrix. Applying the 1-D transformation to each
row, the result of this transformation is used as an
input to transform each column to obtain the DHWT

(Jasril et al. 2012). The results of a 2-D
transformation using a 2x2 matrix is shown in
Equation 5.

_ a by_
DHWT(X)—DHWT[C d]_

1[a+b+c+d a—b+c—d]
2la+b—c—d a-b—c+d
wgt wy't
wet - wyt

(5)

Where WL is horizontal and vertical low pass, WiHE
is horizontal high pass and vertical low pass, Wi is
horizontal low pass and vertical high pass, and Wi
is horizontal and vertical high pass components of
transformation.

2.2 Least significant bit

Least Significant Bit (LSB) method is one of the
simplest data hiding methods (Hassaballah et al.
2021). In LSB data hiding and extraction can be
achieved faster. However, using LSB makes it harder
for humans to detect the presence of hidden data
visually. However, detection algorithms can easily
detect LSB-hidden information. For this reason, LSB

should not use as a standalone method (Emad et al.
2017).

The corruption resulting from the change of the LSBs
is negligible. Therefore, hiding information on least
significant bits has less effect on the image data
integrity (Mandal et al. 2019).

2.3 Optimal pixel adjustment process

The optimal pixel adjustment process (OPAP) is used
to minimize the errors in the stego-image obtained
after the steganography process is performed
(Omar et al. 2013, Amirtharajan et al. 2010, Huang
et al. 2018). The main purpose of the OPA process is
to reduce the errors that occur (Nithya et al. 2017).
For this reason, the OPA process is applied after
obtaining the stego-image. The of OPA process
algorithm is given in Table 1 below. In Table 1. N
represents the height of the cover image, M
represents the width of the cover image, and k value
represents the hiding rate.

Table 1. Optimal pixel adjustment process.

Inputs:

S: Secret image

C: Cover image
Output:

SC: Stego-image
Algorithm:
1l.fora=0to M-1
2. forb=0toN-1

3. Temp = C[a][b] mod2X- S[a][b]

4, if (Temp > 25! and C[a][b] < 255 - 2)
5. SC[a][b] = C[a][b] — Temp + 2¥

6. else if (Temp < -2%! and C[a][b] > 2*1)
7. SC[a][b] = C[a][b] — Temp — 2¥

8. else

9. SCla][b] = C[a][b] — Temp;

10. endif

11. end for

12. end for

To prove that the shared OPAP algorithm provides
improvement, we use the following example: Let C
[a] [b] = 81, let S [a] [b] = 14 and k = 4. In this case
Temp = (81 mod 16) - 14 = -13. In this case, C [a] [b]
> 8 (2k-1) and Temp <-8, so SC [a] [b] = 81 - (- 13) -
16 = 78 (01001110)2. Binary representation of 81 is
(01010001)2. If binary value of 14 (1110)2 is
embedded than value will be 94 (01011110)2. In this
case, the difference between the original value and
the value obtained using OPAP is 81-78 = 3. If direct
embedding was used, the resulting value would be
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94-81=13. As it can be seen, the OPAP method gives
more successful results.

2.4 One-time-pad encryption algorithm

The encryption algorithm, known as One Time Pad
(OTP) or Vernam cipher, was proposed in 1917
(Boakye-Boateng et al. 2019). The mathematical
equation of the OTP encryption algorithm is
represented by Equation 6.

C=M+k)modX (6)

Where C Cipher, M Message, k random key, X Max
value of data intensity.

The mathematical equation for the decryption
algorithm is represented by Equation 7.

M= (C—-k)modX (7)

It is thought that OTP algorithm is a highly secured
algorithm; however, the only weakness to this
algorithm is the key exchange mechanism. This is
due to the fact that if the key is intercepted during
transmission, then the OTP can have no security
value. Therefore, if there is any improvement to be
added to this algorithm would be to establish a safe
key exchange method for the OTP algorithm
(Gebremichael et al. 2019, Giridhar and Mandal
2019).

2.5 Proposed method and key generation

In this study, an efficient steganography method is
proposed, guaranteeing the transmitted data
security and confidentiality. The cover images are
transformed into sub bands using discrete Haar
wavelet transform. Then Confidential information is
encrypted using the one-time-pad encryption
algorithm. The encrypted data is embedded into the
image using the LSB method. Then the inverse
DHWT is used to obtain the pre-stego-image.

The LSB and DHWT implementations introduce
unavoidable errors. The optimal pixel adjustment
process algorithm is used to reduce the errors
introduced by LSB and DHWT into the pre-stego-
image.

In this study, no key exchange will be carried out
between the transmitter and the receiver, both the
transmitter and receiver will agree on a shared Pool
of Keys which is randomly generated. The keys will
be selected randomly from this pool. Once the
encryption process is completed, key indicators will
be embedded into the stego-image. The receiver
will extract the key indicators from the stego-image,
then use the indicators to extract the key from the
pool. The key length is selected based on the
transmission file size. The key indicators will include
a random starting point from the pool of keys. The
receiver will extract the indicator and select the key
to decipher the message accordingly.

The left-hand side of the block diagram in Figure 3
shows that it is split into three parts. The first is the
target text's encryption followed by the key
within  the
(ciphertext*). The second step is converting the

indicators' insertion ciphertext
cover image using the DHWT, while the third step is
applying LSB to insert the ciphertext* into the LL
band of the cover image. Inverse DHWT will follow
this to produce pre-stego-image. The final sub-
operation is to apply OPAP to the pre-stego-image
to produce the stego-image. In the right-hand side
of the block diagram, the process is reversed where
the ciphertext* is extracted using the LSB method
from the LL band of the stego-image by applying
DHWT on the image received. The key indicators are
extracted from the ciphertext*; the extracted
indicators are used to select a key from an existing
pool of keys. The final step is to apply the OTP using
the extracted key to decipher the ciphertext.

A pseudo-random number generator (Java Random
Number Generator) is used to generate 4 bytes of
random integers which are stored in a file (key pool
file). The size of the file will need to be 4 GB. The
generated file is available for both the sender and
the receiver. The key size to be used by the OTP will
depend on the secret message size. A pseudo-
random number generator will generate a random
key starting point used to select the key from the
pool using the random starting point of the keys.
Once the random key is selected, it is used by the
OTP algorithm to encrypt the secret message. The
Pool of keys file size (4 GB) means that the file is ten
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thousand times bigger than any key, guaranteeing
no key repetition will take place. The key starting
point will then be inserted into the encrypted
message (MESSAGE), the MESSAGE will then be
used in the stenographic operation. At the receiving
end, the message will be extracted using the LSB.
This is followed by further extraction of the Key
Starting Point, KSP, from the MESSAGE. Once the

Randomly

Secret Text
Message

Cover Image

One-Time-Pad
Algorithm

Generated Key for
oTP

extraction is completed, the KSP is used to extract
the key from the Pool of Keys; the OTP uses the key
to decrypt the encrypted message.

Secret Message

S —
3

.y

OTP Decryption

h 4 3= d
Encrypted Secret
Text Secure
HSIEA
S
Encrypted Secret
Text
—
LSB +
S
Extracted LSBE
Inverse DHWT
*
QOPAP Stego-Image DHWT
—

‘ Public Channel ‘

Sender Side ‘

Figure 3. Block diagram of proposed method.
3. Results and Discussion

The results were obtained using Eclipse IDE for Java
Developers Version: 2021-03 (4.19.0). Histogram
analysis results were obtained using MATLAB
version R2017B. The testing platform is a laptop
with an Intel Core i7 7700HQ processor and 8GB
Ram. All images dataset used in the study is taken
from the USC-SIPI repository which is an open
accessed platform for academic researches. Only six
cover images with 256x256 and 512x512 pixel size
and .png extension were used. The standard grey
scale cover images used are Lena, Barbara, Pepper,
Cameraman, F16, and Baboon and are shown in
Figure 4. The sample text used for steganography
purposes is of sizes 1, 2, and 3 KB.

‘ Receiver Side

Figure 4. Cover-images used in the study.

3.1 Evaluation measures

Mean Square Error (MSE), Peak Signal to Noise Ratio
(PSNR), Structural Similarity Index Metric (SSIM),

Mean Absolute Error (MAE), and Mean
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Consequential Error (MCE) were used in calculating
the success rates of the stego-images.

The MSE is represented by Equation 8. Where c is
cover image, s is stego-image, and the image is of
mxn dimension.

MSE = Z IR e - SGHP (8)

PSNR is ratio between maximum possible signal
(MAX) and the influence of modifying noise to
fidelity of its representation. The PSNR (dB) is
represented by Equation 9.

MAx}?
MSE

PSNR =10 X logyg (9)
The stego-image success rate is related to the
maximum PSNR value obtained.

The SSIM is used to determine the quality of a stego
image (Y) w.r.t original image (X). It is calculated by
taking the product of its three main components
(luminance, contrast, and structural component)
raised by an exponent, when required. Its value will
be 1.0 if both the cover and stego-images are
indistinguishable. Generally, the SSIM between two
images X and Y is defined as follows in Equation 10.

SSIM(X,Y) = [1(x, )]"a - [c(x, y)]"B -
[sCe 1"y (10)

Here in, a, B, and y are parameters that represent
the comparative consequence of its
components. By setting a=f =y =1, we get the SSIM
index as mentioned in Equation 11.

three

(Zﬂxﬂy+C1)(Zny+Cz)
(ﬂ2x+ﬂ2y+cl)(ﬂ2x+.u'2y+cz )

SSIM(X,Y) = (12)
Here in, px, yy, ox, oy, and oxy are termed as local
parameters. Cl1 and C2,
constants that handle the division by zero
exception.

statistical are small

MAE is the average of the absolute value of each
individual error that exists between the original and
distorted image. This is the more preferable method
to use when the amount by which numerical
predictions are in error, is too much important. MAE

and MCE are calculated by Equation 12 and

Equation 13.
1\ yN

MAE = (;) Zx:l | Cx — Sy | (12)
1

MCE = (3) Xcyzs, 1 (13)

3.2 Visual comparison and histogram analysis

Figure 5 shows the both the original and the stego-
images. The stego-images shown in Figure 5 all
contain the same secret message of size 2 KB. Visual
inspection of Figures 5 shows no differences
between original and stego-image pairs.

Figure 5. Comparison between cover images and stego-
images.

Although the visual inspection of the stego-images
shows no detectable changes, the use of histogram
analysis would reveal the changes present within
the image. Therefore, the changes can be obvious if
the cover image is not selected carefully.
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Figure 6-12
between the cover and stego-images, from the

show the histogram comparison

figures it can be seen that the correct selection of
the cover image is of great importance when
applying the stenographic methods. This can be
seen in the case of the Figures 7th, and 11th
histogram of the cover images shows that there are
considerable differences between the cover and the
stego-images. While in the case of Figures 6th, 8th,
9th, and 10th, the histogram hardly shows any
changes, which indicates that these are suitable
cover images for stenographic operations.

Cover Lena Stego Lena

Cover Histogram Stego Histogram
3500
] Cover Image
] stego Image
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Figure 6. Histogram analysis for Lena.
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Figure 7. Histogram analysis for Barbara.
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Figure 8. Histogram analysis for Pepper.
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Figure 9. Histogram analysis for Pepper.
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Figure 10. Histogram analysis for F16.
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Figure 11. Histogram analysis for Baboon.

3.3 PSNR results analysis

The PSNR (dB) results were obtained by testing the
selected six cover images separately for 256x256
and 512x512 pixel sizes, before and after OPAP by
hiding 1, 2, and 3 KB data are shared in Tables 2 and
Table 3 as an example. Other test results will be

shared upon request from the responsible author.

Table 2. Barbara test results (256x256).

Secret
Mess
1KB 2KB 3KB
age
Size
2Bil Bi 2Bi Bi 2Bi Bi
kLsB 1Bit it 3Bit 1Bit it 3Bit 18it it 3Bit
s s s s B s
MSE 1,10 1,43 2,62 1,99 4,28 2,59 6,05
PSNR 43,1 42,0 39,3 40,5 37,2 39,4 35,7
OPAP
1,10 1,14 1,75 1,48 2,64 1,84 3,57
MSE
OPAP 41,8
43,1 42,9 41,1 39,3 40,9 38,0
PSNR 6
SsIM 0.99 0.99 0.99 0.99 0.99 0.98 0.99 0.99 0.98
56 54 37 48 32 69 29 26 32
MAE 0.76 0.76 0.88 0.88 0.89 113 4%2 1.03 137
MCE 0.40 0.39 0.40 0.34 0.33 0.34 0.26 0.27 0.28
Table 3. Barbara test results (512x512).
Secret
Mess
1KB 2KB 3KB
age
Size
kLSB 1Bit 2Bit 3Bit 1Bit 2Bit 3Bit 18it 2Bit 3Bit
s s s s s s
MSE 0,77 0,85 1,13 0,83 0,99 1,56 0,90 1,14 1,99
PSNR 45,2 44,7 43,5 44,8 44,0 42,1 44,4 43,4 41,0
OPAP
MSE 0,77 0,77 0,93 0,83 0,86 1,14 0,90 0,95 1,37
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OPAP

45,2 45,1 44,3 44,8 44,7 43,4 44,4 44,2 42,6
PSNR

0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99

62 60 53 56 55 38 49 49 26
MAE 0.60 0.60 0.63 0.64 0.64 0.69 0.67 0.67 0.76

MCE 0.47 0.48 0.48 0.45 0.46 0.46 0.43 0.44 0.45

Sssim

Pre-stego-image PSNR values obtained using
proposed method are compare against similar
studies from the literature (Performance analysis of
compression algorithms for information security: A
Review, (PAC), An efficient lossy cartoon image
(BWT-RLE),

similarity assessment of an optical coherence

compression  method, Structural
tomographic image enhanced using the wavelet
transform technique, (OCT-WT), Hiding Data Using
Efficient Combination of RSA Cryptography, and
(RSA-

DWT), A technique for digital steganography using

Compression Steganography Techniques,

chaotic maps, (LSB-PVD), A cycling chaos-based
cryptic-free algorithm for image steganography,
(LSB-RGB). Table 4 shows the comparison of the
results. The results show that the pre-stego-image
of the
performance to the other methods.

proposed method achieved similar

Table 4. Comparison of proposed pre-stego-image and
peer studies average PSNR values.

Algorithms Average PSNR Values (dB)
Proposed 256x256 39,955
Proposed 512x512 43,230
PAC (Sharma and Batra 38,175
2020)

BWT-RLE (Jeromel and Zalik 25,331
2020)

OCT-WT (Dehshiri et al. 37,781
2021)

RSA-DWT (Wahab et al. 40,310
2021)

LSB-PVD (Anees et al. 2014) 37,380
LSB-RGB (Aziz et al. 2015) 40,400

The stego-images PSNR obtained using the OPA
process and without OPA process are given in Table
5.

Table 5. Comparison of proposed Pre-OPAP and Post-
OPAP average PSNR values.
Pre-OPAP (dB) Post-OPAP (dB)

Hidden
Message 1KB 2 KB 3 KB 1KB 2 KB 3 KB
Size

Lena 41,0 384 370 419 40,10 38,9
256x256 23 07 64 26 25 67
Lena 43,6 42,8 42,1 44,0 43,47 42,9
512x512 36 12 16 75 2 20
Barbara 41,5 38,9 37,5 42,4 40,61 39,4
256x256 12 15 99 19 2 82

Barbara 444 43,6 430 449 4434 433
512x512 98 89 18 28 9 26
Pepper 39,4 36,8 35,5 40,3 38,55 37,4
256x256 67 54 38 55 6 46
Pepper 42,0 412 405 42,4 41,88 413
512x512 62 58 65 80 2 48
fnaamnera 41,9 392 37,8 42,7 40,89 39,7
e 117 52 75 3 35
;aan;era 44,7 438 43,1 452 4457 43,9
to, 68 8 50 23 1 74
F16 440 41,3 39,9 449 43,06 419
256x256 37 61 98 05 8 18
F16 46,8 459 452 47,2 46,66 46,0
512x512 34 81 74 95 0 98
Baboon 43,1 40,5 39,1 43,9 42,18 41,0
256x256 09 02 71 92 9 72
Baboon 42,2 41,4 40,8 42,6 42,11 416
512x512 44 93 64 53 6 38

Table 5 compares PNSR values with and without
OPAP. As it can be seen in the table, use of OPAP
introduces significant improvement.

Table 6 shows the comparison results of the OPAP
method against similar studies including Adaptive
LSB substitution Steganography technique based on
PVD, (ALSB-PVD), Steganographic Technique Based
(STMDF),
Transformation

on Minimum Deviation of Fidelity,
Authentication/Secret Message
Through Wavelet Transform based Subband Image
Coding, (WTSIC), All Frequency Band DWT-SVD
Robust Watermarking Technique for Color Images in
YUV Color Space, (DWT-SVD), A Steganographic
Scheme for Colour Image Authentication (SSCIA), A
DWT based Perfect Secure and High Capacity Image
Steganography method (HAAR-DWT), Design of an
Efficient Steganography Model using Lifting based
DWT and Modified-LSB Method on FPGA, (DWT-
MLSB), Adaptive Algorithm in Image Reconstruction
Based on Information Geometry, (IG-WLARS), A
Steganographic Method Combining LSB Substitution
and PVD in a Block, (CLSB-PVD),PAC, BWT-RLE, OCT-
WT, RSA-DWT, LSB-PVD, and LSB-RGB.

Table 6. Comparison of proposed algorithm and peer
studies average PSNR values.

Algorithms Average PSNR Values (dB)
Proposed algorithm 256x256 41,362
Proposed algorithm 512x512 43,861
Proposed algorithm average 42,611
PAC 38,175
BWT-RLE 25,331
OCT-WT 37,781
RSA-DWT 40,310
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LSB-PVD 37,380
LSB-RGB 40,400
ALSB-PVD 32.633
STMDF 39,600
WTSIC 42,400
DWT-SVD 36,600
SSCIA 33,200
HAAR-DWT 25,261
DWT-MLSB 29,058
IG-WLARS 30.138
CLSB-PVD 38.330

The result shows that the proposed method PSNR
values were consistent against all the images used
in the study. While the peer methods PSNR values
varied considerably against the images used in
individual peer studies. The average PSNR value of
the proposed method is higher than the values
achieved in the peer studies. Keep in mind that no
key exchange will occur in the proposed method,
resulting in added security regarding key exchange
issues required by the other methods.

4. Conclusions

In this study, the sub bands of a cover image are
extracted using the DHWT technique. The LSB
algorithm is utilized to hide every single bit of the
data in the least significant bits of the LL band of the
cover image. The inverse DHWT algorithm converts
the LSB output to the pre-stego-image. The results
show that pre-stego-image results are comparable
with or better than similar methods. The application
of OPAP to the pre-stego-image performed well,
while the other techniques gave an average PSNR
value of 42,611dB.

The use of the OTP encryption algorithm adds a
layer of security to the hidden data. The encryption
key and its size is not shared. Instead, a key pool is
maintained at both sides (Sender and Receiver), and
the indicators used to reconstruct the key are
inserted into the encrypted message. The key pool
size plays a significant role in the actual security and
integrity of the key. In this study, the pool size is 4
GB, which means it is 10 thousand times bigger than
the highest text message, indicating that combining
pool size with the randomness of the key starting
point will guarantee no key repetition.

From the results, it can be said that the choice of the
cover image plays a major role in the success of any
stenographic method.

It can be concluded that the proposed method
introduces a higher level of security as the method
does not require any form of key exchange between
parties. The key generation process is very fast as it
depends only on generating as a key starting point,
which is much faster than generating whole keys.
Finally, it can be seen that the combined high
security with the efficient stenographic method
used outperforms all other peer studies.
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Otomotiv, havacilik ve savunma sanayi sektorleri basta olmak lizere birgok sektérde kullanilan kritik
parcalarin hata tespitleri tahribatsiz muayene testleri ile yapilmaktadir. Tahribatsiz Muayene (TM)
yontemleriile kritik pargalarin maksimum givenilirligi ve kalitesi, hizli ve uygun maliyetli bir sekilde elde
edilir. Manyetik pargacik testi (MT), ferromanyetik malzemelerdeki ylizey ve ylzey alti ¢atlaklarini tespit
etmek i¢in yaygin olarak kullanilmaktadir. Ayrica, iretim asamasinda ve hizmetin bir noktasinda tiim
kritik celik pargalarin denetlendigi endustriyel uygulamalarda da onemli bir kullanima sahiptir. Bu
calismada, operatdre MT deneyleri ile alinan goriintilerdeki kusurlari belirlemede yardimci olmak igin
secgilen gorlntl isleme algoritmalari ile sistematik bir yaklasim 6nerilmistir. MT (Manyetik Parcacik
Testi) deneyleri ile alinan gorintiler yazilima aktarilmig ve énerilen yéntemlerle analiz edilmistir. Elde
edilen sonuglarin referans test blogundaki yapay kusurlarla uyumlu oldugu gézlemlenmistir. Deneysel
¢alismalar, 6nerilen yéntemin operatoére gatlaklarin yorumlanmasinda 6nemli katkilar saglayabilecegini
gostermistir. M2GLD algoritmasi referans bloktaki 6 kusurun tamamini, K Ortalama Kimeleme
algoritmasi ise 5’ini tespit edebilmistir.

Investigation of Crack Detection in Magnetic Particle Testing Images
Based on Image Process Algorithms

Keywords
Nondestructive
Testing, Magnetic
Particle Testing; Image
Processing Algorithm;
Crack Detection

Abstract

Flaw detection of critical parts used in many sectors, especially in the automotive, aerospace and
defense industry sectors, is made by Nondestructive Testing (NDT) techniques. Maximum reliability and
quality of critical parts are achieved quickly and cost-effectively with NDT methods. Magnetic Particle
Inspection (MPI) is widely used to detect surface and subsurface cracks in ferromagnetic materials. It
also has important use in industrial applications where all critical steel parts are inspected during the
production phase and at some point in service. In this study, a systematic approach is proposed with
selected image processing algorithms to assist the operator in identifying defects in images taken by
MPI experiments. Images taken with MPI experiments were transferred to the software and analyzed
with the suggested methods. It was observed that the obtained results were compatible with the
artifacts in the reference test block. Experimental studies have shown that the proposed method can
provide important contributions to the operator in the interpretation of cracks. The M2GLD algorithm
was able to detect all 6 defects in the reference block, while the K Mean Clustering algorithm was able
to detect 5 of them.
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1. Girig

Otomotiv, havacilik ve savunma sanayi sektorleri
basta olmak lizere endistriyel alanlarda kullanilan
tim kritik pargalar standartlara uygun olarak hata
tespitleri yapilmaktadir. Tahribatsiz Muayene (TM)
kritik
glvenilirliginin - saglanmasi

teknikleri parcalarin maksimum
icin Uretimin  farkli
asamalarinda, pargaya bir hasar vermeden test
edilmesinde kullaniimaktadir. Enddstride yaygin
olarak kullanilan TM teknikleri; Gorsel Yontemler ile
Muayene, Sivi Penetrant Testi (PT), Manyetik
Parcacik Testi (MT), Eddy Akimi ile Muayene,
Ultrasonik Test (UT) ve Radyografik Test (RT)
yontemleridir (Shull 2001). Diger taraftan, liretimde
yuksek kalite icin tahribatsiz muayene yontemleri
kalite kontrol sistemlerinin bir parcasi haline
gelmistir. Tahribatsiz muayene teknikleri icerisinde
PT, MT ve RT vyontemlerinde

parcalardaki

malzeme ve
hatalarin belirlenmesinde gorinti
analizi oldukg¢a 6nemlidir.

Endistride tasarim, Uretim ve servis asamalarinda
farkh tahribatsiz muayene teknikleri kullanilarak
yapilan testler sonucunda elde edilen gorintiler
tespitleri
yapilmaktadir. Luo vd. (2014), otomobil krank

degerlendirilerek  pargalarin  hata
millerindeki kusurlarin tespitinde bir CCD (Charged
Coupling Devices) kamera, mikroislemcili kontrol
Unitesi ve sistem

bilgisayardan olusan bir

onermislerdir. Bu sistemde kamera ile alinan

gorlintiler medyan ve ortalama filtrelerinden

gecirilerek yumusatiimistir. Yumusatiimis
goruntilere gradyant islemi uygulanip gri tonlamali
kullanilmistir.  Kusurlarin

dontsim algoritmasi

bolitlenme  islemi  Canny algoritmasi ile

gerceklestirip bolttlenen kusurlar etiketlenmistir.

Manyetik parcacik testi, yiksek miknatislanma
ozelligine sahip malzemelerin ylizey veya yiizeye
yakin kisimlarinda olusan sureksizliklerin
belirlenmesinde hizli, uygulamasi kolay ve ekonomik
bir tahribatsiz muayene yontemidir (Shull 2001).
Geleneksel MT isleminde malzemedeki kusurlar,
testi yapan operatorler tarafindan manuel olarak

tespit edilmekte ve test sirasinda gorintiler

alinmaktadir.  Bu yontem dogal olarak kusur
tespitlerinde operatoriin performansina bagli olarak
hatali

Operatorin gorsel yetenegi; hem manyetik parcacik

degerlendirmelere neden olabilmektedir.
testlerinde hem de sivi penetrant testlerinde
malzeme vyizeyindeki herhangi bir kusuru tespit
etmek igin kritik dneme sahiptir. Bundan dolayi,
operatorlerin muayene gorevlerini etkin ve dogru
bir sekilde vyerine getirebilmeleri
keskinliklerinin belirli bir standardi karsilamasi
gerekir (Luk et al. 2007, Mohan and Poobal 2017, Li
et al. 2020).

icin gbérme

Bu calismada, MT uygulamalarinda elde edilen
tespit
operator hatalarini en aza indirmek amaciyla segilen

goruntulerdeki  kusurlarin edilmesinde

gorantl isleme algoritmalarinin  kullanildigi  bir

sistem vyaklasimi  6nerilmektedir. Literatlirde,
tahribatsiz muayene teknigi olan MT uygulamalari
ile kusurlarin tespit edilmesini kolaylastirmak ve
insan kaynakh hatalari en aza indirmek amaciyla
cesitli gorlinth isleme algoritmalarinin kullanildig
calismalar yer almaktadir. Bu konuda yapilan bir
calismada Ye vd. (2021), geleneksel MT cihazlarina
kusurlari otomatik tespit edebilen bir sistem
Gelistirdikleri

Uzerindeki kusurlari morétesi 1sik altinda agiga ¢ikan

kurmuslardir. sistemde, malzeme
farkh tonlardaki renkleri boliitleyen bir dizi gorinti
isleme algoritmasi kullanilmistir. islem sonucunda
elde edilen goruntiye ait Ozellikler sinir agina
verilmis ve girdi ile cikti arasindaki korelasyonu
hesaplayan regresyon degerini 0.17 olarak elde

etmislerdir.

Tout vd. (2021) yaptigi bir calismada, kusurlari tespit

etmek icin geleneksel gorinti isleme
algoritmalarindan ziyade giinimiizde daha popiler
olan evrisimli sinir aglarini (ESA) kullanmislardir.
Bu model yaklasik 50000 goriinti ile egitilmis olup
yaklasik olarak %99 dogruluk oranina sahiptir. Ma
vd. (2016)

parcacik test sistemine, bilgisayar kontrolli bir

yari-otomatik floresans manyetik

gorlintl isleme sistemi eklemislerdir. Bu calisma
sonucunda catlaklarin tespiti ve gosterimi icin bir
algoritma gelistirmislerdir. Catlak tespit algoritmasi,
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morfolojik top-hat, esikleme, gauss blur; bolitleme
icin morfolojik rekonstriiksiyon; kusur tanima igin
cesitli sekil ve renk 6zelliklerini kullanan ¢ok olgekli
bir yapidadir.
tasarladiklari goriintiileme sistemi ve algoritmanin

Calismada elde edilen sonuclar

catlaklari tespitte basarili oldugunu gostermistir.

2. Manyetik Pargacik Testi

Manyetik
malzemedeki ylizey ve ylizeye yakin sureksizlikleri

parcactk testi, ferromanyetik bir
tespit etmek i¢in malzemeye dogrudan veya dolayli
olarak manyetik 06zellik kazandiriimasi islemidir
(Sekil 1). Test

miknatislanmasinin ardindan manyetik sivi ile

edilecek malzemenin
yikanarak ultraviyole (UV) isik altinda kontrol islemi
yapiimaktadir. Bu asamada, test edilen malzemede
ylzey ve ylizey alti kusurlari mevcut ise manyetik
parcaciklar (floresanh demir tozlari) UV isik altinda
yiksek kontrasth olarak gorintiilenecektir. Bu
testler sirasinda gorilen sireksizlikler standart veya
sartnamelere bagli olarak operator tarafindan
degerlendirilmektedir. Bu yontemin

degerlendirmesindeki  kisitlardan  biri, islem

sonucunun kesinligi operatériin  deneyim ve

bilgisine bagl olmasidir.

Manyetik alan gizgileri Manyetik parcagiklar Kusur

4 N
> - > —_— - —>
> > — > — ="
> > S e —

Sekil 1. Manyetik parcacik testinin malzeme yiizeyindeki
slreksizlik tespitini gosteren model [Tout et a/
2021]

3. Goriintii isleme Algoritmalan

Literatirde, parcalardaki kusurlarin gérintd isleme

algoritmalari ile tespit edilmesine yonelik
calismalarda arastirmacilar gri renk formatinda
goruntuleri kullanmislardir. Elde edilen goriinti
Gzerindeki glrultlleri azaltmak icin medyan filtre ve
benzeri filtreleri uygulamislardir (Luo et al. 2014,
Anzhong et al. 2020). Ayrica (Luo et al. 2008,

Anzhong et al. 2020), goriintinin kontrastini

arttirmak igin gorlintlyl histogram esitleme
isleminden gecirmislerdir. Bununla birlikte Anzhong
vd. (2020), esit olmayan aydinlatma kosullarini
dengelemek icin gama dlizeltme tabanh bir

aydinlatma algoritmasi kullanmislardir.

Hoang (2018) tarafindan ydriitilen bir calismada, 6n
isleme icin Min-Max Gri Dlizey Ayrimciligl (M2GLD)
isimli  bir gri yogunluk ayarlama yontemi
dnerilmistir. Onerilen bu ydéntemle kusurlarin dogru
tespit oraninin iyilestiriimesi amaglanmistir. Ayrica
kusurun esikleme yontemi

tespiti icin Otsu

kullaniimis ve olumlu sonuglar elde edilmistir.

Liu ve Danczyk (2009), kaldirim gorintalerindeki
catlaklari tespit etmek igin belirli bir yénde belirli bir
frekansa sahip icerigin varligini belirlemek amaciyla
bir bolgedeki dokuyu dogrusal bir filtre olan Gabor
filtresi kullanarak analiz etmislerdir. Bu ydntemin

karmasik ve zengin yilizey dokusuna sahip

malzemelerin catlaklarini tespit etmede etkili

oldugu gorulmastr.

Ayrica Celik (2020) demiryolu raylarinin yapisinda
stk karsilasilan kusurlarin tespit edilmesine yonelik
yaptigl calismada goriintl islemede yatay-yatay ve
yatay-dikey algoritmalarini 6nermistir. Onerdigi bu
algoritmalardan yatay-dikey algoritmasi, %87.81
oraniyla ray temas bolgesini tespit etmis ve sltun
ortalama esitleme yontemiyle ray vyuzeyindeki
kusurlu alanlarin bulunabilecegini gbstermistir.

4. Yontem
Tahribatsiz  muayenede  manyetik  parcacik
testlerinde kalibrasyon amaciyla farkh

geometrilerde cesitli yapay kusurlarin bulundugu

referans bloklari kullaniimaktadir. Bdylece, MT
uygulamalarinda test parametrelerinin standartlara
Sekil 2'de

derinliklerde

uygunlugunu kontrol edilmektedir.

referans blok (zerinde cesitli
olusturulmus yapay kusurlar gosterilmektedir. Bu
calisma, manyetik parcacik testlerinde alinan

gorintilerin  sayisal ortama aktarilmasi ve
sonrasinda kusur tespiti amaciyla secilen gorinti
isleme teknik ve yontemlerinin kullanildigi bir

gorinti isleme ve analizi yaklasimi dnermektedir.
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Calismamiz sirasinda blogun ylizeyinde yer alan
kusurlarin gorintileri alinmistir ve secilen goriinti
isleme algoritmalari kullanilarak testler yapilmistir.

Yapay Kusurlar

Sekil 2. Referans Test Blogu.

Tablo 1’de,
Gzerinde yer alan enine ve boyuna olacak sekilde

referans blogunun boyutlari, blok

olusturulmus tim vyapay kusurlara ait oOzellikler
listelenmisgtir.

Cizelge 1. Test blogunun 6zellikleri. (Int Kyn. 1)

Boyut (ing) 10.0x 1.25x 0.375

Yuzey Kusurlari (Boy x Geniglik x Derinlik)

Boyuna (2.0 x 0.005 x 0.040)

Ust (inc) Enine (0.063 x 0.005 x 0.020)

Boyuna (0.062 x 0.005 x 0.020)

Alt (inc) Enine (1.25 x 0.005 x 0.020)

Yiizeyalti Kusurlari

0.064 (cap) x 0.75 (delik derinligi)
0.051 (ylUzeyden)
0.061 (yiizeyden)
0.071 (ylizeyden)
0.081 (ylizeyden)
0.091 (ylizeyden)
6. 0.131 (ylizeyden)

Enine (ing)

ukhwNe

0.064 (cap) x 1.75 (delik derinligi)

Boyuna (ing) 0.093 (ylizeyden)

Bu calismada; kusurlarin tespitine yonelik 6nerilen
bir is akisi icerisinde ve temel goriinti isleme
teknikleri ile tespit edilen kusurlar, referans test
blogu tzerindeki yapay kusurlarla karsilastirilmistir.
Uygulama asamasinda, referans blogu
miknatislandiktan sonra manyetik sivi ile yilkanmis
ve bu islem sirasinda UV 1sik altinda goriinti
alinmistir (Sekil 3). Test sirasinda alinan goérinti

kaydedilerek bilgisayar ortamina aktarilmistir.

Sekil 3. Manyetik sivi ile yikanan referans blogunun UV
15tk altindaki gorintisi.

MT islemi
kusurlarin tespitine yonelik bir is akisi icerisinde

sirasinda alinan gorintli (zerinde,

farkli gorintt isleme algoritmalari test edilmistir
(Sekil 4). Bu islemler, Python programlama dilinin
3.9. versiyonunda gercgeklestirilmis olup gorinti
isleme algoritmalarini kullanmak icin acik kaynak
kodlu OpenCV (Open Source Computer Vision, Int
Kyn. 2), matrissel islemleri gerceklestirebilmek igin
Numpy ve uygulanan algoritmalarin sonuglarini
Matplotlib
kullanilmistir. OpenCV, temel ve ileri goriinti isleme

goruntlilemek igin kituphaneleri
algoritmalarini igeren verimliligi yUksek ve gergek
zamanli uygulamalar igin tasarlanmis platformdur.
Ayrica bu platform istatiksel siniflandirma, video ve
goruntiler igin 10 islemleri ve temel veri yapilarini
iceren bilesenlerden olusmaktadir (Bradski and
Kaehler 2008).

Test gorintilerinin sayisal ortama aktarilmasindan
sonra islem yapilacak bolge secilmistir ve ardindan
gorintd gri renk formatina doénustirilmastir. Bu
islem sonrasinda goriinti Uzerindeki glriltileri
temizlemek amaciyla medyan filtresi 5x5 matris
seklinde uygulanmistir.
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- Lar?l‘r:‘:;’r“ . Canny aigoritmasinin
> Igol uygulanmast
uygulanmasi
G lenen parcanin
gl boigesinin Canny algoritmasinin
bolatienmesi = uygulanmast

Boltlenen bdlgenin gr
renk seviyesine
donstiriimesi

!

Medyan filtrenin M2GLD algoritmasnin
uygulanmast uygulanmast
M2GLD Canny

K ortalama kimeleme

Renk maskesinin
uygulanmas) I

Elge edilen gikularin
kargilastinimasi

e

uygulanmasi

Sekil 4. Calisma is akisi ve kullanilan gorinti isleme
yontemleri.

Medyan filtresi (5x5) uygulandiktan sonra gérinti
Uzerinde alti farkh yaklasim test edilmis olup ilk
yaklasim olarak Laplacian ve Canny algoritmalari
ikinci sadece Canny

uygulanmustir. yaklasim,

algoritmasi kullanilmasidir.  Diger bir yaklasim ise
referans blogu ylzeyindeki kusurlarin kontrastinin
arka plandan yiksek olmasi dolayisiyla filtrelenmis
gorlntiye renk maskesi uygulanmasidir.
Calismamizda, kullandigimiz baska bir yaklasim ise
(2018) M2GLD

algoritmasidir. Gorlintlilere hem M2GLD algoritmasi

Hoang tarafindan  Gnerilen
hem de bu algoritma ile birlikte Canny algoritmasi

uygulanmustir. Calismamizda kullanilan son
yaklasim ise K Ortalama Kiimeleme algoritmasi
uygulanarak kusurlarin bolitlenmesidir. K Ortalama
Kimeleme algoritmalari farkli alanlarda goérinti
bolitleme amaciyla yaygin olarak kullaniimaktadir.
Bu algoritma ile ayni tiirden nesneler 6zelliklerine
gore, benzer kiimelere ayrilmaktadirlar. Boylece
gorinti isleme sirasinda 6zellikleri belirlenmis olan
nesneler, benzerlik oranlarina gére farkh siniflarda
kiimelenmektedirler (Rakesh and Ravi 2012, Eksi
and Cakiroglu 2012). Elde edilen kiime igindeki
maksimum, kimeler

verilerin  benzerliklerinin

arasindaki benzerliklerin ise minimum olmasi

hedeflenmektedir.

5. Sonug

Gri renk formatina dénustirilen referans blogunun
gorintistine 5x5’'lik matris seklinde uygulanan
medyan filtresinin giktisi Sekil 5'te gosterilmistir.

Filtre 6ncesi géruntu Filtre sonrasi gérintu

Sekil 5. Gorlintiiye medyan filtre uygulanmadan &nceki

durum (sol), Gorintiye medyan filtre

uyguladiktan sonraki durum (sag).

Calismamizda kullanilan yaklasimlardan ilki olan
Laplacian ve Canny algoritmalarinin Grettigi sonuclar
Sekil 6’da gosterilmistir.

. e Laplacian+Canny
Orjinal gorinti

Sekil 6. Gorlntiye Laplacian ve Canny algoritmalarinin
uygulanmasinin ardindan olusan sonug.

Laplacian ve Canny algoritmalari test blogu tizerinde
yer alan 6 kusurun yalnizca 2 tanesini tespit
edebilmistir. kusurlar net bir

Diger sekilde

belirlenememistir. Tespit edilen kusurlar

garaltaladar.

ikinci yaklagim olarak sadece Canny algoritmasinin
uygulanmasi test edilmistir. Canny algoritmasi

kullanilarak elde edilen gorinti Sekil 7’'de

gosterilmektedir.
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Canny filtre
uygulanmis gorint

7

Orjinal gorinti

sadece Canny

Sekil 7.
uygulanmasinin ardindan olusan sonug.

Goruntlye algoritmasinin

Gorlintliye sadece Canny algoritmasi uygulanmasi
sonucu 6 kusurdan 5 tanesi tespit edilmistir.
Yizeyden 0.131
edilememistir. Tespit edilen kusurlar Laplacian ve

inc derinlikteki kusur tespit
Canny algoritmalarinin birlikte uygulandigl duruma
gore daha net olmakla beraber bir miktar girilti

icermektedir.

Bu asamada uygulanan diger bir yaklasim ise renk
maskesinin kullaniimasidir. Sekil 8’ de renk maskesi
uygulanmasi sonucu elde edilen gériinti verilmistir.

Renk maskesi
uygulanmis gorinti

Orjinal gortint

Sekil 8. Gorilintliye renk maskesinin uygulanmasinin
ardindan ortaya ¢ikan sonug.

Renk maskesi uygulanmasinin ardindan ortaya ¢ikan
sonuca gore 6 kusurdan 5 tanesi, net ve girultisiz
olarak tespit edilebilmistir. En derin kusur ise tespit
edilememistir.

Calismamizda 6nerilen baska bir yaklasim ise olan
M2GLD algoritmasidir. Sekil 9'da ilk olarak M2GLD
algoritmasinin uygulanmasi ve sonrasinda Canny

algoritmasinin kullaniimasi ile elde edilen goriinti
verilmistir.

M2GLD algoritmast
uygulanmis gorinti

M2GLD + Canny

Orjinal gorunti i
uygulanmis goriintl

Sekil 9. Goriuntliye M2GLD algoritmasinin ve M2GLD
uygulanan goriintiye Canny algoritmasinin
uygulanmasi sonucu ortaya ¢ikan sonuglar.

M2GLD algoritmasi, 6 kusurdan 6 tanesini tespit
edebilmesine ragmen ylzeye en yakin olan kusur
(0.051 ing) ve en derindeki kusur (0.131 ing) net bir
sekilde tespit edilememistir. Tespit isleminde
basarili olmasina ragmen guraltali olan ciktilara
Canny algoritmasi uygulanmasi sonucu en yakindaki
kusur daha net tespit edilirken en uzaktaki kusur

tespit edilememistir.

Onerilen son yaklasim ise K Ortalama Kiimeleme
algoritmasinin kullanilmasidir. Sekil 10’da referans
K Ortalama Kumeleme

bloguna algoritmasi

uygulanmasi sonucu elde edilen goriinti verilmistir.

Orjinal goruntu K=2 ile Bolunmis Goranti

Sekil  10.
algoritmasinin uygulanmasi sonucu ortaya ¢ikan

Gorintiye K Ortalama  Kimeleme

sonug.
K Ortalama Kimeleme algoritmasi uygulanmasinin
sonucu olarak 6 kusurdan 5’i tespit edilmistir.
Ylizeyden en uzak kusur tespit edilememistir.
Uygulanan bu algoritma, kusurlari daha net bir
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sekilde tespit etmistir. Ancak bazi gurultileri ve
istenmeyen bolgeleri de tespit etmistir.

Calismamizdaki tim sonuglar 6zetlenirse, M2GLD
algoritmas! test blogunda yer alan tim kusurlar
tespit etmeyi basarmistir. Laplacian ve Canny
algoritmalar birlikte uygulandiginda sadece 2 kusur
tespit edilebilmistir. Diger algoritmalar ise 5 kusuru
Tablo 2’'de

algoritmalarin tespit oranlari verilmistir.

tespit edebilmislerdir. uygulanan

Cizelge 2. Goruntllere uygulanan algoritmalarin tespit
ettigi kusur sayisi ve orani.

Uygulanan Tespit Edilen Tespit
Algoritmalar Kusur Sayisi Orani
Laplacian ve Canny 2 %33
Canny 5 %83
Renk Maskesi 5 %83
M2GLD 6 %100
M2GLD ve Canny 5 %83
K Ortalama Kiimeleme 5 %83

6. Tartisma

Bu calismada, MT islemleri sirasinda test edilen
parcanin goriintileri Uzerinden kusur tespitine
yonelik olarak is akisi icerisinde literatlirde mevcut
olan Laplacian, Canny ve Renk Maskesi algoritmalari
ve ayrica literatlire yeni kazandirilmis M2GLD
algoritmasi kullanilmistir. Diger taraftan, bu calisma
ile beraber literatlire vyeni bir bakis agisi
kazandirabilecek K Ortalama Kiimeleme algoritmasi
kullanilmistir.

M2GLD algoritmasi referans blok lizerinde yer alan
6 yapay kusurun tamamini tespit ederek denenen
algoritmalar arasinda en yiksek tespit oranina sahip
olmustur. Canny algoritmasi ile yapilan uygulamada
ise referans blok (zerinde yer alan kusurlardan
sadece en derin olan kusuru tespit edememistir. Bu
algoritmanin tespit ettigi kusurlarda glirtlti miktari
fazladir. Bu

algoritmaya ek olarak Laplacian

algoritmasi uygulandiginda tespit orani dismistir.

Calismamizda onerilen ve konu ile ilgili literatiire
yeni bir bakis kazandirabilecek K Ortalama
Kimeleme algoritmasinin referans blok Gzerindeki
yapay kusurlarin 5’ini tespit edebilmistir.

Bu calismada tahribatsiz muayene tekniklerinden
biri olan ylizey ve ylizeye yakin kusurlarin tespitinde
yaygin
muayenesinde tespit oranlariniiyilestirmeye yonelik

olarak kullanilan manyetik pargacik
mevcut gorintl isleme algoritmalarinin yani sira
literatlirde yeni yer alan M2GLD ve K Ortalama
Kimeleme algoritmalari test edilmistir. Bu 2 yeni
yaklasimdan, M2GLD algoritmasi yuksek gurilti
bagisikhgina sahip olmasi dolayisiyla K Ortalama
Kiimeleme algoritmasina gore daha net sonuglar

vermistir.

Gelecek c¢alismalarimizda, basarili sonuglar elde
ettigimiz yaklasimlar gelistirilerek manyetik pargacik
muayenesinde kullanilan farkh test bloklar ve
endistriyel malzemeler ile testler yapilacaktir.

Literatlirde mevcut olan ve geleneksel gorinti
basari
oranlarina sahip yapay derin sinir aglari, veri sayisi

isleme yOntemlerinin  yerine ylksek

yetersizligi nedeniyle test edilememistir. ileriye

donik ¢alismalarda yeterli veri sayisl

olusturuldugunda vyapay derin sinir aglarinin

kullaniimasi planlanmaktadir.

Tesekkiir

Ege Universitesi Havacilik Meslek Yiiksekokulu Ogretim
Gorevlisi Alperen Dogru’ ya NDT Laboratuvari’nda yapilan
test calismalarindaki katkilarindan dolayi tesekkiir ederiz.

7. Kaynaklar

Anzhong, Z., Xinyang, H., Minyu, J. and Xiukun, W., 2020.
Multitarget defect detection of railway track based on
image processing. 2020 Chinese Control And Decision
Conference (CCDC), IEEE, 3377-3382.

Bradski, G. and Kaehler, A., 2008. Learning OpenCV.
O’Reilly Media Inc.

Celik,A., 2020. Demiryolu Ray ve Kusurlarini Tespit Etmek
Yontem. Demiryolu

52-63.

icin  Gelistirilen 1ki Yeni
Muhendisligi, 12,
doi:10.47072/demiryolu.737624

Eksi, Z. and Cakiroglu M., 2012. Performance evaluation
of the popular segmentation algorithms for bone
fracture detection. AWERProcedia Information
Technology & Computer Science, 1: 1245-1249.

121



Yiizey ve Yiizey Alti Kusurlarinin Tahribatsiz Muayenede Manyetik Parcacik Testi Igcin Gériintii isleme..., Sézeri vd.

Hoang, N.D., 2018. Detection of surface crack in building
structures using image processing technique with an
improved otsu method for image thresholding.
Advances in Civil Engineering, 1-10.

Li, L., Yang, Y., Cai, X. and Kang, Y., 2020. Investigation on
the formation mechanism of crack indications and the
influences of related parameters in magnetic particle
inspection. Applied Science, 10, 6805, 1-16.

Liu, H.X. and Danczyk, A., 2009. Optimal sensor locations
for freeway bottleneck identification. Computer-
Aided Civil and Infrastructure Engineering, 24, 8, 535—
550.

Luk, B.J. and H.S. Chan, A.H.S., 2007. Human factors and
ergonomics in dye penetrant and magnetic particles
nondestructive

inspection methods. Engineering

Letters.

Luo, J., Tian, Z. and Yang, J., 2014. Fluorescent magnetic
particle inspection device based on digital image
processing. Proceeding of the 11th World Congress on
Intelligent Control and Automation, IEEE, 5677-5681.

Luo, Y., Qu, P. and Dong, W., 2008. Fault diagnose of aero
engine based on digital image processing. 2008
Chinese Control and Decision Conference (CCDC
2008), IEEE Xplore.

Ma, T., Sun, Z., Zhang, W. and Chen, Q., 2016. A machine
vison assisted system for fluorescent magnetic
inspection of

particle railway wheelsets. AIP

Conference Proceeding, 1706, 1.

Mohan, A. and Poobal, S., 2017. Crack detection using
image processing: A critical review and analysis.
Alexandria Engineering Journal, 1-17.

Rakesh, M. and Ravi, T., 2012. Image Segmentation and
Detection of Tumor Objects in MR Brain Images Using
Fuzzy C-Means (FCM) Algorithm. International Journal
of Engineering Research and Applications, 2088-2094.

Shull, P.J., 2001. Nondestructive evaluation theory,
Techniques, and Applications. CRC Press.

Tout, K., Meguenani, A., Urban, J.P. and Cudel, C., 2021.
Automated vision system for magnetic particle
inspection automated vision system for magnetic

particle inspection. The International Journal of
Advanced Manufacturing Technology, 1, 3307-3326.

Ye, J.H.,, Ni, R.H. and Hsu, Q.C., 2021. Image feature
analysis for magnetic particle inspection of forging
defects. Journal of Engineering Manufacture, 1-7.

internet Kaynaklari

1- https://www.magnaflux.com/Files/Product-Data-
Sheets/Accessories/Magnetic-Particle-Test-
Bar_Product-Data-Sheet English.pdf, (16.06.2022)

2- https://opencv.org/, (05.01.2023)

122


https://opencv.org/

Afyon Kocatepe Universitesi Fen ve Miihendislik Bilimleri Dergisi

Afyon Kocatepe University Journal of Science and Engineering

AKU FEMUBID 23 (2023) 015201 (123-137) AKU J. Sci. Eng. 23 (2023) 015201 (123-137)
DOI: 10.35414/akufemubid.1134945
Arastirma Makalesi / Research Article

Increasing the Robustness of i-vectors with Model Compensated First
Order Statistics

Gokay DISKEN 1, Zekeriya TUFEKCIi?
! Adana Alparslan Turkes Science and Technology University, Department of Electrical-Electronics Engineering, Turkey
2 Cukurova University, Department of Computer Engineering, Turkey

Sorumlu yazar e-posta*: gdisken@atu.edu.tr  ORCID ID:http://orcid.org/0000-0002-8680-0636
e-posta: ztufekci@atu.edu.tr  ORCID ID:http://orcid.org/0000-0001-7835-2741

Gelis Tarihi: 24.06.2022 Kabul Tarihi: 26.01.2023

Abstract
Speaker recognition systems achieved significant improvements over the last decade, especially due to

the performance of the i-vectors. Despite the achievements, mismatch between training and test data
affects the recognition performance considerably. In this paper, a solution is offered to increase

Keywords robustness against additive noises by inserting model compensation techniques within the i-vector
Parallel model extraction scheme. For stationary noises, the model compensation techniques produce highly robust
compensation;Robust  systems. Parallel Model Compensation and Vector Taylor Series are considered as state-of-the-art
speaker model compensation techniques. Applying these methods to the first order statistics, a noisy total
recognition;Vector variability space training is aimed, which will reduce the mismatch resulted by additive noises. All other

Taylor series; I-vector  parts of the conventional i-vector scheme remain unchanged, such as total variability matrix training,
reducing the i-vector dimensionality, scoring the i-vectors. The proposed method was tested with four
different noise types with several signal to noise ratios (SNR) from -6 dB to 18 dB with 6 dB steps. High
reductions in equal error rates were achieved with both methods, even at the lowest SNR levels. On
average, the proposed approach produced more than 50% relative reduction in equal error rate.

Model Kompanzasyonlu Birinci Derece istatistikleri ile i-vektérlerin
Giirbuzliiguinin Artinlmasi

0z

Konusmaci tanima sistemleri 6zellikle i-vektorlerin performansi sebebiyle son on yilda onemli

gelismeler elde etmistir. Bu gelismelere ragmen egitim ve test verileri arasindaki uyumsuzluk tanima
performansini 6nemli 6lg¢lide etkilemektedir. Bu ¢alismada, model kompanzasyon yéntemleri i-vektor
¢ikarimi semasina eklenerek toplanabilir glrdltilere karsi glirblzIGgl artiracak bir ¢ézim

Anahtar kelimeler

Paralel model sunulmaktadir. Duragan guriltiler icin model kompanzasyon teknikleri oldukga glirbiiz sistemler iretir.

kompanzasyonu; Paralel Model Kompanzasyonu ve Vektor Taylor Serileri en gelismis model kompanzasyon
Gurbiiz konusmaci
tanima;Vektor Taylor

serileri; I-vektor

tekniklerinden kabul edilmektedir. Bu metotlar birinci dereceden istatistiklere uygulanarak toplanabilir
gurdltlilerden kaynaklanan uyumsuzlugu azaltacak guardltili  tim degiskenlik uzayr egitimi
amaglanmistir. Tim degiskenlik matrisin egitimi, i-vektér boyutunun azaltiimasi, i-vektorlerin
puanlanmasi gibi geleneksel i-vektér semasinin diger tiim pargalari degismeden kalmaktadir. Onerilen
ybntem, 6 dB’lik adimlarla -6 dB’den 18 dB’ye kadar gesitli sinyal-glirilti oranlarina (SNR) sahip dort
farkl giralth tipi ile test edilmistir. Her iki yontemle de en disik SNR seviyelerinde bile esit hata
oranlarinda yiiksek azalmalar elde edilmistir. Onerilen yaklasim esik hata oraninda ortalama olarak
%50’den fazla goreceli azalma saglamistir.
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1. Introduction

Performance of the text-independent speaker
recognition systems have increased considerably
with the introduction of i-vectors (Dehak et al.
2011). Based on the joint factor analysis (Kenny et
al. 2007), i-vectors produce a fixed low dimensional
vector from variable length utterances. A matrix
named total variability space (denoted with T) is
trained to extract i-vectors, where the speaker,
channel, and session variabilities are modelled. A
universal background model (UBM) (Reynolds et al.
2000) is also used in the conventional i-vector
framework. The low dimensionality of the i-vectors
gave the opportunity to develop and use more
complex channel compensation techniques (Dehak
et al., 2011), and considered as state-of-the-art
method for text-independent speaker recognition.

As the majority of speech related systems, the i-
vectors’ performance degrades with the mismatch
between the training and test utterances, caused by
environmental noise, channel distortions, etc. (Ming
2007).
compensated effectively within the i-vector space
(Dehak et al., 2011), the effects of additive noise can
still be harmful for the recognition performance.

Although channel variabilities can be

Various studies can be found in the literature that
aim to reduce the noise effects in the feature level,
total variability space, i-vector space or even at the
late classifying step (i.e. probabilistic linear
discriminant analysis (PLDA)). Some of these works
are given in the following, and the difference of this
work is noted at the end of this section.

The feature extraction is the first step in speaker
2017).

Increasing the robustness of the extracted features

recognition systems (Tirumala et al.
will make the classifiers’ job easier since the
deteriorative effects are minimized, and various
studies focused on this step (Disken et al. 2017,
Krobba et al. 2019). On the other hand, the
conventional Mel frequency cepstral coefficients
(MFCCs) (Davis and Mermelstein 1980) are still
preferred in many studies (even in the most recent
works reported below), and mismatch effects are
dealt in later steps, as proposed in this study.

Many researchers tried to achieve robustness within
the i-vector framework, or in the low dimensional i-

vector (Ribas and Vincent 2019),

uncertainty propagation was employed in both

space. In

UBM and factor analysis model, and a slight
speech
algorithm was reported. Clean i-vectors were MAP

improvement over a enhancement
estimated (called i-MAP) given the noisy i-vectors in
(Ben Kheder et al. 2015, Ben Kheder et al. 2014),
assuming the distributions are normal, and noise is
additive in the i-vector space. This technique was
further improved by applying linear regression
based cleaning, where the Gaussian assumption was
not required (Baby et al. 2017). Computational time
of the i-MAP was reduced in (Ben Kheder et al.
2017), by including a distribution selection scheme,
where a previously observed distribution was
selected based on the distance between noisy test i-
vector and all noisy i-vectors distributions available
in the training data. Jointly modeling the clean and
noisy i-vectors, a better performance was achieved
(Kheder et al. 2018).

(El Ayadi et al. 2017) estimated GMM/UBM
parameters in a robust manner using robust
estimation methods named minimum volume
ellipsoid and minimum covariance determinant.
Since the UBM takes part in the traditional i-vector
scheme, resulted i-vectors were considered as
robust against additive noise. Simplified supervised
i-vectors were found to be superior than the
conventional ones in terms of speed and accuracy
(Li and Narayanan 2014), where a look-up table and
factor analysis performed on pre-normalized
Gaussian Mixture Model (GMM) first order statistics
helped to reduce the system’s complexity. Frame
weighting was taken into account in (Zhang et al.
2019), and GMM updating rules were defined which
lead to more robust sufficient statistics.
Multicondition training, where clean and noisy
versions of data are combined in training, was found
to be effective to increase robustness in several
studies (Garcia-Romero et al. 2012, Lei et al. 2012,
Li and Mak 2015, Mak 2014, Rajan et al. 2013),
where robust PLDA classifier was the main concern.
Multiple SNR-dependent PLDA models were
investigated in (Mak et al. 2016). Five back-ends
were investigated in (Liu and Hansen 2014), and
fusion of them was found to be very effective with a
computational burden trade-off. Adaptive boosting
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was used to combine multiple Support Vector
Machine (SVM) classifiers which are trained using
noisy i-vectors (Sarkar and Sreenivasa 2014).

Deep neural networks (DNN) have gained popularity
in the last decade, thanks to the developments in
both software and hardware. They have been
successfully applied in many diverse areas. Besides
being a recognition system themselves (Snyder et al.
2016, Variani et al. 2014), DNNs were also included
in the i-vector framework at various levels to
increase their performances. In (Zhang et al., 2020)
DNNs were used for multi-level enhancement; in
utterance level, MFCC level, and i-vector level, and
frame selection also applied to emphasize noise-
Recently, DNN
enhancement also found to be complementary with
PLDA mutlicondition training (Novotny et al. 2019).
LDA was replaced with a DNN to learn non-linear

invariant  frames. speech

projection of i-vectors (Wang et al. 2018). The
sufficient statistics were observed with a DNN (Lei
et al. 2014), and with a convolutional neural
network (CNN) (McLaren et al. 2014) instead of the
traditional UBM. DNNs were also included in the
mixture of PLDA framework to produce posterior
probabilities (Li et al. 2016, Li et al. 2017). DNN
based mapping on i-vectors were used to reduce
content mismatch between utterances with
different lengths (Guo et al., 2018). Two neural
networks with noisy versions of the clean i-vectors
as inputs were trained to produce denoised i-
vectors before applying PLDA classifier (Mahto et al.
2017).

Model adaptation methods such as parallel model
combination (PMC) (Gales and Young 1993, Gales
and Young 1996) and Vector Taylor Series (VTS)
(Moreno et al. 1996) aim to reduce the mismatch
between the training and test data by modifying the
speech/speaker models’ parameters in an efficient
manner. Traditional speech recognition systems use
Hidden Markov Model (HMM) with Gaussian
Mixture model in each state to model the
distributions. Model compensation methods modify
the model parameters so that the mismatch due to
additive
minimized. PMC estimates the noisy models by

noise and/or channel variations is

combining the clean speech and noise models. On
the other hand, VTS estimates the noise parameters

with  (usually) a first-order Taylor Series
approximation, then adapts the clean speech model
to the noise conditions. One of the advantages of
these methods is the requirement of limited
adaptation data (Kalinli et al. 2010). Due to their
state-of-the-art performance, many recognition
systems have included these methods to increase
robustness (Acero et al. 2000, Chung 2016, Gales
1997, Gales and Young 1995, Li et al. 2007, Kalinli et
al. 2009, Kim and Hansen 2009). Modifications on
delta PMC were

investigated in (Geng-Xin et al. 2006, Sim and Luong

parameter estimations for
2011). Approximated PMC was proposed in (Sim
2013) to reduce the computational burden of
compensating covariance matrices. Mobile (Tao et
al. 2008) and embedded systems have also
benefited from model compensation. VTS preferred
in HMM based speech enhancement to modify
model parameters for noisy speech (Gao et al.
2014). Masking factor was included in VTS before
compensation, and a slight improvement compared
to the traditional VTS was achieved (Das and Panda
2016). A GMM with a low number of mixtures was
used to estimate the noise parameters and another
GMM with more mixtures than the first one was
used to estimate clean features to reduce the
computation load of VTS (Zhou et al. 2016). Several
PMC approximations were compared in (Gong
2002).

Model compensation was also used in speaker
recognition systems (Bellot et al. 2000, Ping et al.
2001). However, combining the power of the model-
based methods with i-vectors have not been
investigated, except (Lei et al. 2013; Lei et al. 2014).
In (Lei et al. 2013), VTS was used to obtain clean
versions of i-vectors. A noisy UBM was constructed
for each speech segment with VTS applied to the
clean UBM and noise distributions. Noisy models are
updated to each utterance with an EM auxiliary
function. Expectation maximization (EM) algorithm
was also developed to train the total variability
matrix. To reduce the computational load of total
variability matrix training, a simplified version of this
approach was studied, and a minor degradation
compared to the original VTS was observed (Lei et
al. 2014). VTS was replaced with an unscented
transform to more accurately estimate the noise-
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adapted UBM parameters (Martinez et al. 2014).
The aforementioned methods also include
multicondition training.

To the best of authors’ knowledge, PMC and i-vector
combination have not been tested previously. One
of the reasons may be the complexity issues
considering that the noise will be injected in UBM,
total variability, and scoring models (Ben Kheder et
al. 2017). On the other hand, previous studies have
shown that late steps such as LDA dimensionality
reduction and PLDA scoring can remain as in the
conventional case with VTS approach (Lei et al.
2014). Also, for stationary noise types, noise can be
approximated with a single Gaussian. Therefore, the
number of mixtures in the UBM will not increase
contrary to the non-stationary noise case (Gales and
Young 1993). Furthermore, almost every method
increases the complexity of the system more or less.
For instance, DNN based approaches usually require
a high amount of data and a lot of training time.
Multicondition training requires noisy data which is
not usually available, and producing noisy data
inherently increases the training time. Besides, the
noise information may not be available a priori.
Model based techniques provides the advantage of
adapting with a little noise data that can be
observed within the test/operating environment.
The noise parameters can be estimated by using
various methods such as noise tracking, voice
activity detecting, speech enhancement, etc.
(Chuwatthananurux and Wanvarie 2016, Disken et
al. 2017, Ghosh et al. 2011, Lin et al. 2007, Martin
2001), or even some of the first frames of the
incoming utterance can accepted as noise-only
frames, which is not always true but still provides a
practical solution. The robustness of the recognition
system then will be related to the success of the
noise estimation methods. In this paper, however,
the noise is assumed to be known since the main
focus is on the combination of i-vectors and model
based compensation. Hence, the performance of
the recognition system is going to depend solely on
the model based method, and the extracted “noisy”
i-vectors. Also, considering the modern devices
developed since the first presentation of model
faster runtime

based methods, a may be

anticipated.

The proposed method aims to modify the first order
statistics with model compensation where there is
no requirement for noisy training data or any
multicondition training. Since the T matrix is learned
from the sufficient statistics, a noisy version of this
matrix will be learned due to the injection of the
noise to the first order statistics. Also, the model
compensation is applied to the UBM since a noisy
UBM is needed to train T and to extract sufficient
statistics from noisy test data. All other steps of the
conventional i-vector extraction scheme remain as
is, and no modifications were made in the EM
algorithms in any step. Hence, the model based
methods fit almost seamlessly with the i-vectors.
Both PMC and VTS methods showed very high EER
reductions in the experiments realized with
different noisy types and various SNR levels.

The rest of the paper is organized as follow. Section
2 reviews the PMC and VTS methods, providing the
essential expressions that will be used in the
compensation step. Section 3 shows the proposed
method to inject noise information into the first
order statistics. Section 4 presents the experimental
results, along with a discussion part. Section 5
concludes the paper.

2. Model Based Compensation

In this section, VTS and PMC methods are reviewed.
Various improvements were made after their initial
presentations. Therefore, without analyzing the
methods detailly or proving the
expressions/assumptions, the equations used in this

paper were given for completeness.

2.1. Vector Taylor Series

VTS is used to characterize the unknown additive
noise and channel effects in a computationally
efficient manner. The VTS can be applied to the
feature vectors, or to the statistics that model them
(Moreno et al. 1996). In this paper, the latter
approach is chosen. As the order of the Taylor series
increase, the complexity of the system increases. A
first order series usually performs sufficiently. The
noisy speech cepstral vector can be expressed as

y=x+h+gn—x—h) (1)
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where x, h, n corresponds to the clean speech,
channel, and additive noise cepstral vectors,
respectively, with Gaussian distribution assumption
(refer to (Acero et al. 2000) for the derivation and
assumptions). The g(z) is a non-linear function given

below,

g(z) = Cln (1 +exp (C™12) (2)

where C is the discrete cosine transform (DCT)
matrix. Since the convolutive channel noise is not
considered in this work, it is dropped from the
following expressions. Further, channel noise can be
compensated in the lower dimensional i-vector
space. The additive noise is assumed to be Gaussian,
and the noisy speech vector y, and its mean vector
(corresponding to a mixture of noisy UBM), u,, can
be obtained from

yz”x-i'g(ﬂn_”x)‘i"q(x_”x)+(I_
A)(n — py) (3)

ﬂy = Uy + g(ﬂn - ﬂx) (4)

where . is the mean vector of clean speech model
(a mixture of the clean UBM), u,, is the mean vector
of additive noise model (single Gaussian in this
paper), | is the identity matrix, and A is the Jacobian
of Equation 1 with respect to x and can be expressed
as

A=cCPC! (5)

P is a diagonal matrix whose elements are (u =
Hn — ux)

p(p) = (6)

14+eC7 0

The covariance matrix of the noisy UBM can be
calculated as

2, =~ AL AT + (1 - AL, - AT (7)

where X, is the covariance matrix of the clean
speech (a mixture of the clean UBM), X, is the
covariance matrix of the additive noise. The noisy
covariance matrix is assumed diagonal, although the
result of the Equation 7 is not diagonal. The delta
parameters can also be estimated by using
Equations 8-9.

Apy, = AApy (8)
AT, ~ AAE AT + (I — A)AZ, (1 — A)T (9)

2.2. Parallel Model combination

The basic idea behind PMC is to obtain modified
models of the acoustic environment (such as HMM,
GMM), so that the mismatch between training and
test data are minimized (Gales and Young 1993,
Gales and Young 1996). The modification is simply
done by combining a clean speech model with a
noise model. The combination of the parameters is
performed in the linear spectral domain. Therefore,
parameters of each model must be mapped from
cepstral domain. Once the models are combined,
the observed noisy model parameters are mapped
back to the cepstral domain. One of the advantages
of the PMC is that no change is required in the
further process such as scoring. Some assumptions
made for the PMC are as follows (Gales and Young
1996);

- The speech and noise are independent.

- They are additive in the time and power
spectrum domains.

- A single Gaussian or a GMM well presents the
distribution of the observation vectors in the
cepstrum or log filter-bank energy domain.

- The frame alignment used to generate the
speech models from clean data is not changed by
the addition of noise.

Additional
approximation (Gales and Young 1993, Tufekci et al.

assumptions to use log normal
2006) are given below.

- The sum of two log normal distributed random

variables results in a log normal distributed

random variable.

Si N;
5i+Ni) and (Si+NL'

negligible. Si and Ni are the ith components of

- The variances of ( ) are

the clean speech observation vector and noise
observation vector, respectively, in the mel-
scaled filter-bank energy domain.

S: Ui N; T
- E il SN ~ L — . E —t ~ N —
(Si‘HVi) #i+l7i) Y (5i+Ni) #i+l7i)

7n;, where E is expectation operator, y; and fi; are

the ith components of the clean speech and
noise mean vectors in the mel-scaled filter-bank
energy domain.
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For the rest of the equations, superscripts are used
to denote the domain, i.e., c indicates the cepstral
domain, | indicates log domain. Absence of a
superscript indicates linear domain. The symbols ~
and ” are used to depict noise and estimated noisy
speech parameters.

The model

covariance matrix) are mapped to the log energy

parameters (4: mean vector, I:

domain as follows:

pt=Cctpc (10)
Apt = CTApC (11)
= ctze(cHT (12)
AX! = c71AZC (¢ )T (13)

Then, exponential function is applied to transform
into linear domain:

=i
i = exp(uf +=5 (14)
Azk
Ap; = exp(Dp +=1) (15)
i = wpjlexp(Eh) — 1] (16)
AZ;j = ApAp;lexp(Az)) — 1] (17)

Then, the noisy model parameters are estimated by
using Equation 18 and Equation 19,

p=p+g (18)
T=X+g%% (19)

where g is a gain matching term calculated with
averages of noisy speech signal energy (Ens), noise
energy (En), and clean speech energy (E;) as

— Ens—En

B (20)

Similarly, delta parameters of the noisy model are
estimated by using the following equations.

Af; = yibu; + gnAfL; (21)
AL = y;v;A%;; + g*nim ;AL (22)

Once the noisy model is constructed, its parameters
must be transformed back to the cepstral domain by

first taking the logarithm (Equations 23-26), then
applying the DCT (Equations (27-30).

le

ai = In(h;) - l(+D (23)
~ A AZI”
Ap; = (M) = In(Gz + 1) (24)
2:l.l.
=In ( +1) (25)
SLo_ AZ”
AS! = In(—=—L- oy +1) (26)
fc = cit (27)
A€ = CApit (28)
¢ = CcTicT (29)
AZ¢ = CAZICT (30)

In the experiments, four preceding and four
succeeding frames were considered to obtain delta
features as given in Equation 31, where y is the static
feature vector, Ay is the delta feature vector, k and
i are the frame indexes, and N=4.

Ayl (k) = EE=n 0D (31)
Yisq i
However, in the PMC method, the equations for
deltas were derived considering that the deltas
were calculated using the present frame and its
succeeding one. To apply the same formulas, it is
assumed that the delta features can be expressed

as,
Ayt(k) = Ayt(k — 1) — Ayt (k + 1) (32)

Considering that the noisy speech is the sum of the
speech (x) and noise (n) signals in the linear domain,
Equation 32 can be transformed into Equation 33.

x(k 1.')+en(k T)

Ay' (k) = 108( Sy onters)

(k+71)

— x(k-1)—x(k+T e*

= log (eX kX0 — e t

en(k—T)—n(k+7:) enk+n) (33)
ex(k+71) 1 on(k+1)

The expressions within the log operation follows
Equation 21, where the ratios correspond to ¥ and
71, and the exponentials correspond to the speech
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signal and noise signal, respectively. Therefore, we
do not need to modify the original PMC equations
for the deltas.

3. Model Compensated First Order Statistics

In this section, the conventional i-vector extraction
scheme is reviewed first, then the combination of
the model based methods with i-vectors is
explained. The main idea is observing noisy first
order statistics. Since the total variability matrix (T)
is learned from sufficient statistics, a noisy version
of T will be estimated. Further, as T is also called as
i-vector extractor, noisy i-vectors will be observed at
the final stage. The model compensation methods
are applied to the UBM and first order statistics. All
of the other steps and training conditions remain
the same (i.e. training of T, applying channel
normalization and/or dimensionality reduction
methods, scoring the i-vectors). Hence, there is no
requirement to develop new EM algorithms, apply
multicondition training, or modify the scoring

process.

3.1. Extraction of i-vectors

The conventional i-vector scheme (Dehak et al.
2011) is reviewed for convenience. A speaker and
channel dependent GMM supervector can be
defined as

M=m+Tw (34)

where m is the mean supervector taken from the
UBM, T is the i-vector extractor, and w is a random
vector with a normal distribution. For each
utterance, an i-vector is obtained by the maximum
a posterior (MAP) estimate of w. Sufficient statistics
(Baum-Welch), which are used in the training of T
and in the extraction of i-vectors, are collected using

the UBM () as follows:

Ne = Xt=1 P(clfe, Q) (35)

= %:1 P(clfe D f: (36)

N and F called as the zero and first order statistics,
respectively, calculated for a sequence of L frames.
P(c|f:, Q) is the posterior probability of mixture
component ¢ = 1, ..., C generating the observation

vector f;. Centralized first order statistics can be

calculated by substituting the UBM mean
supervector.
F, = Xt=1 PClfe O (fr —m¢) (37)

Given an utterance, the posterior estimation of i-
vector is obtained by using Equation 38.

w=U+TZINWT) T 1F (u) (38)
N (u) is a diagonal matrix whose diagonal block are

N, F(u) is a
concatenating all F. for a given utterance, and I is

supervector constructed by
the identity matrix. ¥ is the covariance matrix that
can be copied from the UBM (Kenny 2012).
Assuming the first and second order moments
(w(s)) and (w(s)w(s)T) have been calculated, T
can be updated using the formula below (Kenny,
2012).

T, = (s E(){@"(ONEs N () "N~ (39)

As seen in Equation 39, T matrix depends on the
sufficient statistics. It is assumed that if the statistics
are noisy, the resulted T will be noisy, Hence,
robustness of the system will be increased due to
the fact that noisy i-vectors can be extracted from
the clean training data, and the mismatch between
noisy test data will be reduced.

3.2. Extraction of noisy i-vectors with model
compensation

UBM
parameters and the first order statistics. The UBM

The proposed method modifies the

has a critical role in the i-vector scheme. It is used to
estimate sufficient statistics, centering the first
order statistics, and the covariance matrices used in
the MAP estimation of the i-vectors. Considering
these facts, it is clear that a noisy UBM is needed to
before further processes. The noise is assumed to be
stationary and modeled as a single Gaussian. Hence,
using the PMC and VTS methods described in the
previous section, a noisy UBM is obtained with the
number of mixtures equal to the clean UBM. It
should be noted that both methods applied
independently at the exact same stages. Hence, the
noisy model, or compensated model means that the
model parameters are modified either PMC or VTS.
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The next step of the proposed method is to extract
the sufficient statistics, as in the conventional i-
vector framework. In this case however, using the
noisy UBM will produce erroneous results since the
training data is clean. Also, as mentioned in Section
2.2, The frame alignment used to generate the
speech models from clean data is not changed by
the addition of noise. Therefore, there is no need to
modify the zero order statistics. The first order
statistics, on the other hand, are multiplied by the
observation vectors which will be noisy in the test
data. Model compensation is applied to the first
order statistics so that noisy i-vectors can be
extracted from the clean training data. The zero and
first order statistics can be thought as weights and
mean vectors of the UBM, respectively. In fact,
dividing the first order statistics to the zero order
statistics yields to updated mean values as in the M-
step of the GMM/UBM training. Hence, after
reshaping and dividing, the first order statistics are
available for model compensation. The covariance
matrix of the clean UBM is used in conjunction with
the first order statistics to apply PMC method. For
the VTS, the first order statistics can be directly
modified without considering the covariance
matrices. The modified equations are given below
for convenience.

Let F denote the reshaped and divided first order
statistics (mean vector of a mixture). For the VTS
method,u, = F, and pa, = AF so the noisy first
order statistics (F) and its deltas (AF) can be
estimated as in Equation 4 and Equation 8,

F‘zf+g(un—F) (40)
AF ~ AAF (41)

For the PMC method, u¢ = F andAu‘ = AF, and
the related equations in Section 2.2 should be
handled accordingly, with the covariance matrix
taken from the clean UBM. Equation 27 and
Equation 28 give the Fand its deltas AF,
respectively.

Note that model compensation is applied before
calculating the centralized statistics. In order to
follow the i-vector framework, the noisy first order
statistics must be multiplied with the zero order
reverse the

statistics, then concatenated (to

reshape and divide operations). Equation 37 can be
rewritten as

F_'c =F —Nm, (42)

Using the noisy first order statistics and the mean
vectors from the noisy UBM (ii1) , the centered
statistics can be expressed as

sz'+g(un—ﬁ') (43)

The remaining process is completely the same as the
standard i-vector process. T matrix is trained using
the noisy UBM, clean zero order statistics, and noisy
first order statistics. The observed matrix can be
considered as noisy total variability space. Finally,
the noisy i-vectors can be extracted using the noisy
T matrix.

In the test stage, contrary to the training, sufficient
statistics are extracted using the noisy UBM. The
reason for this approach is that test data contains
noise, and we do not have any frame alignment
information as in the UBM training with clean data.
Using the noisy UBM, noisy statistics will be
observed inherently so there is no need to add any
compensation in this stage. Experimental results
given in the next section confirmed that this
approach effectively reduce the mismatch due to
the additive noises, even in severely degraded
situations such as -6 dB and 0 dB SNR levels.

To summarize the proposed approach, a block
diagram is given in Figure 1. The leftmost blocks
show processes for the conventional i-vector
system. The dashed blocks are the proposed
modifications. Note that clean sufficient statistics
are extracted using the clean UBM. In the proposed
method, noisy statistics are obtained directly with
the model compensation in the training stage. As
mentioned in the previous paragraph, in the test
stage, the noisy UBM is used to obtain the sufficient
statistics.

4. Speaker Verification Experiments
4.1. Experimental setup

250 male speakers from the NIST SRE 1998 database
were used in the verification experiments. For each
speaker, approximately 5 minutes of training data
were available. The durations of test data were 30
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seconds. 1308 test utterances were used to
measure the performance of the proposed method.
A simple energy-based VAD was used to remove the
silence parts found in the utterances (Kinnunen and
Li 2010). Four different noises (F16, factory, Lynx,
speech) from the NOISEX-92 noise database (Varga
and Steeneken 1993) were added to the test files at
SNR levels varying from -6 dB to 18 dB with 6 dB
steps. All utterances (training and test files) and
noise signals were normalized to have equal energy
in each utterance. Then, for the test files, noise was
added with a suitable multiplier to have the desired
SNR level. As mentioned in the previous section,
noise was modeled with a single Gaussian. Although
F16 and factory noises were not as stationary as
Lynx and speech noises, this approach still estimates
the noise sufficiently, as reported in the test results.
However, more Gaussian components may be
needed for more complex noise types, or more
accurate results, at the expense of computational
time.

26-dimensional MFCCs were extracted (13 static
features including the zeroth coefficient, and their
deltas). A UBM with 512 mixtures was trained with

'r Noisy First Order
"4 __ Statistis

all available training data. 400 dimensional i-vectors
were extracted. LDA was applied to reduce the i-
vector dimensions to 200. PLDA was utilized for
scoring stage. The system trained on the clean data
with the given parameters was served as baseline.
For the proposed noisy i-vectors, the model based
methods were applied to obtain noisy first order
statistics and noisy UBM.

As the success of the model compensation methods
for GMM/HMM based systems are known from the
related literature, results with the traditional GMM-
UBM method are also given in order to prove that
model compensation with the i-vectors can achieve
better recognition performances. In the GMM-UBM
method, speaker models were adapted from the
clean UBM, then model compensation applied to
both UBM and adapted speaker models. Since the
training data is clean, this approach produced better
results than adapting the speaker models from the
noisy UBM. Table 1 shows the results for the GMM-
UBM method, and Table 2 shows the results for the
i-vectors.

L R S a
I

Noisy T-matrix
—_ — 4

Clean
training | Feature Extraction
data ¢
F—————
Model
o - _Compensation
T .
Model
Sufficient Statistics —ﬂ Compensation
T-matrix
Noisy i-vector
LDA
PLDA scoring
Decision

Figure 1. The conventional i-vector system (leftmost blocks) and the proposed modifications (dashed blocks). At the test

stage, the noisy test data follows the same path for the conventional system. For the proposed system, noisy

UBM and noisy T-matrix are used instead of their clean versions.

Table 1. Speaker verification results in terms of percent EER for the GMM-UBM method.

Noise SNR Level Baseline GMM- PMC VTS Average relative Average relative
Type (dB) UBM GMM-UBM GMM-UBM EER reduction EER reduction
with PMC with VTS

-6 42.6991 18.8879 11.4853

0 32.2446 7.881 7.6711
Lynx 6 20.742 5.3957 5.7279 ~53% ~57%

12 9.2896 4.4805 4.8593

18 4.8387 4.2667 4.0667
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-6 46.3478 26.4758 16.446
0 41.5461 11.1111 9.6579 ~65% ~69%
F16 6 33.6294 6.4645 6.7848
12 20.9424 4.8346 5.2057
18 9.0211 4.2636 4.5739
-6 45.2763 22.8278 18.8776
0 36.4122 10.163 9.3799
Factory 6 23.913 6.4626 6.4181 ~55 ~60
12 12.3656 4.7804 5.1453
18 5.5556 4.3702 4.3928
-6 38.8889 11.3965 11.0018
0 25.8913 7.1288 7.4157
Babble 6 12.7907 5.6355 5.5353 ~44 ~44
12 5.8548 4.6914 4.563
18 4.1995 4.0897 4.1775

The average relative EER reduction rates are also
given in the last columns for each noise type. The
VTS performed slightly better than the PMC. For the
GMM-UBM method, reduction rates vary between
44% and 69%. The proposed method produced
similar results with the i-vectors, 42% and 65%, the
lowest and the highest reduction rates, respectively.
This proves that compensating the first orders
statistics along with the UBM, model compensation

methods have fitted in the i-vector scheme

seamlessly. Another important point is that the
baseline i-vectors produced better EER values than
the baseline GMM-UBM, which was expected.
Therefore, despite the similar range,

EER reductions within the i-vector framework are
much more valuable.

Table 2. Speaker verification results in terms of percent EER for the i-vector method.

Noise SNR Level Baseline PMC VTS Average relative Average relative
Type (dB) i-vector i-vector i-vector EER reduction EER reduction
with PMC with VTS

-6 39.0395 14.5712 12.8728
0 30.8655 6.8681 6.3043

Lynx 6 19.021 4.4348 4 ~60 ~65
12 7.3783 3.5477 2.8278
18 4.4346 3.0214 2.6992
-6 41.0819 23.1481 19.913
0 33.6728 10.9322 9.0617

F16 6 23.8502 5.7018 5.0998 ~58 ~62

12 11.7347 3.8069 3.6465
18 5.5987 3.4404 3.3814
-6 39.1631 19.087 15.1623
0 29.6333 8.8207 8.5456

Factory 6 19.5322 5.4581 4.5918 ~53 ~57
12 8.2418 3.7037 3.3419
18 4.0466 3.2651 3.2776
-6 35.6015 14.961 15.5222
0 22.7521 6.3662 6.402

Babble 6 10.9442 4.2813 3.7275 ~42 ~45
12 4.6784 3.6355 3.3259
18 3.0435 3.0702 2.9933

4.2. Discussion
The experimental results indicated that the i-vectors

can benefit from the model compensation

techniques, without extreme changes in the

conventional procedure. Both the VTS and the PMC
methods achieved very high relative reduction rates
in terms of EER. The VTS performed slightly better
than the PMC. This situation was expected since the
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showed that the VTS
approximates the noise better than the PMC (Acero
et al., 2000).

The benefits of the proposed scheme were more

previous literature

observable for the lower SNR values. For instance,
both baseline and the proposed systems performed
similar when the SNR level was 18 dB. However, as
the SNR drops to 6 dB, the baseline method’s
performance dropped dramatically while the
proposed systems’ EERs were not even doubled. For
the -6 dB SNR level, the best performing baseline
system produced 35.6% EER. The worst performing
proposed system vyielded 26.47% EER. The gap
between the best and worst performing systems
proves the effectiveness of the noise compensation
methods.

No other data besides the clean training data were
used in the experiments. This is a more practical
approach then the multicondition training since the
training data usually collected in clean, controlled
environments. It should be noted that the noise was
modeled with a single Gaussian. The F16 and factory
noises are more volatile than the Lynx and babble
noises, however, model compensation still
increased the robustness against these noises. More
Gaussians should lead to more accurate noise
estimates, which will further improve the results. On
the other hand, the system’s complexity will
increase in accordance with the number of
Gaussians used to estimate the noise parameters.
In the experiments, we assumed that the noise type
in the test data is known to focus solely on the
performance of the model compensation within i-
vector framework. For practical systems, various
methods can be used to estimate the noisy sections
on-line, if no prior information is available. A little
the model

adaptation data is required for

compensation methods, and the proposed
approach only includes compensation in the UBM
and first order statistics, then the total variability
matrix can be trained as usual. Hence, the system
can be adapted to a new environment with a little
noise data, and once the adaptation completed, the
scoring is just as fast as the conventional i-vectors.
For the noisy environments where the noise is highly
non-stationary the proposed approach still can be

effective providing enough mixture to model the

noise off-line, but in a practical system adapting the
system to a highly non-stationary environment will
be much more time consuming. In fact, robustness
against non-stationary noise is an active research
area for speech related studies, and most solutions
require complex systems.

5. Conclusion

In this paper, state-of-the-art model compensation
methods, namely PMC and VTS, were combined
with the i-vectors. The main purpose of the
proposed method is to extract noisy i-vectors from
the clean training speech, hence the mismatch
between the clean training data and the noisy test
data will be minimized. Contrary to the previous
approaches, mutlicondition training was not
required, since the compensation was directly
applied to the UBM and the first order statistics.
Hence, only a little noise data was used for modeling
the parameters with a single Gaussian. The
proposed approach does not change the training of
the total variability matrix, hence the standard EM
training was used. The LDA dimensionality reduction
and PLDA scoring were also included without any
modification, as in a standard i-vector system.
Speaker verification experiments were conducted to
show the effectiveness of the proposed method.
Four different noise types were considered with SNR
level changing from -6 dB to 18 dB with 6 dB steps.
Results with the GMM-UBM method were also
given to indicate the effectiveness of the model
compensation systems since they are mainly
combined with GMM/HMM systems in robust
speech recognition systems. Results with the i-
vector method proved that the proposed method
could produce as high EER reductions as the GMM-
UBM system. Considering all noise types and all SNR
levels, more than 50% relative EER reduction was
achieved.
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Abstract

An advanced controller architecture and design for quadcopter control implementation is proposed in
this study. Instead of using only the error information as input to the controller, reference and

Keywords
Quadcopter control;
PSO; single layer neural
network; PID
Controller.

measured outputs are used separately independent from each other. This enhances the performance
of the controller of quadcopter being a highly non-linear platform. In this study single layer neural
network is directly used as a controller. A complex controller is grown from an initially simple PID
controller. This elevates the need for time consuming search in huge parameter space due to very high
dimensions. About ten percent improvement over state-of-the-art controllers is observed and results
are reported both numerically and graphically. Promising results encourage to use the type of controller
proposed for various real applications.

Yapay Sinir Aglari Kullanarak Akilli Kuadkopter Kontrolu
0z

Bu calismada ileri seviyede bir kontrolér mimarisi tasarlanmig ve gelistirilmistir. Kontrol6re girdi olarak

sadece hata sinyali yerine referans ve dlgim sinyalleri ayri ayri girilmistir. Bu yaklasim dogrusalliktan
yuksek derecede farkl olan kuadkopterin kontrol performansini artirmistir. Bu ¢alismada tek katmanli
Anahtar kelimeler sinir ag1 dogrudan kontroldr olarak kullaniimistir. Basitten baslayarak daha karmasik bir kontrolorii
Kuadkopter kontrolii;
PSO; tek katmanl sinir

agdi; PID Kontrolér.

tasarlayarak bir bakima kontrolor blyitme yapilmistir. Bu sayede son derece yiiksek boyutlu olan
parametre uzayinda arama zamani oldukga azaltilmistir. Literatiirdeki mevcut basarili kontrolérlere
gore ylizde on civarinda bir performans artigi gbzlemlenmistir. Sonuglar hem numerik olarak hem de
grafiksel olarak verilmistir. Elde edilen cesaret verici sonuglar dnerilen kontrolor algoritmasinin yeni
platformlarda da denenmesinin yolunu agacaktir.

© Afyon Kocatepe Universitesi

designs. Several controller types are reviewed as a
survey study by (ldrissi et al. 2022). Park et al. (2019)
used a PID controller for attitude control of the
quadcopter. Parameters of the PID controller are

1. Introduction

Quadcopters are the most versatile type of drone

used in various types of applications. In unmanned
aerial vehicle type of applications, current state-of-
the-art controllers have enough reliability for safe
operation. But for carrying humans, much more
reliability under harsh conditions is required in
order to guarantee safe flight since the life of
humans is of ultimate importance. Quadcopter
controllers must exhibit robust disturbance
rejection capability in order to operate even under
strong wind conditions.

There are several studies for quadcopter control in
the literature which are based on various controller

found using neural network-based reinforcement
learning. The PID controller is used to control the
attitude of the quadcopter while the reinforcement
learning-based adaptive controller is used to control
the altitude in (Barzegar et al. 2022). Adaptive
sliding mode control is used to actively reject
disturbances in the attitude and altitude control of
quadcopters by (Suhail et al. 2022). EI Gmili et al.
(2022) used an optimal PD controller to control the
orientation and position of quadcopters in their
study. Parameters are found using the cuckoo
search algorithm. Deep reinforcement learning is
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used to control the attitude of quadcopters by
(Agarwal and Tewari 2021). Energy efficiency is also
considered in controlling the attitude with both
stable and low energy-consuming controller
designs. Karakaya et al. (2022) used two types of
controllers, PID and neural network based, are used
for controlling the attitude of quadcopters. They
have done performance comparisons and reported
results accordingly. Position and attitude tracking of
guadcopters is done using a neural network-based
adaptive controller by (Jin et al. 2020). In the study,
a numerical simulation is run and results are
reported. Quadcopter attitude stabilization and
altitude tracking are done using an adaptive sliding
mode control strategy by (Bouadi et al. 2011).
Attitude and altitude dynamics are used for
parameter adaptation of the controllers. Numerical
simulations are done and results are reported. Long
short-term memory (LSTM) was used to evaluate
the flight motions of quadcopters controlled with
optimal PID controller by (Yoon and Doh 2022).
Attitude disturbance is applied and quick
stabilization with the optimal controller is observed.
It is reported that simulation results agreed with
real quadcopter experimental values. PSO-
optimized PID control of quadcopter s
implemented and tested for various disturbances by
(Sonugur et al. 2021).

The studies in the literature are mostly based on
classical controller architecture where the error
signal which is the difference between reference
and measured output is fed into the controller. One
importance of the proposed approach is that the
reference and measured output signals are fed
separately to the controller independent from each
other. Another importance is a new type of
controller design, namely intelligent controller
growing, is used in this study.

2. Material and Method

Mathematical Model of Quadcopter
Quadcopter is a four-rotor aerial vehicle as shown in

Figure 1.
W1 z w2
A, 4
[
] o . :
w w. w, ¥
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Figure 1. Quadcopter as a four-rotor aerial vehicle.

The quadcopter has four inputs and six outputs.
Inputs are four rotor velocities. Three of the outputs
are position variables x, y and z, other three of the
outputs are orientation variables 8, ¢

and . The mathematical model of the quadcopter
is as follows (Sonugur et al. 2021):

The state-space model of the quadcopter can be
found as

X=fXuU (1)

where the state variables are defined as:

X1 =¢, % =¢,x3=0,x,=0,x5 =, x5 =1,
X7 =X,Xg =X, X9 =Y,X10 =Y, X11 =Z,X12 = Z
Here, x, y and z are 3D position coordinates of the
center of the quadcopter. ¢, 6 and  are rotational
roll, pitch and yaw angles which represent the
orientation of the quadcopter with respect to a fixed
orientation earth frame. The equations below can
be derived using either of two methods: Newton-
Euler or Euler-Lagrange. Newton-Euler method is
used in this paper.

X=Xy Xy = [Iyy_lzz] X4Xg — (li_rx) X4 + (é) U, (2)

Ixx

. . Izz=Ixx Jr l
X3 =X4 > Xy = [T] XpXg — (E) X004 + (—) Us 3

. . Ixx_I 1
X5 = Xe = X¢ = [ ,zzyy] X2X4 — (E) U, 4)
X7 = xg = Xg = (cos¢sinfcosy + singsiny) (%) Uy 5)

X9 = X9 = X109 = (cospsinfsiny + sinbcosy) ( ) U, (6)

1
. . 1
X11 = X12 = X1 = —g + (cospcosb) (E) u

where,

Uy = b(wf + wj + w3 + wf), U = b(wf — w3),
Us = b(0} — 0}), U, =d(wf - wj+w—wj)

and.Qd =(l)1_(l)2+w3_w4

Iy, Iy and I, are rotational inertias with respect
to principal axes of rotation of the quadcopter. J,. is
the rotational inertia of motor rotors. m is total
mass of the quadcopter and [ is distance between
two reciprocal motor centers. g is gravity constant
and b is the force to rotational speed of each
propeller.

Closed-loop Control

Note that quadcopter plant is highly non-linear and
inherently unstable. In order to achieve an
acceptable performance closed-loop control must
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be utilized appropriately. In most of the current
closed-loop controllers, error signal which is the
difference between reference and measured signals
is fed into the controller. In this study, we propose a
completely different approach to closed-loop
control where we use reference and measured
signals separately as two independent sets of
variables to be entered to the controller. This is
illustrated in the Figure 2 below.

3 Controller Plant Controller Plant

Figure 2. Two broad types of closed-loop control
strategies: On the left is classical closed-loop
control, on the right is proposed closed-loop
control.

Disturbance Generation

The ideal structure given in Figure 2 above is valid
only theoretically. In reality, there is always some
kind of external disturbance to the system which
can not be modeled during the design stage.
Disturbance rejection capability is very crucial in the
overall performance of the system and should be
considered separately. In this study, an external
disturbance is modeled using additive noise to input
rotor velocities which can model very general types
of disturbances. Four different and independent
disturbance sources are used in experiments in
order to validate the disturbance rejection
capability of the system.

PID control

PID control is the most popular control technique in
industry and intelligent machines. It is simple to
implement and has shown satisfying performance in
most applications. In PID control, the control signal
is generated using three components: the
proportional part, consisting of multiplying the error
signal with a constant, the integral part, consisting
of multiplying the integral of the error signal with a
constant and the derivative part, consisting of
multiplying the derivative of the error signal with a
constant. There are three parameters for each
output to be determined in a PID control system, Kp,
Ki, and Kd.

Optimization with PSO

For finding the optimal parameters of the PID
controller, the parameters are initialized randomly
within acceptable limits and iteratively optimized by

computing the updated points. Optimization is done
using the PSO algorithm and satisfying results are
obtained.

In the PSO algorithm, there are several particles
used to search the parameter space for the
optimum point. The position of each particle is
updated in each iteration with three pieces of
information. The first piece depends on the previous
velocity of the particle. The second piece is about
the particle’s known optimum point. Third and the
last piece of information is about the known global
optimum of the swarm.

Neural control

The proposed controller structure consists of a
single layer neural network. Input to the controller
is the past and current values of measured outputs
and past, current, and future values of reference
values. A past window and a future window are
maintained to form the input to the controller.
Outputs of the controller are the reference rotor
velocities. In between the inputs and outputs are
the weights of the single-layer network. For each
network is

output, the following single-layer

implemented.

N
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Figure 3. Structure of single layer neural network
controller.

Since there are too many parameters to be found,
classical PSO is not feasible for single layer neural
network controller tuning. A novel solution is
proposed in this study for this problem. Initially, a
network equivalent to PID controller is designed. So,
the parameters of the network are initialized in such
a way that input-output relation is equivalent to PID
controller tuned by PSO algorithm. After this coarse
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initialization, several particles are started from
nearby points using random number generation.
The performance of each particle is calculated and
next point of each particle is computed using
standard PSO technique. The results are given in the
following section.

3. Results
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Figure 4. Initial performance of initial pattern vector=
2603.802279047071

0.000 —\_/\;’_\_/_ ;

-0.001
0.00

-0.05

0.0025 .

00000 /\/\NW\/\ —~Z ohi
- Fa

-0.0025 -

n0ae T T T T T T

0.000

0 1000 2000 3000 4000 5000
Figure 5. Final performance of optimized LR controller=
2880.3898498702433.

more than 10%
performance. Note that this improvement is
essential for stability and reliability of the
quadcopter. Especially for complex disturbances of
high magnitude, this improvement means more
flight safety of the quadcopter.

There is improvement in

4. Conclusion and Comments

It is clearly seen that the neural controller having
more parameters and being more complex than the
PID controller shows better performance for
complex disturbances. This can be explained by the
increased  complexity of the  controller
compensating for complex disturbances which
make the system effectively more complex. So, for
complex disturbances, the PID controller becomes
an underfit. With increased complexity and a much

greater number of parameters, learning becomes a
more difficult task requiring a search in parameter
space with a much higher dimension. Randomly
initializing the parameters results in inhibiting the
amount of learning time so starting from a known
point of acceptable performance works well as
expected.

Starting from a known point of acceptable
performance, the controller is grown up to a certain
level of complexity to compensate for complex
disturbances that cannot be coped enough with a
simple PID controller. In further future studies,
multilayer neural networks with more than one
layer of weights will be designed and tested with
more complex disturbances.
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0z
Boru i¢i denetleme teknolojisi dogal gaz dagitim hatlarinda robotik sistemler ile
Anahtar kelimeler gerceklestirilebilmektedir. Robotik sistemlerin tasarlanmasindaki en biyilk zorluklar, patlayici
Boru igi denetleme; ortamdan korunma standartlarina (ATEX) uyum ve kritik operasyon siirelerine gére enerji depolama
Robotik; Enerji sistemlerinin boyutlandiriimasidir. Bu calismada, robotik sistemler icin enerji depolama sisteminin
depolama sistemi; boyutlandirma adimlari paylasiimis, literatirdeki mevcut tasarim yontemlerinden farkli olarak, tasarim
Dogal gaz boru hatti;  ve iiretim asamalarini kolaylastiracak iki ayri maliyet etkin ¢éziim sunulmustur. Onerilen tasarim

yaklagimlari ATEX Bolge-1 tanimh modiillere ihtiyag duymamakta, 6zellikle kiiglik ¢apli dogal gaz boru
hatlarina yonelik tasarim ¢alismalarini kolaylastiracagi degerlendirilmektedir.

Energy Storage Systems for Natural Gas Pipeline In-line Inspection

Robots
Abstract
In natural gas distribution lines, robotic systems can be utilized to implement technology for in-line
Keywords inspection. Compliance with explosive atmosphere protection standards (ATEX) and sizing energy
In-line inspection; storage systems for critical operating times are the greatest obstacles when designing robotic systems.
Robotics; Energy In this study, the steps for sizing the energy storage system for robotic systems are outlined, and two
storage system; cost-effective solutions, distinct from the existing design methods in the literature, are presented to
natural gas pipeline; facilitate the design and production phases.The proposed design approaches do not necessitate ATEX
Zone-1 defined modules and are believed to facilitate design studies, particularly for natural gas
pipelines with small diameters.
© Afyon Kocatepe Universitesi
1. Giris faaliyetleri icin en dogru ve en hassas sonuglar ise

boru i¢ci denetleme (ILI) metodolojisi ile elde
edilmektedir (Sheikh, et al. 2022). ILI kullanimi dogal
gaz boru hattinin karakteristigine, baska bir degisle
iletim veya dagitim hatti olmasina goére farkhlik

Dogal gaz enerjisinin kaynaktan tiiketim noktalarina
tasinmasi icin  yaygin olarak boru hatlan
kullanilmaktadir. Fakat boru hatlarinda meydana

gelebilecek ariza ve kazalar cevresel etkilere yol

acabilir veya insan hayatina sebebiyet verecek gostermektedir. lletim hatlarinda pig adi verilen akis

kazalara neden olabilirler. Bu nedenle dogal gaz ile hareket eden cihazlar kullanilmaktadir. Bu

hatlari belirli araliklar ile denetlenmeli, kaza ve cihazlar gelismis denetleme sensdrlerine sahiptir ve
boru igerisinde gaz akisi ile beraber hareket ederler.
Hareket icin bir eneriji ihtiyaci olmadigi icin basit bir

enerji depolama sistemine (EDS) sahiptirler. Diger

arizalar olmadan boru hatti izerindeki anomaliler
erkenden tespit edilmelidir. Gaz arzinin devamlilig
ve operasyonel olarak faal olarak tutulabilmesi igin N
. . yandan, dogal gaz dagitim hatlarinda ise bircok 6zel
yapilan tim denetim, bakim ve onarim ¢alismalarina

boru hatti butlnlik programi denmektedir (PIM)

(Khan et al. 2021). Bu kapsamda denetleme

gecis, arka arkaya dirsekler, sert donUsler, Tee
baglantilar ve cap degisiklikleri bulunabilmektedir.
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Bu nedenle bir uctan diger uca akis ile hareket
edecek pig benzeri cihazlar, ILI kapsaminda dagitim
hatlarinda kullanilamamaktadir (Mirshamsi and
Rafeeyan, 2019). Bu durumda manyetik aki kagagi
(MFL) sensori gibi gelismis denetleme sensorlerinin
robotik

sistemlere ihtiya¢ duyulmaktadir (Verma et al.,

dagitim hatlarinda kullanilabilmesi igin

2022). Boru i¢i denetleme faaliyetleri igin birgok
robotik sistem gelistirilmistir (Yavasoglu, et al.2022).
Fakat bu calismalar yukarida bahsi gegen gelismis
sensor teknolojisine sahip robotlar degildir. Gelismis
denetleme sensoriine sahip robotlarin gelistirilmesi
ise, istasyon ile haberlesme, bircok modilden
olusan yapinin kontrol zorlugu, operasyonel menzil
ve standartlar agisindan gelismis EDS tasarimi gibi
bircok zorluk icermektedir. Bu nedenle literatiirde
bu konu ile ilgili ¢ok fazla ¢alismaya
rastlanamamaktadir.

KRN - Pibot

TUBITAK - Robotgdz

Sekil 1. Gelismis sensorli kablosuz boru ici denetleme
robotlari.

Gelismis sensor teknolojisine sahip kablosuz
ozellikteki ILI robotlari icin, Sekil-1" de gosterildigi
gibi, ticari olarak gelistirilmis Pipetel firmasina ait
Explorer robotu, KNR tarafindan gelistirilmekte olan
Pibot (Kim et al., 2017) ve TUBITAK tarafindan
gelistirilen Robotgoz

(Tetik et al., 2019).

¢ahsmalari  bulunmaktadir

Bu calismada, vyiksek dogrulukta denetleme
kabiliyetine sahip ILI teknolojisinin iletim hatlarinda
oldugu gibi dagitim hatlarinda da kullanilabilmesi
icin gerekli olan robotik sistemlerin gelistiriimesinde
karsilasilan, blylk zorluklar iceren iki 6nemli konu
ele alinmistir. MFL sensériine sahip ILI robotlari igin
EDS’nin boyutlandirilmasi ve patlamadan korunma
(ATEX) uygun

incelenmistir.

standartlarina olarak robotun

tasarlanmasi Robotun
operasyonlarda yapacagl hareket cesitliligine gore
enerji tuketim hesaplamasi, EDS’ nin regllasyonlar

acisindan tasarim kriterleri ele alinmistir.

Daha once dogal gaz denetim robotlari icin EDS
tasarimina yonelik bir calisma bulunmamasi ve ATEX
standartlarina uygun tasarim ¢ozdmleri sunmasi
literatire  katki

acisindan, bu makale ile

saglanmaktadir.

Makale su sekilde dizenlenmistir: ikinci bélimde
boru ici denetleme ve sensor teknolojileri hakkinda
paylasiimis,
depolama sistemi boyutlandirmasi ve givenligi

bilgiler Ugilincii  béliimde  ener;ji
tartisilmis, dordiincii bolimde patlamadan korunma

standartlari  ¢ercevesinde  tasarim  kriterleri
tartisilmis, besinci béliimde maliyet etkin alternatif
tasarim oOnerileri sunulmus ve altinc bolimde

¢alismanin sonuglari verilmistir.

2. Boru ici Denetleme (ILI)

Dogal gaz boru hatlarinin iceriden muayene
edilmesine imkan kilan ILI teknolojileri, tahribatsiz
muayene (NDT) kapsaminda degerlendirilen bircok
metodu kapsamakta, bu sayede giivenli bir boru
hatti isletmesi mimkiin olmaktadir. Elde edilen
veriler ile isletme acisindan, tamir ve bakimlar igin

karar destek sistemi olusturulabilmektedir.
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2.1 ILI sensor teknolojileri

NDT kapsaminda kullanilan birgcok ILI sensor
teknolojisi bulunmaktadir. Manyetik kagak aki (MFL)
sensori, ultrasonik (UT), elektro manyetik akustik
transduser (EMAT), girdap akimlari (EC), Mekanik
temas (MC), lazer profilometre (LP) teknolojileri en
yaygin kullanilan sensoér teknolojileridir (Feng et al.,
2017; Piao et al., 2019).

Boru ici denetleme operasyonlari sonrasinda
borularin hem i¢ ylizeyindeki, hem de cevresel
etkilere daha ¢ok maruz kalan dis ylzeyindeki
kusurlarin tespit edilmesi beklenmektedir. Borunun
her iki ylzeyindeki kusurlarin tespit edilmesi igin,
EMAT, UT veya MFL sensorlerinin herhangi birinin
Fakat

anomalilerin i¢cte mi dista mi oldugunu ayirt etmek

tek basina kullanimi yeterli olabilir.
icin farkli sensor tiplerinin beraber kullanimi veya
ayni sensor tipinin farkli ayarlarda kullaniimasi s6z
konusudur. Dogalgaz celik boru hatlarinda, boru igci
denetleme faaliyetlerinde en ¢ok kullanilan ve
olgunlasmis sensor teknolojisi ise MFL sensoriadir
(Bhavani et al., 2022). Bu nedenle bu ¢alismada MFL

sensoriine sahip ILI robotlari temel alinmstir.

3. Enerji Depolama Sistemi

ILI robotlarinda enerji depolama sistemi birden fazla
batarya paketinin ayni baraya baglanmasi ile
olusmaktadir. EDS’nin boyutlandiriimasi, batarya
sistemi, htcre korumalari

yOnetim ve enerji

ihtiyacinin ~ dogru  bir  sekilde hesaplanmasi

operasyon glivenligi icin 6nem arz etmektedir.
3.1 Batarya paket boyutlandirmasi

Mevcut ve gelistirilmekte olan gelismis sensorli ILI
robotlarinin enerji depolama sistemi, genel olarak
iki farkli birimden ve kimya olarak lityum bazh
hiicrelerden olusmaktadir. Boru ici denetleme
cihazinin yer altindaki konumunu, toprak Gstiinden
takip edebilmek icin 22 Hz frekansinda sinyal yayan
acil durum uyari sistemi kullanilmaktadir. Robotun
ariza vermesi durumunda vyerinin belirlenmesi
acisindan bu birim kritik rol oynamaktadir. Robotun
ariza vermesi durumunda ana sistemden ayri olarak,
acil durum sisteminin galisabilmesi icin kendine ait
bir batarya paketi olmasi gerekmektedir. Bu birim

kendi basina bagimsiz galismakta ve batarya birimi

¢ogu zaman sarf Grini olarak degerlendirilmekte ve
batarya boyutlandirma hesaplamalarina ihtiyag
duyulmamaktadir. Boru i¢i denetleme cihazinin ana
enerji depolama sistemi ise, anlik glic gereksinimi,
operasyon sliresince ihtiyac duyulan enerji miktari
ve nominal voltaj gereksinimi degerleri gbz 6nlinde
bulundurularak  lityum  hicreler  kullanilarak
optimum degerde boyutlandiriimalidir. Optimum
boyutlandirma tasarim fazinda sekil-2’deki grafikte
gosterildigi gibi toplam hiicre, paralel ve seri kol
sayllari belirlenir ve optimum boyutlandirma egrisi
kisitlamalar géz 6nline alinarak menzile gére deger
alan bir fonksiyon olarak olusturulur. Burada belirli
bir seviyeye kadar kisitlamalarin (azami gerilim
seviyesinin) ve gic ihtiyacinin, esik degerinden
sonra

ise enerji ihtiyacinin batarya boyutunu

belirledigi soylenebilir.
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Sekil 2. Batarya boyutlandirma grafigi.

Burada nM@ modiil genisligi ve maliyet gibi

kisitlamalar sebebi ile kullanilabilecek azami hiicre
sayisini belirtmektedir. Lityum hicreler, nominal
bara gerilimini saglayacak kadar seri sayida (nggq)
ve operassyon gereksinimlerini saglayacak kadar
paralel kol sayisinda kullanilarak, batarya paketini
olusturmaktadirlar.  Tasarim  fazinda  eneriji
depolama birimi olarak segilen batarya modulinde
hiicre sayisi arttikca robotun ana agirliginin da
artacagl géz 6ninde bulundurulmalidir. Sekil 2'de
gorildiga Uzere hiicre sayisi arttikca anhk gl
talebinin karsilanmasi icin gerekli batarya hiicre
sayisinda (ngjc) da bir miktar artis gézlenmektedir.

Ozellikle egimli boru hatlarinda robotun hareketi
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esnasinda toplam c¢ekis kuvvetine etki eden
tirmanma kuvveti (Fg,.)

Fgr = M. g.sin(a) (1)
ve yuvarlanma kuvveti (Frg)

Frr =M. g.C,.cos (a) (2)

blytkliklerin hesaplanmasinda robotun toplam
agirhginin roli bulunmaktadir (Fenre and Klein-
Paste, 2021). Burada (M) robotun toplam agirhgini,
() robotun izleyecegi yoldaki egimi, (g) yercekimi
ivmesini ve C; yuvarlanma direnc¢ katsayisini ifade
etmektedir. Robot lizerinde N adet bulunan batarya
moddli icin toplam batarya agirhgr (Mpaearyq) SU
sekilde formdlize edilebilmektedir (Yavasoglu et al.

2017);

Mpatarya = Nparatel- Mseri- Mhiicre- Pr (3)

Burada mygcre hlicre agirhiginy, npgrqie paralel
hiicre sayisini, ng,,; seri hiicre sayisini, Py ise
paketleme faktoriinii ifade etmektedir. Batarya
modili icerisinde gerilim, akim ve sicaklik sensorleri
bulunmakta ve onlarca hiicreden olusabilmektedir.
Batarya modilinde hiicrelerarasi  elektriksel
iletiminin saglanmasi, aktif veya pasif sogutmanin
fiziksel

yapilabilmesi, olarak dis ortama kars

dayanikl olmasi icin cesitli sekillerde
tasarlanmaktadir. Bu tasarim nedeniyle batarya
modulinin agirligr artmaktadir. Bu agirlik artigini
nitelendiren paketleme faktéri 1.4 degerlerine

kadar gikabilmektedir (Yavasoglu et al. 2015).

Pig tarzi ILI cihazlarinda batarya paketi tek bir moddl
icerisinde yer alabilmektedir (Piao et al, 2019).
Gelismis ILI sensorli robotlarda ise, robot boyu
piglere nazaran daha uzun olmakla beraber 6zel
gecislerden gecebilecek esnek vyapiya sahip
olabilmeleri ve tek bir operasyon sirasinda birden
fazla ¢capi muayene edebilmeleri icin robot capi
piglere nazaran daha dustktir. Robotlar, hem
gerekli fonksiyonlarin yerine getirilebilmesi hem de
istenen serbestlik derecesine sahip olabilmesi i¢gin
bircok modiiliin bir araya gelmesiile uzun ve eklemsi
bir yapidan olusmaktadirlar. Bu nedenle gelismis ILI

robotlarinda batarya paketinin tek bir modl

icerisinde bulunmasi mimkiin olamaz. Diger yandan
operasyon glvenligi acisindan, batarya modulinin
tek bir modil icerisinde yer almasi istenen bir
tasarim yaklasimi degildir. Batarya paketlerinin
farkh
meydana gelen arizanin tim sistemi etkilemesini

bolgelere dagilmis olmasi, bir pakette

engeller. Diger paketler robotun hareket kabiliyetini

saglayarak, robotun boru icerisinde kalmadan

operasyonu tamamlamasini mimkin
kilabilmektedir. Dogal gaz iletim hatlarinda
kullanilan  pig cihazinin  enerjisi  operasyon

tamamlanmadan tikenmesi durumunda hattin geri
kalan kismi 6lglilmeden operasyon tamamlanir. Bu
durum hat gilivenligi agisindan bir sorun teskil
etmez. Sadece pigin enerjisiz kaldigl boru hatti igin
Robot
operasyonlarinda ise batarya paketinden alinan

denetleme yapilamamis olur.
enerji ile tahrik motorlari robotun tekerleklerine giic
aktarimi saglamaktadir. Robotun enerjisiz kalmasi
durumunda, robot boru icerisinde hareketini
saglayamaz. Bu durumda robotun acil durum sinyali
takip edilerek, yerinin tespit edilmesi ve kazi
¢alismasi sonucu boru hatti kesilerek robotun hat
disina tasinmasi gerekmektedir. Bu durum robot
operasyonlarinda en koti senaryo olarak
degerlendirilebilir. Dolayisi ile ILI robotlari icin EDS
tasarimi ve boyutlandirilmasi buyik onem arz

etmektedir.
3.1 Batarya modiilii

Batarya modidilleri, lityum hicrelerden
olusmaktadir. Her bir batarya modiiliine ait verilerin
izlenmesi ve glivenlik dnlemlerinin alinabilmesi i¢in
batarya yonetim sistemi (BMS) kullaniimaktadir
(Sylvestrin et al., 2021). BMS asiri sicakhk, asiri
gerilim, asiri akim gibi bircok 6nemli durumu izleyip
gerekli durumlarda enerji akisini kesebildigi gibi,
hicrelerin sarj esnasinda yiksek gerilime maruz
kalmamasi i¢in dengeli sarj imkani saglamaktadir.
GuUnUmuzde bazi batarya hicreleri kendinden
koruma sistemlerine sahip olabilmektedir. Batarya
hicreleri asiri akima karsi koruma sistemi (CID) ve
yuksek sicakhk koruma tertibati (PTC) gibi giivenlik
katmanlarina sahip olarak Uretilebilmektedir
2015).

davranmaktadir. Hicre icinde gaz basinci daha

(Augeard et al., CID bir sigorta gibi

onceden belirlenmis olan ve batarya hiicresinin
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tehlikeli
ulastiginda akimi keser. PTC daha ¢ok hiicre disinda

¢alisma  kosullarini  asan seviyelere
olusacak kisa devre tehlikelerine karsi tasarlanmis
bir koruma metodudur. Hiicre icerisinde ince bir
metal ile lamine edilmis polietilen halka olarak
tasarlanan bu yapi asiri akima maruz kaldiginda isinir
ve direnci artar, kisa devre tehlikesi gectikten sonra
PTC sogur ve elektriksel olarak tekrar iletken

duruma geri déner. PTC ve CID korumalarina sahip

hicre kullanimi, BMS ile saglanan gilivenlik
kosullarini arttirmaktadir.
GUnUmuizde, hicrelerin neredeyse tamamen

esdeger olmasina imkan verecek liretim teknolojileri
ile beraber, yapisal farkliliklarin minimize edilmesi
hicre dengelemesi ihtiyaclarini azaltsa da,
bataryanin sarj edildigi sabit gerilim evresinde
BMS’in hicre dengeleme 06zelligi batarya omri
acisindan onem teskil etmektedir (Augeard et al.

2015).

Batarya moddlleri genel

korunma tedbirleri geregi kapal bir muhafaza

olarak patlamadan

icerisinde  bulunur, basing ve sizdirmazlik
ozelliklerine sahip bir yapi icerisine alinirlar. Bolim
5'de daha detayli olarak koruma yontemleri ve

Onerilen tasarim yaklasimlari sunulmustur.
3.2 Enerji ihtiyacinin hesaplanmasi

Boru i¢i denetleme robotlarinda enerji ve anlik gig
ihtiyacinin belirlenmesi operasyon siresi ve menzil
Olcltlerinin karsilanmasi agisindan 6nemlidir.

Teorik olarak boru ici denetleme robotunun ener;ji

ihtiyaci  6n tasarim asamasinda su seklide
hesaplanir. Oncelikle robotun fonksiyonel olarak
farkh calisma sekillerine sahip olabilecegi bolgeler
belirlenir. Bunlar diz boru hattinda ilerleme,
tirmanma, dirsek gegcme, vb. olarak siralanabilir. Bu
bolgelericin toplam anlik giig ihtiyaci n adet bilesene

sahip robot icin asagidaki formdl ile hesaplanabilir.

Y2_i NGy.KS.TF, (4)

Burada NG, KS ve TF sirasi ile bilesene ait nominal

glcl, talep faktorini ve kullanim  sikhgini
belirtmektedir. Her bir bolgedeki anlk gli¢ ihtiyaci
belirlendikten sonra toplam enerji ihtiyaci hangi
bolgelerde ne kadar sire ile bulunabilecegi goz

online alinarak hesaplanir. Prototip asamasinda

yapilacak deneyler sonrasinda elde edilen verilere
gore oOn tasarim hesaplari gilincellenir ve batarya
paketi boyutlandirmasi tamamlanir.

4. Enerji Depolama Sistemleri ve Operasyon
Glvenligi

Denetleme robotlari ve pigler dogal gaz borular
icerisinde denetim yaptiklari icin patlamadan
korunma standartlarina (ATEX) uygun olarak dizayn
ve imal edilmeleri gerekmektedir (ChenS et. al.,
2020). Baska bir ifade ile boru ici denetleme cihazlari
tehlikeli bolgelerde calisirken tutusturucu kaynak
gerekmektedir.

borularinin i¢i yanici gazlar ihtiva etmesine karsin,

olusturmamalari Dogal gaz
yakici madde icermedigi icin ATEX bolgesi olarak
tanimlanmamaktadir. Fakat piglerin ve robotlarin
hatta verilip, hattan alindigi bolgeler ATEX bolgeleri
icerisinde kalmakta ve BoOlge-1 tanimina gore
givenlik onlemlerinin alinmasi  beklenmektedir

(Europe, 2019).

Bu durumda glivenlik standartlarina uygun denetim

cihazlarini Gretmek icin genel olarak iki vyol
izlenebilmektedir. Birincisi cihaz lzerindeki tim
muhafazalarin, acikta kalan elektronik cihazlarin
ATEX standartlari dahilinde olmasidir. Bu durumda
cihaz operasyon yapacagl ATEX bolgesine yonelik
sertifikali birimler kullanilarak dretilir veya ilgili
testler yapilarak Griintin istenen o6zelliklere sahip
oldugu dogrulanir. ikinci yol ise, patlayici ortam ile
denetleme cihazlarinin neden olabilecegi tutusma
kaynaklarinin olasi temaslarindan kacinmaktir. Bu
konuda literatiir incelendiginde, ILI teknolojisinde
onde gelen firmalardan Rosen Grub’un ATEX
yaklasimi maliyet etkin bir ¢6zim sunmaktadir.
Rosen tasarim vyaklasiminda, robot veya pigin
kismen ATEX’e uygun Uretilmesi, ATEX'e uygun
olmayan modiillerin ise boru icerisinde yani ATEX
tarafindan olarak alanda

bolge taninmamis

cahstirilarak ATEX’e uyumlandiriimasidir. Rosen
Grup yaklasimina gore yapilan pig tasarimi asagidaki

diagram ile verilmistir (Wolbeck and Beuker, 2011)

([e(HEH K

Sekil 3. ATEX uyumlu sistem tasarimi.
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ATEX uyumlu sistem tasariminda Sekil 3’'de ifade
edildigi gibi ilk iki ATEX
kapsaminda,  geri modyiiller

standartlari
ATEX
standartindan bagimsiz olarak Gretilmistir. ATEX

moddl
kalan

standartinda uretilmeyen modiiller boru igine yani

tehlikesiz bolgeye alindiktan sonra
enerjilendirilmekte boylece tim sistem igin ATEX
uyumlandirmasi saglanmaktadir. Burada ilk iki

modullin batarya ve verici modiilleri oldugu diger
modaiillerin ise 6l¢lim ve elektronik kompanentleri
muhafaza eden modiiller oldugu séylenebilir. Boyle
bir yapi pigler icin uygun bir ¢6ziim olsa da, cok daha
fazla modiile sahip

robotlar icin daha farkl

¢Oziimlerin kullaniimasi gerekmektedir. Birden fazla

modil icerisinde batarya paketi bulunduran
robotlarda, sistemin tamamen ATEX standardi
disinda gelistirilerek, ATEX bolgesi disinda
enerjilenebilmesi icin bataryanin mekanik yollar ile
actlip kapanmasini tetikleyecek unsurlar
kullanilabilir.

Bu tetikleyiciler robotun hatta alinip verildigi kisim
olan launcher icerisinde iken mekanik bir kol yardimi
ile tetiklenmesini saglayabilecek bir yol olabilecegi
gibi belirli bir basing altinda oldugunu baska bir degis
ile dogal gaz ortamina ulastigini anlayabilecek basing
anahtarlari da kullanilabilir. Ayrica, Genel olarak
modiler yapida dizayn ve imal edilen boru igi
denetleme cihazlarinin muhafazalari igerisinde
sogutma sivisi kullanilmasi, ATEX ortama girdigi
taktirde enerjilenen modiillerin igerisinde yakici
standartlara

madde bulunmasini engelleyerek

uyumu kolaylastirmaktadir.

5. Alternatif ATEX’e Uyumluluk Yontemleri

Bu kisimda, 4. Bolimde anlatilan mevcut ticari
sisteme alternatif olarak, ATEX standartlarina
robotik
gelistirebilmeye imkan saglayan ¢6ziim yontemleri

uyumluluk saglayarak sistem
onerilmektedir. Robotik sistemlere, Rosen Grubun
metadolojisi (Wolbeck and Beuker, 2011) temel
alinarak bircok farkh yaklasim uyarlanabilir.
Buradaki amag¢ ATEX tanimli boélgelerden kaginarak
operasyonun gerceklestiriimesini saglayacak bir
yontem izlenmesi ve bu sayede tasarim, Uretim

kolayligi saglayan maliyet etkin ¢dzimlerin elde

edilmesidir. Bu c¢alismada oOnerilen ydntemlerin
Rosen yaklasimindan farki, ATEX Bolge-1 sertifikali
modiile ihtiya¢ duyulmamasidir.

5.1 Mekanik tetikleyici anahtar kullanimi
Alternatif ilk tasarim oOnerisi, mekanik anahtar
kullanimidir. Disaridan tetiklenecek bir mekanik
anahtar ile, robot glivenli ortam olan boru icine
alindiktan sonra enerjilenmesi saglanabilir. Robotik
sistemlere boru disindan mekanik olarak miidahale
edilebilir. Buna en iyi ornek robotlarin sandvig
vanay! gecebilmek icin kullandiklari boru ici ylzey
kaplamanin disaridan hareket ettirilebilmesidir
(Jang et al. 2022). Robotlar boru hattina hot-tap adi
verilen noktaya sandvig¢ vana ile baglanan launcher
adi verilen bir boru ile girebilmektedir. Sandvi¢ vana
acitk oldugunda boru ic ylzeyinde biyik bir aciklik
olusturmaktadir. Bu acikliktan robot kollarinin
takilmadan gecgebilmesi icin boru igini kaplayacak
disaridan hareket ettirilebilen bir mekanik parca
kullanilmaktadir. Ayni prensip kullanilarak robot
enerjisiz halde hatta alindiktan sonra ve basing
manometreleri ve sensoérler yardimi ile launcher
biriminin tamamen glivenli oldugu anlasilinca, sekil-
4’te verildigi gibi tor fitting (tor vanasi) icerisinde
hareket edecek bir mekanik anahtar ile batarya ile
ana bara arasindaki elektriksel devre tamamlanarak
robot enerjilendirilebilir. Bahsi gegcen tor fitting
robotun dogal gaz hattina alinacagi sandvic vanaya
baglanacak olan launcher boru hatti (zerinde
bulunacaktir.

Sizdirmaz yapi ile tetitkleme
Tor fitting

/Mekanik anahtar

Z
K

T

Boru ici denetleme robotu Launcher borusu

Sekil 4. Mekanik anahtar kullanimi.

Burada tor fiting denilen vyapilar, dogal gaz
borularindan bransman alabilmek canli hat lizerinde
siklikla kullanilmaktadir. Ozel tasarimlar ile bu
icerisine  ATEX

dahilinde ulasmak mimkiindur.

birimlerden boru standartlari
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5.2. Basing anahtari kullanimi

5.1’ de verilen tasarim onerisi, ILI denetim
cihazlarinin Gretimi acisindan kolaylik saglasa da,
operayon kolayhgl acisindan dogal gaz dagitim
isletmeleri tarafindan oncelikle tercih edilen bir

yaklasim olmayabilir.

Bu ¢alismada sunulan, ikinci tasarim 6nerisi basing
anahtari kullanimidir. Bu tasarim onerisi, ilk sunulan
tasarim alternatifine gore operasyonel kolaylg
saglamaktadir. ikinci tasarim ©&nerisi dogal gaz
borularindaki pozitif basinca dayanmaktadir.

En basit manada, ILI cihazlarn 6nce launcher
borusuna alinmakta, launcher kapagi kaptilmakta
launcher

sonrasinda borusu azot gazi ile

stpirilmekte, ortamdaki yakici gaz
uzaklastiriilmakta, sonrasinda dogal gaz launcher
borusu basinglandirilmaktadir. Daha sonra sandvig
vana acilarak launcher ve dogal gaz boru hatt
boylece hatta

girebilmektedir. Robot launcher borusuna alinirken

birlestiriilmekte ve ILI cihaz

ve launcher borusu icerisinde iken atmosfer

basincina maruz kalmaktadir. Ancak boru hatti

slpdrdltp, icerisi dogal gaz ile dolduruldugu
durumda basingli ortama maruz kalmaktadir.
Olgiilebilir caplardaki boru hatlarinin  basinc,

isletme tarafindan belirlenmekte ve genel olarak 20
bar ve lzerinde olmaktadir. Dolayisi ile secilecek
belirli bir esik degeri sonrasi tetiklenecek mekanik
bir basing anahtari batarya ile ana bara arasindaki
enerji akisini kontrol edebilir. Boylece robot ortam
dogal gaz ile basinglanincaya kadar enerjisiz kalacak
ve bir tutusturma kaynagl teskil etmeyecektir.
Birden fazla basing anahtarinin seri baglanarak
bataryalarin tetiklenmesi ile gilivenlik katsayisi
arttinilabilir. Sekil-5'te iki batarya modiliine ve iki
basing anahtarina sahip bir robotik sistem icin,
Bataryalara bagli BMS’lerin aktif olmasini saglayan
pinlerini tetikleyen iki basing anahtarinin seri olarak
kullanimi gosterilmistir.

BARA

A el i

Sekil 5. Basing anahtari ile batarya moddllerinin devreye
alinmasi.

Burada k=1,2 olmak Gzere SWBMSk_T ve SWBMSR_C
sirasl ile batarya yonetim sisteminin asiri sicaklik ve
koruma anahtarlarini

akim simgelemektedir.

ise basin¢ anahtarlari vasitasi ile

SWgmsk_a
tetiklenerek acilan batarya yonetim sisteminin ana

anahtaridir. SWpgs_g  ile  belirlenen  basing
degerinde robotun aktif olabilmesi igin kullanilan
basing anahtarlarini simgelemektedir. SWeyr—k ile
ise basingsiz ortamda tamir ve bakimlar icin robotun
¢ahstirilabilmesi icin kullanilan manuel anahtarlar
simgelemektedir. Bu yaklasim daha fazla basing
anahtarinin seri baglanmasi ile givenlik katsayisi
arttirillabilir, ikiden fazla batarya modiiline sahip
robotlarda ikiserli gruplar veya ugerli gruplar halinde

baglanti devresi glincellenebilir.

6. Tartisma ve Sonug

Celik dogal gaz iletim hatlarinda, boru ici denetleme
faaliyetleri uzun vyillardan beri Ulkemizde ve
diinyada gergeklestirilmektedir. Dagitim hatlarinda
ise, bu teknolojinin uygulanmasi olgunlasmamistir.
Celik dogal gaz dagitim hatlarinin denetiminde, MFL
gelismis
uygulamalarina ihtiyag olsa da, gelistirilmelerindeki

benzeri sensorlere  sahip  robot
zorluklar nedeni ile glinlimiizde sadece bir firmanin
ticari Grand bulunmaktadir (Yang et al. 2022). Bu
robotlarin  gelistiriimesindeki zorluklardan en
ATEX

tasarlanabilmesi ve EDS’lerinin optimize edilmesidir.

onemlisi ortamda c¢alisacak  sekilde

Bu c¢alismada batarya paketlerinin optimize

edilebilmesi icin bir tasarim grafigi olusturulmustur.
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Diger yandan robotik sistemin en kritik pargasi olan
batarya modiliiniin glvenligi, batarya yonetim
sistemi ile beraber PTC ve CID korumali hiicrelerin
kullanimi ile arttirilabilecegi degerlendirilmistir.

Robotlar ATEX standartlari agisindan gilivenli bir
bolge olan, boru icerisinde operasyon yapmalarina
karsin, boru hattina girerken ve boru hattindan
alinirken kismi stireli de olsa ATEX tanimli bolgelerde
bulunmaktadirlar. Bu boélgeler ile temaslari tasarim
glvenlik standartlarini arttirmakta ve (retimleri
robotlarin  ATEX
bolgelerde enerijisiz kalacagi ve giivenli bolgelerde

zorlasmaktadir. Bu makalede
aktif olacagl kontrol sistemleri Onerilmistir. Bu
sistemler ticari olarak kullanilan bir metodolojiyi
temel aldig icin glvenilir ve mevcut yontemlere
nazaran daha basit ¢ozlimler sunmaktadir.

Bu makale ile 6nerilen, mekanik anahtar veya basing
anahtari kullanimi, robotik sistemlerin ancak dogal
olmasini

gaz boru hatti icerisinde aktif

saglamaktadir. Boylece literatlirdeki mevcut
yontemlerde sunulan en az bir modilin ATEX
standartlarinda olmasi kosuluna gerek kalmadan,
ATEX bolgelerinde ¢alismaktan kaginabilen bir
yaklasim 6nerilmistir. Bu sekilde maliyet etkin basit,

etkili ve glivenli bir ¢c6zim sunulmaktadir.

Robotlarda kullanilmasi gereken, ATEX Bolge-1

standartlarinda Uretilen bircok bilesen, ayni

Ozellikteki standart ticari Urlinlere gore 6 kata kadar
hacim Onerilen

blyuk gerektirebilmektedir.

alternatif tasarim yaklasimlari, mevcut ticari

bilesenlerin  kullanimini  mimkin kilmakta, bu

nedenle 6zellikle kiiglik boyutlu boru caplari igin ILI

teknolojisini  kullanan  robotlarin  tasarimini

kolaylastirmaktadir.
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Abstract

This study was carried out to determine the physicochemical properties and the fatty acid composition

of milk samples collected from different originated Anatolian water buffaloes living in the same farm.
The fat amounts in samples were ranged between 5.24 and 8.67%. The fatty acids with the highest

Keywords ratios in buffalo milk fat belonged to C16:0 (palmitic acid), C18:1 (oleic acid), C18:0 (stearic acid) and
Water buffalo; Milk C14:0 (myristic acid). Saturated fatty acids (SFA) (62.6 to 67.3 %) were found to be more dominant in
fat;Milk buffalo milk fat than monounsaturated fatty acids (MUFA) (28.1 to 32.99 %) and polyunsaturated fatty
composition;FAME acids (PUFA) (3.22 to 9.57%). Conjugated linoleic acid contents of the samples were determined
analysis between 1.46 % and 2.11 %. The conjugated linoleic acid ratios of the samples were similar. It was

concluded that origin difference was effective on the physicochemical properties and the fatty acid
composition of buffalo milk. It is thought that the results obtained from this study will contribute to
obtaining information about the nutritional properties of Anatolian buffalo milk and to improve the
nutritional and technological properties of products.

Farkl Orijinli Anadolu Mandalarina Ait Siit Orneklerinin Baz
Fizikokimyasal Ozellikleri ve Yag Asidi Bilesimleri

Oz

Bu calisma, ayni ciftlikte yasayan farkh orijinli Anadolu mandalarindan toplanan sit 6rneklerinin

fizikokimyasal &zelliklerini ve yag asidi kompozisyonunu belirlemek amaciyla yapilmistir. Orneklerdeki
yag miktarlari % 5,24 ile % 8,67 arasinda degismistir. Manda sti yaginda en yliksek oranlara sahip yag
asitleri C16:0 (palmitik asit), C18:1 (oleik asit), C18:0 (stearik asit) ve C14:0 (miristik asit) yag asitlerine
aittir. Doymus yag asitlerinin (SFA) (% 62,6 ila % 67,3) manda siitu yaginda, tekli doymamis yag
asitlerinden (MUFA) (%28,1 - % 32,99) ve ¢oklu doymamis yag asitlerinden (PUFA) (% 3,22 -% 9,57) daha
baskin oldugu bulunmustur. Bununla birlikte, 6rneklerin konjuge linoleik asit igerikleri % 1,46 ile % 2,11

Anahtar kelimeler
Manda; Sut yagi;Sut
kompozisyonu; FAME

analizi
arasinda belirlenmis ve konjuge linoleik asit oranlari benzer bulunmustur. Menge farkinin manda

sttiiniin fizikokimyasal 6zellikleri ve yag asidi bilesimi tizerinde etkili oldugu sonucuna varilmistir. Sonug
olarak, bu ¢alismadan elde edilen verilerin Anadolu manda sitiiniin besinsel 6zellikleri hakkinda bilgi
edinilmesine ve drinlerin besinsel ve teknolojik 6zelliklerinin iyilestiriimesine katki saglayacagi
disunitlmektedir.
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1. Introduction

Milk has high nutritional values and various health
benefits and is an animal food that is heavily
consumed by the society in all development and life
stages (Nicolaou et al. 2011). Buffalo milk is a type
of milk with a higher protein, fat and mineral
(especially calcium and phosphorus) content than
cow milk (Dame et al. 2010). Buffalo milk, which
cannot be considered as drinking milk directly due
to its intense aroma and taste, can be used in the
productions of kaymak (similar to the clotted
cream), butter, yoghurt and cheese (Kara et al.
2018, Aydin and Gineser 2021, Salzano et al. 2021).
Their intense aroma and taste are mainly occurred
by high amounts of fats. Kaymak, which has a high
milk fat content from these products, is a high
nutritious food used as a breakfast food, alongside
desserts, or as a condiment in some confectionery
(Pamuk 2017).

Fat is one of the most important fractions of milk
and also liable for the high energy and nutritional
value of the milk. In addition, its high fat content
makes buffalo milk extremely convenient for the
milk product processes (Ménard et al. 2010). Within
the same species, the circumferential conditions,
including climate, feeding diet, number and stage of
lactation, and genetic factors can significantly affect
the chemical composition of the milk (Kanwal et al.
2004, Garau et al. 2021). Considering both intra- and
inter-species differences, the most variable
component of the milk is the lipid fraction (Aganga
et al. 2002, Jensen et al. 2002). The fatty acid
composition of the milk determines the texture,
color and flavor which are some of its significant
parameters (Girsoy et al. 2021).

It has been reported that the fatty acid composition
of buffalo milk varies as a function of breed,
lactation stage, season, and animal diet
(Arumughan and Narayanan 1981, Patifio et al.
2008, Talpur et al. 2007, Talpur et al. 2008).
Conjugated linoleic acid is one of the important milk
fatty acids. The main sources of CLA and its isomers
are milk, meat and their products from ruminant

animals (Fleck et al. 2021). About 80 to 90% of CLA

in milk fat is found as the isomer of cis-9, trans-11
(Zongo et al. 2021). It is stated that the conjugated
linoleic acid has various physiological properties
such as anticarcinogen, antidiabetogen,
antiadipogen, and antiatherosclerotic agent etc.
(Belury 2002, Jiao et al. 2021, Wang et al. 2022).

The milk and milk products are quite important in
worldwide. The milk composition and its attributes
of common milks (such as cow, sheep, and goat)
have been studied in detail. However there are few
studies conducted for the buffalo milk and for the
comparison of the origin differences. Thus, the
Anatolian buffalo milk has not been studied in
detail. The aim of this study was to compare the milk
of different originated Anatolian water buffaloes
of the

(especially

in the same farm in terms
fatty acid
conjugated linoleic acid) content.

living
physicochemical and

2. Material and Method
2.1 Material

Buffalo milk samples were collected from Anatolian
water buffaloes belonged to four different regions
(Afyonkarahisar, Corum, Balikesir, and Diyarbakir) in
Turkey living in the same farm. The animals were
located in Afyon Kocatepe University, Faculty of
Veterinary Medicine, Education Research and
Application Farm. Milk fats extracted from these
milks were used to determine their fatty acid
composition and conjugated linoleic acid (CLA)

contents of different regions.

2.2 Milk fat extraction

The extraction of milk fat was conducted according
to Guner et al. (2021) with some modifications. The
20 ml of milk was mixed with the 40 ml of methanol-
chloroform solution (1:1, v/v). The mixture was
shaken vigorously for a min and then kept at
ambient temperature for 1 h. The lower phase was
collected and dried under vacuum using a rotary
evaporator. The obtained milk fat samples were
stored at 4°C until further use (Guner et al. 2021).
2.3 Determination of physicochemical
compositions of buffalo milk samples
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Buffalo milk samples compositions (fat, protein,
lactose, total dry matter and non-fat dry matter)
were determined using the Milk Analyzer MID -
Infrared (MIRIS).

2.4 Determination of fatty acid compositions of
milk fats

The fatty acid compositions of the milk fat samples
were obtained using fatty acid methyl esters (FAME)
analysis (GuUner et al. 2021). For the FAME analysis,
the milk fat samples were diluted using hexane and
following that mixed with potassium hydroxide. The
methylated fatty acids of samples were analyzed
with a GC HP 6890N system, assembled with a flame
ionization detector (FID) and a HP-88 capillary
column (Agilent J&W Scientific, Santa Clara, CA,
USA; 60 m x 0.25 mm). The split rate was 70:1 and
the carrier gas (hydrogen) was 0.4 ml/min. The
injection and detector temperatures were 270°C
and 290°C,
temperature was 60°C, gradually heated to 103°C at
a rate of 10°C /min, gradually heated to 170°C at a
rate of 6.5°C /min, gradually heated to 215°C at a
rate of 3°C /min and held for 10 min. Later the oven
was heated to 235°C at a rate of 5°C /min and held
at this temperature for 5 min. The peaks of the

respectively. The initial oven

compounds were identified using the FAME Mix 37
standards (Supelco, Sigma Aldrich, St. Louis, MO,
USA).

2.5 Statistical analysis

Data were fabricated as the averages of duplicates
and expressed with the standard deviations. The
One-way ANOVA (analysis of variance) was used to
(P< 0.5)
studentized range test was done to observe the

compare the groups and Tukey's
differences in the groups using .JMP Pro 11
statistical analysis system (SAS Institute Inc., Cary,

NC, USA.

3. Results and Discussion
3.1. Physicochemical compositions of buffalo milk
samples

properties (fat,

The physicochemical protein,

lactose, total dry matter, non-fat dry matter) of the

different originated Anatolian water buffaloes milk
samples were shown in Table 1.

The fat level in samples was in the range of 5.24 and
8.67%. In the present experiment, the lowest fat
content was identified for the OR2 (5.24%) while for
the sample OR3 showed the highest value (8.67%)
(Table 1). The fat amount in the sample OR2 was
statistically different (P<0.05) from the others
(P<0.05). Similar fat amounts were found for the
buffalo milk samples (Varricchio et al. 2007, Han et
al. 2012, Kashwa 2016, Cinar et al. 2019, Giirler et
al. 2021). The results show that, the fat amount in
the samples other than the sample OR2, are in
agreement with the reported literature.

For the protein, the lowest level was obtained for
the OR4 (3.38%) and the highest level belonged to
the OR3 (4.73%). In the literature, the amount of
protein of the buffalo milk was found as 5.53%
(Giirler et al. 2021), 4.70% (Han et al. 2012), 4.71%
(Kashwa 2016) and 4.5% (Varricchio et al. 2007).
Compared to the literature, the protein content of
the samples of the OR2 was lower, while the others
are compatible with previously recorded data. In
this study, the protein amounts of the provinces
OR1/0OR2 and
difference.

others showed significantly
In all investigated buffalo milk samples, the OR4
contained the lowest and the OR1 highest amounts
of lactose. In the studies of (Han et al. 2012, Kashwa
2016, Cinar et al. 2019, Girler et al. 2021) reported
that the lactose in the milk was 4.60%, 4.84%, 4.84%
and 4.97%, respectively. In the current study,
amount of lactose of the sample OR4 was found to
be much lower compared to the previous studies. All
province sample groups exposed similar lactose
amounts, except for the OR4, which was the lowest.
The concentration range of total solids was from
13.55to0 18.46% as given in Table 1. The lowest value
(13.55%) was found for the OR4 and the highest
value (18.46%) was found for the OR3. Han et al.
(2012), Kashwa (2016) and Girler et al. (2021)]
reported that the total solids in the milk was ranged
from 17.11 to 18.83% which was higher than the
OR4 and OR2 province samples in the current study.
In general, the milk samples of OR3 and OR1 were in
accordance with the literature.
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Among all samples, the OR4 had the lowest amount
of non-fat dry matter (6.73%), followed by the OR2
(8.86%) and the highest value was found in the OR1
(9.82%). In the current study, the amount of non-fat
dry matter of the sample OR4 was found to be lower
than reported values of Cinar et al. (2019) and
(2021), while the others were
compatible with the literature.

Glrler et al.

3.2. Fatty acid compositions of milk fats

The fatty acid profiles of milk fat samples obtained
from different buffalo origin were given in Table 2.
Regarding the short chain fatty acids (C4-C10), no
significant differences were observed between
origins (Table 2). The sample OR2 had the highest
contents of both FAs (4.99 % of butyric acid and 2.40
% of caproic acid), whereas the OR4 had the lowest
level (3.58 % and 1.67 %, respectively). The highest
caprilic (C8:0) and capric (C10:0) fatty acid amounts
were determined in the OR1, while the lowest
values of these fatty acids were determined in the
OR4. These results were in accordance with the
literature (Qureshi et al. 2010, Saroha et al. 2014).
Insignificant differences may be caused mainly by
the environmental and seasonal differences
between studies.

In all investigated buffalo milk fats, the highest
concentrations were belonged to C14:0 (myristic
acid), C16:0 (palmitic acid), C18:0 (stearic acid), and
C18:1 (oleic acid), shown in Table 2 and were in
parallel with the literature (Penchev et al. 2016,
Garau et al. 2021). Commonly, the palmitic acid
(C16:0) was the most abundant long fatty acid (from
29.14 % of OR2 to 30.83 % of OR1) (P>0.05). In
addition, the oleic acid (C18:1), was the most
abundant MUFA, with a very similar levels in all the
samples (ranged from 25.49 to 29.34 %); the OR3
had the highest palmitoleic acid content (2.17 %,
C16:1), when compared to the other origin samples.
The total levels of SFAs, MUFAs and PUFAs were
shown in Table 2. As expected, the SFA levels were
the highest in all tested milk samples. The PUFAs of
the milk samples were low as expected and parallel
with the literature (Garau et al. 2021). Among all
samples, the OR2 had the highest content of PUFAs.
The PUFAs results showed that, the OR1 had the

highest amount of linoleic (C18:2) and the OR2 had
the highest amount of linolenic (C18:3n-3) acids.
These differences may be caused by the genetic
differences of the sampled animals regardless of the
similar environmental conditions.

The conjugated linoleic acid isomers are gained
some attention due to their promising health gains
such as anticarcinogenic, antiatherogenic,
antidiabetic, and immune modulating (Talpur et al.
2007). They are believed to be positively effective
on the reduction of the body fat mass. The CLA are
produced from oleic acid through the ruminal
biohydrogenation (Han et al. 2012). The higher
levels of CLA of this study may be basically related
to the diet of the animals since the variety,
concentration, and intake levels of unsaturated FAs
can dramatically affect the final levels of produced
CLA. The presence of high levels of linoleic acid in
plant oils can favor the production of CLA by
ruminant animals (Talpur et al. 2007).Table 2 shows
the levels of isomer ¢9, t11 linoleic acid (conjugated
linoleic acid, CLA) obtained from milk samples. CLA
in the OR2 were higher (2.11%) than the other origin
samples had (P>0.05). As for the CLA content in the
milk samples, it resulted in higher CLA contents than
studies in buffalo milk (Miyavlova and Peeva 2007,
Talpur et al. 2007, Varricchio et al. 2007, Cinar et al.
2019, Garau et al. 2021). The CLA levels of each
origin sample were insignificantly different from
each other and found as approximately 2%. These
levels show the importance of the buffalo milk as a
source for CLA.

The physicochemical and fatty acid compositions
greatly determine the biological and nutritive values
of milk. Milk fat mainly consists of triacylglycerols,
containing fatty acids mixed as short, medium and
long chain (Alonso et al. 1999). Of the approximately
400 different fatty acids, identified in milk fat, which
play a major role in maintaining good health, only 10
of them are present at concentrations greater than
1% (Creamer and Macgibbon 1996).

The lactation stage and age are some factors that
significantly affect the milk composition and fatty
acid concentration in buffaloes (Qureshi et al. 2015).
In our study, there are differences in the milk
composition and fatty acid profiles of samples
belonging to the different origins. It is thought that
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the reason for this is mostly due to the differences
in age and lactation stages, since we obtained from
breeds living in the same farm. Although the fat
levels were significantly different in each origin, the

different from each other.

Table 1. Physicochemical parameters of different originated Anatolian water buffaloes milk samples*

Origin n Fat (%) Protein (%) Lactose (%) Total dry Non-fat dry
matter (%) matter (%)
OR1 8 7.81+0.99° 4.27+0.28° 4.90+0.39° 17.61+0.90° 9.82+0.76°
OR2 8 5.24+2.70° 3.90+0.34° 4.27+0.74° 14.10+1.99®  8.86%0.95°
OR3 8 8.67+2.12° 4.73+0.65? 4.36+1.13? 18.46+2.89°  9.79+1.58°
OR4 8 7.41+£2.19° 3.38+0.63¢ 2.82+1.61° 13.55+4.25>  6.73+2. 28"

Note: Means with different letters are significantly different (P <0.05).

Data are expressed as the mean + standard deviation (SD); n: sample size.

fatty acid compositions were not significantly

OR1: Afyonkarahisar originated Anatolian water buffaloes milk samples, OR2: Balikesir originated Anatolian water buffaloes milk samples,

OR3: GCorum originated Anatolian water buffaloes milk samples, OR4: Diyarbakir originated Anatolian water buffaloes milk samples.

Table 2. Fatty acid compositions of different originated Anatolian water buffaloes milk samples*

Fatty acids (%) Origin
(n:8) OR1 OR2 OR3 OR4

C4:0 3.87+0.34° 4.99+0.97? 3.77+0.42° 3.840.53°
C6:0 2.31%0.24° 2.40%0.652 2.20£0.24% 1.6740.55°
C8:0 1.34+0.25° 1.2540.41% 1.21+0.24% 0.84+0.35°
C10:0 2.69+0.612 2.47+0.72° 2.46%0.35° 1,56+0.65°
C12:0 3.25+0.67° 2.85+0.64% 3.0440.37° 2.06+0.71°
C14:0 12.14+0.96° 11.0243.32° 11.39+1.36° 9.71+2.64°
Cl14:1 1.4240.12° 1.5940.51% 1.83+0.21° 1.82+0.17°
C15:0 1.400.11° 1,500.41% 1.760.25% 1.85+0.35°
C16:0 30.83+4.24° 29.14+7.132 30.24+2.31° 30.37#3.95°
C16:1 1.40+0.19° 1.02+0.48° 2.17+1.64° 1.83+0
C18:0 9.5241.65° 8.8043.432 9.45+1.38° 10.99+4.06°
c18:1 26.86+2.60° 25.49+9.79° 27.38+2.72° 29.34+4.89°
C18:2,9c 11t (CLA) 1.69+0.39° 2.11+0.98? 1.46+0.43? 2.02+0.30?
C18:2n6 0.26+0.06 ND ND ND
C18:3n-3 0.75+0.37° 1.45+0.57° 0.57+0.26° 0.90+0.26%
C18:3n-6 ND 1.70+1.48 1.99 ND
C20:4 0.52+0.29" 4.31+4.08° 0.77+0.57° 0.39+0.21°
ISFA 67.35 64.42 65.52 62.63
SMUFA 29.68 28.1 31.38 32.99
IPUFA 3.22 9.57 4.02 331

Note: Means with different letters are significantly different (P <0.05).

ND: Non detectable; n: sample size.

" Data are expressed as the mean * standard deviation (SD).
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OR1: Afyonkarahisar originated Anatolian water buffaloes milk samples, OR2: Balikesir originated Anatolian water buffaloes milk samples,

OR3:Corum originated Anatolian water buffaloes milk samples, OR4: Diyarbakir originated Anatolian water buffaloes milk samples.

4. Conclusion

In this study, the physicochemical and fatty acid
compositions of the milk obtained on different days
from different originated buffaloes living in the
same farm were investigated. The physicochemical
properties and FA compositions of buffalo milk
samples were generally compatible with the
previous literature. It is thought that, the reasons
for the differences with other study results may
have occurred due to the origin, age, lactation
period, seasonal and climatic characteristics, feed,
etc. of the animal from which the milk was obtained.
Studies on the determination of the composition of
buffalo milk are fewer when compared to the
studies conducted with milk of other species. It is
thought that, our results may assist in selecting an
appropriate feed source with a desirable fatty acid
profile (especially CLA) and contribute in obtaining a
general data, determining and improving the
current situation, and preparing for future studies.
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Oz
Bu ¢alismada 6 Subat 2023 tarihinde sirasiyla yerel saat ile 04:17 ve 13:24’te artarda meydana gelen
Sofalaca-Sehitkamil Gaziantep (Mw:7.7) ve Ekindzii Kahramanmaras (Mw:7.6) depremlerinin oncul
Anahtar kelimeler jeodezik sonuglari verilmistir. Onciil jeodezik sonuglar elde etmek icin deprem odak merkezleri
GNSS; PPP-AR; etrafindaki ve etkili oldugu alandaki TUSAGA-Aktif istasyonlarina ait GNSS alicilarindan 30 sn (0,033 Hz)
GAMIT/GLOBK; ve 1 sn’lik (1 Hz) GNSS gozlemleri kullaniimistir. Deprem kaynakli kosismik yer degistirmeleri belirlemek
! icin bagil statik ¢oziimler GAMIT/GLOBK yazilim takiminda 30 sn’lik RINEX verileri kullanilarak yapilmistir.

Kosismik deplasman; Statik ¢oziimlerde degerlendirmeye alinan istasyonlarda Sofalaca-Sehitkamil Gaziantep depreminde
Sofalaca Gaziantep dogu bilesende atimin 1.1-23.4 cm, kuzey bilesende 1.1-30.9 cm araliginda degistigi gériilmistiir. Ekindzi
depremi; Ekindzl Kahramanmaras depreminde ise atim miktari dogu bilesende 1.2-440.4 cm, kuzey bilesende 1.4-69.6 cm
Kahramanmaras araliginda degismistir. Kinematik ¢6ztimler ise PPP ydontemiyle CSRS-PPP ve PRIDE PPP-AR yazilimlariile 1

sn’lik RINEX verileri kullanilarak elde edilmistir. Her iki yazilimda segilen istasyonlardaki deprem ani yer
degistirmeler (deplasman) ve ardisik epok farklari (hiz) hesaplanmistir. Segilen tim istasyonlarda hizlar
Sofalaca-Sehitkamil Gaziantep depreminde dogu bilesen icin 3-12.5 cm/sn, kuzey bilesen igin 3.8 - 37.7
cm/sn araliginda; Ekindzi Kahramanmaras depreminde ise dogu bilesende 3.7-20.5 cm/sn, kuzey
bilesende 4.1-20.1 cm/sn tespit edilmistir. Onciil sonuglarin elde edilmesinden sonra bélgenin daha

depremi.
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yakindan takibi ve yeni noktalarda atimlarin tespiti i¢in yeni bir GNSS agi kurulmustur. Kurulan yeni agda
TUBITAK 1002-C Dogal Afetler Odakli Saha Calismasi Acil Destek Programi gagrisi kapsaminda arazi
¢alismalarina baslanmistir.

Preliminary Results of the Sofalaca-Sehitkamil Gaziantep (Mw:7.7) and
Ekindzii Kahramanmaras (Mw:7.6) Earthquakes Based on GNSS

Observations on February 6, 2023
Abstract

In this study, the earthquakes which took place on 6 February 2023, respectively at local time 04:17 and
13:24 preliminary geodetic results are given that occurred of Sofalaca-Sehitkamil (Gaziantep) (Mw:7.7)
and of Ekindzi (Kahramanmaras) (Mw: 7.6). In order to obtain preliminary geodetic results the GNSS
observations were used at 30 s (0.033 Hz) and 1 s (1 Hz) intervals from the GNSS receivers in the network
of Continuously Operating Reference Stations, Turkey (CORS-TR). Relative static solutions to determine
earthquake-induced coseismic displacements were performed using 30-second RINEX data in the

Keywords
GNSS: PPP-AR: GAMIT/GLOBK software. In the GNSS stations evaluated in the static solutions, it was observed that the
GAMI"F/GLOBK" coseismic displacement in the Sofalaca-Sehitkamil Gaziantep earthquake varied between 1.1 - 23.4 cm
Coseismic ’ in the eastern component and 1.1 - 30.9 cm and northern component. In the Ekindzii Kahramanmaras

earthquake, the amount of coseismic displacement varied between 1.2 - 440.4 cm in the eastern
component and 1.4-69.6 cm in the northern component. Kinematic solutions were obtained by PPP
method using CSRS-PPP and PRIDE PPP-AR software and 1 second RINEX data. In both software,
earthquake displacements and consecutive epoch differences (velocity) at selected stations were

displacement; Sofalaca
Gaziantep earthquake;
Ekinozu

Kahramanmaras
calculated.During the Sofalaca Sehitkamil-Gaziantep earthquake velocities for all selected stations were

detected approximately between 3.0-12.5 cm/s for the eastern component and 3.8 - 37.7 cm/sn for the
northern component; during the Ekin6zi Kahramanmaras earthquake were detected approximately
between 3.7-20.5 cm/sn for the eastern component and 4.1-20.1 cm/sn for the northern component.
After the preliminary results were obtained, a new GNSS network was established to observation the
region more closely and to detect displacement at new GNSS points. In study area has started new GNSS
observations within the scope of TUBITAK 1002-C Natural Disasters Focused Field Study Emergency
Support Program call in the new network established.

earthquake.

© Afyon Kocatepe Universitesi

1. Giris arasinda KD-GB dogrultusu boyunca

yaklasik 600 km uzunluga sahip olan Tirkiye'nin en

Antakya
Anadolu ve cevresinin kinematigi tektonik cesitlilik
o6nemli deprem kaynaklarindan birisidir (McKenzie
1970, Arpat ve Saroglu 1972, Westaway 1994). Bu
fay zonu, Arap ve Anadolu plakalarinin yapisal

nedeniyle birgok arastirmacinin ilgisini gekmektedir.
Anadolu ve yakin cevresinde, dalma batma zonlari,
normal faylar, dogrultu atimh ve bindirme/ters

faylari ve bunlarla iligkili sikismal ve genislemeli
tektonizmanin etkili oldugu alanlar bulunmaktadir
(Barka and Kadinsky-Cade 1988, Sengor vd. 1985).
Bu sebeple ¢ok sayida aktif fay zonlarina sahip olan
Turkiye ve yakin cevresi; aktif tektonik ve sismoloji
konulu calismalar icin diinyanin en iyi bolgelerinden
birisidir. Anadolu plakasinin batiya dogru ortalama
21 mm/yil hizla hareketinin karsilandigi iki eslenik
ana neotektonik yapidan birisi sag yonli dogrultu
atimli Kuzey Anadolu Fay Zonu (KAFZ) digeri ise sol
yonli dogrultu atimli Dogu Anadolu Fay Zonu
(DAFZ)’dur (Mckenzie 1970, Arpat ve Saroglu 1972,
Sengor vd. 1985, Emre vd. 2018, Duman vd. 2018).
DAFZ, kuzeydoguda

Karlova, gilineybatida ise

sinirini temsil eder ve ¢ok sayida fay segmentinden
olusur (Emre vd. 2018, Duman vd. 2018). Dogu
Akdeniz
Bolgesi'nin karmasik tektonik yapisi icinde yer alan

Anadolu Fay Zonu’'nun kuzeydogu

Karasu segmenti ile Toprakkale, Karatas ve
Yumurtalik Faylari sismisite acisindan bdlgenin
onemli fay segmentlerini olusturmaktadir (Emre vd.
2018, Yildiz vd. 2020). Ayrica bu faylar Tirkiye diri
fay haritasinda diri fay olarak gosterilmektedir
(Emre vd. 2018). DAFZ, glineyde Afrika ile Arap
Plakalari arasindaki siniri olusturan sol yonlu
dogrultu atimh Oli Deniz Fay Zonu (ODFZ) ile
birlesme egilimi gostermektedir. DAFZ’'nun aletsel
dénem boyunca nispeten sessiz olmasina karsin
tarihsel sirec icinde yikici depremler Uretilebildigi
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bilinmektedir (6rn. Ergin vd. 1967, Karabacak vd.
2007). Ayrica Anadolu levhasinin da kinematigini

anlamak icin Dogu Anadolu Fay Zonu’'nun daha
yakindan incelenmesi gerektigi belirtilmektedir
(Aktug vd. 2016). Bu diri faylarin kinematigini
arastirmak icin yapilan jeodezik ¢alismalarin yetersiz
olmasi, bu faylarin yapisinin anlagiimasini ve deprem
tehlike analizlerinin yapilmasini oldukga
zorlastirmaktadir (Aktug vd. 2016, Mahmoud vd.
2012, Nocquet 2012, Meghraoui vd. 2011, Reilinger
vd. 2006).

Son vyillarda teknolojideki gelismelere bagh olarak

levhalarin  hareketlerinin  izlenmesi amaciyla
kullanilan jeodezik teknikler 6nem kazanmustir. Bu
noktada gelisen GNSS teknolojisi, diri faylarin
izlenmesinde kullanilan en uygun tekniklerden biri
haline gelmistir. GNSS teknigi sayesinde deprem
oncesi, deprem ani ve deprem sonrasi fay boyunca
meydana gelen yer degistirmeler lizerine yiksek
dogrulukta ve olduk¢a hassas sonuclar elde
edilebilmektedir. GNSS verileri sagladiklari yiiksek
duyarlik, yizey ortisiinden bagimsiz calismasi, g
ile benzer

InNSAR

(Interferometric Synthetic Aperturre Radar) yliksek

boyutlu yiksek duyarlik saglamasi
yontemlerden ayrismaktadir.
mekansal ¢ozlinlrlik saglamakla birlikte calisma
yapilan alanin 6zellikleri ve zemin o6rtisline bagl
olarak zaman zaman koherans saglanamamaktadir.
Farkh nedenler (deniz icin depremler, ylizey ortisi
vb.) ile enterferogramda kesiklik bulunmasi halinde
duyarlikta faz islemi

yeterli acma

yapilamayabilmektedir. Diger yandan kosismik
jeolojik gbzlemler ancak yuzey faylanmasi olusmasi
durumunda yapilabilmekte, yerel faktorlere bagh
olarak yiizeyde oOlcllen atimlar bulytk farkliliklar
gosterebilmektedir. Bu durumda GNSS olgiileri her
durumda belirli duyarlikta sonug veren glivenilir bir
gozlem sistemi olarak karsimiza c¢ikmaktadir.
Ozellikle deprem sonrasi dénemde yer degistirme
miktarlarinin da hizli bir sekilde belirlenmesinde
GNSS verileri kullanilarak yapilan statik ve kinematik
degerlendirmeler 6nemli bir yere sahiptir ve birgok
kullanilmistir -~ (Yavasoglu vd. 2011,
Tiryakioglu vd. 2017, Tiryakioglu vd. 20173,
Tiryakioglu vd. 2017b, Tiryakioglu vd. 2017c,

Tiryakioglu vd.2019, Yildiz vd. 2020, Aktug vd. 2021,

calismada

Dogan vd. 2021, Yigit vd. 2021, Yigit vd. 2022,
Bezcioglu vd. 2023).

Aktug vd. (2016), giineyde ODFZ’'ndan DAFZ’nun
kuzeyine kadar olan bolgeyi kapsayan bir GNSS veri
seti ile bolgeyi analiz etmistir. Analizler sonucunda
DAFZ'nda yatay
Turkoglu’nun kuzeyinde ~10 mm/yil, glineyinde ise

bilesende hareketlerin;
~4,5 mm/yill oldugu o&lciilmistir. Olideniz Fay
Zonu’nun kuzeyinde ise ~4,2 mm/yil olarak elde
edilmistir. Sonuclar ayrica DAFZ'nda iki sismik
Celikhan-Tiirkoglu
segmentlerinde bulundugunu ve sirasiyla Mw:7.4 ile
Mw:7.7
potansiyeline sahip oldugunu gostermistir. Adana,

boslugun  Palu-Sincik  ve

blyikliginde  depremler  lretme
Osmaniye, Hatay ve Gaziantep illeri yakinlarindaki
baglanti  noktasinin  kinematiginin
(2020)’de jeodezik

yontemlerden biri olan yari uzay modellemesi

tcld  fay
arastirilmasi i¢in  Yildiz vd.
kullanmistir. Bolge sabit istasyonlar ve kampanya
tipindeki noktalar ile bir GPS agi olusturularak
izlenmistir. Diri faylar boyunca gerinimler ve fay
kinematikleri ayrintili olarak incelenmistir. Yapilan
calismalar gostermistir ki bolgede 6nemli ve biliytk
depremlerin olma olasihgi fazladir.

6 Subat 2023 tarihinde
Gaziantep dismerkezli yerel saat

Sofalaca-Sehitkamil
ile 04:17'de
olduk¢a siddetli bir deprem meydana gelmistir.
(Mw),
Rasathanesi ve

Depremin moment blyukligu Bogazici
Kandilli
Arastirma Enstitiisii (KRDAE) ve T.C. igisleri Bakanlig
Afet ve Acil Durum Yonetimi Baskanligi (AFAD)
tarafindan 7.7 ve Amerika Birlesik Devletleri Jeolojik
Arastirma Dairesi (USGS) tarafindan 7.8 olarak
actklanmustir (Sekil 1). Bu depremin odak derinligi ise
5 km (KRDAE), 8.6 km (AFAD), 10 km (USGS) olarak

verilmistir (Int Kyn. 1, Int Kyn 2, Int Kyn 3). Farkh

Universitesi Deprem

kurumlara ait odak derinlikleri g6z 6nlnde

bulunduruldugunda depremin sig bir deprem
oldugu gorilmektedir. Meydana gelen deprem
Tirkiye’'nin Dogu Anadolu Bolgesi, Glineydogu
Anadolu Bélgesi, i¢ Anadolu Bodlgesi ve Akdeniz
Bolgesi'nde vyer alan 10 ilde siddetli sekilde
hissedilmistir. Bolgede; 6 Subat 2023 tarihinde
dismerkezi Ekindzl Kahramanmaras olan yerel saat

ile 13:24’de oldukg¢a siddetli bir deprem daha
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meydana gelmistir. Depremin moment buyuklugi
KRDAE tarafindan Mw: 7.5, AFAD tarafindan 7.6,
USGS tarafindan ise 7.5 olarak verilmistir (Sekil 1).
Bu depremin odak derinligi ise 5 km (KRDAE), 7 km
(AFAD), 10 km (USGS) olarak agiklanmistir (Int Kyn.

Giineydogu Anadolu Bolgesi, ic Anadolu Bélgesi ve
Akdeniz Bolgesi’'ni kapsayacak sekilde genis bir
alanda, bircok ilde siddetli olarak hissedilmistir.
KRDAE verilerine gore 14 Subat 2023 gini 20:30
itibari ile kayit altina alinan artgi deprem sayisi

2, Int Kyn. 3, Int Kyn. 4). Ekin6zi (Kahramanmaras) 4093’tlr. Bunlardan ikisi 6.0 ve 6.6 moment
depreminin, meydana gelen Sofalaca-Sehitkamil blyukliklerinde, 34 tanesi ise 5.0 ile 5.7
(Gaziantep) depreminde oldugu gibi odak biydklikleri arasindadir.
derinlikleri incelendiginde sig bir deprem oldugu
gorllmustir. Bu deprem Dogu Anadolu Bdlgesi,
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Sekil 1. Calismada kullanilan 72 adet TUSAGA-AKktif GNSS istasyonunun konumlari ile Sofalaca-Sehitkamil Gaziantep
(Mw=7.7) ve Ekin6zli Kahramanmaras (Mw= 7.6) depremlerinin odak mekanizma ¢6ztimleri (14.02.2023 tarihi
USGS, AFAD ve KRDAE verilerine odak mekanizma ¢6ziimlerine gore elde edilmistir).

Mw: 7.7 Sofalaca-Sehitkamil Gaziantep depremi ile
Ekin6zl Kahramanmaras depremi, Kahramanmaras,
Kilis, Adana,
Sanliurfa, Adiyaman, Malatya ve Hatay illeri basta

Diyarbakir, Osmaniye, Gaziantep,
olmak (izere bu illerde biliylik bir yikima neden
olmustur (Sekil 2). 21.02.2023 tarihi itibari ile can

kaybi 42 bin 310, yarali sayisi 80 bin 278, yikilan bina

sayisi 20 bin 662 olarak agiklanmistir (Int. Kyn. 7, Int.
Kyn. 8).
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Sekil 3. Depremlerin (a,c) karayollarinda ve (b) demiryollarinda
meydana getirmis oldugu sol yanal deformasyon.

Sekil 3 incelendiginde ise vyapilan arazi
¢alismalarinda depremin oldugu
deformasyonun sol yonli dogrultu atimh baskin
oldugu gortlmistir. Bu calismada 72 adet TUSAGA-

neden

Aktif istasyonuna ait RINEX veriler statik ve
kinematik olarak degerlendirilmis ve her iki
depreme iliskin GNSS gozlemlerine bagl elde edilen
oncil jeodezik sonuglar sunulmustur (Sekil 1) .

2. GNSS Olgiileri ve Degerlendirilmesi

06.02.2023 tarihinde meydana gelen Sofalaca-
Sehitkamil Gaziantep (UTC 01:17:31, Mw:7.7) ve
Ekin6zi Kahramanmaras (UTC 10:24:49, Mw= 7.6)

depremlerinin yer kabugunda meydana getirdigi
hareketleri incelemek amaciyla TUSAGA-Aktif GNSS
agina ait 72 adet istasyon segilmistir. istasyonlarin;
(Mw:7.7)
depreminin merkez lissiinden uzakhgi yaklasik 32 ile
700 km, (Mw:7.6)
depreminin merkez Ussiinden uzakhgi ise yaklasik
2.5 ile 700 km arasinda degismektedir (Sekil 1). Bu
istasyonlarin 26.01.2023 ile 07.02.2023 tarihleri
arasindaki (GPS glinline gore 026-037) 24 saatlik
GNSS verileri 30 s aralikl olarak RINEX formatinda
Tapu Kadastro Genel Mudurliglu (TKGM) internet
sitesinden elde edilmistir. Ayni glin icinde meydana

Sofalaca-Sehitkamil Gaziantep

Ekin6zi Kahramanmaras

gelen iki farklh depremin istasyonlardaki atim
miktarlarini ayri ayri hesaplamak icin; istasyonlarin
06.02.2023 tarihine ait 24 saatlik RINEX verileri
depremlerin meydana gelis saatlerine gore iki farkh
RINEX dosyasina bolinmiistir. Boliinen bu dosyalar
incelenerek HAT2, KMAR, KLS1, MAR1l ve ONIY
istasyonlarinda  depremin geldigi

dakikalarda veri kaybi oldugu tespit edilmistir. Bu

meydana

ait  veriler
statik
yazihm olan

nedenle s6z konusu istasyonlara
alinmamistir.  Verilerin
akademik bir

yazilim

degerlendirmeye
degerlendirmeleri
GAMIT/GLOBK

gerceklestirilmistir. Ayrica TKGM internet sitesi

takiminda

Gzerinden yayinlanan TUSAGA-Aktif istasyonlarina
ait 1 saniyelik (1-Hz) deprem RINEX verileri de her iki
deprem icin elde edilmistir. Elde edilen 1 sn
verilerin, depremlerin meydana geldigi ani kapsayan
1 saatlik oturumlan (Sofalaca UTC 01:17:31-
02:17:31, Ekin6zi UTC (10:24:49- 11:24:49) Web
tabanli, ¢evrimici veri degerlendirme servisi CSRS-
PPP ve acgik kaynak kodlu PRIDE PPP-AR yazilimi ile
kinematik PPP yontemiyle degerlendirilmistir. GNSS
istasyonlarinda deprem sirasinda meydana gelen
anhk koordinat degisimleri ve hizlari incelenmistir.

GAMIT/GLOBK ile
asamasinda stabilizasyon igin International GNSS
Service (IGS) kiresel agina ait ve dizenli zaman
serisine sahip 25 IGS istasyonu segilmistir. Uydu

Verilerin degerlendirilmesi

yoriinge bilgisi ise Scripps Orbit ve Permanent Array
Center (SOPAC) veri tabanindan hizl yoriinge bilgisi
(IGS-R) olarak elde edilmistir. Sekil 4’de
GAMIT/GLOBK ¢oziimlerinde sabit nokta olarak
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degerlendirmeye dahil edilen IGS istasyonlari

verilmistir.

50°

T
30°

20°

Sekil 4. GAMIT/GLOBK ¢6ziimlerinde sabit olarak kullanilan IGS
istasyonlari.

GAMIT/GLOBK degerlendirmeleri sonucunda her bir
istasyonun deprem oncesi (presismik) ve deprem
sonrasina (kosismik) ait Avrasya Sabit Uluslararasi
(ITRF14_EURA)
koordinatlari elde edilmistir. iki depremin etkisini

Karasal Referans Cercevesi
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belirlemek icin deprem glinline ait tiim istasyonlarin
RINEX verileri
bolinmastir.

depremlerin olus saatine gore
Sofalaca-Sehitkamil Gaziantep
depreminin etkisini belirlemek igin deprem giliniine
ait RINEX verisi UTC 00:01:30-10:19:00 araliginda
ahinarak degerlendirilmistir. Ekinozi
Kahramanmaras depreminin etkisini gorebilmek
icinse deprem gliniine ait RINEX verisi UTC 10:35:00-
23:59:59 alinarak degerlendirilmistir. Sofalaca ve
Ekinozl depremlerinin neden oldugu atim miktarlari
hesaplanirken; RINEX verilerinin belirlenen zaman
dilimlerinde bollinerek degerlendirilmesinin nedeni
iki depremin oldugu

birbirinden sekilde
amaciyladir. Bir baska ifadeyle, bu calismada ikinci

birinci

neden atim  miktarini

bagimsiz hesaplamak
depremde hesaplanan atim miktarlari
depremden sonra meydana gelen atim miktarlaridir.
Tim istasyonlara ait elde edilen dengelenmis
koordinatlarin farklari alinarak her iki depremin
neden oldugu atim miktarlari hesaplanmistir. Ayrica
her bir istasyonun iki depreme goére ayri ayri (g
koordinat bileseni icin zaman serileri elde edilmistir.
Sekil 5’de 06.02.2023 tarihinde meydana gelen iki
depremin etkilerini belirlemek lzere degerlendirme
sonucu elde edilen EKZ1 istasyonuna ait zaman

serileri verilmistir.

EKZ1 North Offset 4236615983 m
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Sekil 5: EKZ1 istasyonunun Sofalaca-Sehitkamil Gaziantep (Mw:7.7) ve Ekindzii Kahramanmaras (Mw: 7.6) depremleri igin ayri ayri

degerlendirilmesi sonucu elde edilen zaman serileri.

Sekil 5 incelendiginde  Sofalaca-Sehitkamil
Gaziantep (Mw:7.7) depreminin EKZ1 istasyonunun

kuzey ve dogu bileseninde sirasiyla 20.0, 23.3 cm

atima neden oldugu goérilmektedir. Ayni istasyonda
Ekin6zi Kahramanmaras (Mw= 7.6) depreminin

neden oldugu atim miktari ise kuzey bilesende 69.3
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cm, dogu bilesende 440.4 cm elde edilmistir. Sofalaca-

Sehitkamil Gaziantep (Mw:7.7)
Usstine yaklasik 20-580 km uzaklhkta konumlanan

deprem merkez

istasyonlarda neden oldugu atim miktarlari Sekil 6’da
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L L L

36° 37°
] !

38°
]

Ustteki haritada verilmistir. Atim miktarlari 100 cm’
den fazla olan istasyonlar ise oOlgeklendirilerek Sekil
6’da alttaki haritada verilmistir.
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Sekil 6. Sofalaca-Sehitkamil Gaziantep (Mw:7.7) depreminin neden oldugu atim miktarlari

Ekindzi Kahramanmaras (Mw: 7.6) depreminin
deprem merkez Usstine yaklasik 2-650 km uzaklikta
konumlanan istasyonlarda neden oldugu atim

miktarlari Sekil 7’da Ustte yer alan  haritada

verilmistir. Atim miktarlari 100 cm’ den fazla olan
istasyonlar ise oOlceklendirilerek Sekil 7'de alttaki
harita verilmistir.
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Sekil 7. Ekin6zi Kahramanmaras (Mw: 7.6) depreminin neden oldugu atim miktarlari

Kosismik yer degistirmelerin yani sira, deprem
aninda GNSS istasyonlarinda meydana gelen yer
degistirmeler ve hizlari incelemek igcin CSRS-PPP ve
PRIDE PP-AR yazilimlari kullanilarak kinematik PPP
¢o6zlimleri elde edilmistir. Kinematik ¢ézlimlerin her
iki yazihmda yapilmasinin temel gerekgesi elde
edilen deprem ani yer degistirmelerin ve hizlarin

birbirini CSRS-PPP  yazilimi ile

¢O6zimlerde Natural Resources Canada (NRCan)'nin

dogrulamasidir.

Urettigi hizli (Rapid) uydu yoriinge ve saat bilgileri
PRIDE  PPP-AR
gerceklestirilen PPP-AR degerlendirilmelerinde ise

kullanilmistir. yazihmi  ile

Wuhan Universitesi tarafindan hesaplanan ve

yayinlanan multi-GNSS uydu yoriinge, saat ve faz
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kayikhg (bias) Grlnleri kullaniimistir. CSRS-PPP ve

PRIDE PPP-AR ile depremlerin meydana geldigi ani

iceren 1 saatlik  oturumlarin kinematik
degerlendirmeleri sonucunda istasyonlarin her bir
epoktaki (1 sn) koordinatlari elde edilmistir.
Degerlendirmeye alinan tim istasyonlarin elde
edilen koordinatlari incelenerek; Sofalaca depremi
icin meydana geldigi UTC zaman dilimine gore
01:17:31-01:37:31 arahlgi, Ekin6zl depremi igin ise
10:24:49-10:29:49 aralig belirlenmistir. GPS ile UTC
saati arasinda 18 saniye fark bulunmaktadir. Her iki
zaman dilimini esitlemek icin 18 saniyelik artik
saniye (leap sec.) hatasi giderilmistir. Belirlenen
zaman araliklarina gore Sofalaca depremi esnasinda
CYL2, KLS1, MAR1 ve SURF istasyonlarinda, Ekinozi
depremi esnasinda ise EKZ1 ve CYL2 istasyonunda
veri kesikligi oldugu belirlenmistir. Veri kesikligi
gozlemlenen bu istasyonlarin 6zellikle bayuklGgi
Mw:7 Gzeri meydana gelen iki depremden sonra
olumsuz etkilendigi distnilmektedir. Verisi kesik
oldugu belirlenen istasyonlarda belirlenen epoklar

kontrol edilerek istasyonlarin deprem anini igeren

ve vyukarida belirtilen zaman araligina ait
koordinatlarinin birbirleri arasindaki (ardisik epoklar
arasindaki) farklar elde edilmistir. Aynizamanda her
iki deprem anini icerecek sekilde belirlenen zaman
dilimlerinde, ilk epoktan tiim epoklar c¢ikarilarak

deplasmanlari hesaplanmistir.

Sekil 8 ve Sekil 9°da ANTE istasyonunun Sofalaca-
Sehitkamil depremi icin CSRS-PPP ve PRIDE PPP-AR
degerlendirmesi sonucuna goére elde edilen kuzey,
dogu bilesenlerine ait deplasman ve hizlar (ardisik
ANTE
Sofalaca-Sehitkamil depreminde dogu bileseni igin

epok farklar) verilmistir. istasyonunda
maksimum hiz degeri her iki yazilmda da 11.7
cm/sn, kuzey bilesen icin ise 10.4 cm/sn civarinda
elde edilmistir. ANTE istasyonunda deprem anindaki
toplam yer degistirme aralig ise her iki yazilimda
dogu bilesen icin 40 cm civarinda olurken; kuzey
bilesen icin 38 cm civarinda bulunmustur (Sekil 8,
Sekil 9). Deplasman sonuglari ayrica istasyondaki

atim miktarini da géstermektedir.
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ANTE ISTASYONU ANTE ISTASYONU
Dogu Bileseni Kuzey Bileseni
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Sekil 8. ANTE istasyonunun Sofalaca-Sehitkamil Gaziantep depremi igin CSRS-PPP degerlendirmesi sonuglarina gore elde edilen
dogu, kuzey bilesen deplasman ve hiz degerleri.

UTC 01:17:31-01:37:31 arahginda, Sofalaca depreminin etkisi kinematik olarak degerlendirilen
depreminden sonra meydana gelen Mw:6.6 bircok istasyonun kuzey ve dogu bilesenlerinde
blyikligindeki  Nurdagi  (Gaziantep) artgl goralmastir (Sekil 8, Sekil 9).
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ANTE ISTASYONU
Dogu Bileseni
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Sekil 9. ANTE istasyonunun Sofalaca-Sehitkamil depremi igcin PRIDE PPP-AR degerlendirmesi sonuglarina gore elde edilen dogu,

kuzey bilesen deplasman ve hiz degerleri.

ADN2
depremi

istasyonunun  Ekin6zii Kahramanmaras
CSRS-PPP PRIDE PPP-AR
degerlendirmesi sonuclarina gore elde edilen kuzey
ve dogu bilesenlerine ait farklar Sekil 10 ve Sekil
Bu deprem icin elde edilen

icin ve

11'de verilmistir.
maksimum hiz degerleri her iki yaziimda dogu

bileseni icin 20.5 cm/sn, kuzey bilesen igin 16.3
cm/sn civarindadir. ADN2 istasyonunda deprem
anindaki toplam yer degistirme araligi ise her iki
yaziimda dogu bilesen i¢in 56 cm civarinda olurken;
kuzey bilesen icin 25 cm civarinda elde edilmistir
(Sekil 10, Sekil 11).
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Sekil 10. ADN2 istasyonunun Ekindzii Kahramanmaras (Mw:7.6) depremi igin CSRS-PPP degerlendirmesi sonuglarina gore elde
edilen dogu, kuzey bilesen deplasman ve hiz degerleri.
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ADN2 iISTASYONU
Dogu Bileseni
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Sekil 11. ADN2 istasyonunun Ekindzii Kahramanmaras (Mw:7.6) depremi igin PRIDE PPP-AR degerlendirmesi sonuglarina gore elde

edilen dogu, kuzey bilesen deplasman ve hiz degerleri.

Statik ve kinematik olarak degerlendirilen TUSAGA-
Aktif verileri
incelenmis ve meydana gelen yeni atimlarin tespit

yardimiyla elde edilen sonuglar

edilebilmesi igin bir jeodezik ag kurulmustur (Sekil
12). Kurulan vyeni
baslanmistir (Sekil 13).

agda arazi calismalarina

Sekil 12. Arazi galismalari igin kurulan yeni aga ait noktalar ve yakl

asik konumlari.
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Sekil 13. TUBITAK 1002-C Dogal Afetler Odakli Saha Calismasi Acil Destek Programi ¢agrisi kapsaminda dl¢iimii gerceklestirilen
noktalara ait géruntdler.

3. Sonug

Bu calismada 06.02.2023 tarihinde meydana gelen
Sofalaca-Sehitkamil Gaziantep (Mw=7.7) ve Ekinozii
Kahramanmaras (Mw= 7.6) depremleri sonrasi
onciil jeodezik sonuglara, Sekil 1’de verilen GNSS
aginda yer alan 72 adet TUSAGA-Aktif istasyon
verisinin  degerlendirilmesi  ile  ulasiimistir.
GAMIT/GLOBK vyazilim takiminda yapilan statik
degerlendirmeler ile istasyonlarda meydana gelen
GAMIT/GLOBK
yazilimi ile gerceklestirilen statik degerlendirmeler
sonucunda elde edilen zaman serileri incelendiginde
en fazla atim EKZ1 istasyonunda gorilmuistir. Bu

atim miktarlari hesaplanmistir.

istasyonda atim Sofalaca-Sehitkamil
depreminde kuzey bilesende yaklasik 20 cm iken,
dogu bilesende vyaklasik 23.3 cm olarak elde
edilmistir. Ekin6zi Kahramanmaras depreminde ise
atim kuzey bilesende yaklasik 69.6 cm olurken; dogu
bilesende ise 440.44 cm olarak hesaplanmistir.
Degerlendirilen tiim istasyonlarin statik ¢oziimleri
incelendiginde, en fazla hesaplanan atim miktari;
Sofalaca-Sehitkamil Gaziantep depreminde ANTE
istasyonunun dogu bileseninde 23.4 cm, kuzey
bileseninde ise 30.9 cm olarak hesaplanmistir.
Ekindzli depreminde en fazla hesaplanan atim
miktari ise EKZ1 istasyonunun dogu bileseninde
440.4 cm, kuzey bileseninde ise 69.6 cm olarak
tespit edilmistir. Sofalaca-Sehitkamil depreminin
statik degerlendirmelerinde tiim istasyonlarda dogu
bilesende 1.1-23.4 cm, kuzey bilesende 1.1-30.9 cm

Gaziantep

araliginda degistigi goralmastir. Ekinozi
depreminde ise dogu bilesende 1.2-440.4cm, kuzey
bilesende 1.4-69.6 cm araliginda degistigi elde

edilmistir.

CSRS-PPP ve PRIDE
gerceklestirilen kinematik degerlendirmeler ile her

PPP-AR yazilimlan ile

bir saniyede deprem anindaki koordinat ve hiz
degisimleri elde edilmistir. Ek olarak ana soklar
sonrasi gerceklesen Mw>6 olan art¢l depremlerin
etkileri de incelenmistir.  Sofalaca-Sehitkamil
depremi sonrasi yerel saat ile 04:28'de meydana
gelen Mw:6.6 art¢l depremin etkisi ise hem CSRS-
PPP ve hem de PRIDE PPP-AR degerlendirmelerinde
gorulmektedir (Sekil 8, Sekil 9). Sofalaca-Sehitkamil
deprem anini iceren 1200 epok ve Ekin6zlii deprem
anini iceren 300 epokta yapilan degerlendirmeler
sonucunda tiim istasyonlarin bu zaman dilimlerine
bagh dogu ve kuzey bilesenlerinde deprem ani yer
degistirmeler ve hizlar elde edilmistir. Kinematik
degerlendirmeler sonucunda tiim istasyonlara ait
elde edilen yer degistirme ve hiz degerlerinin her iki
bilesende de PRIDE PPP-AR ve CSRS-PPP
yazilmlarinin birbirini teyit ederek uyumlu oldugu

gorulmustir.

Kinematik  degerlendirme

Sofalaca-Sehitkamil

sonuglarinda  tim

istasyonlarda Gaziantep
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depreminde dogu bilesende hiz (epoklar arasi

degisim) en fazla MLY1 istasyonunda yaklasik 12.5
cm/sn iken; kuzey bilesende ise ONIY istasyonunda
yaklasik 37.7 cm/sn olarak hesaplanmistir. Ekin6zi
Kahramanmaras depreminde dogu bilesende hiz
(epoklar arasi degisim) en fazla ADN2 istasyonunda
yaklasik 20.5 cm/sn iken; kuzey bilesende ise TUF1
yaklasgik  20.1
belirlenmistir. Degerlendirilen tim istasyonlarin

istasyonunda cm/sn  olarak
kinematik ¢coziimleri her iki yazihmda incelendiginde
degisim) dogu
bilesende Sofalaca depremi icin 3.3-12.5 cm/sn,

hesaplanan hiz (epoklar arasi
kuzey bilesende ise 3.8-37.7 cm/sn olarak elde
edilmistir. Ekin6zu depremi igin dogu bilesende 3.7-
20.5 cm/sn, kuzey bilesende ise 4.1-20.1 cm/sn
olarak hesaplanmistir.

Elde edilen onciil sonuglar ile jeodezik ters ¢ozlimler
yapilarak fay modellemesi mimkiin olmadigindan
bélgede yeni atimlarin tespit edilmesi icin TUBITAK
1002-C Dogal Afetler Odakli Saha Calismasi Acil
Destek
basvurusu yapilmistir. 09.02.2023 tarihinde kabul
edilen “6  Subat 2023
Depremlerinin Kosismik Deformasyon Etkilerinin

Programi c¢agrisi kapsaminda proje

Kahramanmaras
Arastirilmas!” proje kapsaminda bu calismada yer

alan TUSAGA-Aktif verilerinin 6ncal
kinematik degerlendirme sonuglari dogrultusunda

statik ve

baslatilan arazi c¢alismalarinda kosismik etkinin
belirlenmesi i¢in yeni bir GNSS agi kurulmustur.
Depremler ulasim aglarinda biyik bir tahribata yol
acmistir. Proje kapsaminda kurulan agda olgl
yapilacak noktalarin seciminde her bir nokta icgin
guvenli  guzergahlar  belirlenerek  noktalarin
ulasilabilirligi ve mevsimsel kosullar dikkate alinarak
arazi calismalari gerceklestirilmis olup veri analiz

slireci devam etmektedir.

Tesekkiir

Bu calisma TUBITAK 1002-C Dogal Afetler Odakli Saha
Calismasi Acil Destek Programi cagrisi kapsaminda
desteklenmektedir. Calismada kullanilan TUSAGA-AKTIF
verileri icin Tapu Kadastro Genel Mudurligi’ne (TKGM)
ve Harita Genel Midirltgid’ne (HGM) tesekkir ederiz.
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Abstract
Microbial fuel cell is a bioelectrochemical system that generate electricity with the oxidation of organic
substrates by exoelectrogenic microorganisms. It can be said that the studies on microbial fuel cells
(MFCs) are generally aimed to increase the amount of energy produced. In this study, domestic
wastewater treatment was investigated by using a two-chamber microbial fuel cell. Ankara Tatlar
Keywords Wastewater Treatment Plant influent water was used as substrate. In order to reduce the diffusional
Microbial Fuel Cell; resistance by reducing the distance between the anode and cathode electrode, the cathode chamber
Composite Electrode; was placed in the middle of the anode chamber. Anode and cathode chambers separated by Nafion 117
Domestic Wastewater  membrane. In addition, an anode consisting of a stainless-steel mesh and a graphite supported catalyst
Treatment; has been developed to increase the electricity generation potential. During the experiment, the
Electricity Generation  maximum voltage and the maximum power density values were obtained as 595 mV and 205.867
mW/m? respectively. COD value is a criteria which indicates the waste treatment ability of the systems.
For this experiment COD values of the wastewaster were measured both the beginning and the end of
the experiment as 451 mg/L O, and 361 mg/L O,. These results proved that the developed electrode
structure is at a comparable level with the values reported in the literature for two-chamber MFC

studies.

© Afyon Kocatepe Universitesi

Kompozit Anot Elektrotlu iki Bélmeli Mikrobiyal Yakit Pili Kullanilarak

Evsel Atiksu Aritimi ve Elektrik Uretiminin Arastiriimasi
0z

Mikrobiyal yakit hiicresi, ekzoelektrojenik mikroorganizmalar tarafindan organik substratlarin
oksidasyonu ile elektrik treten bir biyoelektrokimyasal sistemdir. Mikrobiyal yakit pilleri (MYH) Gzerine
yapilan ¢alismalarin genel olarak uretilen enerji miktarini artirmaya yonelik oldugu sdéylenebilir. Bu

Anahtar Kelimeler calismada, iki bdlmeli bir mikrobiyal yakit hiicresi kullanilarak evsel atiksu aritimi aragtirilmistir. Substrat
Mikrobiyal yakit olarak Ankara Tatlar Atiksu Aritma Tesisi giris suyu kullanilmistir. Anot ve katot elektrotu arasindaki
hicresi; mesafeyi azaltarak diflizyon direncini digslirmek igin katot bdlmesi anot bdlmesinin ortasina
Kompozit elektrot; yerlestirilmistir ve bu bélmeler Nafion 117 membrani ile ayrilmigtir. Ayrica elektrik Gretim potansiyelini
Evsel atiksu aritimi; artirmak igin paslanmaz celik kafes ve grafit destekli bir anot elektrodu gelistirilmistir. Deney sirasinda
Elektrik Gretimi maksimum voltaj 595 mV ve maksimum gii¢ yogunlugu degerleri 205.867 mW/m? olarak elde edilmistir.

KOI degeri, sistemlerin atiksu aritma kabiliyetini gésteren bir kriterdir. Bu deney icin atiksularin KOI
degerleri deney baslangicinda ve sonunda 451 mg/L O, ve 361 mg/L O, olarak 6lgulmstir. Bu sonuglar,
gelistirilen elektrot yapisinin iki bolmeli MYH calismalari igin literatliirde bildirilen degerlerle
karsilastirilabilir dizeyde oldugunu kanitlamistir.

affect both environmental quality and human health
1. Introduction (Palanisamy et al. 2019). These problems have led to
the search for alternative renewable energy sources
The increasing energy demand and depletion of  (priya and Setty 2019). Studies on alternative
fossil fuels can cause a global energy crisis that will renewable energy sources are increasing day by day
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in the fields of tidal, solar, geothermal, biomass and
wind power generation (Slate et al. 2019). The
biofuel cell technologies are known as both
renewable and eco-friendly technology, aiming to
be applied as a power source for fuel cell application
(Nasar and Perveen 2019) These cells convert fuel

into electrical energy through electrocatalysts
performing separated electrode reactions. Biofuel
cells use either cells, enzymes, microorganisms or
organelles as biocatalysts to accelerate anodic fuel

Electrochemical
Energy Source

Redox flow cells
Fuel cells
Batteries

Solar cells

LP Sensors -

ULP Sensors -
Biofuel cells

oxidation and cathodic oxidant reduction
(Scheiblbrandner et al. 2022). Biofuel cells tend
operate under mild conditions (20-40°C, near-
neutral pH). These properties make biofuel cells an
attractive development prospect for use in
applications where generating high temperatures is
difficult, or where harsh reaction conditions are
2006). The energy
production levels of electrochemical sources such as

undesirable (Bullen et al.

biofuel are shown in Figure 1.

Energy Output

10-® 10 1073

| T | I (7\-’\"'31'1.'5)

103 109 10°

Figure 1. Energy production levels of electrochemical sources (Serra et al. 2020).

It is stated in Figure 1 that the energy production
levels of fuel cells are an effective level among many
types of cells and sensors. Generally, fuel cells are
defined as electrochemical devices capable of
converting a substrate into electrical energy
(Ramesh et al. 2021). Besides that, the microbial fuel
cell is accepted as a green technology for both
biological treatment of pollutant and energy
recycling (Tacas et al. 2021) that can convert organic
materials into electrical energy and provide
electrochemical wastewater treatment (Zhao et al.
2021). MFC is made up of anode and cathode
chamber. It is generally divided by a semi-
impermeable membrane (Bagchi and Behera 2021).
In the

microorganisms break down the substrates in an

anode chamber, electroactive

anaerobic environment and release electrons in the
substrates. These electrons are transferred to the
anode electrode via either a direct electron transfer
electron transfer

mechanism or mediated

mechanism (Arkatkar et al. 2021). Electrons are
transferred to the anode electrode by these
mechanisms. Afterwards, these electrons are
transferred to the cathode electrode by passing
through an external circuit (Aiyer 2021) and energy
generation occurs when this process complete

(Arkatkar et al. 2020).

The applications and architectural structures of MFC
have changed over the time (Gustave et al. 2021).
Various examples of these structures can be given:
Plant-MFC (Helder et al. 2010), benthic MFC (Karra
et al. 2013), PEM MFC (Chakraborty et al. 2020) and
soil MFC (Casula et al. 2021). In recent years, MFC
technology has been successfully improved with
different types of organic substrates such as farming
(Ma et al. 2016), refinery (Srikanth et al. 2016),
municipal wastewater (Liang et al. 2018) and dairy
wastewater (Choudhury et al. 2021).
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Table 1. A view of the performance of MFCs with different substrates.

Substrate

MFC Configuration

Anode

Power Density

Reference

Dairy wastewater

Dairy wastewater
Synthetic
Food factory
wastewater
Textile wastewater

Annular single chamber MFC

Dual chamber MFC
Single chamber MFC

Single chamber MFC

Single chamber MFC

The Ss mesh with
graphite coating
Graphite plates

Titanium

Karbon orti

Carbon fibres

20.2 W/m3 Mardanpour et al. 2012
2.7 W/m?3 Elakkiya and Matheswaran 2013
57 UW:m~2 Zhou et al. 2016

1007 mWm-3 Mohamed et al. 2016

123.2+27.5mW m™

Logrofio et al. 2017

Domestic . .
Algal biofilm-assisted MFC Carbon cloth 62.93 mW-m= Yang et al. 2018
wastewater
Nitrobenzene
R MFC coupled constructed . i
synthetic Graphite 1.53 mW/m? Xie et al. 2018
wetland
wastewater
Activated sludge Dual chamber air cathode MFC Copper braid 75.64 W/m3 Hayder and Dinger 2019
Synthetic Dual chamber MFC Graphite fibre brush 3006 mW/m3 Ali et al. 2019
. MFC-Constructed wetlands Granular active
Anaerobic sludge 0.27 Wm™3 Zhang et al. 2020
reactors carbon
Sulfate-laden .
Dual chamber MFC Graphite sheets 1188 mW/m3 Kumar et al. 2020
wastewater.
Synthetic Photosynthetic MFC Graphite felt 15.21 W m™ Sharma and Chhabra 2021
Dairy wastewater Single chamber MFC Pt/C cloth 50 mW/m? Choudhury et al. 2021
Electroplating
industry Dual chamber anaerobic MFC Carbon veil 260 mW/m? Karuppiah et al. 2021
wastewater

The parameters that affect MFC performance are;
fuel cell architecture, electrode materials, distance
between electrodes, membrane or non-membrane
systems, microorganisms, substrates and electron
transfer mechanisms (Mohan et al 2014). In full-
applications,
modifications of MFCs and anode and cathode

scale parameters such as
materials greatly affect the efficiency (Munoz-Cupa

et al. 2021).

In this study carried out under the light of the above
both
domestic wastewater treatment were investigated

information electricity generation and
in a two chambered MFC design. The cathode
chamber was placed inside the anode chamber.
Thus, more electron flow was aimed at decreasing
the intracellular diffusion resistance. Because it is
aimed to increase the electric potential by more

collection of electrons; metal and carbon materials

were used together for composite anode electrode
design.

2. Material and Method
2.1. Reactor Configurations

In the study, a two chambered MFC was designed
from plastic material. The anode chamber was
rectangular and 2.5 L. The cathode chamber was
circular and 200 mL. The cathode chamber was
placed in the middle of the anode chamber and the
anode and cathode chamber were physically
separated by the Nafion 117 membrane (lon Power
Company, 720 Governor Lea Rd, New Castle, DE
19720). Before starting the experiment, the Nafion
117 membrane used in the reactor was activated by
membrane conditioning and cut into 1 cm x 4 cm
size and impedance analysis was performed.
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Figure 2. The experimental setup.

The reactor and experimental setup used in the
in Figure 2. Ankara Tatlar
Wastewater Treatment Plant influent water (2
liters) was used as a substrate in the anode
chamber. The anode chamber was completely
closed and maintained at anaerobic conditions.

study are shown

The carbon rod is used as cathode electrode. The
cathode chamber was filled with deionized water
and vented with an air pump during the experiment.
The reactor was stirred at the lowest speed during
the operating period to ensure a homogeneous
content.

2.2. Anode Electrode Design and Modification

Stainless steel (SS) mesh and graphite powder were
used as anode electrode material. Stainless steel
mesh was used as the current collector. This mesh
properties can be expressed that 1.11 mS/m
conductivity, plain weave, 40 mesh. Graphite
(104206, Merck) properties
expressed that 12.01 g/mol molar mass, 2.2136
g/cm3 (25 °C) density, 5-6 (50 g/I, H,0, 20 °C) (slurry)
pH value and = 99.5 % particle size (<50 um). Ethyl
cellulose, terpineol and cyclohexanone binders

powder can be

were applied to half of the SS mesh. Then, graphite
powder was poured on both surfaces of the mesh
and the prepared electrode was left to dry for two
days. The designed anode electrode is shown in
Figure 3.

Figure 3. Stainles steel mesh + graphite electrode.
2.3. Electrochemical Analysis and COD Analysis

The current and voltage values were measured
manually by a digital multimeter (Class MY-62) at 15
minutes intervals. The power density values are
calculated using Equation (1).

P=1V/A (1)
where, P: Power Density W/m?, I: Current, amper, V:
Voltage, volt, A: Anode electrode area, m? (Aktan et
al. 2011).
Impedance of the membrane was
performed by using combined Solartron 1260-

analysis
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Solartron 1287 device, which has the ability to
measure in the range of 1 Hz-1000 MHz.

Matriks MD-600 test kits were used for COD analysis
of domestic wastewater used in the reactor. Before
the reactor was put into operation, an initial COD
analysis was performed by taking 2 mL sample from
the wastewater. At the end of the experiment, 2 mL
sample was taken again from the anode chamber
and the COD analysis was repeated.

3. Results and Discussion

Impedance analysis was performed to determine
whether the conditioned Nafion 117 membrane had
sufficient ionic conductivity before the operation.
The result of the impedance test is given in Figure 4.

-1.00
Nafion 117 .z
[ Real Center: 6.6952
Imag. Center: 0.23843
Diameter: 1.1592
075 - Deviation: 0.001668
Low Intercept: 6.1669
High Intercept: 7.2235
Depression Angle: 24.291
r w_max: 1.2537E05
Estimated R(ohms): 1.0566
Estimated C(farads): 6.8812E-06
N -0.50

-0.25

6.25 650 675 7.00 7.25
Figure 4. Nafion 117 impedance analysis graph.

When the impedance analysis graph is examined, it
can be said that the activated membrane is
conditioned (Rohm: 1.0566) and ready for use in the
MFC. After all processes are completed, the MFC
was operated for 7™ day and the study was finished
at the end of the 7™ day since no current/voltage
values were measured. During the experiment,
voltage measurements were made only between
10:00 and 17:00 (every 15 min).

700
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Figure 5. Voltage values graph.

Figure 5 shows that the substrate consumption
increased with the adaptation of exoelectrogenic
microorganisms to the environment and it was
observed that the voltage values increased
significantly on the 2nd day. This situation shows
that an electrochemical biofilm structure occurred
on the anode electrode. Electricity generation was
observed several hours after the reactor was started
and the maximum voltage value was reached on the
3rd day as 595 mV. Since the nutrient decreases in
the wastewater, the voltage values started to
decrease fluctuating after the 3rd day. At the end of
the 7th day, the experiment was finished since no
values were observed. The cathode chamber was
placed in the middle of the anode chamber,
reducing the distance between electrodes. The
relatively small distance between the anode and
cathode electrode is effective in the amount of
electricity obtained in the study.

In the literature, Chandhuri and Lovley (2003) used
graphite felt as the anode electrode and glucose as
the substrate in their study. During the study, the
maximum voltage was measured as 620 mV [25].
Wu et al. (2017), measured about 460 mV as the
maximum voltage using combined small graphite
fiber brush and carbon mesh as anode and
municipal wastewater as substrate, in their study
[26]. Nquyen and Min (2020) used carbon fiber
brush as anode electrode, leachate wastewater as a
substrate in their study and maximum voltage value
was measured as 330 mV. Yu et al. (2021)
investigated electricity generation with a graphite
felt anode electrode in an SMFC using petroleum

181



Investigation Of Domestic Wastewater Treatment and Electricity Generation By Using A Two Chambered ..., Ak¢ay and Ar

hydrocarbon contaminated soils as a substrate. The
stable voltage 345 mV was measured [27]. When
the literature studies were examined, it was seen
that the maximum voltage value is quite high
compared to other studies. Additionally, this value
shows that the new composite electrode makes an
important contribution to electricity generation.
The mesh structure of the anode electrode
increased the biofilm rate and provided high
voltage. The power density was calculated by using
current values and voltage values in Eq (1) and given
in Figure 6.
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Figure 6. Power density values graph.

Decreasing the distance among the anode and
cathode electrode was also effective in reducing the
intracellular resistance. In this experiment, the
increase in electricity generation continued until the
end of the 3rd day and the maximum power density
was reached on this day. Figure 6 shows that the
maximum power density was calculated as 205.867
mW,/m?2. High results were obtained by the current
reactor design. Exoelectrogens transferred
electrons from composite electrodes through some
mechanisms and provided high power density.
Rahimnejad et al. (2011) used graphite plates as
anode electrode and glucose as a substrate. During
the study, its maximum power density was
calculated as 283 mW/m?. Lakshmidevi et al. (2020)
used as a substrate municipal solid waste landfill
leachate and graphite as anode electrode and
maximum power density was calculated as 95.63
mW,/m?. Various studies on power density have also
been mentioned in Table 1. It is seen that the

maximum power density value is comparable with

literature. Finally, COD values were calculated at the
begin/end of the experiment were measured as 451
mg/L O, and 361 mg/L O,, respectively.

4, Conclusions

In this paper, electricity generation and domestic

wastewater  treatment  performance  were
investigated using a two-chambered microbial fuel
cell. Domestic wastewater was used as substrate in
the reactor. A composite anode electrode was used
which was designed by using graphite powder and
SS mesh. The maximum voltage and power density
were measured as 595 mV and 205.867 mW/m?,
respectively. The voltage and power density values
are comparable with the literature. It can be said
that the stainless steel mesh and graphite powder
composite electrode will be an alternative anode
electrode to other electrode types in the literature.
Besides that the domestic wastewater causes
serious environmental pollution and needs to be
treated to a certain extent for discharge to surface
waters. MFC can be also helpful for this problem.
Improvements on the reactor configurations and
electrodes can increase the efficiency of the MFC
including electricity generation and wastewater

treatment ability.
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Oz

Karma tam sayili dogrusal olmayan programlama (MINLP), enerji sebekelerinin optimum tasarimi ve
uzun ya da kisa vadeli enerji tretim planlarinin olusturulmasi icin kullanilabilecek bir optimizasyon
yontemidir. Literaturdeki pek c¢ok yayin, dogrusal olan karma tam sayili dogrusal programlama
metotlarini kullanirken, énemli detaylari blinyesinde bulundurabilen MINLP, ¢6ziiminiin daha zor
olmasindan dolayi pek tercih edilmemistir. Ancak, detayli ve glvenilir karar verme mekanizmalarinin
olugturulabilmesi igin, MINLP optimizasyon metotlarinin kullaniimasi kritiktir. Mikro sebeke; geleneksel
ya da yenilenebilir ya da hibrit enerji kaynaklari kullanan dagitik glic jeneratorlerinden, depolama
birimlerinden ve ylklerden olusan bir cesit enerji sebekesidir. Bir mikro sebeke, ana sebekeyi
desteklemek amaciyla kurulabilecegi gibi yalniza belli bir lokasyonun elektrik talebini karsilamak amagli
da kurulabilir. Turkiye’nin hem enerji kaynaklari yoninden ithalata bagiml olusu hem de sebekelerde
Uretilen elektrigin iletimi sirasinda meydana gelen enerji aciklarindan dolayi, mikro sebekelerin
optimum tasarimi ve uzun vadeli elektrik tGretim planlarinin olusturulmasi son yillarda elzem hale
gelmistir. Bu galismada, yirmi yillik proje dmriine sahip bir mikro sebekenin optimum tasariminin
yapilmasi ve uzun vadeli elektrik Gretim planinin yapilmasi hedeflenmistir. Yenilenebilir ve geleneksel
kaynakli 14 adet glic jeneratori, 1 adet elektrolizor ve 1 adet metanasyon reaktériinden olusan sentetik
dogalgaz Uretim sistemi ve 1 adet enerji depolama birimi iceren aday ekipman havuzu olusturulmustur.
MINLP ile bu havuzdan proje maliyetini minimize edecek kurulum ekipmanlari segilmis ve segilen
ekipmanlar ile yarim saatlik periyotlarla elektrik Gretim planlamasi yapilmistir. Paris Antlagmasi’'ni
imzalayan bazi Ulkelerde uygulanmaya baslanan karbondioksit emisyonu vergisi hesaplamalara dahil
edilmistir. Bu verginin eklendigi ve eklenmedigi iki durum incelenmis, optimum ekipman segimleri ve
Uretim planlamalari karsilastiriimigtir.

Optimum Design of a Microgrid and Establishment of a Long-Term
Electricity Generation Plan with Mixed Integer Nonlinear Programming

(MINLP)

Keywords
Mixed integer
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Microgrid
optimization; Carbon
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Abstract

Mixed integer nonlinear programming (MINLP) is a frequently used optimization method for the
optimum design of power grids and the creation of long or short-term power generation plans.
Microgrid is a kind of energy grid consisting of storage units, distributed power generators consuming
conventional or renewable or hybrid energy sources, and loads. A microgrid can be installed to support
the main grid, or it can be installed only to meet the electricity demand of a particular location. The
optimum design of micro-grids and the creation of long-term electricity generation plans have become
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Hybrid energy grids;
Electricity production
scheduling

essential in recent years due to Turkey's dependence on imports in terms of energy resources and the
energy deficits that occur during the transmission of the electricity produced in the networks. In this
study, it is aimed to make the optimum design of a micro-grid with a project life of twenty years and to

make a long-term electricity generation plan. A candidate equipment pool including 14 renewable and

conventional sourced power generators, 1 electrolyzer and 1 methanation reactor, a synthetic natural
gas production system and 1 energy storage unit was created. With MINLP, installation equipment that

will minimize the project cost was selected from this pool and electricity generation planning was made

with the selected equipment in half-hourly periods. The carbon dioxide emission tax, which has been
implemented in some countries that signed the Paris Agreement and and Green Deal is included in the

calculations. Two cases where this tax is added and not added are examined, optimum equipment

selections and production planning are compared.

1. Giris

Son yillarda tim dlkeler bir yandan iklim degisikligi
ve kiresel i1sinmayla bas etmeye c¢alisirken bir
yandan da her sene katlanarak artan enerji
taleplerini karsilamaya ¢alismaktadir. Enerji Gretim
kaynaklarinda basi ¢ceken fosil kaynakli yakitlar, yan
Grin olarak sera gazi meydana getirdiginden,
yenilebilir ve c¢evre dostu kaynak arayislari
hizlanmistir (Abo-Elyousr and Elnozahy 2018, Shi et
al. 2019, Talebi et al. 2016). Mikro sebeke;
yenilenebilir ya da yenilenemez kaynakli dagitik giic
jeneratorlerinden, depolama birimlerinden ve
ylklerden olusan bir cesit enerji agidir. Bir mikro
sebeke, ana sebekeyi desteklemek amaciyla ya da
tek basina belli bir yerlesim alaninin elektrik talebini
karsilamak amaciyla kurulabilir (Aghaei and Alizadeh
2013, Tenfen and Finardi 2015).

Turkiye, dogal gaz ve petrol gibi blylk olglde
etmek
elektrik

iletim ve dagitim sebekelerinde g6z ardi edilemez

yenilenemeyen enerji kaynaklarini ithal

zorunda kalmaktadir. Bununla birlikte,

enerji kayiplari bulunmaktadir.  Ydritdlen

¢alismalarda, uzun donemli Uretim plani
yapilmasinin bu gibi kayiplar azaltmada etkili
oldugu gorilmastir. Planlama yapilirken, talep
tarafinin ve dagitik Gretim jeneratorlerinin birlikte
distnilmesi gerekmektedir (Babacan and Unvan
2020, Onat 2010). Boylece, bir elektrik tretim
sebekesinin optimum tasarimi ve optimum enerji
Uretim bulundugu

planlamasi, sebekenin

yerlesimde enerji minimize
edebilir.

Bu calismada, Karisik (Karma) Tam Sayili Dogrusal
(MINLP) ile hem

yenilenebilir hem de geleneksel jeneratorler iceren

acigini ve kaybini

Olmayan  Programlama
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hibrit bir mikro sebekenin optimum tasarimi ve
Uretim planlamasi incelenmistir. Enerji sistemleri
dolayi
¢ogunlukla Karisik (Karma) Tam Sayili Dogrusal

optimizasyonunda ¢6zim kolayligindan
Programlama (MILP) kullanilir; fakat bu calismalar
jeneratorlere ait ampirik model denklemlerindeki
dogrusal olmayan kisimlari dogrusalmis gibi kabul
etmektedir (Farrokhifar et al. 2020, Feng et al. 2019,
Ren and Gao 2010). MINLP ile sebeke optimizasyonu
yapilirken  modellerdeki  dogrusal  olmayan
denklemler gercekte oldugu haliyle ele alindigi icin
dogrusallastirmadan

kaynaklanan hesapsal

kayiplardan  kaginiir.  Bu gibi  c¢alismalara,
problemlerin ¢6zimi zor oldugu igin literatlirde
siklikla rastlanmaz.

Yine de, MINLP ile sebeke optimizasyonu yapma
MINLP

artmaya

yillarda
birlikte
baslamistir. Honarmand vd. (2021) calismalarinda,

calismalara olan ilgi, son
¢ozlcllerinin  gelismesiyle
yenilenebilir enerji kaynaklarina sahip bir enerji
sebekesinin isletme problemini ¢ézmek igin bir
optimizasyon  modeli  gelistirmistir. ~ MINLP
problemini, DICOPT ¢6zliclisl kullanarak GAMS'te
¢6zmusglerdir. Baska bir ¢alismada, yenilenebilir
kaynakh adali mikro sebekelerin optimum sekilde
¢alismasi igin stokastik bir MINLP modeli dnerilmistir
ve MINLP problemi dogrusallastiriimistir. Problem
AMPL’'de CPLEX ¢ozlctst kullanilarak ¢ozilmustir
(Vergara et al. 2020). Diger bir ¢alismada, pratik
kisitlara sahip yerlesim binalarinin enerji talebini
karsilamak icin  optimum tasarim yapmak
MINLP modeli
GAMS’te Lindo ¢ozlictst kullanilarak ¢ozilmustir
(Zheng et al. 2018). Amir vd. (2019) calismalarinda,

¢ok tasiyicih bir mikro sebekenin bilesenlerinin

amaglanmistir. Bu ¢ok amagh
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optimum tipini, boyutunu ve optimum enerji
sevkiyatini bulmak i¢in bir MINLP modeli 6nermistir.
Cok tastyicili mikro sebekelerin en cazip olanlarindan
biri de, elektrik ve dogal gaz lretiminin entegre
edildigi sistemlerdir. Bu sistemler, dogalgaz kaynak
sorununun tim diinyada etkisini arttirmasiyla daha
da oOnem kazanmistir. (2020)
¢alismalarinda, parcacik slrislii  optimizasyonu
(PSO) algoritmasi ve MINLP kullanarak bu tip bir

entegre enerji sebekesinin tasarimini ve isletim

Mansouri vd.

planini gergeklestirmistir. Entegre enerji sebekeleri
(2018)
tarafindan gergeklestirilmistir. Bu ¢alismada, talep-

Gzerine diger bir calisma Alipour vd.
yanit programi ile MINLP kullaniimistir. Baska bir
calismada, hibrit bir mikro sebekenin glinlik Gretim
plani stokastik MINLP modeli olusturulmustur.
Calismada yik tahmin hatasinin etkisi ve enerji
depolamanin  kullanilabilirligi  gibi  etmenler
incelenmistir (Alvarado-Barrios et al. 2020).

Turkiye, Paris Antlagsmasi'ni 2016 yilinda imzalamis;
2021'de onaylamistir. Tirkiye, Ulkenin sera gazi
emisyonunun 2030 vyilina kadar %21'e kadar
(Int Kyn. 1).
hikimlerince, antlasmayr imzalayan
karbondioksit
diizenleyen vyaptirimlar getirmeye
karbondioksit

salinimini diizenleyecek yaptirimlardan biridir (Fu et

diisecegini beyan etmistir Paris
Antlasmasi
Ulkeler  enerji  sebekelerinin
salinimlarini
baslamistir.  Emisyon  vergisi,
al. 2021). Turkiye’de enerji Ureticileri icin getirilmis
fakat

antlasmanin onaylanmasi ile emisyon vergisinin

emisyon vergisi henliz mevcut degildir;
ylrirlige kisa zamanda girmesi beklenmektedir.

Bu calismada; yenilebilir ve yenilenemez kaynakli
jeneratorler, bir adet elektrik depolama birimi ve bir
adet sentetik dogalgaz Uretim sistemi iceren aday
ekipmanlar MINLP modeline tanitilmistir. Problemin
temel amaci bir sehre ait toplam elektrik talebini
karsilamak icin bir mikro sebekenin optimum
tasarimini ve vyirmi yilhk enerji Gretim planini
yapmaktir. Deterministik MINLP modeli; toplam
proje maliyetini minimize ederek, tanitilan aday
ekipmanlardan optimum sayida secer, secilen
ekipmanlarin anma gliglerini ve yarim saatlik zaman
araliklarinda Urettikleri gicleri (calisma glglerini)
belirler. Optimizasyon problemi GAMS’te DICOPT
¢Ozicu kullanilarak ¢6zllmistiir. DICOPT, esitlik

gevseme stratejisi ile dis yaklasim algoritmasinin

uzantilarini  kullanir.  DICOPT icindeki MINLP
algoritmasi, bir dizi NLP (dogrusal olmayan
programlama) ve MIP (Karma tam sayili

programlama) alt problemini ¢ozer. Algoritma,
disbikey
tekniklere sahip olsa da, kiresel optimumu mutlaka

olmayan problemleri ¢6zmek igin
elde etmek zorunda degildir (Kocis and Grossmann
1989).

toplam

Optimizasyon modeli

karbondioksit
farkh
karbondioksit emisyonu vergisi olmasi ve olmamasi.
Karbondioksit
maliyetin ekipman segimlerine ve galisma planina

mikro sebekenin
emisyonunu hesaplar.

Calismada, ki durum  kiyaslanmistir:

emisyonu vergisinin  getirecegi

etkisini incelenmisgtir.

2. Materyal ve Metot

Bu calismada, deterministik MINLP modeli ile bir
mikro sebekenin optimum tasarimi ve uzun vadeli
elektrik Gretim plani yapilmistir. Sehrin tiim elektrik
talebinin karsilanmasi hedeflenmistir. Projenin
omru yirmi yil olarak belirlenmistir. Sehrin bir ginluk
elektrik talebi, riizgar hizi, glines radyasyonu ve hava
sicakhgi verileri ainmistir (UEDAS 2020, Int Kyn. 2).
Yirmi yillik sirecte, her gliniin sabit elektrik talebine,
rlizgar hizina, gines radyasyonuna ve hava
sicakligina sahip oldugu varsayilmistir. Her bir gin
yarim saatlik araliklara boliinmustir ve her zaman
araligr icin yan kararli durumum gegerli oldugu
varsaylmistir.

Optimizasyon modeline farkli yakit kaynaklarina
sahip aday ekipmanlar tanitilmistir. Yenilenebilir
kaynakh aday ekipmanlar; 2 adet riizgar tirbini, 2
farkh fotovoltaik hiicre paneli, 1 adet biyokitle
jeneratori ve 2 adet biyogazlastiricidir. Biyokdtle
jeneratorid, 1s1 potansiyelini kullanarak elektrik
Uretmek icin biyokitleyi yakar, biyogazlastiricilar ise
sentez gazl Uretmek i¢cin odunsu biyo-kiitleyi
kullanir. Daha sonra bu sentez gazini kullanarak
elektrik Uretir. odunun

Sentez gazi kullanimi,

dogrudan vyakilmasindan daha etkilidir; ¢lnki
sentez gazi daha yilksek sicakliklarda yakilr.
Boylece, yanmanin termodinamik donglisi, daha
yiuksek termodinamik verimlilige sahip olan
Carnot'un dongisiine uyar (Giddey et al. 2012).

Yenilenebilir kaynakl aday ekipmanlarin timd,
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konvansiyonel gii¢ jeneratorleri ve kombine isi ve
glc (CHP) linitelerinden ¢ok daha az CO; uretir.

1 adet elektrolizor ve 1 adet metanasyon reaktord,
optimizasyon modeline kompakt bir bicimde aday
ekipman olarak tanitilmigtir. Bu kompakt sisteme
"Glcten Gaza" (PtG) sistemi denir. Bu sistem, diger
jeneratorlerden yayilan baca gazlarindan saf CO,'i
tutan ve depolayan bir karbon yakalama ve
depolama (CCS) unitesi icermektir. Elektrolizor,
sistemde talepten fazla Uretilen elektrigi kullanarak
suyu, metanasyon reaksiyonu icin Hx'e dondstirdr.
Daha sonra metan tretmek icin CO; ve H, kullanilir.
Son adimda metan, sentetik dogal gaza (SNG)
yukseltilir. PtG sistemleri siirekli veya aralikli olarak
SNG uretebilir. Aralikli Gretim H, ve SNG depolama
Gnitelerine ihtiyac duyar ve bu durum maliyeti
arttinir. Depolamanin avantaji, mikro sebekenin
SNG'yi her
karsilayabilmesidir. Ote vyandan, siirekli (iretim

ihtiyac duydugu zaman
durumda, dogal gaz Uretilir Uretilmez milli dogal gaz

sebekesine satilir. Bu c¢alismada depolama
maliyetlerinden kaginmak igin strekli Gretim tercih
edilmektedir (Gorre et al. 2019, Nazari-Heris et al.
2020).

2 adet "entegre gazlastirma kombine ¢evrim" (IGCC)
Unitesi aday ekipman olarak modele tanitilmistir. Bu
sistemler yiksek basinch gazlastiricilar kullanarak
komirl sentetik gaza donistirirler. Boylece,
geleneksel santrallerden daha yiksek verimle enerji
(Wang 2017, Xia et al. 2020). 2 adet

konvansiyonel gii¢ jeneratoéri, 3 adet CHP Unitesi ve

Uretirler

1 adet lityum iyon elektrik bataryasi da aday
ekipman olarak tanitilmistir. Toplam aday ekipman
sayisi 17’°dir.

Optimizasyon modeli, tanitilan bu ekipmanlardan
optimum maliyeti veren ekipman ya da ekipmanlari
secer ve sectigi ekipman ya da ekipmanlara ait
glinlik ve wyilhk elektrik Gretim planini belirler.
farkli
durumda karbondioksit emisyon vergisi sifirdir,

Calismada ki durum incelenmistir. ilk
ikinci durumda ise emisyon vergisi ilk yil 425 TL/ton
CO, olmak Uizere her yil %5 oraninda artmaktadir.

Optimizasyon modelinde elektrik iletim maliyetleri,
jeneratorler icin agma-kapama maliyetleri, rampa
limitleri ve AC-DC (alternatif akim-dogru akim)

donltsimi dikkate alinmamustir.

2.1. Amag Fonksiyonu

Optimizasyon modelinin amag fonksiyonu projenin
toplam maliyetini minimize etmektir:

min fkurulum + Zk fkisletme + Zk fkemisyon (1)

flurulum  mikro sebekenin kurulum maliyetidir. Bu
deger; ekipman sec¢imine, secilen ekipmanlarin
anma glclerine ve secilen ekipman batarya ise
baglidir.

mikro sebekenin 20 vyillik toplam

bataryanin

isletme
Zk fk ’

isletme maliyetidir. “k”, mikro sebekenin her bir

depolama  kapasitesine

yilini simgeler. isletme maliyeti fonksiyonu mikro
sebekenin elektrik tretimi icin gerekli ham madde
maliyetlerini ve ekipmanlarin yillik bakim-onarim
maliyetlerini kapsar.

2.2. Karar Degiskenleri ve Kisitlar

Optimizasyon modelinde iki tlr karar degiskeni
vardir: ikili ve stirekli degiskenler. a; hangi ekipmanin
aday
ekipman setini temsil eder. Secilen ekipmanin

“:y
I

kurulacagina karar veren ikili degiskendir.

nominal (anma) gicl (rp;) ve pilin depolama
kapasitesi (b;), asagidaki esitsizliklerde gosterildigi

gibi modelde  tanimlanan strekli karar
degiskenleridir:

ro"a; < rp; < rp"a;; Viel (2)
b""a; < b; < b"*a;; ViESE I (3)

Denklem 2 ve 3 ‘te, a; “1” ise bu ekipmanin

kurulacagl anlamina gelir. “0” ise, bu ekipman

kurulmaz. Kurulum olmadiginda, ekipmanin

nominal glicii ve ekipman batarya ise bataryanin

IIIII

depolama kapasitesi sifir olur. “S” ve depolama

birimlerinin  ve tim aday ekipmanlarin

@, b™" ve b, sirasi ile

kiimeleridir. rp™™, rp™
her bir ekipmanin minimum ve maksimum anma
guglerini ve depolama birimi icin minimum ve
maksimum depolama kapasitesini gostermektedir.
Tum bu degerler Ek’te Cizelge 1’de gbsterilmistir.

ow:n
l

Modelin diger ikili degiskeni kc;,:'dir ve segilen

ez
t

ekipmaninin “k” yilinin zaman araliginda calisip

¢alismayacagina karar verir. “1” oldugunda
kurulmus ekipman galisir. “0” iken ¢alismaz. Riizgar
turbinleri ve glines panelleri icin bu kosul gecerli

degildir; ¢linkl bu ekipmanlarin Urettikleri sadece
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rizgar hizina ve gilines 1sinimina baghdir. Riizgar

turbinleri ve gilines panelleri haric tim aday

ekipmanlarin ¢alisma glcleri asagidaki sekilde
belirlenir:

PIE'TDE < Dike < Dl TP 4)
0 < pike < Pike TP KCike (5)
Pike » i7 ekipmaninin “k yilimin  “t” zaman

araligindaki trettigi giigtir. pi™ ve pM@*, her bir
ekipmanin minimum ve maksimum c¢alisma guicii
katsayilaridir. CHP (Uniteleri, rlzgar tirbinleri ve
glines panelleri disindaki tim ekipmanlar igin
ekipmanin Urettigi glic, anma gilcinin %601 ile
%100’U arasinda degismektedir. CHP (Unitelerinin
Urettikleri glic, Urettikleri 1s1 ile kisitlanmistir;
uygulanabilir operasyon bdlgesi kisitlari modele
dahil edilmistir (Guo et al. 2019, Ko and Kim 2019).
Glines panellerinin lrettigi glic (p,pyik:) denklem

6’da gosterilmektedir:
Dipvike = TPpy-N- P (1 — (T, — Tp,ref)) (6)

Denklemde rppy, solar panelin anma gucudir. 7,

fotovoltaik  hicre  verimliligidir. &, glnes

radyasyonudur. T, ortam  sicakhgidir.  T), .or ise
referans sicakliktir. , sicaklik diizeltme faktorudir.

PrwTikt =
0 ) v < Vcut,in
0 ; UV > VUcytout
Pwr 5 Unom SV =< Veytout (7)
V—=Vcut,in .
Pwr <vnom_vcut in) ) Ucut,in <sv< Unom
Denklem 7’de rlzgar tirbininin Grettigi gl

(prwTree) gOsterilmistir. vy,4,, , nominal rizgar
hizdir. vy hizinin altinda ve vyt gy hizinin
Ustlindeki rizgar hizlarinda tlirbinin gtici sifirdir.
Py, tirbinin anma giiclidir (Morshed et al. 2018)

Denklem 8 ve 9, bir depolama biriminin, nominal
glcinin %0' ile %100'G arasinda degisen sarj ve

desarj calisma gici kisitlarini géstermektedir.
pchie < pietrp* ke, ; VIiESEI (8)

pdchige < pie ol (1 —key) ; VieSel (9)

pch;,s ve pdch;y; sirasi ile depolama cihazinin sarj
ve desarj glicii olan surekli degiskenlerdir. Bu
denklemler ayni zamanda, depolama cihazlarinin
ayni anda hem sarj edilip hem de bosaltilamamasi
kisitlarina karsilik gelmektedir.

Her bir zaman araliginin sonunda bir depolama
surekli

biriminde depolanan enerji modeldeki

degiskenlerden biridir ve soci: ile gosterilmektedir:

qﬁjﬁ"bi < socie < qied*b; ;3 ViIiESEI (10)

Guvenlik ve ekipman omri dikkate alindiginda,
depolanan enerjinin depolama kapasitesinin %20'si
(ai)ile %80 (qfiee™)
gerekmektedir.

arasinda  olmasi
Denklem 11, depolama biriminin kapasite sinirlarini,
depolama biriminin ilk zaman araligindan ve son
kadarki depolanan enerjiyi

zaman araligina

gostermektedir.

socjy + (pch;y — pdchy) ; t = t(1)
socyy =
socie_q + (pchyy — pdchye); t # t(1)

VieS el (11)

Her “k” yihnin “t” arahigi icin her bir kaynagin “n”

madde ve enerji denkligi denklem 12'de

gosterilmektedir:

i Jiktn T Uken = i Ciktn + Sken + YXken +

dktn (12)

Jiken » ‘1" ekipmaninin “k” yilinin “t” arali§inda

)

Urettigi “n” ham maddesidir, Cjy, ise tikettigi ham
maddedir. Uy, “k” yilinin “t” zaman araliginda
disardan satilan alinin “n” ham maddesidir. Sy, “n”
maddesine ait doner reservdir. Elektrik disindaki
tim kaynaklar icin bu deger sifira esittir. yxgen,
sebekenin fazladan Urettigi “n” ham maddesidir.
diin , “n” maddesine olan taleptir. Modelde elektrik
de bir ham madde olarak tanimlanmistir.

Mikro sebekenin kurulacagi alan, kurulacak ekipman

sayisini kisitlamaktadir:

2ia; <NU; ;Vi€el (13)

Denklem 13'te NU;, kurulmasina izin verilen

maksimum ekipman sayisidir.

2.3. Maliyet analizi
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Amag fonksiyonunun ilk terimi olan kurulum

maliyeti denklem 14’te gosterilmektedir:
fkurulum = Zi(wgrpi + Vioai) + Zs CUsobs (14)

Y? ve y? kurulum maliyeti fonksiyonunun sabit
terimli  katsayilandir. w,°, secilen depolama
birimine ait kurulum maliyet fonksiyonu katsayisidir.

isl
£ = F250 + fi (15)

Denklem 15, mikro sebekenin yirmi yillik isletme
maliyetini gostermektedir. Denklemin ilk terimi
bakim-onarim maliyetini gosterirken, ikinci terimi
ham madde maliyetini gostermektedir.

ka&O — Zi(l/Jg(TPi + yikai) + a)skbs (16)

1/)%‘ ve yik, her bir ekipmana 6zgi yilhk bakim-
onarim maliyetinin sabit terimli katsayilaridir. wsk,
depolama birimine ait yillik bakim-onarim maliyeti
katsayisidir. Yillik bakim-onarim maliyeti fiyatlarina
her yil %15 enflasyon zammi uygulanmaktadir. Tim
ekipmanlarin anma gtici bazinda kurulum yilina ait
bakim-onarim maliyeti katsayilari ve kurulum
maliyeti katsayilari Ek’te Cizelge 2, 5 ve 7'de

gosterilmektedir.
i = 365.(0.5). (¢ X tieen €ren +
Zt Zchp HMlchplkt + Zt Zconv HMlkonwkt) (17)

CHP (niteleri ve konvansiyonel jeneratoérler
disindaki her ekipman igin denklem 12’de verilen
madde ve enerji denkligi kullanilarak, sebekenin
satin almasi gereken ham madde miktari olan uy;,
belirlenir. &g, , “k” yilinda “n”
fiyatidir. CHP

jeneratorlere ait ham madde maliyeti, lretilen glice

hammaddesinin
Unitelerine ve konvansiyonel
bagh dogrusal olmayan fonksiyonlardir. Denklem
17'de, tim zaman araliklarindaki ham madde
maliyetleri toplanmistir. Bu toplam, yarim saatlik
zaman araliklari kullanildigi icin “0.5” ile ¢arpilmistir.
Ardindan “365” ile carpilarak “k” yilindaki toplam

ham madde maliyeti hesaplanmistir.
HMchp,k,t =a+ b-plchplkt +c. plchplkt2 +

2
d.-hochprke + € Nicnpiee”™ + f-Richpriee- Drchprie (18)

a, b, ¢, d e ve f CHP Uniteleri icin ham madde

maliyeti fonksiyonunun  (HM¢py k) sabit terimli

katsayilaridir ve Ek’te Cizelge 5'te gosterilmektedir
(Mohammadi-lvatloo et al. 2013). h,cppike, CHP
Unitesinin Urettigi 1sidir. p,cppike ise CHP Unitesinin
Urettigi glctdr.

HMyonv ke = 2. Drkonvriee?) + U @rronviee) + v +

|3’- sin (0- (pkonvmin - prkonvrkt))l (19)

Z, U, v, y ve o konvansiyonel jeneratorler i¢cin ham
madde maliyeti fonksiyonunun (HMyyny, 1 ¢) sabit
konvansiyonel

pkonvminr
konvansiyonel jeneratorin uretebildigi minimum
guctlr (Zhang et al. 2013).

Denklem 18 ve 19’daki maliyet fonksiyonlarindaki

terimli  katsayilaridir. p,xonvrke,

jeneratorin Urettigi glctur.

tim katsayilara ve ham madde fiyatlarina her yil
%15 enflasyon zammi uygulanmistir. CHP Uniteleri
disindaki  her
ekipmanin elektrik enerjisi bazinda Urettigi ve

ve konvansiyonel jeneratorler

tukettigi tim kaynaklar Ek’te Cizelge 3, 4 ve 5’ te
gosterilmektedir.

Son olarak, karbondioksit emisyon maliyeti
(fkemisyon) de denklem 20’de verilmistir.
fkemlsyon = Cozvergi(k,t) ktrcozr) (20)

77

COZpergii,ey » “k” yihmin “t” zaman araligindaki
karbondioksit emisyon vergisidir. Yitico2, , mikro
sebekede “k” yilinin “t” zaman araliginda fazladan
uretilen karbondioksit miktaridir.

Konvansiyonel jeneratorler disindaki tim

ekipmanlar icin saatlik karbondioksit Uretimi
Uretilen gli¢ ile dogru orantihdir. Konvansiyonel
jeneratorler iginse uretilen giice bagh 2. dereceden
polinom fonksiyon seklinde gosterilir (Zhang et al.

2013):

CO2 konvike = €fkony(D.Pikonvike” +
- Priconvriee + ) (21)
@, u, 0 ve efyon, konvansiyonel jeneratorler igin

karbondioksit
katsayilardir ve Ek’te Cizelge 7'de gosterilmektedir.

emisyon fonksiyonuna ait

3. Bulgular

Optimizasyon problemi GAMS’te DICOPT ¢oziicusi
kullanilarak ¢6zilmustir. Denklem 19'daki mutlak
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deger fonksiyonu disariya her zaman negatif isaretli
olarak c¢ikar. Bu nedenle fonksiyonda mutlak degere
bagh bir
segeneklerinde sirasiyla mutlak ve goreli optimum

kirflma noktasi yaratmaz. Cozici
olma kriteri “optCA” ve “optCR”, “10™®” alinmstir.
DICOPT,

¢6zlimiinde lokal optimum ¢6ziim sunar. Yani elde

dogrusal olmayan problemlerin
edilen sonuglar, kiiresel optimum olmayabilir (Kocis
and Grossmann 1989). Verginin olmadigi durum igin
birinci konvansiyonel jenerator (konvl) optimum
tasarim igin segilmistir. Anma glicli 45,08 MW olarak
belirlenmistir. Proje maliyeti yaklasik 6,77 milyar TL
olarak hesaplanmistir.  Verginin dahil edildigi
durumda ise, ikinci CHP Unitesi (CHP2) optimum
tasarim icin secilmistir. Anma glici 60 MW olarak
belirlenmistir. Proje maliyeti yaklasik 17 milyar TL
olarak hesaplanmistir. Karbon emisyon vergisinin
islemlere katildiginda, optimum tasarimin bile,
vergisiz duruma gore yaklasik yizde U¢ yliz daha
fazla maliyet Paris

getirmesi, Antlasmasi’'nin

kurallarinin  hayata gecirmesi ile alakal yakin

zamanda ciddi sikintilar yasanabileceginin agik bir

gostergesidir. Her iki duruma ait glnlik ve yillk

enerji Uretim planlari olusturulmustur.

Orneklendirmek icin, sadece ilk yila ait Gretim
planlari gosterilmistir. Sebekenin dmri boyunca,
glnlik ve saatlik elektrik talebini karsilamak lzere
optimum ekipman secimleri yapilmistir. Saatlik
elektrik talebi, Sekil 1 ve 2’deki grafiklerde (+) yonde
belirtilirken, talebi

ekipmanlar ve Urettigi

karsilamak icgin
gicler  (-)
1’de karbondioksit vergisi

secilen
yonde
gosterilmistir.  Sekil
olmadigl durumdaki glnlik elektrik Gretim plani
ve 38.
konvansiyonel jeneratériin lrettigi elektrik miktari

gosterilmistir.  30. zaman araliklarinda
talebi ve doner reservi tam olarak karsilayamadigi
icin milli sebekeden elektrik satin almistir. Mikro
sebekede fazladan elektrik Gretmemistir. Sekil 2'de
karbondioksit vergisi oldugu durumdaki giinlik
elektrik Gretim plani gosterilmistir. CHP (nitesi tim
zaman araliklarinda talebi ve doner reservi
karsilamistir. Her iki durum igin de mikro sebeke

fazladan elektrik Giretmemistir.

60 - Bkonvl  Msatmalman  ®doner reserv talep
E ...I. II--.. H
38
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Sekil 1. Sebekenin (emisyon vergisi olmadan) birinci yilinin bir giinii icin elektrik Gretim plani
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Sekil 2. Sebekenin (emisyon vergisi dahil edildiginde) birinci yilinin bir giini icin elektrik Gretim plani.

4. Tartisma ve Sonug

Konvansiyonel jeneratérler, optimizasyon modeline
sunulan diger tim ekipmanlardan ¢ok daha fazla
karbondioksit retir. Onerilen iki konvansiyonel
jenerator de yakit olarak komur kullanir. Kémdir,
biyokiitlelere nazaran ¢ok daha vyiksek enerji
potansiyeline sahiptir. Yani, ham madde maliyeti
acisindan disundlirse, biyokitle kullanmak fiyat
agisindan karli gorunebilir; fakat ayni miktarda
elektrik Uretmek i¢in kdmiire oranla ¢ok daha fazla
biyokiitle kullanilmasi gerekir ve bu durum ham
madde maliyetini arttirir. Bu nedenle karbondioksit
emisyon vergisinin olmadigi durumda,
konvansiyonel jeneratoriin secilmesi mantiklidir.
daha eski
teknolojiler oldugu icin Ek’te Cizelge 2, 5 ve 7’de

gorildugl tzere kurulum ve bakim maliyetleri diger

Ayrica, konvansiyonel jeneratorler,

aday ekipmanlara gore daha azdir (EIA 2020).
dahil
optimizasyon modeli konvansiyonel jeneratorlere

Karbondioksit emisyon vergisi edilince,
gore daha az karbondioksit Ureten bir CHP Unitesi
secmistir; fakat model en az karbondioksit Ureten
riizgar tlrbinlerini ve glines panellerini secmemistir.
Bunun sebebi, mikro sebekenin kurulmasinin
planlandig sehrin riizgar hizi ve giines radyasyonu

profillerinin kurulum acgisindan ekonomik olarak

tercih edilebilir olmamasidir. Riizgar tlrbinlerinin ve
glnes panellerinin kurulum maliyetleri ylksektir;
fakat isletme maliyetleri yalnizca bakim-onarim
maliyetleriyle sinirhdir ve diger tiim ekipmanlarin
isletme maliyetlerinden c¢ok daha duslktar.
Optimizasyon modeli, CHP {initelerinden en diistuk
kurulum maliyetine ve karbondioksit Uretimine
sahip olani se¢mistir (Mohammadi-lvatloo et al.
2013, EIA 2020).

Karbondioksit emisyon vergisi dahil edilmeden
yapilan analizde toplam proje maliyeti 6,77 milyar TL
iken, verginin dahil edildigi durumda yaklasik 17
milyar TL olarak hesaplanmistir. Verginin dahil
edildigi durumda, daha az karbondioksit Ureten bir
jenerator tercih edilmesine karsin toplam maliyetin,
vergisiz analizde elde edilen maliyetin neredeyse Ug¢
kati oldugu gorilmektedir. Bu durum Paris
Antlasmasi’nin enerji Ureticileri i¢cin ciddi maddi
yiktumlaltkler getirecegini dogrulamaktadir.
Optimizasyon modeli olarak,

genel az sayida

ekipman secip talebi karsilamaya c¢alismistir.
Ekipman cesitliligini artirmak, isletme maliyetlerini
azaltabilir. Ornegin, yirmi yil boyunca kémir
tiketmek biyokitle ¢ok daha

maliyetlidir. Ote yandan, ekipman gesitliligi kurulum

tiketmekten
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ve maliyetlerini arttirabilir. Model bu nedenle tek
ekipmanla talebi ve doner reservi karsilamayi se¢cmis
olabilir. Emisyon vergisinin oldugu durumda, ana
sebekeden elektrik satin almanin bazi zaman
araliklarinda elektrigi mikro sebekede Urettirmekten
daha az maliyetli oldugu hesaplanmistir.

Ek olarak, MINLP modeli kullaniminin, literatirdeki
benzer ¢alismalara nazaran daha detayh bir profil
modeline sahip olmasindan dolayi, daha givenilir
bir sonug¢ verdigi disindlebilir. Batarya bazl
depolama ve fazla elektrik Uretimine bazh
Uretilebilecek sentetik dogalgaz da optimizasyon
modeli tarafindan segilmemistir. Birinci ve 6nemli
sebep, sebekenin sadece talebi karsilamaya
yonelmesi ve fazla elektrik liretmeyi segmemesidir.
ikinci sebep ise, giinimiizdeki sentetik yakit ve
batarya Uretimiyle ilgili finansal verilerin, halen
standart elektrik Gretim maliyetleri ve bahsedilen
sebeke icin 6ngoriilen veya olclilen talep profili ile
rekabet edebilecek noktada olmamasidir. Ancak,
burada belirtilmelidir ki, dogalgaz ve elektrik fiyatlari
ile ilgili ciddi bir artis baslamistir ve dnimuzdeki
yillarda bu artisin hizlanabilecegi, operasyonel
sikintilara ve arz gilivenliginde sorunlara sebep
olabilecegi yoniinde ciddi beklentiler vardir. Bu
calismada 6nerilen optimizasyon metotlari, glincel
ekonomik veriler 1siginda ve daha cesitli senaryolar
olusturularak, uzun zaman diliminde eneriji
yatirimlarinin nasil yapilmasi gerektigi ile alakali
daha kapsamli calismalar icin de kullanilabilir
niteliktedir.
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Ek
Cizelge 1. Bazi ekipmanlarin anma glicl ve depolama kapasiteleri (EIA 2020, Difiglio C. et al. 2020).
Minimum Anma Giici Maksimum Anma Giicik  Minimum Depolama Maksimum
Ekipman Adi [kw] [kw] Kapasitesi Depolama Kapasitesi
[kWh] [kWh]
Riizgar Turbini-1 100 200000 0 0
Riizgar Turbini-2 100 200000 0 0
Fotovoltaik panel-1 100 200000 0 0
Fotovoltaik panel-2 100 200000 0 0
Biyojenerator 2500 500000 0 0
Lityum iyon bateri 1000 500000 100000 500000
Biyogazlastirici-1 6600 6600 0 0
Biyogazlastirici-1 11600 11600 0 0
IGCC-1 600000 600000 0 0
IGCC-2 1200000 1200000 0 0
Elektrolizor 10000 100000 0 0
Metanasyon reaktori 51300 51300 0 0
Konvansiyonel jenerator-1 10000 50000 0 0
Konvansiyonel jenerator-2 10000 50000 0 0

Cizelge 2. Bazi ekipmanlarin kurulum ve yillik bakim maliyet katsayilari (EIA 2020, Difiglio C. et al. 2020).

Kurulum Maliyeti Katsayilari Bakim Maliyeti Katsayilari
Ekipman Adi Anma Giicii Bazinda  Depolama Kapasitesi Anma Giicii Bazinda  Depolama Kapasitesi
[TL/kW] Bazinda [TL/kWh-MJ] [TL/kwW] Bazinda [TL/kWh-MJ]
Riizgar Turbini-1 20039,04 0 403,2 0
Rizgar Turbini-2 20039,04 0 403,2 0
Fotovoltaik panel-1 20744,64 0 248,6 0
Fotovoltaik panel-2 20744,64 0 248,6 0
Biyojenerator 28082,88 0 1814,4 0
Lityum iyon bateri 0 12096 134,4 336
Biyogazlastirici-1 34392 0 2693,4 0
Biyogazlastirici-1 28646 0 2038,2 0
IGCC-1 24955 0 830,11 0
IGCC-2 22547 0 757,8 0
Elektrolizor 5355 0 289 0
Metanasyon reaktori 5580.1 0 210,6 0

Cizelge 3. Bazi ekipmanlarin Urettigi birim gli¢ basina disen hammadde ve eneriji tiiketim miktarlari (EIA 2020, Difiglio
C.etal. 2020).

Ekipman Adi Elektrik Isi Biyokiitle Dogalgaz  Petrol CO: Odun Komiir Hz Su
[kWh] [MJ] [MJ] [kWh] [MJ] [gram] [MJ] [MJ] [kWh] [kgl
Rizgar Turbini-1 0 0 0 0 0 0 0 0 0 0
Ruzgar Turbini-2 0 0 0 0 0 0 0 0 0 0
Fotovoltaik panel-1 0 0 0 0 0 0 0 0 0 0
Fotovoltaik panel-2 0 0 0 0 0 0 0 0 0 0
Biyojenerator 0 0 20,07 0 0 0 0 0 0 0
Lityum iyon bateri 1,05 0 0 0 0 0 0 0 0 0
Biyogazlastirici-1 0 0 0 0 0 0 20,5 0 0 0
Biyogazlastirici-1 0 0 0 0 0 0 20,49 0 0 0
IGCC-1 0 0 0 0 0 0 0 9,18 0 0
IGCC-2 0 0 0 0 0 0 0 9,18 0 0
Elektrolizor 1,32 0 0 0 0 0 0 0 0 0
Metanasyon reaktori 0 0 0 0 0 177,14 0 0 1,28 0,748
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Cizelge 4. Bazi ekipmanlarin Urettigi birim glg basina diisen hammadde ve enerji Gretim miktarlari (EIA 2020, Difiglio C.
et al. 2020).

Ekipman Adi Elektrik Isi Biyokiitle Dogalgaz Petrol Cco; Odun Komiir H. Su
[kwh] [mJ] [mJ] [kwh] [MJ] [gram]  [my] [MJ] [kwh] [kgl
Rizgar Turbini-1 1 0 0 0 0 25 0 0 0 0
Rizgar Turbini-2 1 0 0 0 0 25 0 0 0 0
Fotovoltaik panel-1 1 0 0 0 0 25 0 0 0 0
Fotovoltaik panel-2 1 0 0 0 0 25 0 0 0 0
Biyojenerator 1 0 0 0 0 79 0 0 0 0
Lityum iyon bateri 0,95 0 0 0 0 0 0 0 0 0
Biyogazlastirici-1 1 0 0 0 0 106,5 0 0 0 0
Biyogazlastirici-1 1 0 0 0 0 106,5 0 0 0 0
IGCC-1 1 0 0 0 0 318,8 0 0 0 0
IGCC-2 1 0 0 0 0 318,8 0 0 0 0
Elektrolizor 0 0 0 0 0 0 0 0 1 0
Metanasyon reaktori 0 0 0 1 0 0 0 0 0 0

Cizelge 5. CHP Unitelerine ait hammadde, kurulum ve bakim-onarim maliyet fonksiyonunun katsayilari (Mohammadi-
Ivatloo et al. 2013, EIA 2020).

Ekipman a(k) b(t/MW)  c(6/MW?)  d(E/MWth) e(s/MWth?) f(£/MW/MWth) Kurulum Bakim-Onarim
Adi (TL/KW) (TL/KW)
CHP1 10625 306 0,36975 51 0,2295 0,0935 16500 1100
CHP2 22525 293,25 0,87975 18,7255 0,2125 0,4335 4800 544

CHP3 13302,5 170 0,61 19,89 0,17 0,34 14500 743

Cizelge 6. CHP (nitelerine ait uygulanabilir operasyon bdlgeleri ve karbondioksit emisyon fonksiyonunun katsayilari
(Mohammadi-lvatloo et al. 2013, EIA 2020).

Ekipman Fe [pcue (Glig, MW), hcwp (Is1, MWth)] CO; (gram/kw)
Adi

CHP1 [125,8; 01, [110.2; 135,61, [40:; 751, [44; 01 300
CHP2 [60; 0], [45; 551, [10; 40], [20;0] 240
CHP3 [105; 01, [90; 45], [35; 201, [35; 0] 240

Cizelge 7. Konvansiyonel jeneratorlere ait hammadde, kurulum, bakim-onarim maliyeti ve karbondioksit emisyon
fonksiyonunun katsayilari (Zhang et al. 2013, EIA 2020).

Ekipman z u v y o Kurulum Bakim- efronv [} 13 (6]

Adi (TL) (TL/MW)  (TL/MW?) (TL) (Mw-?) (TL/kW) Onarim (ton/WMm?) (ton/MW) (ton)
(TL/kW)

Konv1 17000 85 0,017 1700 0,084 7200 700 3,1604 0,00004 0,2 40

Konv2 21250 127,5 0,0215 2550 0,035 7200 700 3,1604 0,00005 0,3 50
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Abstract

In this study, (3-mercaptopropyl) trimethoxysilane (MPTMS) modified silica nanoparticles (SiO,-
MPTMS) were successfully prepared. The average size of SiO,-MPTMS nanoparticles was measured by
Dynamic Light Scattering (DLS) as 341 nm in ethanol, while Scanning Transmission Electron Microscopy
(STEM) analyzes confirmed that the nanoparticles were nano-sized and revealed that their shapes were
spherical. Then, 3D nanocomposite hydrogels were prepared by incorporating SiO,-MPTMS
nanoparticles in various ratios (0.25, 0.50, 0.75 and 1.0 wt %) into an acrylate resin consisting of N-
isopropyl acrylamide (NIPAM) and polyethylene glychol diacrylate (PEGDA; as a crosslinker) by the
photoinitiated polymerization reaction with Dimethoxy-2-phenylacetophenone (DMPA; as a
photoinitiator). By Thermal Gravimetric Analyzer (TGA) measurements, it was determined that the
nanocomposite hydrogels maintained their thermal stability up to 330 °C and the thermal degradation
steps were close to each other. Scanning Electron Microscopy (SEM) study showed that the neat and
nanocomposite hydrogels’ morphological structures were in the porous and smooth scaffold, and also
that the SiO,-MPTMS nanoparticles (0.50 wt %) were homogeneously distributed in the network

structures of hydrogels, localized in the bonds.

Silika Nanopartikiiller ile Kompozit Hidrojellerin Fotobaslatiimis
Polimerizasyon Reaksiyonu ile Hazirlanmasi

Anahtar Kelimeler
Komposit hidrojeller;
Silika nanopartikiiller;

3-Merkaptopropil

trimetoksisilan; N-

isopropil akrilamid;

Polietilen glikol
diakrilat

Oz

Bu calismada, (3-merkaptopropil) trimetoksisilan (MPTMS) ile modifiye edilmis silika nanopartikiller,
(Si0,-MPTMS) basari ile hazirlandi. Dinamik Isik Sagihmi (DLS) ile SiO,-MPTMS nanopartikiillerin
ortalama boyutu 341 nm olarak (etanolde) 6lguliirken, Taramali Gegirimli Elektron Mikroskobu (STEM)
analizleri nanopartikillerin nano boyutlu oldugunu dogruluyarak partikil sekillerinin kiiresel yapida
oldugunu gosterdi. Daha sonra, agirlikga gesitli oranlarda (% 0,25, % 0,50, % 0,75 ve % 1,0) SiO,-MPTMS
nanopartikulleri iceren N-izopropil akrilamid (NIPAM) ve polietilen glikol diakrilat (PEGDA; gapraz
baglayici) reginelerinden olusan formdilasyonlar, Dimetoksi-2-fenilasetofenon (DMPA; fotobaslatici)
varliginda fotobaslatilmis polimerizasyon reaksiyonuna ugratilarak 3D yapili nanokompozit hidrojeller
hazirlandi. Termal Gravimetrik Analizor (TGA) ile, nanokompozit hidrojellerin termal kararliliklarinin 330
0C' ye kadar devam ettigi ve termal bozulma adimlarinin, birbirleri ile yakin sicaklik degerlerinde oldugu
tespit edildi. Taramali Elektron Mikroskobu (SEM) analizi ile saf ve nanokompozit hidrojellerin
morfolojik yapilari incelendi ve bu malzemelerin, gézenekli ve piriizsiiz yapi iskeletine sahip olduklari
ortaya koyuldu. Ayrica, SiO>-MPTMS nanopartikillerinin (%0,50) ag yapi igerisinde, baglarda lokalize
olarak, homojen bir sekilde dagildig gorulda.
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1. Introduction

The preparation of composite hydrogels with
inorganic nanoparticles is a remarkable issue as it
provides improved behavior in morphological,
thermal, and mechanical properties compared to
traditional hydrogels (Zhao et al. 2020, Zhang et al.
2018, Aydinoglu et al. 2021). Application areas of
composite hydrogels include materials such as
adhesives, coatings, biomaterials, and
microelectronics (Nguyen and West 2002, Neumann
et al. 2007). In life science applications, silica
nanoparticles are one of the most promising
structures being used as fillers in the process of
preparing composite materials (Liberman et al.
2014, Sowan et al. 2018, Zou and Schlaad 2015).
Silica nanoparticles, which are in polyorgano silane
structures, are also important in material science
due to their hybrid nature allowing the easy
synthesis, low cost, and versatile modification of the
surface of particles (Nakamura and Ishimura 2008,
Balamurugan et al. 2010). The fact that they are
easy to synthesize, provide an alternative range of
particle sizes, excellent biocompatibility and
hydrophilicity (Zou et al. 2008, Isin et al. 2009). On
the other side, it is known that the surface
modification of silica nanoparticles with various
compounds such as polymers and biomaterials is
more stable compared to gold nanoparticles
(Vejayakumaran et al. 2008).

In nanoparticle studies, the particles are dispersed
and housed in a suitable host material, such as a
solvent, to protect them against external factors
such as pH and temperature changes. But, it is
possible to occur electronic and/or magnetic
between the solvent and the
which

aggregation of nanoparticles. The best way to avoid

interactions

nanoparticle, cause an irreversible
this problem is to covalently bonding on the surface
of nanoparticles (Kickelbick et al. 2008, Bissadi and
Weberskirch 2016). For this reason, the suface
modification of silica nanoparticles is an important
consideration. In this way, various functionalities
are created on particle surfaces by substituting
silanol groups of silica nanoparticles with some
chemical (Nakamura and

active compounds

Ishimura 2008). These compounds with the selected

functional groups also allow grafting to the silica
nanoparticle surfaces in addition to reducing filler
agglomeration. Silane coupling agents involving
alkoxysilane precursors have been widely use to
modify to the silica nanoparticle surfaces. These
compounds, which perform a condensation reaction
with silanol groups on the silica surface through
alkoxysilane, also contain functional substituents
such as vinyl, epoxide, amine and thiol (Oktay and
Cakmakgei 2017, Liu et al. 2005). Among them, 3-
mercaptopropyl trimethoxy silane with thiol
functional group is an attractive molecule due to the
ability of undergoing thiol-ene  reaction
(Irmukhametova et al. 2011, Kurttner et al. 2013).
For the last decades, thiol-ene click chemistry has
been an important reaction way for polymer
chemistry due to enabling the modification of
structures in versatile types. In this route, the
photoinitiated thiol-ene reaction, which also offers
some advantages such as shorter reaction times,
minimizing the negative effects of oxygen, and
accessing new molecular structures, has been
studied in a wide range of applications such as
coatings, biomaterials, and electro-optics, as a
practical and efficient reaction method (Hoyle and
Bowman 2010, Xi et al. 2014, Lowe 2010). However,
the use of photoinitiated thiol-ene reaction to
modify silica nanoparticles is an issue that still needs
to be investigated in detail today. For these reasons,
(MPTMS),
which is able to undergo thiol-ene reaction due to

3-mercaptopropyl trimethoxy silane
its thiol group, has to be investigated in detail as a

silane agent, which uses in modifying silica
nanoparticles being involved in the preparation of
various composite materials in a wide field.
Although there are various studies investigating the
thiol-ene click reaction for the use of surface-
modified silica nanoparticles in 3D composite
systems, the number of studies in which 3-
mercaptopropyl trimethoxy silane agent is modified
on silica nanoparticles and applied in various
polymer matrices is very limited (Irmukhametova et
al. 2011, Kurttner et al. 2013). In literature, Wu et al.
prepared UV-cured coatings with di- and tri-
functional acrylate systems (epoxy and tripropylene
glycol
triacrylate) in presence of the silica nanoparticles

diacrylates, and trimethylolpropane
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whose surfaces were modified with MPTMS (Wu et
al. 2013). As a part of the author’ s interest in silica
it was studied with a MPTMS
modified nanoparticles as fillers in a thiol-ene resin

nanoparticles,

system including a difunctional epoxy
dimethacrylate and a 3-arm thiol acrylate (bisphenol
A glycerolate dimethacrylate and
trimethylolpropane tris(3-mercapto propionate,
respectively) as a first in the literature (Karaca
2021). However, in the literature, it has not been
studied to the preparation of a nanocomposite
hydrogel with N-isopropyl acrylamide (NIPAM) and
polyethylene glycol (PEG) containing silica
nanoparticle fillers modified with MPTMS. For this
reason, in this study, nanocomposite hydrogels
were prepared by photoinitiated polymerization
with NIPAM and PEG diacrylate in the presence of
MPTMS-modified silica nanoparticles. Then, the
physical, thermal, and morphological properties of

these composite hydrogels were investigated.

2. Materials and Methods
2.1. Materials

Tetraethyl  orthosilicate 98%  (TEOS), (3-
mercaptopropyl) trimethoxysilane 95% (MPTMS),
N-lsopropyl acylamide (NIPAM), polyethylene
glychol diacrylate (PEGDA; Mn= 700) and 2,2-
Dimethoxy-2-phenylacetophenone 99% (DMPA, as
a photoinitiator) were all purchased from Sigma-
Aldrich. Ammonia solution (25%) and all solvents
were purchased from Merck. All of the chemical
reagents were used as received.

2.2. Preperation of silica nanoparticles

The silica nanoparticles were syntheized according
to the Stéber method (Stober et al. 1968). 68 mg (1
mmol) of ammonia (25-30%) and 1.98 g (110 mmol)
of deionized water were mixed in 100 mL of
methanol in a 250 mL single neck round bottom
flask, and the reaction mixture was stirred for 20
minutes. Then, 10.41 g (50 mmol) of TEOS was
added dropwise to the mixture and the solution was
stirred for 3 days. The resulting reaction solution
was precipitated in 150 mL of hexane and diethyl
ether solution (2:1), then the precipitated particles
were dried in vacuo.

2.3. Surface maodification of SiO> nanoparticles

2.5 g silica particles dispersed into 300 ml dry
toluene in a 250 ml one necked flask on ultrasonic
bath. The reaction flask was equipped with a
dropping funnel and condenser on a magnetic
stirrer. 5 g silane compound agent MPTMS was
added dropwise for
temperature. After the reaction mixture was stirred

an half hour at room
on 600 rpm for overnight at 80 °C, the particles were
isolated via centrifugation at 20000 rpm for 15 min
and washed several times with ethanol to remove
the non-bonded MPTMS. Lastly, the syntheized
Si0,-MPTMS nanoparticles were dried in vacuum.

2.4. Preparation of nanocomposite hydrogels

The hydrogels were synthesized by photoinitiated
polymerization reaction. At first, SiO,-MPTMS
nanoparticles (0.25, 0.50, 0.75 and 1.0 % by weight
of the formulation (wt %)) were dispersed in
deionize water (10 ml) by ultrasonication for 10 min.
Then, a solution containing 20% by weight of a
mixture of NIPAm and PEGDA (Mn: 700) in desired
weight ratios (1:0.25) for each was prepared in SiO2-
MPTMS nanoparticles dispersed deionized (DI)
water. Also, DMPA (0.1 wt %) was added to the
prepared solutions. Subsequently, the
photoinitiated polymerization reaction was carried
out by irradiating the formulations for 60 minutes in
an air-cooled photoreactor consisting of 8 UV lamps
with a maximum wavelength emission of 365 nm.
The nomenclature used for the various hydrogels

discussed in this study is given in Table 1.

2.5. Instrumentation and methods

FT-IR analysis was performed to characterize the
chemical structures of the products on a Perkin-
Elmer 100 FT-IR spectrometer with an attenuated
total reflectance (ATR) cell equipped with a ZnSe
single crystal, in the frequency range of 4000-650
cm™ at a resolution of 4 cm™.
A dynamic Light Scattering (DLS) study was
performed with a dilute solution of nanoparticles
prepared by dispersing in a solvent (ethanol)
medium (approximately 0.1 mg/mL) to measure
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their average size distribution at 25 °C using Nano-S
Zetasizer (Malvern Instruments).

Scanning and Scanning Transmission Electron
Microscopy analyzes (SEM and STEM, respectively)
were performed by a Philips-FEI XL30 ESEM-FEG
SEM. For STEM measurements, dilute dispersions of
nanoparticles were prepared in a solvent (ethanol;
0.1 mg/1 mL), and then particle sizes were observed
at 300,000x and 350,000x magnification. In SEM
analyzes, it was studied with freeze-dried hydrogels.
liquid
nitrogen followed by slicing quickly and then they

Samples were prepared by freezing in

were covered by gold (Au). After that, cross-section
images of these samples were measured at 2,000x,
5,000x, and 10,000x magnification.

A Perkin ELMER TGA 8000 analyzer was used to
perform thermal gravimetric analyzes (TGA) of
nanocomposite hydrogels under a nitrogen
atmosphere (50 mL/min) using an alumina sample
pan with a heating rate of 10 °C/ min from room
temperature to 610 °C.

The swelling characteristics of the hydrogels were
investigated for at least three samples which were a
mass of 0.300 + 0.1 g, were placed into a beaker
filled with deionize water at room temperature. The
wet weight of the hydrogels were measured and
then, compared with their dry masses in order to
calculate the percent swelling content (%) with the
formulain Eq. (1):

Swelling (%)=(Ws-Wd)/Wd x100 (1)
Wd and Ws are the weight of the dry and swollen
hydrogels, respectively.

3. Results and Discussion

Silica nanoparticles which were modified with
MPTMS as shown in scheme 1, were characterized
by FT-IR spectroscopy. Then, the average size
distribution of MPTMS modified silica nanoparticles
was measured by DLS. Also, the morphologies of
Si0,-MPTMS nanoparticles were investigated by
STEM in addition to observing their sizes.

ow
NH; H,0 HO OH
CH,0H HO OH
Ho OH
OCH,
HsCO-S'i/\/\SH
OCH;
MPTMS
dry Toluene
HS\\\ /SH
Si-gj-on
o)
HS ™\~ s§0 Si—~-SH
. OH
B0 %i
Si \
J” SH
HS
Si0,-MPTMS

Scheme 1. Preparation of SiO2-MPTMS nanoparticles.

FT-IR spectroscopy is recognized as a powerful tool
to characterize the chemical structure of surface-
modified nanoparticles (Zou et al. 2008). Figure 1
shows the FT-IR spectrum of MPTMS modified
nanoparticles. It was observed that the stretching of
aliphatic groups at 2964 cm™ and 2853 cm™ due to
the propyl group of MPTMS silane agent, in addition
to the strong absorption of Si-O-Si groups of silane
group and silica core at 1054 cm™.

Transmission (%)

3100 3000 2900 2800
cm-1

40 -

T T T T T T 1
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™')

Figure 1. FT-IR
nanoparticles.

spectrum  of  Si02-MPTMS

The size of MPTMS modified nanoparticles was
measured by DLS as 341 nm (PdlI: 0.543) in average
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(as shown in Figure 2). Figure 3 shows the STEM
images of Si0,-MPTMS nanoparticles. STEM study
indicated that the nanoparticles being have
spherical shapes, in nanometer size. The size of
nanoparticles is assumed as an attractive benefit in
advanced nanocomposite materials (Ashraf et al.
2018).

Size Distribution by Volume
Volume (%)

30

20

10

0.1 1 10 100 1000 10000

Size (d.nm)

Figure 2. DLS spectrum of SiO.-MPTMS nanoparticles
in ethanol (0.1 mg/ mL).

Photoinitiated polymerization of NIPAM with a
PEGDA crosslinker was achieved for various
formulations which consisted of SiO,-MPTMS
nanoparticles in the presence of DMPA as a
photoinitiator. The gravimetrically determined
ratios of components presenting in the
formulations were listed in table 1 as shown their
nomenclatures.

The chemical structure of SiO-MPTMS added
nanocomposite hydrogels containing 0.5% and
1.0% wt contents were confirmed by FT-IR
spectra in comparison with the neat hydrogel (as
shown in Figure 4). All of the FT-IR spectra of
hydrogels exhibit broad bands of N-H stretching
at around 3280 cm™ and 1538 cm™, and the
strong peak of carbonyl stretching at around 1640
cm?, while the vibrations of Si-O-Si and Si-O
bonds were clearly observed at around 1095 cm-
Lin the curves of Hydrogel0.5Np and Hydrogel
INp since they contain  SiO,-MPTMS
nanoparticles.

Length: 19.37 ni

Length: 20.50 nm

iLength: 21.48 nm)|

AccV SpotMagn Det WD |—— 200nm
100kV 30 350000xBSE 7.9

—200 N=——

AccV Spi
12.0k¥ 3.0

Figure 3. STEM images of SiO2-MPTMS nanoparticles.

Transmittance (%)

— Hydrogel0.5Np
—— Hydrogel1Np

Neat

T T T T T T T T
4000 3600 3200 2800 2400 2000 1600 1200 800
Wavenumber (cm™)

Figure 4. FT-IR spectra of nanocomposite hydrogels

(Hydrogel0.5Np and HydrogellNp) with a
comparison of Neat Hydrogel.
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Table 1. List of formulations of nanocomposite hydrogels.

Formulations NIPAM PEGDA SiO-MPTMS Nanoparticles PI
(wt %) (wt %) (wt %)

Neat 20 + +
Hydrogel0.25Np 20 + 0.25 +
Hydrogel0.50Np 20 + 0.50 +
Hydrogel0.75Np 20 + 0.75 +
HydrogellNp 20 + 1.0 +

PEGDA: polietilen glikol diakrilat (Mn: 700), its weight ratio is 0.25 according to NIPAM (0.25: 1); Pl: Photoinitiator (DMPA), 0.1 percent by weight
of the resin.

Changes in gravimetry of hydrogels kept in

deionized water were determined by swelling tests
performed by measuring according to their initial
(dry) weight. When the swelling capacity of the gels
was examined against time, it was observed that the
absorbed water and the stability of the network
were equilibrium at the end of the 3rd day (72 h).
Figure 5 shows the percent swelling values of
hydrogels measured as 547.1%, 546.24%, 476.14%
and 459.13% in 0.25%, 0.50%, 0.75% and 1.0%
particle content and 556.52% for neat hydrogel for
3 days. The percent swelling ratios of the hydrogels
strongly depended on the content of SiO,-MPTMS
nanoparticles. A decrease in the swelling ratios
appeared with the increasing SiO,-MPTMS content
(from 0.25% to 1.0%) due to an increase in the
hydrophobic group number. On the other side, It is
known that fast polymerization rates cause less
swelling (Karaca et al. 2010). Higher nanoparticle
content with thiol groups resulted in more extensive
cross-linking of the polymer network, which
determined the diffusion of water in the network.

The thermal and morphological properties of

nanocomposite hydrogels were investigated

according to the amount of nanoparticles, between
0.25 and 1.0 wt % in polymer matrice.

600

500
400
=
o
£ 300
o
&
200+
100 4
0+
Neat 0.25Np 0.5Np 0.75Np 1Np
3 days
Figure 5. Percent swelling capacity results of

nanocomposite hydrogels for 3 days.

TGA study was performed to investigate the
thermogravimetric behavior of nanocomposite
hydrogels according to the amount of SiO,-MPTMS
nanoparticles in polymer matrice and/ or covalently
attached polymer network owing to thiol groups (as
shown in Figure 6). The TGA thermograms showed
the thermal degradation of the polymer network
between 330 °C and 450 °C as a characteristic weight
loss, in addition to the thermal decomposition up to

100 °C due to the moisture content.
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The 5%, 10%, and 50% decomposition temperatures
(named Td5, Td10, and Td50, respectively) are given
in Table 2. As can be seen from the TGA data, the
td10 and (td50) degradation
temperatures were higher for the nanocomposite
hydrogels named Hydrogel0.25Np, Hydrogel0.5Np
and HydrogellNp according to the neat one. In

the mid-point

contrast, Td5 temperature values showed the
presence of moisture, especially in Hydrogel0.75Np.
Higher thermal stability in nanocomposite hydrogels
attributed to chemical interactions between SiO»-
MPTMS nanoparticles and NIPAM resulted from the
possibility that the thiol groups surface on the
nanoparticles can undergo thiol ene reaction with
the vinyl bond of NIPAM. Additional linkages in the
network due to the nanoparticle contents might
lead to the restricted molecular mobility of the
polymer chains, which inhibits the diffusion of the
decomposed product in the polymer matrix (Isin et
al. 2009).

90 4
80
704
60

50

Weight (%)

40
— Hydrogel1Np
— Hydrogel0.75Np
204 —Hydrogel0.5Np
Hydrogel0.25Np

10 4 Neat

T T T T T T T T T T T T
50 100 150 200 250 300 350 400 450 500 550 €00

Temperature (°C)

Figure 6. TGA
hydrogels containing SiO2-MPTMS nanoparticles

thermograms of nanocomposite

and the comparison with the neat hydrogel.

Table 2. Thermal properties of carbazole based vinyl
functional polysiloxane copolymers

Samples Td52 (°C) Td102(°C) Td507(°C)
Neat 62 213 418
Hydrogel0.25Np 74 346 426
Hydrogel0.5Np 69 353 423
Hydrogel0.75Np 60 264 418
HydrogellNp 88 356 420

Calculated from weight loss versus temperature curve of TGA
thermogram.

5The percent char (Yc) content of the solid residue was analyzed by TGA
at 600 °C in a nitrogen atmosphere.

The morphological properties of the hydrogel with
SiO,-MPTMS  nanoparticles (0.5 wt %)
investigated comparing with neat hydrogel. Figure 7
shows the SEM images of neat and hydrogel0.5Np
hydrogels. The pore structures of hydrogels could
their
mechanical properties and drug release kinetics, by
enabling the preservation of the hydrated state of
the hydrogel (Newhama et al. 2022). SEM images
revealed porous and smooth scaffold structures
with variable forms and pore sizes for both neat and
Hyrdogel0.5Np. The hydrogel
MPTMS nanoparticles had a homogeneous network
structure, but it was observed that the addition of
nanoparticles leads to a decrease in the pore size of

were

greatly influence properties, such as

containing SiO,-

the microstructures compared to the neat
substance. In addition, it was observed that SiO»-
MPTMS
dispersed in the polymer matrix, where they were
attached to the bonds forming the network
structure, not to the pores of the material. This
result showed that these nanoparticles were

included in the network structure by chemical links

nanoparticles were homogeneously

through thiol groups.
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Figure 7. SEM images of neat hydrogel (a, b, and c), and nanocomposite hydrogel: Hydrogel0.5Np containing SiO»-

MPTMS nanoparticles in a ratio of 0.50 wt % (d, e, and f). The scale bars are 20 um, 10 um and 5 um,

respectively.

4. Conclusion

The Si0,-MPTMS nanoparticles were successfully
prepared. While the FT-IR spectrum of SiO,-MPTMS
nanoparticles confirmed the surface modification by
the stretching of propyl group vibrations of MPTMS
silane agent, the average size of these modified
nanoparticles was measured as 341 nm in ethanol
by DLS. In addition, STEM study showed that nano-
sized nanoparticles were spherical shapes.

SiO,-MPTMS nanoparticles involved hydrogels were
prepared by photoinitiated polymerization reaction
performed along with NIPAM in the presence of
PEGDA as a with DMPA as a
photoinitiator in various formulations consisting of
0.25 to 1.0 % by weight (wt %) particle content. The
swelling ratios of hydrogels were measured as
556.52%, 547.1%, 546.24%, 476.14% and 459.13%
for neat and SiO,-MPTMS involving hydrogels
(0.25%, 0.50%, 0.75% and 1.0%, respectively) for 3
day. TGA study revealed that neat and composite
hdrogels decomposition
temperatures. SEM images showed that both neat
and composite hydrogels had porous structures,

crosslinker

were in close

and also SiO,-MPTMS were

homogeneously dispersed in the polymer network.

nanoparticles
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Abstract

The basic friction angle () tests are a common and practical method used to determine the shear

strength of discontinuities. Tilt device is generally used in basic friction angle experiments. In this study,
the effects of the anisotropy properties of green and mica schist rocks taken from the copper mine site

Keywords . B . . . . . .
. in Kastamonu Hanoni district on the basic and residual friction angles were investigated. For this
Anisotropy; . ) . . . . )
Mica Schist: purpose, experiments with a specially designed tilt device were conducted on dried and saturated green
Tilt Device; schist and mica schist samples with orientation angles of 0°, 15°, 30°, 45°, 60°, 75° and 90° relative to
Green Schist the loading axis. According to the results in dried and saturated conditions, maximum basic and residual

friction angle values were obtained for green schist samples at 60°. The results were close to each other
in the experiments carried out in both saturated and dried conditions. Green schist samples were less
affected by the saturated media. Mica schist samples were not affected by anisotropy for both media,
and close values were obtained in all orientation angles. It was determined that the basic and residual
friction angles were lower in saturated conditions compared to dried ones.

Sist Kayaclarinda Anizotropinin Temel ve Rezidiiel Siirtiinme Agilarina

Etkisi
0z
Temel sirtinme agisi (QPb) deneyleri sireksizliklerin kayma dayaniminin belirlenmesi igin kullanilan
yaygin ve pratik bir yontemdir. Temel sirtinme agisi deneylerinde genel olarak tilt cihazi
kullanilmaktadir. Bu ¢alismada, Kastamonu Handnii ilgesindeki bakir madeni sahasindan alinan yesil ve
Anahtar kelimeler mika sist kayaglarinin anizotropi 6zelliklerinin temel ve rezidiiel siirtiinme agilarina etkisi incelenmistir.
Anizotropi; Bu amagla, yiikleme eksenine gore 0°, 15°, 30°, 45°, 60°, 75° ve 90° ydnelim agisina sahip kuru ve doygun
Mika Sist; yesil sist ve mika sist numunelerine 6zel olarak tasarlanan tilt cihazi ile deneyler uygulanmistir. Kuru ve
Tilt Deneyi; doygun ortamlardaki sonuglara gére yesil sist numuneleri icin 60°de maksimum temel ve rezidiel
Yesil ist surtiinme acisi degerleri elde edilmistir. Hem doygun hem de kuru ortam sartlarinda yapilan deneylerde
birbirine yakin sonuglar elde edilmistir. Doygun ortamdan yesil sist numuneleri daha az etkilenmistir.
Mika sist numuneleri ise her iki ortam igin anizotropiden etkilenmemis ve tim yonelim agilarinda yakin
degerler elde edilmistir. Doygun ortam sartlarinda temel ve rezidiel siirtiinme agisinin, kuru ortam
sartlarina kiyasla daha diisiik degerlerde oldugu belirlenmistir.
© Afyon Kocatepe Universitesi
1. Introduction etal. 2011, Cho et al. 2012, Salager et al. 2013, Xu et

al. 2019, Huang et al. 2020). Especially in

Anisotropy is the fact that rocks show different
metamorphic rocks, unlike magmatic and

strength and deformation properties based on their
orientation angles and bedding planes. In the
strength and deformation tests, generally different
results are obtained relative to the loading axis
(Ramamurthy et al. 1993, Nasseri et al. 2003, Zhang

sedimentary rocks, mechanically different results
may occur in different orientations due to their
properties such as bedding, schistosity, foliation,
etc. The results of experiments carried out in the
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perpendicular and parallel direction to stratification
may vary (Saroglou and Tsiambaos 2008, Ismael et
2000).
Therefore, the change of rock properties according

al. 2017, Ajalloeian and Lashkaripour

to the orientations with the effect of anisotropy
shows that it is a parameter that should be kept at
the forefront in engineering studies such as in open
or underground mining operations. In the studies to
be done, the effect of the orientation angle must be
determined in terms of the stability of the structure.
Discontinuities are geological structural defects that
adversely affect the stability of underground and
surface engineering constructions. These
discontinuities, which occur during or after the
formation of rocks in geological time, may have
different orientation angles. Basic friction angle
tests are a common method used to determine the
mechanical rock properties (basic and residual
friction angle) of discontinuities in different
orientations. Shear strength and friction angle are
important internal parameters for the properties of
in the

different distribution of these properties of

discontinuities. Anisotropy is effective
discontinuities. Shear strength and friction angles
can vary in different orientations and stratifications

(Wang et al. 2017, 2018).

In basic friction angle tests, besides the effective
parameters such as rock surface roughness, rock
density, joint strength and tilt test speed, rock
anisotropy can be ignored. Generally, in tilt device
experiments, the effects of dried, saturated media,
two or three cores setups, plate type rocks,
lengthwise cut core or plate samples on the basic
friction angle were investigated (Alejano et al. 2012,
Gonzalez et al. 2014, Kim et al. 2016, Ulusay and
Karakul 2016, Jang et al. 2018, Beyhan and Ozdemir
2021).

In this study, it was aimed to investigate the
anisotropy effect of green schist and mica schist
metamorphic rocks taken from the copper mine in
Kastamonu Hanonl district on the basic and
residual friction angles. Due to the foliated structure
of the rocks, cores were taken at different
orientation angles (0°, 15°, 30°, 45°, 60°, 75° and
90°) and the changes in friction angles of different
orientations were investigated in the three cores set

up.
2. Material and Method

2.1 Material

Green schist and mica schist rocks taken from the
copper mine located in the Hanoni district of
Kastamonu, Turkey, were used in the study. The
workplace (red zone) is given in Figure 1.

Figure 1. Study area location.
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Blocks representing the site were taken from the
green schist and mica schist units in the field and HQ
diameter (63.5 mm) samples were obtained from
these blocks. Also, samples with HQ diameter (63.5
mm) with orientation angles of 0°, 15°, 30°,

45°, 60°, 75° and 90° were taken from field drilling.
Samples were prepared with L/D (L: Length, D:
Diameter) ratio of 2-2.5. The orientation angles (a)
were taken according to the loading axis as in Figure
2, and cores at different angles were obtained.

Figure 2. a) Orientation angle (a) b) green schist c) mica schist.

The cores used in the basic friction angle tests were
conditioned in dried and saturated medias. The
samples were first dried in an oven at 105°C for 24
hours according to the method suggested by ISRM

(2007). After that, it was kept in a desiccator and
kept in distilled water until it became saturated. The
physical and mechanicall properties obtained for
both rocks are presented in Table 1.

Table 1. Physical and mechancial properties of green schist and mica schist (Ozdemir 2021).

. Saturated Water Water Porosity ) ucs BTS
Dry Density . . . Void
Samples (@r/cm) Density  Absortion by  Absortion by %) Ratio (MPa)  (MPa)
& (gr/cm®)  Weight (%) Volume (%) ?
Green Schist 2.79 2.80 0.18 0.54 0.54 0.0054 59.05 13.52
Mica Schist 2.70 2.74 1.20 3.22 3.22 0.0336 25.10 6.10

UCS: Uniaxial compressive strength, BTS: Brazilian tensile strength.

According to the results in Table 1, it is understood
that mica schist is more porous or voided than green
schist. SEM (Scanning Electron Microscobe) method
was performed to examine this porous and surface
fabric structure of mica schist (Figure 3). It was
observed that the continuity of the porous and

fabric structure is less in green schist and more in
mica schist. This situation caused the mica schist to
be more affected by water. According to the results
of UCS and BTS, green schist has higher strengh
values than mica schist.
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Figure 3. SEM images (a) green schist, (b) mica schist (Ozdemir 2021).

2.2 Basic friction angle tests

Basic friction angle experiments was carried out
according to the method suggested by Alejano et al.
(2018). In addition, the suggestions presented in
studies by various researchers (Alejano et al. 2012,
Ruiz and Li 2014, Ulusay and Karakul 2016, Zhang et
al. 2018, Tang et al. 2020) were also taken into
account in the experiments. The tests are generally
carried out according to the condition of the
cylindrical or prismatic plate-shaped samples.
Experiment application types are indicated in Figure
4. During the cutting of the cores, problems were
experienced in the lengtwise cuts due to the

fractured and cracked state of the mica schist.

Digital
Inclinometer

For this reason, the three cores set up system was
chosen (Fig. 4c). The two cores set up system
experiments weren’t carried out as stability could
not be achieved during the experiment (Fig. 4d).

® &
> 8

Figure 4. Basic internal friction angle test types (Alejano
etal. 2018).

Figure 5. Designed tilt device.

Experiments were carried out with a specially
designed tilt device using cores prepared in dried
and saturated conditions (Figure 5). The device has
30 x 40 cm inclined plate and varying incline speed

(5.2°/min.-21°/min). In this way, vibration is

minimized during the experiment and optimum
accurate values are reached. In addition, the test
device can be stopped through sensor automatically
when the sample touches the plate. The device has
a digital inclinometer that can measure the slip
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angle with an accuracy of #0.1°. Optimum

conditions can be achieved by measuring
horizontality with a water level measuring tool on
the device.

In the Barton-Bandis failure criterion (Barton 2013,
2016, Barton and Bandis 2017), it is possible to
switch from the basic friction angle results obtained
from the tilt experiments to the residual friction
angle values (Equations 1 and 2). In this way, the
internal parameters of the discontinuities (friction
angle and shear strength) can be obtained.

T = gytan []RC log (g) + <pr] (1)
Where 1 is the joint shear strength (MPa), a,, is the
normal stress to joint (MPa), ¢, is the residual
friction angle (°), JRC is the joint roughness
coefficient and JCS is the joint compressive strength
(MPa).

¢r = (¢p —20°) + 20 (2)
Where @y is the basic friction angle (°), ¢, is the
residual friction angle (°), r is the Schmidt rebound
number for discontinuity, R the Schmidt rebound
number for core.

The basic friction angle values were reached by a
specially designed tilt device. According to the
methods suggested by ISRM (Alejano et al., 2018), 5
measurements were taken for each sample, and
their medians were determined (Equation 3). After
the measurement, the contact surfaces of the
samples are cleaned with a brush to prevent dust
and crumb accumulation between the surfaces in
the next measurement. When a slip of 10% of the
length of the test specimens occurred, the sensor
automatically  stopped the  device and
measurements were taken.

@p = medianfi—; s (3)
Schmidt hammer tests were applied to mica schist
and green schist cores and discontinuities at 0°, 15°,
30°, 45°, 60°, 75° and 90° orientation angles
according to the methods suggested by ISRM
(2007).

3. Results

The results in Figures 6, 7, 8, 9, 10 and 11 were
obtained in this study to investigate the effect of

anisotropy on the basic and residual friction angles
in green schist and mica schist rocks. The effect of
anisotropy for green schist was observed at a
maximum of 60° in experiments conducted under
dried and saturated conditions (Figure 6). Dried and
saturated media values showed close results.

35
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Figure 6. Basic friction angle values for green schist.

According to the results given in Figure 7 for mica
schist, the effect of anisotropy was not observed in
this rock type. However, the saturated media
caused a decrease in the results of mica schist. It is
thought that the high number of fracture and crack
structures in the mica schist caused these results.
The location of the mica schist within the
Kastamonu Ekinveren fault zone is effective in the
formation of its porous-fractured structure ( Tlysiz
1999, Okay et al. 2006, Yildiz et al. 2014).
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Basic Friction Angle (*)
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= Oried Mica Schist

Saturatad Mica Schist

Figure 7. Basic friction angle values for mica schist.

Schmidt hammer rebound values (R and r) are
needed for the transition to residual friction angle
values of green schist and mica schist rocks
(Equation 2). Accordingly, the Schmidt rebound
values (R) on the core, the values 33-46 and 19-31
were obtained for green schist and mica schist
respectively (Figure 8).

0 15 30 45 &0 75 5D

Orientation Angles (%)

ey Ln
=] =]

3]
=

=
=

Schmidt Hammer Rebound
Mumbers for Cores (R)
= =

miGreen Schist  mMica Schist

Figure 8. Schmidt rebound values (R) obtained on the
core for green schist and mica schist.

According to the Schmidt rebound values (r)
performed on the discontinuity (joint), the values
16-23 and 14-18 were obtained for green schist and
mica schist, respectively (Figure 9). Because green
schist has less cracked and porous structure than
mica schist, higher values were occured.

25
20

1
| | ‘ ‘
0
0 i 30 45 60 Y3 S0

Orientation Angles (%)

o

Schmidt Hammer Rebound
Ln

Mumbers for Discontinuities (r)

B Green Schist W@ Mica Schist

Figure 9. Schmidt rebound values (r) obtained on
discontinuity for green schist and mica schist.

Considering the results of the residual friction
angles, it was concluded that anisotropy at 60° is an
effective parameter for green schist in parallel with
the basic friciton angle values, while saturated
media is more effective than anisotropy for mica
schist (Figures 10 and 11).

5 B8 R B RY

Residual Friction Angle (7)

&

0 15 an 45 &0 75 o0
Orientation &Angles (%)

= ried Green Schist Saturated Green Schist

Figure 10. Residual friction angle values for green schist.
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Figure 11. Residual friction angle values for mica schist.
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4. Conclusion

In this study, the effect of anisotropy on basic and
residual angles was investigated for green and mica
schist rocks with a specially designed tilt device. Tilt
tests were applied to green schist and mica schist
rocks at 0°, 15°, 30°, 45°, 60°, 75° and 90°. Obtained
results are summarized below.

e Anisotropy is considered to be an effective
parameter in green schist rock for the basic
and residual friction angles. Maximum
results were obtained in dried and
saturated conditions at 60°. In dried and
saturated medias, close results were seen
compared to the mica schist in basic and
residual friction angles. Water had a lesser
effect on the results because green schist
had less porous and cracked structure.

e The results obtained (Figures 7 and 11)
show that anisotropy does not show much
effect in mica schist rock. It was determined
that the water was effective in the results
due to the porous and cracked structure of
the mica schist and reduced the basic and
residual friction angle values in the
saturated conditions.

e |t was observed that the basic friction angle
values for green schist and mica schist rocks
ranged from 26.7° to 33.8°, and the values
from 18.7° to 26.1° for the residual friction
angle.

e The rock mechanical effect of both
anisotropy and water must be determined
in fractured and cracked rocks where
underground and surface engineering
structures are planned.

e Foliation, schistosity etc., it is understood
that anisotropy, which is a rock feature that
changes on the basis of orientation
according to bedding, is a parameter that
must be investigated, especially in
metamorphic rocks.
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Tirkiye’de bircok sahada, ekonomik éneme sahip ¢okeller depolanmistir. Bu sahalardan bazilari

Anahtar kelimeler Kiitahya ilinde olup, Seyitémer, Tungbilek, Degirmisaz ve Camalan (Alabarda) ¢alismanin konusunu

Bati Anadolu; Kémiir: olugturur. Sahalar, komir igerikli ¢okelleriyle Bati Anadolu’nun ekonomik 6neme sahip Miyosen

Seyitémer; Tuncbilek; ¢cOkellerinin depolanma alanlarindandir. Komir igerikleri, bu sahalarin tek benzer yoni olmayip

oo tektonik, stratigrafik, sedimantolojik ve komir jeokimyasi agisindan da benzer ve farkli yonleri s6z
Degirmisaz; Camalan

(Alabarda) konusudur. Elde edilen sonuglar, Seyitomer, Tungbilek ve Camalan sahalarinin nispeten benzer tektonik

rejim unsurlarini barindirdigini Degirmisaz sahasinin ise faylarinin uzanimi ve karakterleri bakimindan
bunlardan ayrildigini géstermistir. Ayrica ¢alismada, tektonizma faktoériniin daha fazla olmak Uzere,
yuksek 1s1 akisi ile birlikte sahalardaki komdirlesme derecesini etkiledigi sonucuna varilmistir.

Geological and Tectonic Correlation of Some Miocene Aged Coal Fields
(Seyitomer - Tungbilek - Degirmisaz - Camalan / Kiitahya) in Western

Anatolia
Abstract
Economically important sediments have been deposited at many sites in Turkey. Some of these fields
Keywords are in Kutahya province and Seyitémer, Tungbilek, Degirmisaz and Camalan (Alabarda) fields are the

Western Anatolia; subject of the study. The fields constitute some of the storage areas of the coal-bearing deposits and

e . the economically important Miocene deposits of Western Anatolia. Coal content is not the only
Coal; Seyitomer;
Tungbilek; Degirmisaz;

Camalan (Alabarda)

similarity of these fields they also have similarities and differences in terms of tectonics, stratigraphy,
sedimentology and coal geochemistry. The results obtained showed that Seyitomer, Tungbilek and
Camalan areas contain relatively similar tectonic regime elements, while Degirmisaz area differs from
them in terms of the direction and characterize of the faults. In addition in the study, it was concluded
that the high heat flow, mainly the tectonism factor, affects the degree of coalification in the fields.

© Afyon Kocatepe Universitesi

1. Giris Bursa, Canakkale, Denizli, Eskisehir, Isparta, izmir,

Turkiye’de bircok sahada ekonomik 6neme sahip Konya, Kitahya, Manisa ve Mugla illerindedir.

komir icerikli ¢okeller s6z konusudur. Bu ¢okellerin Kémiir, bu havzalardan Kale Havzasi (Denizli) harig

Bati Anadolu'daki pek cok ornegi, Avrasya ve (Elci ve Altay 2020) tath su gol ortamini yansitan

Anadolu levhalari arasindaki carpisma ile iliskili
olarak gelisen Miyosen ve Pliyosen yasli yaklasik K-G
yonelimli dagarasi gol havzalarinda
depolanmislardir (Karayigit ve Whateley 1997,
Karayigit ve Celik 2003, Celik ve Karayigit 2004a). Bu

havzalar Afyon, Aydin, Balikesir, Bilecik, Burdur,

karasal kirintililar icerisinde olusmustur. Bu kirintili
serilerin alt (Helvaci vd. 1987) ve alt-orta (Kdksoy
1985) kesimindeki ince taneli klastiklerin bulundugu
seviyelerde, cesitli kalinliklarda kémir damarlari
bulunur. Damar gelisimi ¢ogunlukla 1 ya da 2,
nadiren de 3 damar halindedir (inaner ve Nakoman
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1993). Calisma alaninin da icerisinde bulundugu Ege
Bolgesi kalorifik yaklasik
2225kcal/kg gibi nispeten dlstk bir ortalamaya
sahip olmalari nedeniyle (Sekil 1) daha ¢ok termik

komdirleri, acidan

santrallerde (Orn: Can, Orhaneli, Seyitémer, Soma,
Tuncbilek, Yatagan vb.) degerlendiriimektedir. Bu
termik santrallerden 6nemli iki tanesi olan
Seyitomer ve Tuncbilek Termik Santralleri Kiitahya il

sinirlari igerisindedir.
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Isparta, Kahrams
Kuzey Ansdolu Bolgesi (Samsun, Amasya)

Kuzeybat Anadolu |
Giiney Anadolu Bélge
Bati Anadolu Balges

Sekil 1. Turkiye'deki linyit havzalarinin bolgesel olarak
orjinal bazda ortalama isil deger miktarlarini
gosterir grafik (MTA. 2010, Usta 2013).

2. Kiitahya ili Kémiirlii Sahalari

Kitahya ili genelinde, Seyitomer, Tavsanli, Gediz,
Emet, Altintas, Simav, Domani¢ cografyalarinda
isletilebilir nitelik ve miktarda kdmiir
bulunmaktadir. Yaklasik 500 milyon tonun lzerinde
goriinir rezerv sunan (KICDR. 2011) bu sahalarin
bircogunda komir isletimeye devam etmekle
birlikte, gecmiste isletilmis ancak simdi kapali
sahalar da s6z konusudur. Bu ¢alismada Kitahya il
batisinda bulunan ve halen isletilen Seyitomer ve
Tuncgbilek sahalari ile artik isletiimeyen Degirmisaz

ve Camalan sahalari ele alinmistir (Sekil 2).
3. Calismaya Konu Komiirlii Sahalar

3.1. Seyitomer Sahasi

Saha, merkezinin yaklasik 25km.

kuzeybatisinda yer alir. Dogu ve bati kenarinda

Kitahya il

ofiyolitik melanj niteligindeki kayaclarin (gabro,
diyorit,
mermer ve

amfibolit, kristalen kalker,
radyolarit) topografya
olusturmasiyla KD-GB uzanimli bir goriiniim sunar

serpantinit,
ylksek

(Sekil 2). Havzanin genel yénelimi yaklasik K55°D
dogrultusundadir. Tabakalanma cogunlukla yataya
yakin olup 10-15°%ik egimler s6z konusudur. Bunun
vaninda zayif kivrimlar da gozlenebilmektedir.
Sahada yaklasik K-G yonla faylar (MTA. 2010)
olagandir. Faylarin bir kismi bliyiime fayi niteliginde
olup ¢okelme ile es yashdir. Diger kismi ise ¢okelme
Cizgisel bir
morfolojisine sahip bu

alani
(2009),
Ozburan ve Girer (2009) ile Ozburan ve Giirer

sonrasina aittir. cokinti

saha Ozburan

(2012) tarafindan graben olarak tanimlanmis ve

tanitilmistir.  Grabenin i¢i karasal kirintihlardan

olusan Miyosen ¢okelleri ile dolguludur (Sekil 2). Bu
kirintililar  akarsu, akarsu-gol ortamini
Tabanda

ardalanmasiyla baslayan istif, tGste dogru kil, marn

ve gol
yansitmaktadir. cakiltasi-kumtasi

ve camurtasl ardalanmasi ile devam eder.

Cakillar imbrike olup glineybatidan kuzeydoguya
dogru bir paleoakintiyr gosterir. Linyit daha Gstteki
kiltasi, marn, cakiltasi, kumtasi, silttasi tuf ve
kirectaslarindan olusan Tuncbilek formasyonunun
taban seviyelerindedir. Bati Anadolu’daki linyitli
sahalar igerisinde kalorifik agidan en disik degere
sahip sahalardandir (alt 1sil deger 1900Kcal/kg,
Unalan 2010). Genellikle mat siyah renktedir ve yer
yer kahvemsi tonlarda gozlenebilir. Sahada alt ve Gst
damar olmak tzere iki kdmir damari bulunmakta
olup isletilen alt damar 1.50-36.75 m kalinliktadir ve
ana damar kabul edilmistir (ilter 2004, Celik ve
Karayigit 2004a, Celik ve Karayigit 2004b, Unalan
2010).

3.2. Tungbilek Sahasi

Bu saha, Kiitahya il merkezinin yaklasik 55km
kuzeybatisinda olup Tavsanli-Domani¢ karayolu
Uzerindedir. Haritada (Sekil 2) kémdr icerikli bu
¢cOkellerin yayihmi incelendiginde morfolojik acidan
yaklasik K35°D dogrultulu cizgisel bir ¢okiinti alani
olarak gbze carpar. Bu ¢okiinti alani Miyosen yash
kirintililar ve volkanitler tarafindan doldurulmustur.
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Yoredeki  volkanitlerde

yaslandirmalar

radyometrik
22My
yasinda oldugunu goéstermistir (Helvaci vd. 2017,
Ozkul vd. 2022).
tabaninda bulunan bu volkanitlerin Alt Miyosen’e
Bati
Anadolu’da benzerleri bulunan ve gelisimleri Erken

yapilan
volkanizmanin ortalama

Boylece, havzanin yaklasik

yaslandiriimasi, Tuncbilek havzasinin da
Miyosen donemine tarihlenen KD-GB uzanimli
grabenler (Gurer 2022) ile es zamanh oldugunu
gostermektedir.

Saha galismalarinda havzanin dogu yakasinda KD-GB
dogrultulu oblik normal karakterli gesitli faylar tespit
edilmistir. Bu faylardan biri de Tungbilek Hamitabat
Mahallesi’'ne ithafen Hamitabat Fayi olarak
isimlendirdigimiz faydir (Sekil 3). Fay daha 6nce

Helvaci vd. (2017) tarafindan da tespit edilmis ancak
adlandiriilmamistir. Havzanin bati kenarinda ise,
Yenikdy-Dutlar-Sapgi  koyleri hattinda ve havza
genelinde de, yine KD-GB uzanimli normal faylarin
(bliylime faylari) varligi belirtilmistir (Bas 1986, Celik

1999, Helvaci vd. 2017).

Sahada istif, konglomera ve kumtasi ile baslar.
Cakillar nispeten yuvarlak, yari yuvarlak ve koseli
olup ¢ogunlukla serpantinit ve kirectasi ¢cakillarindan
olusur. Bu kaba kirintililar icerisinde merceksi komir
olusumlari gdzlenebilir. Uste dogru uyumlu olarak
genellikle marn, silttasi, kumtasi ardalanmasindan
olusan seviyeler gelir. Yer yer merceksi kumtasi-
konglomera ara katkilari olagandir.

30
KARADENIZ

39,50°K

[Egrigéz Plutonul
18.77-25.6My (5,10))

__Llam

19.15-19.77My (3)

Bahatlar Volkanitlerip,
4

1 MiiZ

D.Kmahya
urgenyaylal

Pliitony Caligma alani
45-51My (7))

Karakoy .
Volkanitleri

ACIKLAMALAR

Kémurlt Golsel Cokeller

Alt
Miyosen

I

Sakarya Zonu Kayalari

Eosen Oncesi

|:| Pliyosen ve Kuvaterner Yasgl Cokeller

Volkanitler (andezit, dasit, riyolit) M

Eosen ve Miyosen Yasl Plitonlar (4)

Ofiyolit ve Melanj Kayalari
Afyon ve Tavsanli Zonu Metamorfitleri 9)

Menderes Masifi Metamorfitleri

Normal Fay
Siyriima Fayi
Bindirme Fayi

Simav Siyrilma Fayi

Ozkul vd. 2022
(2)  Ozkul vd. 2021

(3) Helvaci vd. 2017
Ozkul vd. 2017

(5) Guindogdu vd. 2015
(6) Ozkul vd. 2015a

(7)  Altunkaynak vd. 2012
(8) Coban vd. 2012
Ersoy vd. 2012
Hasozbek vd. 2010
Seyitoglu vd. 1997

(10)
(1)

Sekil 2. Calisma alani ve yakin gevresinin jeoloji haritasi (Harita, MTA. 2002, Celik ve Karayigit 2004a, Celik ve Karayigit
2004b, Ozburan ve Giirer 2012, Ersoy ve Helvaci 2016, Helvaci vd. 2017, Celik vd. 2021’den degistirilerek
hazirlanmistir. Cerceveler calisma sahalarini, besgenler yerlesim yerlerini gosterir)
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Temel Kayaglar

= Hamitabat Fayi

Hamitabat
Mahallesi

Tungbilek Formasyonu
e\e
O
&5

Kémdr alindiktan sonra olusmus goélet

"4
Sekil 3. Saha calismalari sirasinda tespit ettigimiz KD-GB
dogrultulu sol yanal oblik normal Hamitabat
Fayl. Fay, Ust Kretase yash temel kayaclar ile
Miyosen yash  Tuncgbilek Formasyonu’nu
birbirinden

(355/713777D/4391628K).

ayirmaktadir

Sert ve parlak olan komirin tabandaki kaba
kirintililar ile Gstindeki marnlar arasinda ve 14,75m.
maksimum kalinlikta oldugu bildirilmistir (G6kmen
vd. 1993). Giilen vd. (2012) Tuncbilek kémdirini
subbitiimli kémr olarak siniflandirmislardir. Bu
haliyle sahadan cikarilan komidr, Bati Anadolu’daki

yuksek  kaloriye  sahip  komirlerden  biri

durumundadir. istifin daha da (st seviyelerinde
cogunlukla silisifiye kiregtaslari bulunur. Nadiren bu
kirectasi dlzeyleri arasinda da laminali kémdir
seviyeleri gozlenebilir. Istif, yer yer gastropod ve

ostrocod fosilleri icermektedir.

3.3. Degirmisaz Sahasi

Katahya’nin kus ugusu vyaklasik 70km, Tavsanli
ilgesinin 50km batisinda bulunan Degirmisaz sahasi
(Sekil 2) yorede komdir igerigi ile bilinen en eski ve
isletilmis sahalardandir. Bu sahada 1930 lu yillarda
yapilan tespitlerle baslayan calismalar (Romberg
1936a, Romberg 1936b, Arni 1942) esasen,
Nebert’in (1958, 1960) calismalarinda detayh bir
sekilde ele alinmistir. Saha gozlemleri buranin da,
digerlerinde  oldugu gibi  ofiyolitik
niteligindeki kayaclarla ¢evrelenmis
gostermistir (Sekil 2 ve 4). Sahanin genel uzanimi
yaklasik D-B yonli olup faylar da benzer yénelimlidir
(Sekil 4).

melanj
oldugunu

635000 686000 587000

-
Y
I

g

A

IKLAMALAR

Qal | Alitvyon (Kuvaternar) _~~ | Normal Faylar Z‘ Akersu
[ IKizilouk Fm (Ot Ost Miyosen) (22 ] OBl Fayiar I cater

(R asbas: Fm. ae-Orta Myosen) (7| Dogrulta Atmi Faylar B Pasa Alan

[ Oagard: Melanji (Ust Kretass) [ Muntemel Faytar W] Yerlegim Yerleri
@ Tabaka Konumu T Tepeler
[237] senkiinal Exseni E Demiryoks
[T Kesit Hatt: (] Istasyon
[ pere

Sekil 4. Degirmisaz sahasi ve gevresini gdsterir jeolojik harita (Akgay ve Ozburan 2018)

Su anda aktif isletmenin strdirilmedigi sahada
kalorifik degerin 4000-6000 Kcal araliginda oldugu
belirtilmistir (Nebert 1960). istif, Tuncbilek
sahasindakine benzer sekilde tabanda yine kaba

kirintililarla  baslar ve (ste dogru tane boyu
incelerek gol c¢okellerine gegis yapar (Ersoy ve
Helvaci 2016, Akcay ve Ozburan 2018). Yéredeki
komdr, limnik kiregtasi-marn seviyeleri arasinda
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olusmustur. Nebert (1960) tarafindan 2 ser
metrelik 2 katman seklinde oldugu belirtilen
komir, MTA. (2010) verilerine gére 10m
kalinhigindadir.  Sahada  isletilebilir ~ kémur
tuketilmis olmakla birlikte, gozlenebilen
kalntilarindan Tungbilek sahasinda oldugu gibi

sert ve parlak oldugu anlasiimaktadir.

3.4. Camalan (Alabarda) Sahasi

Camalan, kus ucusu mesafe ile Tavsanh ilgesinin
yaklasik 20 km kadar batisinda, Tuncbilek
sahasinin  yaklagik  22km  glineybatisinda,
Degirmisaz  sahasinin  ise  vyaklasik 12km
kuzeydogusunda yer alir (Sekil 2). Sahadaki
yayilimi  1,4km? olan (MTA. 2010) kémirin
ortalama 1sil degeri 4500 Kcal dolayinda olup,
havza kenarlarinda 7500 Kcal degerlerine
ulasmaktadir (Nebert 1962). Bu komir, MTA
(2010) verilerine gore de ortalama 5869 Kcal ile
Bati Anadolu’daki en vyiksek kalorili komir
niteligindedir. Ayrica kiil igerigi bakimindan da Bati
Anadolu’daki en diisiik degere sahiptir (%9, ilter
2004, MTA. 2010). Yaklasik 6km? lik dar bir alana
karsilik gelen bu sahada komiir icerikli ¢okel istif
Tuncbilek sahasindaki ¢okel istif ile esdeger
niteliktedir (Nebert 1962). Bu saha da, yukarida
deginilen sahalara benzer sekilde timiuyle
ofiyolitik melanj niteligindeki kayaclar ile
cevrelenmis durumdadir (Sekil 2 ve 5). Sahanin
genel uzanimi vyaklasik KKB-GGD’dur. Sahada
tespit edilen 6nemli faylardan biri Sekil 6’da
gosterilmistir. Nebert (1962) ¢alismasinda, sahada
var olan vyaklasik K-G uzanimli faylarin, silis
olusumlari ve kapatmalari nedeniyle kolay
izlenemedigini, daha ¢cok kémurin alindigi birimin
ofiyolitle sinirlarinda net olarak takip edilebildigini
belirtmistir. Bu tespit gozlemlerimizle uyum
icerisindedir. Komir, Tuncgbilek ve Degirmisaz
sahalarinda oldugu gibi sert ve parlaktir.

4. Stratigrafik ve Tektonik Korelasyon

Calismada, Seyitomer, Tuncbilek ve Camalan
sahalarinda mevcut faylarin, oblik normal fay
karakterlerinde oldugu tespit edilmis olup bu
durum, s6z konusu Ui¢ sahanin tektonik acidan

gelisim  mekanizmalarinin  ayni  oldugunu

onermektedir.

Ayrica adi geg¢en bu sahalar igin literatiirde
belirtilmis yas verileri (Lebkiichner 1959, Ercan vd.
1978, Giin vd. 1979, inci 1983, Yagmurlu 1986,
Celik ve Kerey 1999, Sengiler 1999, Tuncah vd.
2002, Yagmurlu vd. 2004, Ozkul vd. 2015b, Helvaci
vd. 2017, Ozkul vd. 2022) her ii¢ havza icin
Miyosen donemine isaret etmektedir. Boylece
Seyitomer, Tuncbilek ve Camalan havzalarinin,
faylarin Alt-Orta Miyosen yash ¢okelleri kesiyor
olmalarindan dolayr (muhtemelen Miyosen
baslarina kadar), yaklasik K-G yonli sikisma
etkisindeki Bati Anadolu tektonizmasina ve
zamanlamasina (Girer 2022) uygun bigimde
gelistikleri ve derinlestikleri degerlendirilmistir.

ACIKLAMALAR
Silis
olugumlari

ey~ silisli Kalker
- — |KOmir + Marn
gg Q) Cakiltasi

Ofiyolitik
Temel

.’ °| Fay

— Antiklinal

AMALAN
Alabarda))

Sekil 5. Camalan sahasinin jeolojik haritasi (Nebert
1962’den dizenlenerek)

Diger sahalardan farkh olarak Degirmisaz
sahasinda, yaklasik D-B yonelimli faylar hakim
durumda olup (Nebert 1960, Akgay ve Ozburan
2018) bu sebeple de yaklasik D-B dogrultusunda
bir uzanim s6z konusudur. Bu durum, havzanin
farkli bir tektonik ortam ve dénemin uriinii olarak
gelistigini duslindlirmektedir. Yapilan c¢alismalar
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(Nebert 1960, Ozburan 2018), hem dogrultu atimh
faylarin, hem de derinlesmeyi saglayan oblik
bilesenli normal faylarin s6z konusu oldugunu
gostermektedir. Sahada kenar faylarinin DKD-BGB
uzanimli olmasi (Sekil 4) ve bunlarda dogrultu atim
bileseninin bulunmasi (Nebert 1960, Akgay ve
Ozburan 2018), en azindan havzanin olusumu
esnasinda sikisma (makaslama) rejiminin etkin

oldugunu 6nermektedir.

Sekil 6. Camalan sahasinda, ¢okel istif ile ofiyolitik
melanj niteligindeki kayaclar arasindaki
tektonik  dokanagi meydana  getiren
K20°B/65°%KD konumlu ve 80°G sapma acisl
(rake) ile sag yanal bilesenli normal karakterli
bati kenar fay diizleminden bir goériinim
(Konumu icin bknz. sekil 5,
355/691756D/4383511K).

Geg¢mis ve bu calismada elde edilmis verilerden
Tuncbilek,
Degirmisaz ve Camalan komdurleri, Miyosen yasl

anlagilmaktadir ki~ Seyitomer,
tath su gol cokelleri icerisinde bulunmaktadir.
Komir icerikli benzer c¢okellerin yaslari Bati
Anadolu’da bazi sahalarda Alt Miyosen (Orn: Ercan
vd. 1978, inci 1983, Sengiiler 1999, Celik ve Kerey
1999, Tuncali vd. 2002, Sengiiler 2010) baz
sahalarda Orta Miyosen (Orn: Lebkiichner 1959,
Gun vd. 1979, Yagmurlu 1986), bazi sahalarda ise
Ust Miyosen (Orn: Yagmurlu 1986, Tuncali vd.
2002, Yagmurlu vd. 2004) hatta Pliyosen
(Yagmurlu vd. 2004) olarak kabul edilmistir. S6z
konusu bu yaslar ¢cogunlukla sedimentlerin fosil ve
polen icerigine dayandirilarak belirtilmis yaslardir.
Tuncbilek sahasinda ve dolaylarinda son yillarda
volkanitlerden yapilan radyometrik
yaslandirmalar, komdr icerikli istifin Alt Miyosen
yasinda oldugunu gostermistir (Ozkul vd. 2015b,

Helvaci vd. 2017, Ozkul vd. 2022). Seyitdmer,
Degirmisaz ve Camalan sahalari icin dogrudan
boyle bir radyometrik yaslandirma séz konusu
olmamakla birlikte Seyitdmer sahasi yakin
giineyinde Orenkdy (Kiitahya), Emet (Bahatlar) ve
Kitahya dolaylarindaki volkanitlerden yapilan
radyometrik  yaslandirmalar da  bodlgedeki
volkanizmanin Erken Miyosen déneminde etkin
oldugunu géstermistir (Ozkul vd. 2015b, Ozkul vd.
2021, 2022). Degirmisaz sahasi da Tungbilek yakin
giineyinde bulunup (Sekil 2) yapilan radyometrik
yaslandirmalarin  bu saha i¢cin de kabul
edilebilecegini gostermektedir. Boylece denebilir
ki, Kutahya ili batisindaki bu doért saha, Erken
Miyosen’de ¢okel depolamaya baslayan sahalar
olmuslardir. Faylarin, cokel istifleri kesmis ve
deforme etmis olmasi, bu depolanma
alanlarindaki derinlesmenin daha sonraki bir
zaman dilimine karsilik geldigini gostermektedir.
Nebert (1962) bunun Ust Pliyosen ya da Pliyo-
Kuvaterner déneminde gerceklesmis olabilecegini
belirtmistir.

Bunlardan baska, Nebert (1962), 6zellikle Camalan
sahasi istifi ile Tuncbilek sahasindaki istifin alt
serisinin tabaka kalinliklarina kadar benzestigini,
dolayisiyla 6zdes oldugunu belirtmistir. Ayrica ayni
yasta olmalari ve 6zdes sikisma (yaklasik K-G
yonli) deformasyonlarini yansitmalari nedeniyle
de Tavsanli batisinda bugtin icin bagimsiz havzalar
gibi gorinen tim sahalarin baslangigta biitiin
olduklarini  ve sonradan pargalandiklarini
belirtmistir. Sahalarin birbirlerine olan fiziksel
yakinhigi nedeniyle durum degerlendirildiginde,
stratigrafik veriler bu durumu destekler gibi
goriinse de (Sekil 7), komdrlerin kimyasal
Ozellikleri agisindan ayni seyi soylemek ¢ok
muimkin degildir (Cizelge 1).

5. Tartisma ve Sonuglar

Havzalarin olusum vyaslari Erken Miyosen olup,
Degirmisaz sahasi hari¢ benzer tektonik unsurlar
barindirmaktadirlar. Dolayisiyla Seyitomer,
Tuncbilek ve Camalan sahalarinin ayni tektonik

rejim Urind olduklari anlasiimaktadir.
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Sekil 7. Seyitomer — Tuncbilek — Degirmisaz — Camalan sahalarinin genellestirilmis stratigrafik kolon kesitleri (Nebert
1960, Nebert 1962, Celik 1999, Sengiiler 1999, Yagmurlu vd. 2004, Ersoy ve Helvaci 2016, Akkiraz vd. 2012, Ozburan
2018’den revize edilerek olusturulmustur. Kesitler dlgeksizdir)

Cizelge 1. Arastirmaya konu sahalardaki komirlerin temel jeokimyasal 6zellikleri

Seyitomer (Sirdren) Degirmisaz Tungbilek (Omerler) Camalan (Alabarda)

Kalori (kcal/kg) 1843-2107 4312-4503 3615-3850 5869

Nem (%) 28,28 4,12 14,96 11

Kal (%) 37,38 38,13 26,92 9,41

Kakart (%) 0,82 4,47 2,63 2,08

Kaynak Tuncali vd. 2002 MTA. 2010
Kitahya batisindaki bu havzalarin  jeolojik bu temel kayalari lGzerinde depolanmis ¢okelleri
haritalarina bakildiginda, havzalari c¢evreleyen kesmis ve deforme etmistir. Dolayisiyla faylarin
kayaclarin az bir kisminin Afyon Zonu olmak Gzere, yasl gorece daha gengtir.

cogunlukla Tavsanli  Zonu kayaglari oldugu
gorlilmektedir. Yoredeki faylar, diskordan olarak
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inceleme sahalari ve yakin cevresinde, Eosen ve
Miyosen yasl volkanik ve platonik kayaclar (Sekil
2, Egrigoz Plitonu, Orhaneli Plitonu, Glirgenyayla
Oklukdagi
Volkanitleri, Orenkdy Volkanitleri, Bahatlar

Platonu, Volkanitleri, Karakoy
Volkanitleri vb.) ylzeylemekte olup bu yonlyle
komirlesme  acgisindan  yiksek 1s1 akisi
saglayabilecek kayacglar so6z konusudur. Bu tir
kayaclarin rank degerlerine olan pozitif etkilerinin
Ozellikle basing ve tektonizmaya kiyasla daha
yiksek oldugu belirtiimektedir (Unalan 2010).
Nebert (1962) de ¢alismasinda, gerek Soma, gerek
Tungbilek
bulunmasina ragmen linyit diizeyinde kaldiklarini,

sahalarinda tektonik etkinin
buna karsin Camalan sahasindaki komirlesmenin
daha Ust dizeyde oldugunu, yani tektonizmanin
etkisi ile kdomirlesme derecesinin artmadigini
belirtmis ve derinlerdeki bir magmatik kitleye
baglamistir. Ne var ki, incelenen sahalardaki
komdarlerin kalorifik degerleri (Cizelge 1) ve
yakinlarindaki  bu  tir  kayaclar  birlikte
irdelendiginde dogrudan bdyle bir iliskinin
kurulamadig gdzlenmektedir. Ornegin yéredeki
en ylksek kalori degerine sahip Camalan sahasi
Tuncbilek
komirlerine kiyasla yliksek oranda isi aki etkisi

kémirlerinin, Degirmisaz ve
olusturabilecek kayaclara en uzak mesafede
oldugu gorulmektedir. Gerek maruz kaldigi statik
yik (litostatik basing), gerek zamansal (Alt
Miyosen vyasli  komdrler) birliktelik, yani
komirlesme igin gegen siire ve gerekse yilksek isi
akisina maruziyet acisindan durum

degerlendirildiginde Camalan sahasinda
komirlesmeye en fazla pozitif etkinin tektonik
unsurlar nedeniyle gerceklesmis olabilecegini
disindirmektedir.  Yani, Camalan sahasinda
havzanin tamaminin faylarla gevrili olmasi (Sekil 5)
saha komirlerinin kalori degerlerinin
ylkselmesinde en biylk faktor gibi
gorinmektedir. Bunu destekleyen bir veri
Yagmurlu vd. (2011)'nin Sivas dolaylarinda
yaptiklar bir calismada elde edilmistir. Ayni saha
icerisinde  tespit ettikleri blylime faylari
aralarindan  ornekledikleri  kémdurlerin  kalori
degerlerinin, sahanin diger kesimlerindeki kémur
kalori degerlerine kiyasla daha yiiksek oldugunu

tespit etmislerdir. Dolayisiyla, ¢calisma alanindaki

komirlerin  sahip olduklari  yliksek kalori
degerlerine etki eden 6nemli faktorlerden birinin,
hem havzayl olusturan faylarin, hem de
sonrasinda derinlestiren pek ¢ok biyime fayinin
varligi gibi gorlinmektedir. Ayrica yapilan
arastirmalar, Bati Anadolu genelinde isi kaynagi
derinliklerinin  10-18km arasindaki derinliklere
(Akgig 1988, Gurer vd. 2001, Dolmaz vd. 2005,
Pamukcu ve Yurdakul 2008, Pamukcu vd. 2019,
Bilim vd. 2016), meydana gelen deprem odak
derinliklerinin %88,4 iniin de ilk 10km derinliklere
karsihk geldigini (Goneng 2021) gdstermektedir.
Dolayisiyla inceleme alani igerisi ve yakinlarinda
diri faylarin, jeotermal sistemlerin ve si
kaynaklarinin yiizeye vyakin bulundugu boélge
genelinde 1si akisi etkisinin goz ardi edilebilmesi de
miumkin  degildir. Bu yonlyle yorede
komirlesmeye etkiyen unsurlarin hem tektonik
unsurlar, hem de 1si akisi oldugunu sdylemek te
mimkin goriinmektedir. Ancak herhangi bir 1si
kaynaginin etki alani distntldiginde bolgesel
(daha genis bir alan) bir etkinin s6z konusu olacagi
muhakkaktir. Oysa havza bazinda bakildiginda,
yani lokal yaklasimla, havza icerisinde kalorifik
degerlerin farkhhklar gosteriyor olmasi, bunun
yaninda faylara vyakin noktalarda kalorifik
degerlerin ylikselmesi, komirlesmede tektonizma
etkisinin 1s1 akisi etkisine kiyasla nispeten baskin
oldugunu gostermektedir. Ayrica, havzalarin
icerdigi komirler, temel jeokimyasal nitelikleri
bakimindan kiyaslandiklarinda (kalori, nem, kiil,
kiktrt) ozellikle nem ve kil oranlari agisindan
dogrudan korele edilebilir nitelikte olmadiklari
gorilmektedir.
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Abstract

This study presents the dynamic and buckling analysis of the laminated composite thin arch plate frame
structures employing Classical Plate Theory with Finite Element Analysis. For this purpose, the effects
of the radius of curvature, aspect ratio, and stacking order of such structures on the first ten natural
frequencies, mode shapes, critical buckling load, and the first unstable regions are investigated. Besides,
the two-bay curved plate frame structure is investigated. In order to perform dynamic and buckling
analyses, a computer code is developed and executed via MATLAB. The results are compared and
validated with those of ANSYS. It is concluded that the aspect ratio or the stacking order affects the
dynamic characteristics of the curved plate frame structure considerably while the radius of curvature
relatively has less impact on such dynamic properties of the structure.
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Elyafli Kompozit Egri Plaka Cercevelerin Dinamik ve Burkulma Analizi

0Oz

Bu ¢alisma, ince egri elyafli kompozit plaka cerceve yapilarin dinamik ve burkulma analizlerini Klasik
Plaka Teorisi ve Sonlu Elemanlar Analizi ile incelemektedir. Bu amagla, yapinin egrilik yarigapinin, en-

boy oraninin ve elyaf diizeninin ilk on dogal frekans, mod sekilleri, kritik burkulma yiikii ve birinci
dinamik kararhlk bolgeleri Gzerine olan etkileri arastiriimistir. Ayrica, iki bolitli yapi da ele alinmistir.

Anahtar kelimeler
Dinamik Kararlilk;
Titresim; Burkulma;
Kompozit Yaplilar;

Sonlu Elemanlar Dinamik ve burkulma analizleri MATLAB lizerinden bir bilgisayar kodu araciligi ile gerceklestirilmistir.
Analizi; Egri Plaka Buradan elde edilen sonuglar ayni analizlerin ANSYS lizerinden gergeklestirilmesi ile dogrulanmistir.
Cerceveler Sonuglar olarak yapinin en-boy oraninin ve laminasyon diizeninin dinamik &zellikleri biyik 6lgtde
etkiledigi, egrilik yaricapinin ise diger parametrelere gore yapinin dinamik 6zellikleri Gizerinde daha az
etki olusturdugu gorialmustr.
© Afyon Kocatepe Universitesi
1. Introduction essential since vibration and critical loading

conditions

Curved structures are widely used in the aerospace ) '
may result in damage or complete failure.

industry due to their effectiveness and existence in

aero-frames. Additionally, composite materials are Researchers have been interested in investigating

the dynamic and buckling properties of various

extensively considered in the aerospace industry to
structures for many years. Since it is impossible to

improve structural efficiency and lower the weight
of the aero-structure. Evaluating the dynamic and
buckling characteristics of such structures s

mention all of these works, some studies of those
are presented as follows. Marjanovic et al. (2017)
used a dynamic



Dynamic and Buckling Analysis of the Laminated Composite Curved Plate Frame Structures, Das et al.

stiffness element based on the first-order shear

deformation theory and higher-order shear
deformation theory to perform free vibration
analysis of composite plates. They investigated the
effects of the boundary conditions and plate side on
the thickness and orthotropy ratios on the low and
high modes of vibration. Serdoun and Cherif (2016)
investigated the free vibration analysis of composite
thick rectangular plates using higher-order shear
deformation theory. (Chen et al. 2017) presented
the free vibration analysis of composite truss core
third-order

deformation theory and zig-zag theory. (Demir et al.

sandwich  plates using shear
2017) investigated free vibration analysis of annular
sector plates using conical shell equations, first-
order shear deformation theory, discrete singular
convolution, and differential quadrature. (Shankar
and Mahato 2017) presented the vibration analysis
of composite plates having delamination and/or
damages using the finite element method.
(Tornabene et al. 2018) investigated free vibration
analysis of laminated plates and shells, considering
two different approaches, differential quadrature,
and integral quadrature. (Abulanour et al. 2018)
studied the free vibration analysis of simply
supported functionally graded plates using a new
shear deformation theory that comprises the
stretching effect. (Vidal et al. 2019) investigated the
free vibration analysis of laminated composite
plates by using a variable separation approach.
(Thakur et al. 2020) employed an efficient CO finite
element modeling combined with higher-order non-
polynomial shear deformation theory to investigate
the natural frequencies and to perform a transient
analysis of the laminated composite folded plates
having different fiber angles, fold location, crack
angle, lamination scheme, and boundary conditions.
2020)

vibration analysis of functionally graded hybrid

(Rezaiee-Pajand et al. performed free

nanocomposite  conical  shells
Shear

Theory. They solved the Donell-type governing

matrix/fiber
employing the First-Order Deformation
differential equations by using the Generalized
Differential Quadrature Method. They investigated
the effects of the boundary condition, material, and
dimensionless

geometric properties on the

frequency of the nanocomposite conical shell. (Fang

et al. 2020) examined the vibration and thermal
buckling characteristics of rotating nonlocal
functionally graded nanobeams by using Eringen's
nonlocal elasticity theory (ENET) and Euler Bernoulli
Beam Theory. They investigated the effects of the
hub radius ratio, temperature difference, material
gradient index, slenderness ratio, dimensionless
angular velocity, and nonlocal parameters on the
natural frequencies and critical temperatures that
cause buckling of the rotating functionally graded
nanobeams.

When a structure is subjected to a static load, it may
face a critical phenomenon called buckling. There
are lots of studies that dealt with the buckling of
structures such as beams, plates, or frames. Some of
those are mentioned as follows. (Bourada et al.
2016) studied buckling analysis of isotropic and
ortho-tropic plates by introducing a novel four-
variable refined plate theory. (Hao et al. 2017)
investigated the buckling analysis of composite
variable stiffness panels considering the Mindlin
plate theory. (Chikh et al. 2017) presented a thermal
buckling analysis of cross-ply laminated composite
plates using a simplified higher-order shear
deformation theory. (Zghal et al. 2018) studied the
buckling behavior of functionally graded materials
and nano-tubes reinforced composite flat and
curved plates using a double-directors finite
element shell model.

If a structure is subjected to dynamic loads, it is
parametrically exciting. Therefore, dynamic
instability may occur even if damping exists. This
phenomenon occurs because of the amplitudes of
the response that increase exponentially. Hence
researchers addressed many studies about the
dynamic stability of structures due to their
significance. Some of these studies are presented as
follows. (Fazilati 2017) performed the stability
analysis of variable stiffness laminated composite
plates that have delaminations by using the finite
strip method. (Samukham et al. 2018) investigated
dynamic stability analysis of variable angle tow
composite with delamination placed around a cut-
out under simply supported boundary conditions.
They used the first-order shear deformation theory
and finite element method to evaluate the
governing of variable

equations angle tow
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structure. (Shafei et al. 2019)

investigated the dynamic stability analysis of aniso-

composite

tropic composite materials using the iso-geometric
analysis based on higher-order shear deformation
theory.

In this study, dynamic analysis of laminated
composite curved thin plate frames is investigated.
Although there are many studies concerning the
dynamic analysis of structures, to the best of the
Authors' knowledge, there are no reported works
that cover the dynamic properties of laminated
composite curved frame structures in the literature.
The effects of the radius of curvature, aspect ratio,
and fiber orientation on the first ten natural
frequencies and corresponding mode shapes,
critical buckling loads, and the first unstable regions
are investigated. For these purposes, the Classical
Plate Theory is employed with the Finite Element
Method.

2. Mathematical Expressions

Finite element analysis is performed to perform free
vibration, buckling, and dynamic stability analyses of
curved plate frames, shown in Fig. 1. Four node
guadrilateral element shown in Fig. 2, is utilized to
model the curved plate frame structures.
Considering the Classical Plate Theory, Each node
has five degrees of freedom (DOF,) u, v, w, 6x, and
By. Eq. (1) gives general displacement functions of a
finite element as a summation of the nodal

displacements (Petyt 2015).

Figure 1. A curved plate frame structure

U4,Va,Wa,0x4,0y4 u3,v3,w3,0x3,0y3

u,v1,wi1,0x1,0y1
Figure 2. Four node quadrilateral element.

u2,v2,W2,0x2,0y>

(u} = Z N (11}

i=1

{v}= iNmi{vi}

w 4 Wi
{9"] =) Ny {Oubi=1,.0 (1)
931 i=1 eJ’i
aWO
u(xy,2) = up(x,y) — 26,, 0, =—-
dw,
v(x,y,z) = vo(x,y) — 26,, 0, = —ay

w(x,y,z) = wo(x,y)

where N, and N, are the shape functions (Petyt
2015) for in-plane and out-of-plane displacements,
respectively.

M, = 511+ £+ nym)]

Ny,

A+&EDA+nm)2+&E+nn—E2 =1 (2)
= b1+ & +n)n? —1)
—a(&+&)E*-D(1+n;m)

ij=1,..,4

where a, b, €, and n are the length, width, and
natural coordinates of the four-node quadrilateral
element. Eq.(3) gives the strain energy of the finite
element U. (Petyt 2015).

1
v, = | hiteav )
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where {o}" denotes the stress components matrix of

the k™ layer and {€} is the strain matrix.
Yy

4

Zict) ‘

Zk
"? )
Figure 3. Laminated composite material

For a laminated composite structure, shown in Fig.
3, the constitutive relation between the stress
tensor matrix and the material modulus matrix [Q]«

is given as
{0}k = [Qli{e} (4)
or
Oxx1* Q11 Q12 Q6 e
[Jyyl = [Qu Q22 stl [Eyy] (5)
Txy Ql6 QZ6 Q66 yxy
where

Q11 = qu1c* + 2(q11 + 2qe6)s*c? + qyp5*
Q12 = (q11 + G2z — 4G66)s?C® + q12(s* + ¢*)
Q22 = q115* + 2(q11 + 2qe6)s*c? + qppc*

Q16 = (@11 — G12 — 29¢6)sC>
+ (q12 — 22 + 2qe6)S>c (6)

Q26 = (q11 — q12 — 2%6)53C
+ (q12 — 22 + 2%6)553

Qo6 = (q11 + G12 — 2G12 — 2q66)5°C? + qee(s*
+cY)

where c and s are cosf and sinf in which @ stands for
the fiber angle. The material stiffness components
gii(i,j=1, 2, 6) are calculated as

i1 = 1= VeV
ViyEy
qi2 =7——
1-— VayVyx
(7
E
y
Q22 = 7——
271 VayVyx
de6 = ny

where E, and E, are the modulus of elasticity in x-
and y- direction. G, is the shear modulus with
respect to x-, y- direction. vy, and vy represent the
strain in x- and y- direction due to the unit strain in
y- and x- direction, respectively (Petyt 2015)
Substituting Eqgs. (1) and (4) into Eq.(3) gives

1
U= f (€} Dpule}dA ®)

where {e} denotes the strain components as,

ou
o€
ov
on
6u+6v
én Oe
=1 s ( 9)
Se?
5%w
én?
5w
énde

and D, is the material stiffness matrix given as,

Pu=[5 ¢ (10

where A, B, and C are the longitudinal, bending-

longitudinal coupled, and bending stiffness
matrices, which are
NL
A= Z[Q]k(zk — Z-1)
k=1
(11)

1 NL
B = Ez[o]k(z,% -7t}
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NL

1
C= §Z[Q]k(zi — Zj_1)

k=1

where NL is the number of layer and z( is the
thickness of the k' layer. The strain energy can be
written in matrix form as

Ue = {qe}" kefqe} (12)

where {q.} is,

4

{q.} = Z[ui v Wi Gxi eyl-] (13)

i=1

and k. is the element stiffness matrix (Petyt
2015).The kinetic energy of the finite element is

1
T, = Ephf(uz + 9% + Ww?)dA (14)
A

where p is the density of the material and h denotes
the thickness of the finite element. The kinetic
energy equation can be written in matrix form as

T, = {Qe}Tme{CIe} (15)

where m, is the element mass matrix (Petyt 2015).

If a structure is subjected to a load as shown in Fig.
4(a), the phenomenon called buckling may occur. In
this study, the distributed loading condition is
assumed as a point loading condition as shown in
Fig. 4(b) The work done by that load can be
evaluated as

V_lf P(aw)2+2P ow ow
¢ 2J,\"\ox * 9x Oy
+P<6W)2 dA

y ay

where P, Py, and P, represent the applied

(16)

compressive and shear loads regarding the x- and y-
axis of the transformed coordinate system of ABCD
and EFGH plates.

Since the equivalent point load is applied along the
x-direction of the transformed coordinate system of
the ABCD and EFGH plates, only Py is taken into
account. Therefore Eq.(16) becomes

1 own 2
=_ hiad a7
Ve ZLPx(ax> dA

Eqg. (17) can be written regarding Eq.(2) as

vo=5 [ [wrsarnisdaaaa s

where
0 0 01x3
0 0 01x3
Bg = oN, (19)
0351 O3x1

0X 3x3

The work done by the point load can be written in
matrix form as (Dey and Singha 2006)

Ve = {Qe}Tkge{Qe} (20)

Substituting Eq.(19) into Eq.(17) gives kge as

kge = [BG]TPx[BG] (21)
where P, is the equivalent point load, which is
assumed as

P, =Wab (22)

Figure 4. (a)The distributed loading condition and (b) the

equivalent point loading condition of single-bay

laminated composite curved plate frame structure.

Both the curvature and the frame geometry of the
structure, shown in Fig. 1, are modeled by flat finite
elements shown in Fig. 2. Hence the local
coordinates of each element matrix should be
transformed when necessary to satisfy all degrees of
freedom (DOF) of the structure. Hence, to obtain
the curvature and frame geometry, each element

matrix is transformed as
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ke = TTk,T
Mer = TTm,T (23)
kget = TTkgeT

where ket, Met, and kge: are the transformed element

stiffness, mass, and geometry matrices,

respectively. Tis the transformation matrix, which is

given as
T
cosf 0 sinp 0 0 0
0 1 0 0 0 0
—sinf 0 cosp 0 0 0 (24)
1 0 0 0 cosp 0 sinf
0 0 0 0 1 0
l 0 0 0 —sinf 0 cos[)’J

where 8 is the rotation angle around y-axis, as
shown in Fig.5.

\ A<

Figure 5. Transformation of local coordinates.

It is seen from Eq.(20) that the transformation
matrix requires 6-DOF while there are 5-DOF
according to the displacement functions given in
Eqg.(1). Therefore the drilling effect (8,) has to be
considered. However, according to the
displacement functions of the Classical Plate Theory,
given in Eq.(1), it is seen that the drilling effect is
neglected. Hence, 6, is added for each node to
obtain a suitable 6-DOF finite element. During the
considered that the

corresponding non-diagonal terms are set to zero

addition process, it s

whereas the diagonal terms of 6, are set to be 1000
times smaller than the minimum value of the
corresponding element matrix.

Structural dynamic loadings may cause dynamic
instability by means of parametric resonance.

Hence, it is significant to find the unstable and stable
regions of structures. Dynamic instability problem
can be solved as an eigenvalue problem. The
equivalent loading case shown in Fig. 4(b), can be
considered as a periodic load, P(t). Such a periodic
load can be formulated in terms of the periodic axial
compressive load as P(t) = P + PicosAt, where A is the
excitation frequency, P and P: denote the static and
time-dependent load,

periodic compressive

respectively. The static and time-dependent
periodic compressive load components can be
written by means of the fraction of the static critical

buckling load, (Pc) as

P(t) = aP. + BP..cosAt

P

a=—
B, (25)
P,

F=%,

where «a is the static load factor and 8 is the dynamic
load factor. The dynamic response of the structure
can be written in terms of Lagrange’s equation of
motion in matrix form as

M+ Kq — P(£)K,q = 0 (26)

Substituting Eq.(25) into Eq.(26) gives the equation
of motion as (Bolotin, 1964)

Mg + (K — Pep(a + BeosAt)K,)q = 0 (27)

Performing a periodic solution considering the
period as 2T = m/A provides practical significance
since the width of the first unstable regions is
generally larger than those of the period T,
(1964).
eigenvalue problem of the dynamic stability analysis

according to Bolotin Therefore, the

considering 2T period can be written as

/12
K = Po(a £050)Ky —-M|q =0 (28)

The eigenvalue problem of dynamic stability
analysis given in Eq.(28) can be formed into:

(i) An eigenvalue problem of free vibration
analysis if @ = 8 = 0 and w = A/2, where w is the
natural frequency of the structure.
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(ii) An eigenvalue buckling problem or a static
stability problemifa=1,8=0,and A =0.

(iii) An eigenvalue dynamic stability problem if
all terms exist.

3. Numerical Results

This study presents the dynamic and buckling
analysis of the laminated composite arch plate
frame structures, shown in Fig. 1. The geometric
and material properties of such structures are given
in Table 1. The effects of the stacking order, the
radius of curvature (Rx), and aspect ratio (a/b) on
the first ten natural frequency values, critical
buckling loads, and the first unstable regions of the
structure are investigated. Besides, the two-bay
curved plate frame structure is examined. The
analyses are performed under fixed from all ends
boundary conditions. For simplicity, the stacking
orders including the fiber angle of each layer are
denoted as follows.

C1=[(0%]4,C2 = [(90°/0°)] 25, C3 = [(0°/90°)]5s

C4 = [0°/45°/ - 45°/0°],C5 = [0°/60°/ - 60°/0°]

120 T T

Convergence Analysis
T T

The accuracy of the results is validated by
performing a convergence analysis considering
ANSYS results. Fig. 6 shows the convergence analysis
results considering the 15x15, 20x20, 25x25, and
30x30 elements for the entire arch plate frame
structure. It is seen that the structure was
represented
However, the accuracy changes for the sixth and
concluded that the

representation of the considered finite element may

accurately for 30x30 elements.

seventh modes. It s

reduce for bending and torsional modes in which
the maximum displacement occurs at the curved
section of the structure (see Appendix A). However,
such a reduction is not significant and increasing the
element number may diminish the error rate. Tables
1 and 2 give the material properties and the
convergence analysis results of the buckling analysis
for laminated composite arch plate frame structure
having C1 stacking order and Ry = 2a radius of
curvature. Similar to the natural frequency results,
the best accuracy is obtained for 30x30 elements.
Hence, all analyses are performed by using 30x30
number of elements.

100

80

60

Frequency (Hz)

40

20

—¥— ANSYS
—>— 15x15
—8—20x20

25x25 7

—5—30x30

1 1 1

6 7 8 9 10

Mode

Figure 6. Free vibration convergence analysis results.
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Table 1. Material and geometry properties of the
laminated composite curved frame structures.

Property Symbol Quantity
Longitudinal Elasticity Modulus Ex 45 GPa
Transverse Elasticity Modulus Ey 12 GPa
Shear Modulus Gy 7.2 GPa
Density p 2080 kg/m3
Poisson Ratio v 0.33
Geometric Properties of the Structure
Plate component length and width a,b 1000 mm
Thickness h 10 mm
Radius of Curvature Rxx 2a

Table 2. Buckling convergence analysis results.

Critical Buckling Load (N)
Element Number

ANSYS Present Study
15x 15 55764
20x 20 55724
55617 (15x15)
25x 25 55662
30x30 55655

outcome is the way the natural frequency values
differ among the stacking orders.

Table 3. The first ten natural frequency values of the
laminated composite arch plate frame structures having
different stacking orders.

Natural

Frequency (Hz) c1 c2 c3 ca c5
M 6.880 4.114 6.558 6.640 6.589
A2 27.960 15.816 26.648 26.976 26.768
A3 34.545 23.735 33.512 34.168 33.882
v 44873  26.539 42.771 43303 42.966
As 45.060 31.209 43.410 44.047 43.705
As 45.644 31.367 43.506 44.144 43.787
W 49.210 37.784 47.285 48.028 47.645
As 63.898 59.767 64.492 64.390 64.393
Ao 64.798 67.517 65.289 65.225 65.208
Ao 100.030 67.575 95.317 96.522 95.762

3.1. The effect of the stacking order

The effects of the stacking order on the first ten
natural frequencies, critical buckling load, and the
first unstable regions of the laminated composite
arch plate frame structures are investigated. Five
stacking orders, namely, C1, C2, C3, C4, and C5, are
examined. The curvature of the structure is
considered as Rw=2a and the aspect ratio is set as
a/b=1. Table 3 gives the first ten natural frequency
values of the laminated composite arch plate frame
structure, having different stacking orders.
According to the results given in Table 3, the first ten
natural frequencies are affected considerably by the
stacking order. This is simply because of the
difference in the stress components, Q; (i,j=1,2,6),
of the material. Such a difference took place due to
the change in stacking order. Another significant

Figs. 7 and 8 show the laminated composite arch
plate frame structure’s first unstable regions having
different stacking orders. As seen in Figs. 7 and 8,
the unstable region differs as the stacking order of
the laminated composite frame structure changes.
The distance of the first unstable regions to the
origin can be ordered from the closest to farthest as
C2, C3, C5, C4, and C1, respectively. This is because
even though the stacking orders are different, the
fundamental natural frequency values and the
critical buckling load of the structures having C1, C3,
C4, and C5 fiber angles do not change remarkably.
The unstable region becomes narrow for the curved
frame structure has C2 stacking order when
compared with other stacking sequences. This is
because the fiber angles of the first and the last
layer effects both fundamental natural frequency
and critical buckling load significantly. As the static
load factor increases from 0 to 0.5, the first unstable
regions move toward the origin and become
narrow.

235



Dynamic and Buckling Analysis of the Laminated Composite Curved Plate Frame Structures, Das et al.

nance Frequency (Hz)

Dynamic Load Factor ()

0.005 0.01 0.015 0.02

Figure 7. The first unstable regions (a = 0) of the single-bay laminated composite curved plate frame structure having

different stacking orders.

Dynamic Load Factor (f3)

4 5 6 1
<107

Figure 8. The first unstable regions (a = 0.5) of the single-bay laminated composite curved plate frame structure

having different stacking orders.

It is seen that as the structure’s stacking order is set
as C2, the natural frequency values are considerably
decreased when compared with other stacking
orders. On the other hand, the natural frequencies
C1, C3, C4, and C5 are close to each other. Such a
situation reveals that the first and last layer’s fiber
angles impact the natural frequency values. This is
because of the highest bending moments, and
consequently, bending stresses occur at that layers.
Table 4 gives the critical buckling loads of the
laminated composite arch plate frame structure
having different stacking orders. According to the
critical buckling load values given in Table 4, the
stacking order affected the critical buckling load
values just the way it affected the first ten natural
frequency values of the laminated composite arch
plate frame structures. The critical buckling load
decreases slightly as the fiber angles of mid-layers
increase. However, this decrement becomes
significant when it comes to the first and last layers’

fiber angles.

Table 4. The critical buckling load values of the laminated
composite arch plate frame structures having different
stacking orders.

Stacking Order Critical Buckling Load (N)
C1 55655
C2 19923
Cc3 50558
c4 51832
C5 51032

3.2. The effect of the radius of curvature

The effects of the radius of curvature on the first ten
natural frequencies, critical buckling load, and the
first unstable regions are investigated. For this
purpose, four different radii of curvatures, Rw=1.5a,
Rw=2a, Rwx=2.5a, and R«=3a are considered. Table 5
gives the first ten natural frequency values of the
single-bay C1 laminated composite arch plate frame
structure with different curvatures. The aspect ratio
of the structure is set as a/b=1.

Table 5. The first ten natural frequency values (Hz) of the
C1 laminated composite curved plate frame structure.
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Natural

Frequency (Hz) Rw=1.5a Rw=2a Rw=2.5a w=3a
A 6.823 6.880 6.905 6.908
A2 27.914 27.960 27.933 27.920
As 34.575 34.545 34.450 34.387
v 43.776 44873 45.151 45.180
As 44.741 45.060 45.177 45.195
As 45.445 45.644 46.155 46.589
A 48.161 49.210 50.051 50.563
As 63.458 63.898 63.990 63.984
Ag 64.964 64.798 64.705 64.622
Ao 99.178 100.03 100.300 100.290

According to the results given in Table 5, the change
in the radius of curvature does not affect the first
ten natural frequencies considerably. Even
increasing the radius of curvature from Rw=1.5a to
Rw=3a, or decreasing in the opposite way changes
the natural frequency value up to approximately 1.5
Hz. The mode shapes given in Appendix A indicate

that the seventh and eighth modes shift to each

other as the radius of curvature increases from 1.5a
to 2a. Other modes remain the same when the
radius of curvature changes. No matter which
stacking order is considered, the radius of curvature
has a negligible effect on the natural frequency
values of the laminated composite curved plate
frame structure.

Table 6 gives the critical buckling load values for
four different radii of curvature of the single-bay
curved plate frame structure.

Table 6. The critical buckling loads of the single-bay C1
laminated composite arch plate frames.

Radius of Curvature Rux Pcr (N)
1.5a 55974
2a 56315
2.5a 56483
3a 56580

—¥—Rxx=1.5Lb

41 —%—Rxx=2Lb

—8—Rxx=2.5Lb
Rxx=3Lb

Parametric Resonance Frequency (Hz)

12 Unstable Region

0 0.5 | 1.5
Dynamic Load Factor ()

0 0.005 0.01 0.015

Figure 9. The first unstable regions of the single-bay laminated composite curved plate frame structure having C1

stacking order and different radius of curvatures for a =0

14

12 9.85
N
=
z P—— |
S 10 9.8
g
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3] 8 9.75
]
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S 6f
2] -
e 9.
=
2 4 —k—Ruclslb )
g —%—Rxx=2Lb 9.65
<
~ 9 —8—Rxx=2.5Lb

Rxx=3Lb
N\ 9.6
0 . . . ®
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Figure 10. The first unstable regions of the single-bay laminated composite curved plate frame structure having C1

stacking order and different radius of curvatures for a = 0.5

237



Dynamic and Buckling Analysis of the Laminated Composite Curved Plate Frame Structures, Das et al.

According to the critical buckling load values given
in Table 6, as the radius of curvature of the single-
bay laminated composite curved plate structure
increases, the critical buckling load increases.
However, such an increment can be accepted as
negligible. Therefore, it can be interpreted that the
change stiffness matrix of the structure in
accordance with the radius of curvature is small.
Figs. 9 and 10 show the first unstable regions of the
single-bay C1 laminated composite arch plate frame
structures with four different radii of curvatures
considering two static load parameters a=0 and
a=0.5.

It is seen from Figs. 9 and 10 that the radius of
curvature affects the unstable region of the curved
plate frame structure slightly. The unstable region
moves toward the origin as the radius of curvature
increases. On the other hand, the area of the
unstable region does not change as the radius of
curvature differs. The unstable region moves
toward the origin and becomes narrow as the static

load factor increases.

3.3. The effect of the aspect ratio

The effects of the aspect ratio on the first ten
natural frequencies, critical buckling load, and the
first unstable regions of the laminated composite
arch plate frame structures are examined. Four
different aspect ratios, a/b=0.5, a/b=1, a/b=1.5, and
a/b=2 are taken into account. The radius of the
curvature of the structures is set as Rw=2a. Table 7
gives the change in the first ten natural frequency
values and the critical buckling loads of the single-
bay C1 laminated composite arch plate frame
structure in accordance with the aspect ratio of the
structure.

It is seen from Table 7 that the difference in aspect
ratio affected certain modes considerably. As the
aspect ratio increases from 0.5 to 2, the third - tenth
natural frequencies increase more than 10Hz. For
the eighth - tenth modes, such an increment differs
between 50 - 70 Hz. The first and second natural
frequencies do not change significantly as the
aspect ratio varies. While these interpretations are
valid for C3, C4, and C5 stacking orders, the
structure with C2 fiber orientation behaves
differently than those of other stacking orders.

Table 7. The first ten natural frequency values of the
single-bay C1 laminated composite arch plate frames
having four different aspect ratios

:Zt:l:::"cy (H2) a/b=0.5 a/b=1 a/b=1.5 a/b=2
A 6.885 6.880 6.869 6.870
A2 27.990 27.960 28.296 27.904
As 29.762 34.545 41.282 44.808
v 41.278 44.873 45.396 45.580
As 44.891 45.060 46.182 48.814
As 45.642 45.644 51.140 57.295
W 45.953 49.210 54.349 59.541
As 46.311 63.898 94.229 99.876
Ao 47.179 64.798 95.065 120.750
Ao 54.567 100.030 104.190 125.470

Most of the natural frequencies and corresponding
mode shapes of the C2 stacking order are obtained
dissimilar to those of C1, C3, C4, and C5, as seen in
Table 8 and Appendix B.

Table 8. The first ten natural frequency values of the
single-bay C2 laminated composite arch plate frames
having four different aspect ratios

':raet:::Lcy (H2) a/b=0.5 a/b=1 a/b=1.5 a/b=2
A 4.120 4.116 4.112 4.108
A2 16.749 16.725 16.705 16.688
A3 19.626 26.390 26.824 26.807
v 26.115 26.846 27.286 27.268
As 26.875 27.308 34.689 43.435
As 27.337 31.613 38.858 46.892
W 28.809 33.378 39.873 47.613
As 34.302 59.861 59.798 59.739
Ao 34.922 66.908 72.276 72.215
Ao 51.313 67.379 81.927 82.100

According to results given in Table 3.8, the third and
fifth - tenth natural frequencies are affected by the
aspect ratio, considerably. Among these modes, the
eighth-tenth modes increases between 25-40 Hz as
the aspect ratio changes from 0.5 to 2. Comparing
the results obtained for C2 and other stacking
sequences, it is interpreted that the natural
frequencies of C2 are affected less than those of C1,
C3, C4, and C5. Table 9 gives the critical buckling
load of the single-bay C1 laminated composite arch
plate frames with various aspect ratios.
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Table 9. The critical buckling loads of the single-bay C1
laminated composite arch plate frames having four
different aspect ratios

Aspect Ratio (a/b) Pe (N)
0.5 111510
1 55655
1.5 37033
2 27720

It is seen from Table 9 that the critical buckling load
decreases as the aspect ratio increases. The same
behavior is observed for all stacking orders.

Figs. 11 and 12 show the first unstable regions of
such structure as the aspect ratio changes.
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Figure 11. The first unstable regions (a = 0) of the single-bay laminated composite curved plate frame structure having

C1 stacking order and different aspect of ratios
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Figure 12. The first unstable regions (a = 0.5) of the single-bay laminated composite curved plate frame structure

having C1 stacking order and different aspect of ratios

It is inferred from Figs. 11 and 12 that the aspect
ratio of the curved frame structure does not affect
the instability region considerably. The unstable
region moves towards the origin as the aspect ratio
increases. As the dynamic load factor increase, the
unstable region slightly widens and moves away
from the origin.

3.4. Two-bay structure

The first ten natural frequencies, critical buckling
loads, and the first unstable regions of the
laminated composite two-bay curved plate frame
structure shown in Fig.13(a) are evaluated. The
loading case shown in Fig.13(b) is the same as that
of the single-bay structure. The radius of curvature
is chosen as Rw=2a and the aspect ratio is
considered as a/b=1. All analyses are performed
under fixed from all ends of columns.
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(b)

Figure 13. (a)The distributed loading condition and (b)
the equivalent point loading condition of two-bay
laminated composite curved plate frame structure

According to the results given in Table 10, the first
seven natural frequencies of the two-bay structure
are higher than those of the single-bay structure.
Contrarily, the eighth - tenth natural frequencies of
the two-bay structure are lower than those of single
- bay structure. Similar interpretations made for the
two-bay curved plate frame structure with C1
stacking order can be made for other stacking
orders. Comparing the mode shapes of the two-bay

Parametric Resonance Frequency (Hz)

—%¥— Single-Bay

4" —¢— Two-Bay

0
0 0.5

structure and single-bay structure with C1 stacking
order given in Appendices A and C, it is seen that the
first, second, and fifth modes of the single-bay and
two-bay structure are identical whereas other
modes are different. Among those different modes,
the sixth and eighth modes of the two-bay structure
are completely different from those of the single-
bay structure while the rest are shifted modes (i.e.,
the third mode of the single-bay structure shifted to
the fourth mode for the two-bay structure). The
critical buckling load of the two-bay structure is
higher than that of the single-bay structure, as
expected.

Table 10. The first ten natural frequencies and critical
buckling load of the laminated composite two-bay curved
plate frame structure

Natural Two-Bay Single-Bay
Frequency (Hz) Structure Structure
A 7.237 6.880
A2 30.478 27.960
A3 39.935 34.545
v 45.817 44.873
As 49.265 45.060
As 51.555 45.644
A 52.266 49.210
As 57.355 63.898
e 58.161 64.798
Ao 61.612 100.030
Critical Buckling Load 87091 56315

(N)

Figs. 14 and 15 show the first unstable regions of the
laminated composite two-bay and single-bay curved
plate frame structure with C1 stacking order

Unstable Region

1.5

Dynamic Load Factor (%)

Figure 14. The first unstable regions (a = 0) of the two-bay and single-bay laminated composite curved plate frame

structure having C1 stacking order.
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Figure 15. The first unstable regions (a = 0.5) of the two-bay and single-bay laminated composite curved plate frame

structure having C1 stacking order.

According to Figs. 14 and 15, the first unstable
regions of the two-bay structure are closer than
those of the single-bay structure. The area of the
first unstable regions of the single-bay and two-bay
structures are almost the same. The first unstable
regions move toward the origin as the static load
factor increases from 0 to 0.5 for both single-bay
and two-bay structures.

4. Conclusions

In this paper, dynamic and buckling analysis of the
laminated composite arch plate frame structures is
investigated. The first ten natural frequencies,
critical buckling loads, and the first unstable regions
are examined considering the radius of curvature,
aspect and fiber
structures. Besides,

ratio, orientation of these
the two-bay structure is

investigated. The following conclusions are drawn.

o Stacking orders have a considerable effect
on the natural frequencies, critical buckling load,
and the first unstable regions. It is seen that the
fiber angles of the first and last layers have the most
impact on the dynamic characteristics of the
structure. On the other hand, the fiber angles of the
mid-layers also affect the dynamical properties of
the curved plate frame structure. However, such an
impact is small when compared with that of the
fiber angles of the first and last layers.

o The radius of curvature of the laminated
composite arch plate frame structures has a
negligible impact on the first ten natural frequency

values, the critical buckling load, and the first
unstable regions.

o As the aspect ratio increases, all the natural
frequency values increase, except the first and the
second frequencies. Similarly, the critical buckling
in accordance with the
increment of the aspect ratio. On the other hand,
the unstable region does not change significantly.

load values increase

Without changing the width, the unstable region
moves slightly toward the origin as the aspect ratio
increases.

. The first seven natural frequencies of the
two-bay structure are higher than those of the
single-bay structure, whereas it is the opposite for
the eighth - tenth natural frequencies. The critical
buckling load of the two-bay structure is higher than
that of the single-bay structure, as expected. The
first unstable regions of the two-bay structure are
closer to the origin when compared with those of
the single-bay structure. The area of the first
unstable regions of these structures is the same. The
increment of the static load factor moves the

unstable region toward the origin for both
structures.
o The difference in the radius of curvature of

the laminated plate frame structure does not
of the
Contrarily, the aspect ratio and the stacking order

change the mode shapes structure.
affect the mode shapes considerably. The first two
modes are the same for every stacking order, the
radius of curvature, and stacking ratio. On the other
hand, other modes differ with respect to both
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stacking order and aspect ratio of the curved plate
frame structure. It is seen from Appendix B that the
mode shapes of the curved plate frame structure
having C1, C3, C4, and C5 stacking order are the
same, except for the third and fourth modes. On the
other hand, the mode shapes of the structure
having C2 is different for several modes. Such a
difference becomes more apparent as the aspect
ratio of the structure changes.

. It is seen that the first, second and fifth
modes of the single-bay and two-bay curved plate
frame structures are identical. On the other hand,
the sixth and eighth modes of the two-bay structure
are completely different from those of the single-
bay structure while the rest are shifted modes (i.e.,
the third mode of the single-bay structure shifted to
the fourth mode for the two-bay structure).
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Appendix — A: The First Ten Mode Shapes of the Single-Bay Curved Plate Frame Structure Having Different

Stacking Orders
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Appendix — B: The First Ten Mode Shapes of the Single-Bay Curved Plate Frame Structure Having Different
Aspect Ratios for C1, C2, C3, C4, and C5 Stacking Orders
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Appendix — C: The First Ten Mode Shapes of the Two-Bay Curved Plate Frame Structure Having C1 Stacking
Order and a/b=1 Aspect Ratio

Mode 10
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Abstract

Determination and assessment of residual stresses are crucial to prevent the failure of the components
used in defense, aerospace and automotive industries. The objective of this study is to present a
material method to accurately predict the residual stresses induced during machining of Inconel 718.
Orthogonal cutting tests were performed at various cutting speeds and feeds, and the residual stresses
after machining of Inconel 718 were characterized by X-ray diffraction. A viscoplastic self-consistent
crystal plasticity model was developed to import the microstructural inputs of this superalloy into a
commercially available finite element software (Deform 2D). In addition, same simulations were carried
out with classical Johnson - Cook material model. The simulation and experimental results showed that
the crystal plasticity based multi-scale and multi-axial material model significantly improved the
prediction accuracy of machining induced residual stresses of Inconel 718 when compared to the
existing model, and it can be used to minimize the surface defects and cost of production trials in
machining of difficult-to-cut materials.

Keywords
Machining; Inconel
718; Crystal Plasticity;
Turning; Deform 2D

Kristal Plastisite Modellemesi ile Inconel 718 Alasiminin Islenmesinde
Artik Gerilmelerin Dogru Tahmini
(071
Artik gerilmelerin belirlenmesi ve degerlendirilmesi, savunma, havacilik ve otomotiv endistrilerinde
kullanilan bilesenlerin arizalanmasini 6nlemede ¢ok dnemlidir. Bu ¢alismanin amaci, Inconel 718'in
islenmesi sirasinda olusan artik gerilmeleri dogru bir sekilde tahmin etmek igin bir malzeme modeli
sunmaktir. Ortogonal talash imalat testleri, cesitli kesme ve ilerleme hizlarinda gergeklestirilerek,
Anahtar kelimeler Inconel 718'in islenmesinden sonraki artik gerilmeler, X-Ray 1sin kirinimi ile karakterize edildi. Bu stiper
Talagh Uretim; Inconel  alasimin mikroyapisal girdilerini ticari olarak temin edilebilen bir sonlu eleman yazilimina (Deform 2D)

718; Kristal Plastisite;  aktarmak icin bir viskoplastik kendi iginde tutarli kristal plastisite modeli gelistirildi. Ayrica simlasyonlar
Tornalama; Deform 2D Klasik Johnson - Cook malzeme modeli ile ayni isleme parametrelerinde yapildi. Bu calismada elde edilen

similasyon ve deneysel sonuglar, kristal plastisite tabanh gok 6lgekli ve ¢ok dlgekli malzeme modelinin,
mevcut modele kiyasla Inconel 718'in isleme kaynakli kalinti gerilmelerinin tahmin dogrulugunu 6nemli
Olctide gelistirdigini ve ylzey kusurlarini en aza indirmek igin kullanilabilecegini gostermistir. Gelistirilen
bu model, kesilmesi zor malzemelerin islenmesinde yiizey kusurlarini ve {liretim denemelerinin
maliyetini en aza indirmek igin kullanilabilir.

© Afyon Kocatepe Universitesi
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1. Introduction

Nickel-based super alloys (Inconel 718 etc.) have
wide application prospects in the field of aerospace,
automotive and defense industries due to their
superior mechanical properties, and ability to
maintain the mechanical performances at high
temperatures (Amato et al. 2012). Although Inconel
718 alloy has a relatively high yield strength (700-
1200 MPa), tensile strength (900-1600 MPa),
corrosion resistance and oxidation resistance, it is
one of the difficult to cut materials due to the high
strain hardening tendency and high toughness
1997).
Therefore, it isimportant to determine the optimum

during deformation (Rahman et al.

cutting parameters with simulations before
machining to reduce the manufacturing cost, avoid
the surface defects and assure the surface integrity
(e.g., stress)

component performance, longevity, and reliability.

residual requirements for the
Workpiece materials experience high temperatures
during machining due to the severe plastic
deformation in the primary shear zone to remove
the unwanted materials and produce the desired
shape. Static and dynamic recrystallization occurs at
elevated temperatures during cutting operations
(Jawahir et al. 2011). The microstructural changes in
the cutting process significantly influence the
mechanical performance and quality of machined
parts (Rotella et al. 2013). Therefore, it is required
to include the microstructural features into the
machining simulations to accurately predict and
evaluate the final performance of the machined
components. Residual stress after machining is one
of the most significant factors that affect the
material performance. In particular, the residual
stress achieved by the final machining process has
an impact on the surface integrity, fatigue life and
several other performance indicators.

Several research efforts have been conducted to
enhance the knowledge of the machining induced
residual stresses in cutting of Inconel 718 alloy.
Since the measurement and modelling of this
phenomenon are difficult, the findings of previous
studies show significant inconsistencies and even
there is a discrepancy in its modes (tensile
(Arunachalam et al. 2004, Sharman et al. 2006) or

compressive residual stress (Hua et al. 2006))
because the magnitude and type of the residual
stresses can change with the workpiece material as
well as the cutting parameters and cutting tool
geometry. Residual stress of the machined parts can
be measured experimentally by X-ray diffraction
(Jacobus et al. 2000) in combination with the
electropolishing process to get more accurate
residual stress (Outeiro et al. 2006). However, this
method is expensive and time consuming to analyze
the surfaces for each cutting conditions. Therefore,
the experimental results are mostly integrated with
analytical-empirical and numerical models or used
to validate the simulations. Analytical modelling
may show close agreements with the experimental
results, but it is difficult to apply for all workpiece
materials due to the simplifying assumptions. Liang
and Su (2007) developed an analytical model to
predict the surface and subsurface residual stress
profiles in orthogonal machining. Cutting tests were
performed to validate the model under various
cutting conditions of steel workpieces. Agrawal and
Joshi (2013) predicted the residual stresses in
orthogonal machining of AISI 4340 steel with an
analytical model based on the contact stress in the
machining zone and cutting temperature. In their
study, the plastic stresses were evaluated by two
algorithms because the accuracy of hybrid
algorithms is better for low feed rates when
compared to the S-J model. An analytical elasto-
plastic model and a relaxation procedure (Ulutan et
al. 2007) were also used to estimate the residual
stresses with the thermal field of workpiece and
cutting forces acting on the workpiece during the
machining operation, and reduce the simulation
time. However, the agreement of the model
decreases with experimental data for the residual
stresses when approaching the machined surfaces.
With the advances in the computer technologies
and numerical models, finite element (FE)
simulations are also combined with constitutive
material models to predict the machining induced
residual stresses. Although many material models
were developed for the elastic and thermal
properties of Inconel 718, Johnson - Cook plasticity
model (1983) including the hardening law and

hardening rate as well as the thermal softening is
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widely used to simulate the machining operation.
Outerio et al. (2008) developed a three-dimensional
finite element model to investigate the residual
stresses on the machined and sub-surfaces. The
simulation and experimental results showed that
high tensile stresses occur on the machined surface
while compressive residual stresses exist in the
subsurface. It was also found that coating of the
cutting tools causes high tensile stresses on the
machined surface for Inconel 718 alloy and AISI 316L
steel. Salio et al. (2006) predicted the residual
stresses in orthogonal machining of Inconel 718
with an implicit FE model based on the updated
Lagrangian formulation (Strenkowski and Carroll,
1985), and compared the simulation results with
analytical models and experimental measurements.
In that model, the residual stress results were in a
good agreement within the 100 um from the
machined surface when assumed a rigid plastic
constitutive law. Torrano et al. (2011) presented an
explicit finite element code in Abaqus for a turning
operation of Inconel 718 and compared the residual
stress predictions with other two commercially
available software (Deform and AdvantEdge) since
different material behavior laws are used in these
programs. All three simulations showed that only
qualitative information can be obtained about the
machining induced residual stresses with finite
element models. Jawahir et al. (2011) concluded
that the magnitude of the predicted residual
stresses deviate significantly for different workpiece
materials although the cutting temperatures, forces
and chip compression ratio are similar, and the
uncertainty can be as large as 160% with the same
material model used to simulate the machining of
steels and Inconel 718 (Kortabarria et al. 2016).

The numerical simulations mentioned above
showed that the material constitutive laws are
critical to establish a finite element model of the
machining process, and important to accurately
predict the machining induced residual stresses.
Therefore, several material models were used to
simulate the plastic deformation during cutting
operation. In the THAN material constitutive model
(Calamaz et al. 2008), the strain softening effect is
added to the Johnson - Cook (J-C) plasticity model to
study the effect of strain softening phenomena as

well as temperature and strain dependence of the
flow stress. Hollomon’s law (Dixit et al. 2011)
includes the empirically determined hardening
parameters and provides a good approximation of
plastic deformation although it significantly deviates
at low strains. Ludvik’s Law (Dixit et al. 2011) is a
modified version of the Hollomon’s law, and also
includes the yield strength of the material. Both
models are extensively used in the metal forming
process. The modified Mohr-Coulomb model
Sjoberg et al. (2018) was also used to characterize
the fracture behavior of Inconel 718 at elevated
temperatures. The tensile test performed at various
temperatures showed that the strains of this model
agree well with the experimental data of Inconel
718. This model was also implemented to the
machining prosses by Silva et al. (2020) to predict
the residual stresses in orthogonal cutting of Inconel
718. Since this model takes into account the effect
of strain rate, temperature, stress triaxiality and
lode angle, the accuracy was enough to investigate
the effects of cutting parameters and tool
orientation on the machining induced residual
stress.

Earlier studies proved that utilizing viscoplastic self-
consistent (VPSC) crystal plasticity model, which
microstructural classical

covers changes over

material models at macroscale, improves the
accuracy of the finite element results (Bal, 2018,
Onal et al. 2015, 2014). In addition, accurate
residual stress prediction is of utmost importance
for the prevention of manufacturing trials and
improve surface integrity and quality. However, to
the best of authors’ knowledge, a crystal plasticity
based material model has never been proposed yet
to predict residual stress after machining of Inconel
718. The objective of this work is to present a
multiscale modelling approach to accurately
quantify the residual stresses induced during
orthogonal cutting of Inconel 718. For this purpose,
cutting tests were performed at various cutting
parameters, the transient force components were
measured, and the machining induced residual
stresses predicted by VPSC model were compared
with the classical Johnson - Cook material model

results and X-ray diffraction measurements.
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2. Material and Methodology

Orthogonal dry cutting tests were conducted on
Inconel 718 alloy by a CNC lathe at various cutting
speeds and feeds which were compiled from a
machinery handbook. Inconel 718 workpiece was a
50 mm diameter round bar with a chemical
composition of Ni (53.89 wt.%), Cr (17.81 wt.%), Mo
(2.89 wt.%), Nb (5.10 wt.%), Ti (0.96 wt.%), Al (0.51
wt.%), Fe (Bal.) and the impurity amounts of C, Mn,
Si, P, S, Co, Ta, B and Cu. It was also annealed at 954
°C, quenched in water and aged at 750 °C for 8 hours
by the manufacturer to obtain a hardness of 43 HRC.
CVD coated carbide grooving tools (Korloy
MGMN300-M - NC3120) were used with a rake and
relief angles of 5 degrees, and a cutting-edge radius
of 2 um. The workpiece material was first machined
with a turning tool and grooves were then made to
obtain 3 mm wide ribs for the orthogonal cutting
Hata!
bulunamadi.. During the machining, the transient

tests as shown in Basvuru kaynagi
cutting and trust forces were measured by a Kistler
force dynamometer, and a multifunction PCI Card
was used to acquire the signals at a sampling rate of
1 kHz and convert the voltage inputs into the force.
Average steady state forces were calculated in
Matlab to compare with the predicted forces of the

VPSC and J-C models.

Cutting
Direction

{
\ Forc

Dynamometer

A

-A
Figure 1. Orthogonal cutting test setup

The residual stresses on the machined surface at
different cutting conditions were analyzed by the X-
ray diffractometer (Bruker D8 Discover), operating
at 40 kV and 40 mA with a Cu-Ka radiation source
(wavelength = 1.5406 A). After all the cutting tests,
the workpiece was placed on the Euler Cradle
mechanism to orient during measurements. The

strains in the crystal lattice of Inconel 718 were first
measured on machined surface with various
diffraction peaks and then, the sin’)) method
Fitzpatrick et al. (2005) was used with a limited
penetration of X-rays and elastic constants to
calculate the machining induced residual stresses as
presented in Results and Discussion part.

The mechanical behavior of Inconel 718 was first
determined by a uniaxial tensile test using a
universal mechanical testing system (Instron 8801)
through the ASTM E8/E8M standard (Tadano et al.
2012) at ambient temperature and a strain rate of
0.01 s*. Corresponding mechanical behavior was
used to determine the Voce hardening parameters
of Inconel 718 via the crystal plasticity simulations
discussed in the subsequent section.

Machining process changes the microstructure of
workpiece materials in micro and nano scale due to
the high strain interactions, strain rates and
temperatures. The microstructure and mechanical
properties of the machined surface can be
controlled with a proper selection of the cutting
parameters. In this study, the machining induced
residual stresses were predicted and analyzed by a
VPSC model to

understanding of the surface integrity of Inconel

provide a comprehensive
718 parts after machining. Orthogonal turning tests
were also performed to validate the reliability of the
VPSC model, and the model was compared to the
Johnson - Cook constitutive model with respect to
the deformation response of the workpiece

material.
2.1 Johnson - Cook Plasticity Model

The residual stresses in the orthogonal machining of
Inconel 718 were first predicted with the Johnson —
Cook (J-C) constitutive model (Johnson and Cook,
1983) to compare with the multi scale material
model (VPSC). The J-C model describes the plastic
deformation behavior of the workpiece material at
large strains, strain rates and high temperatures,
but microstructural effects are not included in this
material model. The flow stress in the J-C plasticity
model is expressed as

orc = (A + Be™) (1 +Cln (é)) (1 - (;;n__?o)m) (1)
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where A is the yield strength, B is the hardening
modulus, n is the strain-hardening exponent, C is
the strain rate sensitivity, m is the thermal
sensitivity, T,,, is the melting temperature, € is the
strain rate, &, reference strain rate of the workpiece
material and T, is the ambient temperature. All of
the parameters were compiled from (Grzesik et al.

2017) and listed in Table 1.

Table 1. Johnson - Cook Model Parameters for
Inconel 718 (Grzesik et al. 2017)

A [MPa] 1012
B [MPa] 511

c 0.0271
n 0.396
m 4.33
T, [C°] 20

T, [C°] 1277

The Johnson - Cook material model with Cockcroft
Latham fracture criteria was implemented in the
Deform 2D finite element software to simulate the
cutting process for the same cutting parameters
used in the experiments and VPSC model, and
estimate the machining induced residual stresses.
Critical value of failure criteria was chosen 500 by
calculation the area under the stress strain curve
through the ultimate tensile strength of the
material. The fixed displacement boundary
condition was applied to the cutting tool at x and y
direction while the workpiece was only fixed at y
direction. It is assumed that the small amount of
heat transfer occur between the cutting tool and
workpiece so the heat transfer coefficient was taken

as a 10000 (W/m?*°C).

2.2 Crystal Plasticity Formulation

The viscoplastic self-consistent (VPSC) model
written in FORTRAN 77 was utilized to obtain a
material model that captures the microstructural
features (Lebensohn and Tomé, 1993). In particular,
hardening parameters on the slip system level were
determined by means of uniaxial stress-strain
response (Bal et al. 2018, 2016). Equivalent stress-

strain responses of Inconel 718 for each cutting
speed and feed combinations were then computed
using the same hardening parameters and velocity
gradients via the finite element modelling software.
As the multi axial deformation exists in the
crystal plasticity based

orthogonal cutting,

equivalent stress-strain responses were
incorporated in the finite element analysis to
achieve more close machining outcomes since the
deformation response of the loadings can only be
calculated after accurately formulating the process
and validating with the experimental data.

Deformation of Inconel 718 was modeled at the
microscopic level based on the uniaxial deformation
response of the machining process. In this approach,

the corresponding resolved shear stress can be

defined as
TRss = M;0; (2)
where m;] is the Schmid tensor and o; is the applied

stress in the vector forms for a system (s). The
nonlinear shear strain rate can be expressed as

L TRss n_ . (mio; "
Y =%o Tg =%Yo T(S) (3)

where y, is the reference strain rate, 7 is the

threshold stress at a strain rate of y, and n is the
inverse of strain rate sensitivity index. The plastic
linear form

strain rate can be written in a

(Lebensohn and Tomé, 1993);

& = [)/0 Z (mk0k> _ ]JJ' (4)

c(sec) ~
M;; (6)g;

c(sec) .

where M is the secant viscoplastic compliance

of the crystal by assuming the stress is related to the
polycrystal strain rate in each grain. This relation is
expressed as (Lebensohn and Tomé, 1993)

E = MZO55 + 5 (5)

where X denotes the applied stresses. The
deviations in the strain rate and stress can be
defined as

g;<=ék— Ek. (6)
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0) =05 = % (7)
where &, and g; are the local strain and stress in a
single crystal or grain level, respectively. The stress
equilibrium can be derived with the Eshelby’s

inhomogeneous inclusion theory (Eshelby, 2007) as
follows (Kocks et al. 1998).

§=—-M:6 (8)
where M is the interaction tensor defined as

M=n'(I1-5)"1:5:MGe) 9)
where M©€) js the polycrystal aggregate

compliance tensor, and S is the Eshelby viscoplastic
tensor. The macroscopic compliance can be
obtained by substituting Equations (3) and (4) into

Equation (7).
M(sec) — (Mc(sec): (Mc(sec)
1 c(sec) Vi (10)
+M) (M + 1))

The stresses of each grain at an applied strain rate,
and polycrystal
compliance can be calculated by solving the

crystal’s compliance tensor
Equations (3), (7) and (9) with an iterative approach.
The overall dislocation density rate is defined as

(Lebensohn and Tomé, 1993)

b= (kiyfp — kap} "] 1)

where k; and k, are the geometric constants
defined the statistical storage of the moving
dislocations (Kocks et al. 1998). The flow stress
described by the classic Taylor's hardening law is

given by
T=71y+ aub\/z (12)
where «a is interaction parameter of the

dislocations, u is the shear modulus of the
workpiece and b is the Burgers vector.

From the Equation (11), the flow stress rate can be
expressed as

i aubp
2/o

Substituting Equation (10) into Equation (12) leads

(13)

to

. aub aub .
t= QT g

When the Equation (12) is
substituted into the Equation (14), the flow stress

rearranged and

evolution rate is obtained;

. apb T—Tq) .
= D e -k (15)
n
where {k1 aT”b —k, T_ZTO} expresses the linear Voce

hardening term. Equation (15) can also be defined
as a function of the constant strain hardening rate,
0y, and saturation stress, 75, when the geometric
effects and threshold stresses are not available.

t= z {90 (:__TTO)} ™| (16)

n

In machining operations, the hardening can be
defined by the extended Voce law and the threshold
stress evolution is given by

0o
5 =19+ (11 + 0.1 —exp (— T_1)) 17)

where I' is the accumulated shear strain in the grain,
0,is the asymptotic hardening, and t;is the back-
extrapolated critical resolved shear stress.

2.1 Incorporation of the Crystal Plasticity Model
into Finite Element Simulations

Random texture was used during the crystal
plasticity computations. 7, is calculated as the ratio
of the experimentally determined vyield stress of
Inconel 718 to the Taylor factor (3.03 + 0.3) in multi-
grain structures (Tadano et al. 2012). Other
hardening parameters (ty, 6, and 6;) were
identified after VPSC computations (Figure 2). It
should be noted that 12 primary slip systems used
as crystal plasticity inputs were activated in the face
centered cubic crystal and the twinning mechanism
was neglected since it does not contribute to the
deformation during machining (Sui et al., 2021,
2018). VPSC model was used to calculate the
equivalent stress-strain response of uniaxial
deformation of Inconel 718 (Figure 3). Hata!l
Basvuru kaynagi bulunamadi. shows the
comparison of the predicted deformation response
and the tensile loading results. As shown in Hata!
Basvuru kaynagi bulunamadi., the agreement is
nearly exact except for the initial plastic
deformation as it is a common observation in the

crystal plasticity modelling (Bal, 2018, Bal et al.,,
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2016), and it indicates that the numerical solution is
adequate in predicting the stresses during cutting of
Inconel 718. The experimental results proved that,
the modelling of material deformation has been
the VPSC
material modelling was used for the prediction of

successfully carried out. Therefore,

the equivalent stress-strain graph with the same

hardening parameters.
2000
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o

g

g 1200 4

E Voce Hardening Parameters

a 800 ?. 1-0=315.1B MPa, 7,=780 MPa

o 0°=960. h"=4.25

=

e

= 400~
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o
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True Inelastic Strain [-]

o

Figure 2. Crystal plasticity modeling of Inconel 718.

The FE mesh was applied to each material to
observe the stress strain distribution. Then, the
VPSC material modelling was used to predict
equivalent stress strain distribution in the plastic
region. The velocity gradients for each cutting
condition must be obtained to simulate the texture
evolution by the VPSC modelling. The same Voce
hardening parameters were used in the crystal
plasticity based multi scale modelling to control the
activation of the slip modes during machining of
Inconel 718.

Table 2 shows the velocity gradients for a
combination of different cutting speeds and feeds
obtained via the Deform 2D software. The usability
and validity of this incorporation were utilized
successfully before (Onal et al. 2015, 2014).

Table 2. Velocity gradient tensors for machining of Inconel 718 at various cutting parameters

Feed Cutting Speed [m/min]
[mm/rev] 15 30 60
0.84 1 0 0.75 1 0 1.02 1 0
0.040 1 -042 0 1 -0375 0 1 -0.51 0
0 0 —0.42 0 0 —0.375 0 0 —0.51
1.01 1 0.27 0.89 1
0.050 1 —0505 0 1 —0135 0 1 —0445 0
0 0 —0.505 0 0 —0.135 0 —0.445
0.83 1 0 1.05 1 0 0.43
0.060 1 —0415 0 1  —0525 0 1 —-0215 0
0 0 —0.415 0 0 —0.525 0 0 —0.215
1.11 0 1.3 0 1.13
0.080 1 —0555 0 1 —065 0 1 —0565 0
0 0 —0.555 0 0 —0.65 0 —0.565
1.30 1 0 0.83 1 0 1.23 0
0.090 1 —065 0 1  —0415 0 1 —0615 0
0 0 —0.65 0 0 —0.415 0 0 —0.615
1.24 0 0.66 1 0 0.91 1 0
0.100 1 -0.62 0 1 -0.33 0 1  —0.455 0
0 0 —-0.62 0 0 —-0.33 0 0 —0.455

The velocity gradients for each cutting speed and

feed were computed as show in

Table 2. Hata! Bagvuru kaynagi bulunamadi. shows
the prediction of equivalent stress- strains with the
VPSC stress-strain

simulations. Equivalent

deformation responses of the machined materials
were computed by VPSC using 18 different velocity
gradient as an input data to define the plastic flow
characteristics of each samples seperately.
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Figure 3. Predicted Equivalent Stresses - Strains for Inconel 718 at the feeds of a) 0.040 mm/rev, b) 0.050 mm/rev, c)
0.060 mm/rev, d) 0.080 mm/rev, e) 0.090 mm/rev and f) 0.100 mm/rev

A commercially available finite element software,
STFC Deform 2D, was used to simulate the
orthogonal cutting process of Inconel 718 based on
the VPSC multiscale material
hardening law. In the simulations, the workpiece

model with Voce

and tool were modeled as an elastic plastic material,
and perfectly rigid, respectively. The dimension of
the workpiece was the 2 mm x 0.4 mm and cutting
tool geometry did not change the all the simulation.
Approximately 3000 and 1230 second order quad
elements with a minimum size of 0.004 mm and a
curvature angle of 30° were placed on the
workpiece and cutting tool, respectively. Dynamic
meshes were also concentrated in the cutting zone
as shown in Hata! Basvuru kaynagi bulunamadi. to
model chip formation more effectively. Hatal!
Basvuru kaynagi bulunamadi. shows the stresses
on the machined surfaces during orthogonal cutting
of Inconel 718 at a cutting speed of 30 m/min and
feed of 0.09 mm/rev. It should be noted that the

residual stresses were extracted after the machining
simulation when the workpiece temperature
reached to the ambient temperature (20 °C) for all
cutting conditions to minimize the effects of cooling
on the predictions.

Stress — X [MPa]
2000
1725
1450
1175
900
625
350

Figure 4. Predicted stresses of VPSC multiscale model on
the workpiece during machining of Inconel 718.

3. Results and Discussion
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In this section, the influence of cutting parameters
on the cutting forces, thrust forces and residual
stresses was investigated in machining of Inconel
718 since cutting speeds and feeds are limiting
parameters due to the low thermal conductivity,
high hardness and high temperature strength.
Cutting and thrust forces were first measured during
the orthogonal cutting tests and compared to the
forces predicted by the multiscale material model
and Johnson - Cook (J-C) constitutive model.
Comparison between the machining induced
residual stresses obtained by the X-ray diffraction
technique and estimated by the two models was

also presented.

3.1 Effect of Cutting Parameters on Cutting and
Thrust Forces

The transient principal forces acting on the cutting
tool were measured by a force dynamometer
mounted on the tool turret of CNC lathe during all
the cutting tests. The predicted and measured
average cutting and trust forces were calculated at
steady state condition for each cutting parameter
and shown in Hata! Bagvuru kaynagi bulunamad...
As expected, the increase in the machining forces
was fairly linear with the cutting speeds and feeds.
Increasing the feed influenced the rate of
experimental cutting forces greater than the thrust
forces. Although the VPSC model showed the same
trends for all cutting conditions studied, the cutting
force rate remained almost constant for a cutting
speed of 60 m/min in the J-C model predictions.
Moreover, the thrust forces predicted by the J-C
model were not influenced by the cutting speeds
and feeds used in the cutting tests. This might be
due to the simplified frictional model with a
Coulomb friction coefficient in the J-C material
model.

Although the cutting forces (tangential) were
greater than the thrust forces at all feeds for a
cutting speed of 15 m/min (Hata! Bagvuru kaynagi
bulunamadi.a), increasing the cutting speed led to a
reduction in the cutting forces at a feed of 0.04
mm/rev for a cutting speed of 30 mm/min (Hata!
Basvuru kaynagi bulunamadi.b) and at feeds
smaller than 0.08 mm/rev for a cutting speed of 60

m/min (Hata! Basvuru kaynagi bulunamadi.c) in

orthogonal turning of Inconel 718 with a coated
cutting tool. This could be due to the ratio of the
cutting-edge radius to the feed rate since the
apparent rake angle would be negative for small
uncut chip thicknesses and cause an increase in the
thrust forces. As can be seen from the Hata!
apparent
coefficient of friction increases with the feed and

Bagsvuru kaynagi bulunamadi., the

cutting speed for the cutting conditions used in the
machining tests.
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Figure 5. Effect of feeds on the cutting and thrust forces
at cutting speeds of (a) 15 m/min, (b) 30 m/min,
(c) 60 m/min.

As shown in Hata! Basvuru kaynagi bulunamadi.,
the influence of feeds on the thrust force reduced
significantly with the cutting speed. Thrust force
only increased by 82.5 N at a cutting speed of 60
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m/min when the feed was changed from 0.04
mm/rev to 0.1 mm/rev. It was also observed that
increasing the cutting speed slightly reduce the
cutting forces. All the experiments and simulations
showed that the VPSC material model can capture
the force trends better than the J-C model and it is
in closer agreement with the measurement results
for all the cutting conditions. This also indicates that
the microstructural inputs are indeed the main
factors and contribute to the prediction accuracy of
the cutting and thrust forces.

3.1 Effect of Cutting Parameters on Residual
Stresses

The machining induced residual stresses were first
measured by X-ray diffraction (XRD) after each
cutting tests as described in the section of Material
and Experimental Setup, and shown in Hata!
Basvuru kaynagi bulunamadi.. The uncertainty in
the XRD measurements is due to the variation of
diffraction peaks, incident angle and off-axis angle.
Within the
investigated, it was observed that the residual

range of the cutting parameters

stresses on the machined surface were mainly
tensile due to thermal strain associated with the
cutting process. The residual stresses were also
obtained from the machined surfaces of the finite
element analysis after the cutting simulation was
ended and the workpiece temperature were cooled
down to the ambient temperature. A line was then
placed onto the machined surface to extract the
nodal values and the average residual stresses were
calculated in Matlab for each cutting parameter.
Hata! Basvuru kaynagi bulunamadi. shows the
machining induced residual stresses as a function of
feed at cutting speeds of 15 m/min, 30 m/min and
60 m/min. The machining induces residual stresses
decreased significantly for a feed of greater than
0.09 mm/rev, and unlike the J-C constitutive model,
the viscoplastic self-consistent (VPSC) model could
capture this reduction for all cutting speeds. XRD
measurements showed that tensile residual stresses
occur in orthogonal machining of Inconel 718 with
positive rake angle coated inserts, except for a feed
of 0.1 mm/rev at a cutting speed of 15 m/min. Even
if the residual stress slightly reduced in the VPSC
model at this condition and became less tensile, it

was not compressive. On the contrary, the J-C model
predicted a sharp increase in the residual stress at
this cutting condition.

Although the residual stresses increased with the
cutting speeds, there were no significant trends
observed regarding the residual stresses with
respect to the feeds. Increasing the feed from 0.05
mm/rev to 0.08 mm/rev resulted in a reduction in
the residual stress by 14 MPa at a cutting speed of
60 m/min whereas it increased the residual stress by
360 MPa at 30 m/min. The maximum residual stress
(870 MPa) was measured at a cutting speed of 60
m/min for a feed of 0.09 mm/rev. Although the
same amount of material (120 mm?3/s) was removed
at a cutting speed of 30 m/min and a feed of 0.08
mm/rev, and a cutting speed of 60 m/min and a feed
of 0.04 mm/rev, the measured tensile residual
stress was approximately 320 MPa less at the higher
cutting speed condition. Since the thermally

dominant deformation contributes to the
magnitude of tensile residual stresses (Pawade et al.
2008), at high cutting speeds, most of the heat
generated during the machining process will be
transferred through the chips and the rate of the
heat dissipation into the workpiece decreases. This
may explain the reduction of residual stress in the
tensile direction. It should be noted that the trend
of the residual stresses may change with different
levels of cutting parameters. Measurement of the
cutting edge temperature would be required to
investigate the relative importance of the thermal
and mechanical effects.

As can be seen from the Hata! Basvuru kaynagi
bulunamadi., the agreement between the XRD
measurements and VPSC predictions increases with
the cutting speeds due to the higher contribution of
the thermal strains. Although similar trends were
observed between the experimental and
numerically predicted results, the experimentally
measured residual stresses were lower than the
predictions of Johnson - Cook (J-C) constitutive
(VPSC)

multiscale material model. The reason for this

model and viscoplastic self-consistent
discrepancy could be due to the nature of X-ray
beams because the measurements of residual

stresses are averaged from a finite volume of the
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workpiece material even if the X-ray beam is
focused on the surface of the workpiece material
(Noyan and Cohen, 1987), but they were compared
with the results extracted from the machined
surfaces. Since the magnitude of residual stresses
decreases significantly on the subsurface layers
(Hata! Bagvuru kaynagi bulunamadi.), the sublayers
contribute to the total diffracted
Therefore, it is expected that the predicted residual
than the XRD
measurements. Another possible reason is the

intensity.

stresses will be greater
inhomogeneous residual stress distributions on the
machined surfaces. Nevertheless, the VPSC model
improved the prediction accuracy by a maximum of
approximately 21% when compared to the J-C
material model in orthogonal machining of Inconel
718.
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Figure 6. Measured and predicted residual stresses in XX
direction at cutting speeds of (a) 15 m/min, (b)
30 m/min, (c) 60 m/min.

4, Conclusion

An unique multiaxial material model was
incorporated into machining simulation to obtain
more accurate results over classical material model.
Orthogonal dry cutting tests were conducted with
CVD coated grooving tools, and cutting force
components monitored each

were during

experiment. Residual stresses after each
experiment were determined by means of XRD. It
was found that the residual stress increases with the
cutting speeds although the feed does not have
considerably effects on it, and the VPSC model was
able to capture the trends of both cutting forces and
the residual stresses more precisely in orthogonal
cutting of Inconel 718. Overall, the proposed
material model can be wused in machining
simulations to catalyse the selection machining
parameters process, improve the surface integrity
of the machined part and decrease the cost of whole

machining process.
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Abstract

Wear behaviors of silane coated silica (SiO;) nanoparticle-filled glass fiber reinforced polymer
composites were investigated depending on the type of silane coating (KH550: y-Aminopropyl-
triethoxy-silane and KH570: y-Methacryloxypropyl-trimethoxy-silane) and nanoparticle percentages
within the polymer matrix. Unlike the cases given in most research studies, the silanized silica
nanoparticles were used as received. Therefore, the synergistic effects of silanization and nanoparticle
reinforcement were successfully applied since the silanization process was eliminated. The matrix
modification with the nanoparticles was carried out using an ultrasound homogenizer, and then the
modified matrix was reinforced with glass fibers. Scanned electron microscopy revealed the disperse
ability of silanized silica nanoparticles within the glass/epoxy composites. The wear behaviors of the
developed composites were investigated via a ball-on-disc tribology device. Wear track profiles were
obtained depending on the width and depth of the wear. The length of wear track and wear
mechanisms were determined by a stereomicroscope. The findings have shown that both types of silane
coating and silica nanofiller percentages significantly affected the wear rate of the composite
structures.

Silan Kaph Silika Dolgulu Cam/Epoksi Nanokompozitlerin Asinma
Davranislarinin Arastirilmasi

Anahtar Kelimeler
Cam elyaf; Nano silika;
Silan kaplama ajani;
Asinma testi; Asinma
mekanizmalari.

1. Introduction

Thermosetting fiber-reinforced polymer (FRP)
composites, commonly including epoxy, have a low
resistance to impact loads and show brittle failure
behavior and poor tribological properties (Kwon et

Oz

Silan kaph silika (SiO2) nanopargacik dolgulu cam elyaf takviyeli polimer kompozitlerin asinma
davraniglar,  silan  kaplama tipine (KH550: y-Aminopropyl-triethoxy-silan, KH570:  v-
Methacryloxypropyl-trimethoxy-silan) ve polimer matrisi icindeki nanopargacik yizdelerine bagli olarak
incelenmistir. Bircok arastirma calismasindan farkli olarak, silanize silika nanopargaciklar hazir bir
sekilde kullanildi. Bu nedenle silanizasyon islemi ortadan kaldirildigi icin silanizasyon ve nanopargacik
takviyesinin sinerjistik etkileri basariyla uygulandi. Nanopartikiiller ile matris modifikasyonu, ultrasonik
homojenlestirici kullanilarak gergeklestirildi ve ardindan modifiye edilmis matris, cam elyaflarla
guglendirildi. Taramali elektron mikroskobu, cam/epoksi kompozitler icinde silanize silika
nanopargcaciklarin dagilabilirligini gostermistir. Gelistirilen kompozitlerin asinma davranislari bir triboloji
cihazi ile incelenmistir. Asinmanin genisligine ve derinligine bagh olarak asinma izi profilleri elde
edilmistir. Asinma izinin uzunlugu ve asinma mekanizmalari bir stereomikroskop ile belirlendi. Bulgular,
her iki silan kaplama tipinin ve silika nanodolgu yiizdelerinin kompozit yapilarin aginma durumunu
onemli 6lglde etkiledigini gdstermistir.

© Afyon Kocatepe Universitesi

al. 2017, Wu et al. 2015, Zhao et al. 2019). They also
have poor thermal conductivity with high thermal
expansion coefficients (Kausar 2020). By keeping
the structural lightweight of the composites, the
polymer matrix materials can be modified with
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organic and inorganic particles (Deng et al. 2008) to
enhance the structural performance of the FRP
composites. Using secondary reinforcement
elements like nano or microstructures can provide
further improvements in the electrical, mechanical,
physical, and thermal properties of the FRP
composites (Bertasius et al. 2019, Liang and Wong
2017).

contribute to the out-of-plane properties of the

Moreover, matrix strengthening can
composites (Shokrieh et al. 2015). The common
additive materials that can be used as the secondary
reinforcing constituents are carbon nanotube (Tang
et al. 2013), graphene (Jia et al. 2018), silica (Panse
et al. 2016), titania (Rubab et al. 2014), alumina
(Mohanty and Srivastava 2015), and boron carbide
(Geren et al. 2021).

The enhancements obtained by the matrix
toughening with nano or
attributed to the

composite

microparticles are
reduced voids within the
laminates, improved resistance to
delamination failure of the laminates, and strong
interfacial adhesion bonding between the fibers and
the modified matrix (Kuzmin et al. 2016,
Muralidhara et al. 2020, Wu et al. 2015). However,
nanoparticles offer outstanding advantages even at
their

counterparts (Elango and Faudzi 2015). Because

very low contents than microparticle
nanoparticles have a high specific surface area that
conducts a bridging effect, leading to better crack

inhibition performance (Pun et al. 2019).

Silica (SiO;) nanoparticles are inorganic materials
and have widespread usage due to their very low
cost, high specific surface area, high-temperature
resistance, and nontoxic features (Megahed et al.
2019, Pun et al. 2019, Wu et al. 2015). Lazar et al.
(2018) used silica nanoparticles as a secondary
reinforcement to improve the bending strength of
glass FRP composites, and they obtained a nearly
40% increase at 0.75 wt.% of silica to epoxy resin
ratio. Yildirim et al. (Yildirim et al. 2017) increased
the thermal decomposition temperature values of
glass FRP composites with the addition of silica
nanoparticles by about 45 °C. However, silica
nanoparticles have poor disperse ability due to the
with  water

susceptibility of their reaction

molecules, and thus the, agglomeration commonly
becomes a challenging issue even at very low
dispersion percentages (Saberian et al. 2019, Wang
et al. 2019). The aggregation can also be attributed
to the high surface energy of the nanoparticles
(Ozsoy et al. 2017). The silica nanoparticles have
been chemically treated with silane coupling agents
to avoid agglomerations. The silane coatings can
better
nanoparticles and conduct a bridging effect,

provide dispersibility of the silica
obtaining higher mechanical and thermal properties

(Allahverdi et al. 2012).

There are several commercial silane coupling agents
such as KH550, KH560, KH570, and KH792 to
functionalize the silica nanoparticles. A significant
improvement in the adhesion can be achieved
between the reinforcing fillers and the matrix
material due to the presence of silane coupling
agents (Panin et al. 2019). In the literature, many
researchers have usually applied silanization
process to eliminate the disadvantages of silica
nanoparticles. Wu et al. (2015) used a KH550 type
silane coupling agent and highly reduced the
agglomeration of the nanoparticles within the epoxy
matrix. Zhang et al. (2021) compared the effects of
different silane coupling agents on the mechanical
and thermal properties of the polymer matrix. The
results showed that the KH550 and KH792 types of
silane coatings on silica nanoparticles provided
significant improvements compared to the KH560
and KH570 types. Wang et al. (2019) also reported
the better integration of KH550 considering the
properties of

SiOy/cellulose composites.

thermodynamical silanized

The polymer matrix composites reinforced with
several fibers and additive materials as fillers have
been subjected to wear in many engineering
of the
with modified matrix

applications. Therefore, investigations

reinforced composites
materials on the tribological properties have also
attracted researchers. Zhao et al. (2019) reported a
considerable reduction in coefficient of friction
(COF) and wear rate values of epoxy composites by
incorporating nano-sized boron nitride filler. Ozsoy

et al. (2017) dispersed microparticles (alumina,
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titania, and fly ash) into the epoxy and improved the
COF and specific wear rates; 20 wt.% of fly ash micro
fillers provided the best reductions. Silane coupling
agents also play an important role to achieve better
anti-wear properties. Panin et al. (2019) compared
two silane-containing modifiers (Penta 1006 and
KH550) for the wear properties of chopped glass
fiber-filled ultrahigh molecular weight polyethylene
composites. They reported that KH550 provided
more effective compatibility with the glass fibers, so
better tribological properties were obtained.

In this study, the effects of as received silane coated
silica nanoparticles on the wear behaviors of nano-
silica filled glass FRP composites were investigated.
Both KH550 (y-Aminopropyl-triethoxy silane) and
KH570
silane coated silica nanoparticles were dispersed

(y-Methacryloxypropyl-trimethoxy silane)

within epoxy at a weight ratio of 1.5% and 3%,
respectively. Then the modified polymer matrix was
reinforced with plain-woven glass fibers, acting as
the primary reinforcement. The wear loss, specific
wear rate, and wear mechanisms of the developed
composites were evaluated considering the type of
silane coating and nanofiller percentages.

2. Materials and Method

2.1 Composite Constituents and Manufacturing

The developed composites have consisted of plain-
woven glass fibers, epoxy resin set, and silanized
silica (SiO;) nanoparticles. Glass fibers have 2560
kg/m?3 density, 3400 MPa tensile strength, 73 GPa
tensile modulus, and the elongation at break of the
fibers is 2.75 %. Epoxy resin set consists of L160
epoxy resin and H160 hardener, which the materials
were mixed at a weight ratio of 100:25. The polymer
matrix has a density of about 1190 kg/m?3, and the
tensile, compressive, and impact strength values are

Disperse

approximately 75 MPa, 90 MPa, and 45 kJ/m?,
respectively. The elongation at break of the matrix
is between 5-6.5%. The silanized SiO, nanoparticles
have a particle size of 18-35 nm and a specific
surface area of 150-550 m?/gr. The types of silane
coatings were KH550 (y-Aminopropyl-triethoxy
silane) and  KH570  (y-Methacryloxypropyl-
trimethoxy silane). The amount of silane coatings
for both KH550 and KH570 is 3-4% with respect to
the amount of silica. The purity of silane-coated SiO,
nanoparticles is above 95.9% and 96.3% for KH550
and KH570, respectively. All these specifications
were obtained from the suppliers. The
nanoparticles were used as received; therefore, the
silane treatment process of silica nanoparticles was

eliminated.

The nanocomposites were manufactured in two
stages. Once the modified polymer matrix materials
were obtained and then they were reinforced with
glass fibers. The steps of the manufacturing process
are presented in Figure 1.

2.2 Microscopic Examinations

Scanned  electron (SEM) and
stereomicroscope were utilized in the present
study. The SEM was

dispersibility of silanized SiO, nanoparticles within

microscopy

used to analyze the

the glass/epoxy composites. The observations were
made via Quanta 650 Field Emission SEM device,
and to improve the image quality a very thin
conductive coating material was applied over the
specimens. The stereomicroscope was used via
Nikon SMZ1500
measure the wear track's length and determine the

stereomicroscope device to

wear mechanisms on the worn surfaces.

Ultrasonic omogenization

nanoparticles e )
of silanized SiO,/epoxy

—

into epoxy

Ensure sealing and
maintain the laminate
under vacuum for curing

emove cure
nanocomposite

breather, vacuum
bag over laminate

Cool the “Pour hardener “Stir and obtain
mixture into the mixture modified matrix
Place peel ply, Hand lay-up to all Reinforced matrix

stacked fabrics <+ with glass fibers

Figure 1. The manufacturing process of the silanized silica filled glass FRP nhanocomposites
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2.3 Wear Test

The wear tests were carried out to reveal the wear
behavior of the silanized nano silica filled glass FRP
composites. The investigations were made by
ball-on-disc  type
tribometer testing device (UTS Tribolog /www.uts-

utilizing a multi-functional
design.com, Turkey). The tests were performed as
dry rotating for a sliding distance of 400 m under 35
N normal load for approximately one hour. The
rotating speed was 125.6 mm/s and the ball
material was 6 mm diameter Al,Os. During the wear
tests, wear track profiles of the hybrid composites
were obtained according to the scanned distance
and wear depth.

To compare the rate of wear, the volume loss (V) of
the nanocomposites was determined. V values were
calculated based on the product of integrated area
of the wear track profiles and the average track
length (L). This procedure was also reported in the
literature (Aguilera-Camacho et al. 2021). Then the
specific wear rate can be calculated according to
Equations (1) and (2) (Aguilera-Camacho et al.
2021).

V=A, XL (1)
-
K== (2)

Where V is the volume loss (mm?3), Au: is the wear
track integrated area (mm?), L is the track length
(mm) that is measured on the worn surface with the
aid of a stereomicroscope, K is the specific wear rate
(mm3/Nm), F is the applied load (N), and S is the
sliding distance (m).

3. Results and Discussion

3.1 Analysis of Silanized Silica Nanoparticles’
Dispersibility

The dispersibility of silanized silica nanoparticles
within the polymer matrix were examined with SEM
images. Figure 2 presents the glass FRP (GFRP)
hybridized  with silica
nanoparticles depending on the type of silane
coating and filler percentages. The sizes of some

composites silanized

detected nanoparticles were measured, and the
values are given in Figure 2.

1.5 wt.%
KH550-SiO,

f 1.5 wt.%
G KH570-Si0;

CARAAEEAE =
Figure 2. SEM i
nanocomposites

mages of the silanized silica filled GFRP
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According to the supplier’s datasheet, the size of
nanoparticles is in the range of 18-35 nm. As shown
in Figure 2a (1.5 wt.% KH550 SiO; filler addition) and
2c (3 wt.% KH550 SiO; filler addition), nanoparticles’
sizes are below 35 nm. However, the sizes of some
nanoparticles are around 35 nm in Figure 2b (1.5
wt.% KH570 SiO; filler addition), and the sizes of
some nanoparticles are above 35 nm in Figure 2d (3
wt.% KH570 SiO; filler addition). It is evident that the
KH550 silane type has provided better integrity with
the polymer matrix, so improved adhesion bonding
was achieved. In the literature, Wang et al. (2020)
functionalized the glass/PVC composites with
KH550, KH560, and KH570. Their reported SEM
images showed that the KH550 type of coating
provided the best interfacial bonding of the glass
fibers. On the other hand, the use of KH570 type
silane coating did not finely homogenize the
nanoparticles into smaller grains at 1.5 wt.% filler
addition and did not prevent agglomeration at 3
wt.% filler addition. The poor dispersibility adversely
affects the load transfer between the matrix and the
reinforcements leading to weakness in mechanical
properties (Ulus et al. 2016, Zheng and Park 2019).

3.2 Wear Behavior

The wear resistances of the nanocomposites were
revealed based on the wear track profiles. The wear
depth versus scanned distance curves, given in
Figure 3, comparatively presents the wear track
profiles of the nanocomposites. Both the type of
silane coating and nanoparticle percentages have
significantly affected the wear behaviors. KH550
coated silica filled GFRP nanocomposite has
provided lower wear depth than that of KH570
coating, irrespective of filler percentages. On the
other hand, the maximum depth of wear values of
1.5 wt.% silica filled GFRP nanocomposites were
obtained at higher scanned distance values than
that of 3 wt.% silica filled GFRP nanocomposites,
irrespective of silane coating type. It can be inferred
that increasing the filler percentages has caused the
hybrid composite to be worn earlier.

0 T T T T T T

-50 F

-100

-150

Wear depth (um)

—— 1.5% KH550-Si0,/G/E
-250 |- —— 3% KH550-Si0,/G/E
—— 1.5% KH570-Si0,/G/E
—— 3% KH570-Si0,/G/E
300 . . . . . \

0 1000 2000 3000 4000 5000

Scanned distance (um)
Figure 3. Wear track profiles of silanized SiO: filled GFRP
nanocomposites.

The area (Awt) under the curves was shaded, as
shown in Figure 4. It can be seen that the area
obtained from both 1.5 wt.% and 3 wt.% filler
addition was found to be nearly the same for each
silane coating. However, KH550-SiO, fillers have
provided the GFRP nanocomposite to obtain a lower
track area than that of KH570-SiO,
irrespective of filler percentages. Because the dept

fillers,

of wear was observed higher in the case of KH570
silane coating. This could be due to the better
integration of the KH550 silane coating agent for
SiO; nanoparticles leading to improved interlaminar
adhesion between the glass fibers and the modified
matrix. Therefore, the resistance of KH550 coated
silica-filled GFRP nanocomposites against wear was
better, leading to a lower depth of wear. Panin et al.
(2019) also recommended applying silane coating of
KH550 for better anti-wear properties. On the other
hand, the higher depth of wear obtained with
KH570 coated silica-filled GFRP nanocomposites
could be attributed to the non-uniform distribution
of the nanoparticles, leading to poor interfacial
strength between the glass fiber and the matrix. The
agglomerations can weaken the load transfer and
accelerates the composites’ failure due to the stress
concentration around the agglomerates. Guo et al.
(2019) compared the silanization effects of KH550
and KH570 and reported that KH550 had more
impact on the conducting of strong adhesion
bonding that led to improved wear resistance.
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Figure 4. The area under the wear track profile (Awt) of
the silanized silica filled GFRP nanocomposites.

of the
using a

The length of wear track values
nanocomposites  was
stereomicroscope. As seen in Figure 5, the track
length was measured on the worn surfaces and
recorded from several locations. The average L
values and their standard deviations are written in

Table 1.

obtained

3 wt.%
KH550-SiO,

KH570-SiO,

Figure 5. Measurements of wear track length of the
silanized silica filled GFRP nanocomposites.
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When Table 1 is scrutinized, the approximate wear
track area (Awt) was found 0.25 mm? and 0.32 mm?
for KH550 and KH570 GFRP
nanocomposites, respectively, and there is no

coated silica
significant difference between the nanocomposites
having various filler percentages for each of the
silane coating types. Similar trend can also be seen
for other parameters in Table 1. The wear rate
values were approximately found 38x10® mm3/Nm
and 52x10® mm3/Nm for KH550 and KH570 coated
silica GFRP nanocomposites, respectively. KH570
silane coating for silica nanoparticles has caused
about 36-38% higher volume loss and specific wear
rate compared to the results of KH550.

The wear failure  mechanisms of the
nanocomposites were examined on the worn
surfaces using the Plastic
deformation and adhesion are the typical wear
mechanisms observed mainly for the KH550 silane
coated silica GFRP nanocomposites, as seen in
Figures 6a and 6¢. Because the worn surfaces are

seen wavy. The failure mechanisms for KH570 silane

stereom icroscope.

coated silica GFRP nanocomposites (Figures 6b and
6d) were developed in a severe condition compared
to the KH550. Also, wear debris particles, and pit
formations were more visible in Figures 6b and 6d.
Similar wear mechanisms were observed by Sharma
et al. (2020).

| 15wt%
KH550-SiO,

1.5wt.%
KH570-SiO;

3 wt.%
KH550-SiO,

| P ‘ : . v . . 2
o il A ' < —]

Figure 6. Stereomicroscope examination of wear
mechanisms of silanized silica filled GFRP
nanocomposites.
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Table 1. Wear results of the silanized silica filled GFRP nanocomposites.

Nanocomposites Auwt (mm?) L (mm) V (mm3) K (mm?/Nm) x 10°¢
1.5 wt.% KH550-Si0,/G/E 0.25299 2.098 (0.099) 0.531 37.91
3 wt.% KH550-Si0,/G/E 0.25290 2.114 (0.142) 0.534 38.19
1.5 wt.% KH570-Si0,/G/E 0.31527 2.322(0.136) 0.732 52.29
3 wt.% KH570-Si0,/G/E 0.31582 2.300 (0.064) 0.726 51.89

4. Conclusion

The effects of nano-silica percentages and type of
silane coating over the nanoparticles on the glass
FRP composites have been revealed based on the
wear behaviors. Both the filler amount and silane
type have significant effects on the results. Mainly,
the following conclusions can be drawn from the
study:

e Silane coating of silica nanoparticles with KH550
has provided better dispersibility than KH570.

e The wear grooves have become broader and
deeper for KH570 coated silica-filled GFRP
nanocomposites. The length and area of wear
track values were found to be approximately
10% and 25% higher when compared to that of
KH550 coated silica-filled GFRP nanocomposites.

e Increasing the silanized silica filler percentages
(irrespective of silane type) led to the wearing out
of GFRP nanocomposites at relatively lower
scanned distance values.

e The volume loss and specific wear rate values of
KH550 coated silica-filled GFRP nanocomposites
were 36-38% lower than that of KH570,
irrespective of the filler percentages.

debris

formations were the dominant wear

mechanisms for KH570 coated silica-filled GFRP
nanocomposites, the waviness of the worn

e While the wear particles and pit

surfaces observed for KH550 coated silica filled
GFRP nanocomposites has indicated the wear

mechanisms of plastic deformation and

adhesion.
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Ozet

Ortopedik metal implantlar fonksiyonun geri kazanilmasi amaciyla eklem ve kemik dokusunun onarimi

Anahtar kelimeler surecinde saglamligi korumak igin yaygin kullanilir. Implantlarin yiik tasima islevi géren bolgeye uygun

elastik modil degeri ve viicutta olusacak olumsuz etkileri 6nleyici biyouyumluluk 6zelliklerinin olmasi,
Sonlu Elemanlar

Analizi; Gyroid Kafes minimum gereksinimlerdir. Ideal implant malzemesi {izerine yayginlasmis ¢alismalar, yiksek mekanik

Yapi Tasarimi; dayanikhhk ve osteointegrasyon ozellikleri nedeniyle titanyum ve titanyum alasimli implantlar

Ortopedik implant; Uzerinedir. Ancak implantasyon sonrasi viicutta kalmasi istenen durumlarda biyoaktiviteyi daha da
Titanyum; Ul ' artirmak ve kemigin mekanik ézelliklerine yaklasmak amaciyla Giglii periyodik minimal yiizey (UPMY)

Periyodik Minimal kafes yapisina sahip gozenekli implantlar kullanilir. Calisma, istenen mekanik 6zellikleri ve gézenekler

Yiizeyler aras! hiicre hareketini saglamak icin kontrollii UPMY kafes yapilarindan gyroid gézenek yapisina sahip
lazer toz yataginda flizyon ile tiretimi planlanan Ti6AI4V ilk olarak 40-80% arasinda farkli gozeneklilik
oranlarinda tasarlanmistir. Ardindan her bir tasarim icin basma altinda mekanik dayanim ve
deformasyon davranislarini sonlu eleman analizi altinda incelemeye odaklaniimistir. Literatire
bakildiginda lazer toz yataginda flizyon ile lretilen gyroid Ti6Al4V yapilarin basma testi sonuglari ile

karsilagtiriimis ve uyumlu sonuglar alinmistir.

Numerical Modeling of Compression Strengths of Ti6Al4V Gyroid
Structures Produced by Laser Powder Bed Fusion Technology

Abstract
Metal orthopedic implants are widely used to maintain stability during tissue repair in joint and bone

injuries to restore function. Elastic modulus values suitable for the area where the implants carry the

Keywords load-bearing part and have biocompatibility features that prevent harmful effects on the body are the

Finite Element minimum requirements. Widespread studies on the ideal implant material are on titanium and titanium
Analysis; Gyroid Lattice  g|loy implants due to their high mechanical strength and osteointegration properties. However, in cases
Structure Design; where it is desired to remain in the body after implantation, porous implants with triply periodic
Orthopedic Implant; minimal surface (TPMS) lattice structures are used in order to increase the bioactivity further and reach
Titanium; Triply the mechanical properties of the bone. In the study, Ti6Al4V with gyroid pore structure, one of the
Periodic Minimal controlled TPMS lattice structures planned to be produced by laser powder bed fusion technology, was
Surfaces designed with different porosity rates between 40-80%. Then, the focus is on examining the mechanical

strength and deformation behaviors under compression for each design with the finite element
analysis. The results of the study were compared with the compression test of gyroid Ti6Al4V structures
produced by laser powder bed fusion from the literature and consistent results were obtained.

© Afyon Kocatepe Universitesi
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1.Giris

Ortopedik cerrahide Ti6Al4V implantlar malzemenin
yuksek dayanikliligl, korozyon direnci, hafifligi ve
osteointegrasyon 6zelliklerinden dolayr yaygin
kullanilir (Chatterjee et al. 1999, Mittal et al. 2012).
En ¢ok arastirilan ve tercih edilen titanyum
biyomalzemeler ticari saf titanyum ve Ti6Al4V
alasimidir (Raju et al. 2015). Ti6Al4V, 6% (wt.)
aliiminyum ve 4% (wt.) vanadyum icerige sahip olup
oda sicakhginda a+B fazinda ikili mikro yapidayken,
saf titanyum a fazda tek mikro yapiya sahiptir. Bu
sebeple de Ti6bAl4V'den daha disik mekanik
(Navi 2020).
Ti6Al4V’'iin Ustin mekanik dayanimi sayesinde

dayanim gostermektedir et al.
kalga, diz, omurga implantlarinda ve maksillofasiyal
cerrahide kullanilan osteosentez mini plaklarda
tercih edilir (Depboylu et al. 2022).

Titanyumun elastik modild (110 GPa), paslanmaz
celik (200 GPa) ve kobalt-krom (230 GPa) ile
karsilastirildiginda kortikal kemige (0,4-28 GPa)
daha yakin (Balaban ve Cimenoglu 2007) olmasina
ragmen bu implantlarin ¢ikarilma nedenlerinden biri
yine orantisiz elastik modil degeridir. Piao vd.
(2014) ve Ridzwan vd. (2007) makaleleri yuksek
elastik modil sebepli implant kaybini ortaya
koymuslardir. Bu sebeple Ti6Al4V implanti gozenekli
bir yapi olarak tasarlanarak implant elastik moddl
degeri kemiginkine yaklastirilir ve "Stres Koruma"
etkisi 6nlenmis olur. Bu etkinin anlami, implantin
tedaviden sonra yiki tasimaya devam etmesi
sonucunda kemigin eski yogunluguna ulasamamasi
ve zayiflamasidir. implantlarda kontrolli gdzenek
yapisi ve gozenek orani, kemik dokusunun implanta
daha iyi entegre olmasini saglayarak besin
aktarimini destekler ve daha glicli bir biyolojik
ortam olusturur (Ataee et al. 2018). Cesitli gdzenek
yapilari, in-vitro ortamdaki hiicre davranisini kontrol
etmek icin fizyolojik bir mekanizma gorevi gorebilen
kemik hucrelerinin hareketini ve metabolizmasini

etkileyebilir (Yoo 2011).

Gozenekli hiicresel yapilara bakildiginda stokastik
hiicresel, digeri de stokastik olmayan hicresel
yapilar olarak iki gruba ayrilir. Stokastik yapi, enerji

soguran aclk hiicre ve yliksek sertlik saglayan kapal
hicre olarak iki grupta siniflandinilir (Sharma and
Hiremath 2021). En bilinen yapilari stngerlerdir.
Stokastik olmayan hiicresellere kafes yapilar 6rnek
verilir, kiris tabanli veya yaprak/ag tabanli olabilirler.
Kiris tabanlilar icin en bilinen yapilar octet-truss,
kelvin, bal petegi iken yaprak/ag tabanlilar icin Uclii
Periyodik Minimal Yiizeyler (UPMY) érnek verilebilir.
Kafes vyapilar 2d ve 3d sirali organize birim
hiicrelerden olustuklari icin, siinger yapilara gore
deformasyon lzerinde daha glvenilir ve kontrolll
yapilardir (Tao and Leu 2016).

Ancak son arastirmalarda UPMY benzersiz biyolojik
ve mekanik davraniglari nedeniyle odaklanilan
matematiksel modeller olmustur (Shi et al. 2018)
(Sekil 1). Konkav (icbikey) ve konveks (disbiikey)
ylzeylere bakildiginda konkav vyizeyler egimli,
konveksler ise planar (dlzlemsel) yiizeyler olarak
tanimlanir. Konkav ylizeydeki mekanik kuvvetlerden
dolayi hicreler bu vyizeylerde cekme gerilmesi
olusturur bu da hiicre biylmesine olumlu etkide
bulunur. Diger yandan konveks ylizeylerde bu oran
daha dusliktlir (Rumpler 2008, Lehder et al. 2021).
Kisacasi konkav ve konveks ylizeylerin hiicre
biiylimesini destekliyor olmasi UPMY ile galismayi

mantikh kilmaktadir.

Hucre Duvar
~_.-2-Kalinhgi

—_—
|
g;)
N

Birim Hucre Boyutu
3x3x3 mm

Gyroid Kubik Tasarim
6Xx6X6 mm

6 mm 1

igedrde

m
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w2

Sekil 1. Bilgisayar Destekli Tasarimi Gyroid Birim Hiicresi

ve Gyroid Kiibik Pargasi

UPMY’ler
karsilastirildiginda tG¢ 6nemli 6zellige sahip oldugu

diger gozenekli yapilarla

271



Lazer-Toz Yatadinda Fiizyon ile Uretilen Ti6AI4V Gyroid Yapilarin Basma Dayanimlarinin Niimerik Modellenmesi, Depboylu vd.

gorilmektedir. ilk olarak UPMY értiilii (implicit)
ylzeylere sahiptir, yani basitlestirilmis haliyle
@(x,y,z)=C ve C sabiti ile matematiksel denklemler
olarak ifade edilirler. ikinci olarak UPMY’ler ii¢
bagimsiz yonde periyodiktirler. Dagilim, sira ve
periyodlari, fonksiyon parametreleri ile kontrol
edilmeye elverislidirler. UPMY’ler, geometri dilinde
sifir ortalama egrilikli minimal ylzeyler olarak
tanimlanir. Her noktadaki temel egriliklerin toplami
sifirdir. Tim noktalarda esit olarak konveks ve
konkav olduklari bu nedenle hiperbolik olduklari
belirtilir. Sabit bir sinir egrisinde minimal bir ylizeyin
alani, ayni sinira sahip diger ylzeylere gore daha
2022). UPMY piiriizsiiz

ylzeylerine tipik bir 6rnek yilzey gerilmelerinin

fazladir. (Feng et al.
ylzey alanindaki her noktada minimize edilmeye
calisildigi sabun koplik filmidir (Torquato et al. 2004,
Sharma and Hiremath 2021). Bu minimal ylzeyler
istenilen mekanik ozellikleri saptamak igin farkh
periyodiklik ve bagl yogunluk ile kontrol
edilebilirler. Ayrica UPMY’ler dogada bulunan nano
gozenekli zarlara ve trabekiller kemik vyapisina
benzerlikte gostermektedir. Boyut sinirlayici
gbzenek ara baglantilarinin olmamasi nedeniyle de
UPMY gecirgenliginin kiris tabanli hiicresel yapilara

gore 10 kattan fazla oldugu gézlenmistir (Yoo 2011).

UPMY’ler yukarida da belirtildigi gibi matematiksel
denklemlerle ifade edilmektedirler ve seviye set
denklemleri  tarafindan  Fourier  serisi ile
gorsellestirilebilirler (Esitlik 1). F(k) genligi k gift
tarafli vektort ile iliskilendirilir, a(k) ise faz
kaymasidir. ¢(r) 0’dan kigik ve esit oldugunda
dolu bolgeyi tanimlarken 0’dan biylk oldugunda
bos boélgeyi tanimlar. 0’a esit oldugunda ise es ylizeyi
ifade eder bunun anlami yari hacimde dolu ve yari

hacimde bosluktur.

o) = YxF(k)cos[2rk.r —a(k)] =0 (1)

UPMY vyaklasik ifadeleri Esitlik 2-7 arasinda
gosterilmektedir. Formiullerde x=2nX/Ly y=2mY/L,,
z=2nZ/L, olarak tanimlanirken L (¢ yonde birim
hiicre boyutunu gosterir, ¢ sabiti bagil yogunluk
degerine karar verir, 6rnegin ¢ degeri sabit ise bagil
yogunlukta sabitken kademeli bagil yogunlukta c
degisken olarak tanimlanir. Genel olarak UPMY’ler
bir hacme ve kalinhga sahip olmayan plrizsiz
ylzeylerdir (Yan et al. 2015). Bu sebeple UPMY
gozenekli yapilarini olusturmak igin cisimlestirme
(materialization) sirecine ihtiya¢ duyulur. Kati
upPmy

bulunmaktadir. ilki, minimal yizeyler tarafindan

icerisinde olusturmada iki yaklasim

ayrilan hacmin katilasmasidir ve kati-ag tabanl
UPMY olarak adlandirilir, digerinde ise minimal
yizeyler iki tarafli kalinlasarak yaprak tabanli UPMY
adini alir (Sekil 2). Kati-ag UPMY, yaprak tabanli
UPMY’e gore daha az egrilik ve baglantisallik
sergilemektedir (Li et al. 2018). Bu nedenle yaprak
tabanli UPMY biyomedikal uygulamalarda tercih
edilmektedir.

@G = sinx.cosy + siny.cosz + sinz.cosx = c (2)
@P = cosx + cosy + cosz =c¢ (3)
@D = sinx.siny.sinz + sinx.cosy.cosz +

€0Sx.Siny.cosz + cosx.cosy.sinz = ¢ (4)

oL = G) .(sin2x.cosy.sinz +

sin2y.cosz. sinx + sin2z.cosx. siny) —

(%) .(cos2x.cos2y + cos2y.cos2z) = ¢ (5)

@Neovious = 3(cosx + cosy + cosz) +

4.cosx.c0Sy.c0SzZ = C (6)

@IWP = 2(cosx.cosy + cosy.cosz +
cosz.cosx) — (cos2x + cos2y + cos2z=c  (7)
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Sekil 2. Kati-Ag (Sol) ve Yaprak Tabanli (Sag) UPMY Gyroid Olusturma Prensibi

Yaprak tabanli UPMY’nin daha fazla yiizey alanina
sahip olmasi hiicre yapismasina, hiicre gbéciine ve
tomurcuklanmaya katki saglar. Yani ylksek yiizey
alani biyolojik avantaj saglamaktadir. Dahasi kiris
tabanli (octet-truss, bal petegi) kafes yapilara gore
yumusak gegcisli

mekanik  olarak
olusturmakta ve

sonsuz devamhlikta ylzeyler,
diistk
yuksek

gerilim  noktalar

mekanik  dayanim
saglamaktadir. UPMY vyapilarin yiiksek gecirgenligi
sadece hiicre gogl icin degil ayni zamanda besin ve
blyliime faktérlerinin gecisine de olanak saglar
bunun anlami daha yiksek ve hizli vaskiilarizasyon
demektir (Vijayavenkataraman et al. 2018). Kemik
hasari onarimive rejenerasyonu icin kan dolasiminin
yeniden vyapilandiriimasi (neovaskilarizasyon) ve
fonksiyonun iyilesmesi 6nemlidir (Okazaki et al.
2019). Goézenek boyutunun UPMY’lerde &lciimdi,
belli sinir boyutlari olmadigi ve yumusak gegise
sahip yapilar olduklar icin zor olmaktadir. Bu
Uzerinden  tasarim

sebeple  duvar

yapilmaktadir.

kalinhg

Kafes yapilarin mekanik 6zellikleri bagil yogunluk
(Kafes yapinin yogunlugu / Malzemenin yogunlugu)
ile iliskilidir. Gibson-Ashby modeli de kafes yapilarda
bu bagil yogunluk ile dayanim ve/veya elastik modiil
iliskisini ortaya koyar (Burton et al 2019). Esitlik 8 ve
9’a bakildiginda, * kafes yaplyi, s temel malzemeyi
ifade ederken, c sabiti birim hiicre topolojisidir ve
her birim hiicre tipinde farkli degere sahiptir, n tissii
ise yapinin uzama mi egilme davranisinda mi
olduguna yani yapinin mekanik cevabina baghdir.

o)

E* *\ N
s=c&) o
Gyroid hiicre iskelelerinin tasarim ve Uretiminin,
mekanik, biyolojik ve Uretilebilirlik yoniinden belirli
sinirlar icerisinde yapilmasi gereklidir. Daha Once
bahsedildigi gibi Stres Koruma etkisini dnlemek igin
0.4 GPa’dan 28 GPa’ya kadar kortikal kemik (Sekil 3)
elastik modil degerleri g6z 6niinde bulundurulur
ancak mini-plak ¢alismasinda maksillofasiyal ve Ust
uzuv kemikler amaglandigi icin 0,4-18,07 GPa deger
araligina odaklaniimistir (Cizelge 1). Biyolojik agidan
60-70% gozeneklilik orani gegirgenlik icin dnemli,
ote yandan 70% Ulizeri mekanik 6zellikleri zayiflattig
icin tercih edilmemektedir (Vijayavenkataraman et
al. 2018). Tasarim esnasinda gyroid gozenekli
Ti6Al4V yapilarin
teknolojisi ile Uretilebilirligi acisindan ise 3x3x3 mm

lazer toz vyataginda flizyon
birim hiicre boyutu ile modelleme planlanmistir.
Calismada 3 mm birim hiicre boyutlu gyroid
yapilarin diger bir secilme sebebi ise maksillofasiyal
ve el cerrahisinde kullanilacak fiksasyon mini-
plaklara hacimsel olarak uygun boyutta olmasidir.
Yapilan c¢alisma kapsaminda hedeflenen ve
gozeneklendirilecek boyun bolgesindeki en biyik
Olglsi 3.5mm olan mini plak igine, en azindan bir
yonde tam bir gyroid

hedeflenmistir (Sekil 4).

sirasi  sigdirilabilmesi
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Sekil 3. Kortikal Kemik Tipleri, Yang et al. (2019) tarafindan CC BY 4.0 altinda lisanslandiriimistir.

Gizelge 1. Farkl Birim Hiicre Boyutunda ve Duvar Kalinliklarinda Tasarlanmig Ti6Al4V Gyroid LAM ile Uretimleri Sonucu

Elastik Modul Degerleri

Tasarim ve Birim Hiicre Duvar Kalinhg: Bosluk (%) Akma Dayanimi Elastik Modiil Kaynaklar
Malzeme/Kemik Boyutu (mm) (um) (MPa) (GPa)
Gyroid Ti6Al4V 1.5x1.5x1.5 258-330 62-48 115-233 3.87-5.65 Bobbert et al. 2017
Grade 23 ELI
Gyroid Ti6Al4V 3.3x3.3x3.3 - 85-95 50-10 200 MPa-40 MPa Challis et al. 2014
Gyroid Ti6Al4V 3x3x3 450 70 34.62 5.51 Ge et al. 2020
Grade 5 EOS
Gyroid Ti6Al4V - 243 73.7 - 2-2.5 Mahmoud et al.
Renishaw 2021
Gyroid Ti6Al4V - 445 70.5 - 2.5-3 Mahmoud et al.
Renishaw 2021
Gyroid Ti6Al4V 4x4x4 250-500 78 -61 77.5-145 5.3-14.7 Kelly et al. 2019
Grade 23 ELI
Gyroid Ti6Al4V 6X6X6 250-1 mm 85-55 39.5-139 3-13.9 Kelly et al. 2019
Grade 23 ELI
Gyroid Ti6Al4V 4.5x4.5x4.5 - 95 -85 5.2-41 0.315-1.13 Yan et al. 2021
Grade 5 EOS
Gyroid Ti6Al4V 3-12 320-1.27 mm 70 126.5-89.35 6.48-4.12 Pham et al. 2020
Grade 23 ELI
Gyroid Ti6Al4V 3-12 320-1.26 mm 70 131.5-122.2 6.43-3 Pham et al. 2020
Grade 23 ELI
Gyroid Ti6Al4V 3-7 - 95-80 6.5-81.3 0.13-1.25 Yan et al. 2015
Grade 5 EOS
Gyroid Ti6Al4V 3-7 - 10-5 1342-1481 17.45-19.14 Yan et al. 2015
Grade 5 EOS
Fasiyal Kemikler - - - - 9.1-15.6 Peterson et al. 2006
Basma Testi
Kafatasi - - - - 0.4-5.6 Wright et al. 2019
Basma Testi
Ust Uzuv Kemikleri - - - - 2.75-18.07 Singh et al. 2019
Basma Testi

b=t

Sekil 4. Gyroid yapinin entegre edilmesi hedeflenen mini plak tasarimi.

2.Malzeme ve Metodoloji

2.1. Modelleme ve UPMY Kafes Yapilarin
Tasarimi

UPMY  gyroid
kullanilarak

yapilari  nTopology yazilimi

modellenmistir. Modellemelerde
yaprak-tabanl gyroid yapi, kati-ag tabanliya oranla

daha ylksek mekanik dayanim sagladigi icin tercih

edilmistir. 6x6x6 mm kiibik yapi icerisine 3x3x3
mm birim hiicre boyutunda gyroidler sigdiriimis
olup (Sekil 5), Gibson-Ashby modelinden yola
cikarak bagil yogunluk degisiminin mekanik
ozelliklere etkisini gormek amaciyla farkh duvar
kalinliklarinda tasarimlari yapiimistir (Cizelge 2).
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Cizelge 2. Ayni Birim Hicre Boyutunda Farkli Duvar

Kalinliklarinda Gyroid Tasarimlari
Birim Hiicre Boyutu (mm)

Duvar Kalinhigi (mm)

3x3x3 0,3
3x3x3 0,5
3x3x3 0,7
3x3x3 0,9

1.1.Sonlu Elemanlar Tek Eksenli Basma Testi
Analizi

Sonlu elemanlar analizi igin tek eksenli basma testi

ANSYS
nTopology

tasarlanan modellerin ANSYS’te agilmasi igin uygun

similasyonu programinda

gerceklestirilmistir. yaziliminda

formatta disari aktarilmasi gerekmektedir. Bu
sebeple gyroid ylzey

elemanlarina ayirma islemi sonrasi .obj formatinda

tasarlanmis model,
nTopology’den alinip, ANSYS SpaceClaim’de ylizey
(facets) olarak agilmis ve kati modele cevrilmistir
(Sekil 6).
kisimlarinda,

Ardindan parga onarim ve hazirlk
saglamlastrma  ve  diizeltme
yaptimistir. Bunun yaninda basma testinin analizini
¢O6ziimde gostermek igin kiibik gyroid yapinin alt ve
Ust bolgelerinde yuksekligi 0,5 mm kalinlikta kati
plakalar ANSYS icerisinde bulunan SpaceClaim
(Sekil 7). ANSYS

Mechanical kismina alinan iki plaka ve aralarindaki

yazilminda modellenmistir
gyroid yapi olmak Uzere 3 kati modele, ANSYS
Engineering Data eklemeli dretim kitliphanesi
icerisinde bulunan Ti6Al4V malzemesi atanmistir. Bu
sebeple malzeme temel 6zellikleri de, hali hazirda
var olan bu kitiphaneden tanimli olmustur (Cizelge

0,1§_mm O,Q,;nm

6 mm

3). Ardindan statik yapisal degerlendirme siirecine
gecilmistir.

Cizelge 3. ANSYS Engineering Data kutliphanesinden
alinan Ti6Al4V malzeme oOzellikleri

Ozellik Birim Deger

Sicakhk °C 20 37 204
Yogunluk 10 kg/m3 4405 4406,2 4382,1
Elastik Modil 10 Pa 1,07 1,067 0,914
Poisson Orani - 0,323 0,323 0,3342
Akma 10°Pa 1,09 - 0,844
Dayanimi

Statik analiz icin sinir sartlarina bakildiginda, gyroid
yapinin yukarisinda kalan plakanin Ust ylzeyine yer
degistirme asagl yonde 3 mm olarak verilmis, alt
plakanin taban ylizeyine ise ankastre atanmistir. Yer
degistirme 6 mm vyikseklige sahip gyroid yapinin
yarisi kadar verilerek deformasyon detayli bir
sekilde incelenmistir. Deformasyon statik yapisal
analiz prensibinde ele alindigl icin malzeme ve
geometri sebepli deformasyon degisimleri yok
sayllmis sadece sinir kosullari ve uygulanan yer
degistirme dikkate alinmistir. Ancak bu prensip ile
elastik bolgede dogrusal analizden dolaylr dogru
sonuglar alinsa dahi akma dayanimindan sonraki
plastik deformasyon bolgesinde gercege yakin
sonuglar almak mimkin degildir. Bu nedenle
dogrusal olmayan analizler i¢in blylk deformasyon
“Yiiksek Bozunum (Large Deformation)” secenegi
acitk olarak uygulanmaya devam edilmistir. Farkh
kalinhktaki

degerlerine ulasmak igin tepki kuvvetleri ve toplam

gyroid vyapilarin  elastik modil

sekil degistirme ile ¢6zim alinmistir.

O,S;_mm

§J I ).
R K S
§ ).
L EEE S

Sekil 5. Soldan Saga 0,3’ten 0,9’a kadar Farkli Duvar Kahlnliklarinda Gyroid Kafes Yapisinda 6 mm Kenara Sahip Kubik

Yapilar
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Gyroid 3-0.5

Add description...

Search blocks... (Ctrl+L) Q@&
g~ 00
> |@v Mesh_1 Mesh from Implicit Body (v Qo0

3 |@ Split Mesh

3 I@ Filter Mesh List

Mesh List0 @ O

MeshList2 @ O

w |@® Remesh Surface (v Mesh.5 @ @
@ surface: | Mesh_1 x
@ Edge length: 0.2 mm
i= Shape: Triangle N
0.1 Span angle: 30 deg
0.1 Growth rate: 2
0.1 Feature angle: 30 deg
0.1 Min edge length: 0.1 mm
0.1 Chord height: Optional mm
0.1 _Min feature size: 0.05 mm
& Output:

o
PR\ M
(RS

DAISE

Sekil 6. nTopology yaziiminda elemanlara ayirma islemi uygulanmis, disa aktariimaya hazir tasarlanan gyroid UPMY

yapi

Sekil 7. ANSYS SpaceClaim Modiiliinde Alt ve Uste
Eklenmis Solid Plakalar

3.Bulgular ve Tartisma

0,3, 0,5, 0,7 ve 0,9 mm duvar kalinhga sahip gyroid
yapilarin yizey alani/hacim oranlarn grafikte
gosterildigi gibi duvar kalinhgi arttikga ciddi bir artis
gostermistir (Sekil 8). Cizelge 4’te farkh duvar
kahnliklarindaki gbézenek oranlari ve ylizey alani
/hacim oranlari detayl bir sekilde verilmistir. Sekil

9'da grafikte sergilendigi gibi ayni birim hicre
boyutunda (3x3x3 mm) duvar kalinhg arttikca
gozenek orani azalmistir. Her ne kadar hicrelerin
yapismasinda gereken ylizey alani saglanmis olsa
bile gozenek icinde hiicre gocli ve hicreler
¢ogalmasi i¢in gerekli besin-atik aktarimi azalacagi
icin 0,9 mm tasarima numerik

uygulanmamistir.

analiz

0,156

= 0,154
0,152
0,15
0,148
0,146
0,144
0,142
0,14

Yiizey Alani / Hacim Orani (mm#

o
i
W
@

0,136

0 0,1 0,2 0,3 04 05 0,6 0,7 0,8 0,9 1
Duvar Kalinligi {mm)

Sekil 8. Farkh Duvar Kalinhklarinda Gyroid Yapilarin Yizey
Alani / Hacim Oranlari

Cizelge 5'te 20%, 60% ve 100% deformasyon altinda
0,3, 0,5 ve 0,7 mm duvar kalinliklarinin gorselleri
verilmistir. 0,3 mm tasarimda plakalarda kayma
olmusken, 0,5 ve 0,7’'de ficilasma gozlemlenmistir.
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Yapisal analiz sonucunda alt ve Ust plakalarda ayni
cikan tepki kuvvetleri plaka kesit alanina bolinerek
(Esitlik 10) her bir kalinhkta efektif gerilme degerleri
hesaplanmistir (Esitlik 11) ve grafikte MPa biriminde
verilmistir. Gerinme hesabinda ise her adimdaki yer
degistirme ilk yikseklige yani 6 mm’ye bolindr
(Esitlik 12). Gerilme-Gerinme grafiginde akma
dayanimindan sonraki plastik deformasyon bolgesi
gorilmektedir (Sekil 10). Sekilde gorildugi gibi
kalinhk arttikca gerilme degerleri de artmaktadir.

9

80

70

60

y =-66,075x+100,57
R? =0,9999

Gozenek Orani (%)
o
(=3

0 0,2 0,4 06 038 1

Duvar Kalinhgi (mm)

Sekil 9. Farkh Duvar Kalinliklarinda Gyroid Yapilarin
GoOzenek Oranlari

Cizelge 4. Dort Farkh Duvar Kalinliklarinda Gyroid
Yapilarin Olgtimleri

Birim Duvar Hacim Bosluk  Kesit Yiizey
Hiicre Kalinhk  (mm3) (%) Yizey  Alani/
Boyutu (mm) Alani Hacim
(mm) (mm?) Orani
(mm-)
3x3x3 0,3 41,819 80,639 5,803 0,138
3x3x3 0,5 69,897 67,639 9,883 0,141
3x3x3 0,7 98,401 54,443 14,367 0,146
3x3x3 0,9 127,465 40,988 19,770 0,155

Kesit A.= 6x1073x6x1073 = 36x10°m? (10)

Efektif Gerilme = o = F tepki /A (11)

Efektif Gerinme = ¢ = AH/H, (12)

Cizelge 5. Farklh Duvar Kalinliklarinda Gyroid Yapilarin 20%, 60% ve 100% Deformasyon Altinda Goriintileri

Deformasyon/ 0.3mm Kalinlik
Yer Degistirme

orani

0.5mm Kalinhk

0.7mm Kalinhk

20%

60%

100%

R

T
L A
g
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Sekil 10. Farkli Duvar Kalinliklari igin Gyroid Tasarimlarin Gerilme-Gerinme Grafigi
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R*=094975 -*®
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o 0.0025 0.005 0.0075 0.01
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Sekil 11. Farkli Duvar Kalinliklari igin Gyroid Tasarimlarin Gerilme-Gerinim Grafigindeki Regresyon denklemleri ve

Yakinsama Degerleri

Akma karakteri hlicre duvar kalinliklarina goére
degismektedir. Elastik modilli hesabi icin dogrusal
ozellik gosteren elastik bolgede regresyon analizi
yapildigi ayri bir grafik olusturulmustur (Sekil 11).
Her bir kalinlik icin yakinsama degerleri 0,99
degerinde olup birinci dereceden egri
denklemlerinde x’in katsayilari her bir tasarim igin

elastik modli degerini MPa degerinden vermistir.

Cizelge 6’'da bu degerler GPa (zerinden
gosterilmistir.
Cizelge 6. Gyroid Tasarimlarin Regresyon

Denklemlerinden Cikan Elastik Modul Degerleri
Elastik Modiil (GPa)

Gyroid Tasarim

0,7 10,204
0,5 6,177
0,3 3,157
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Gozenek boyutu kafes yapinin gecirgenligi hakkinda
fikir verdigi icin Yuzey Alani/Hacim orani (S/V)
Daha
yuksek ylzey alani daha kigik gozenek boyutu

Uzerinden gegirgenlik degerlendirilmistir.

anlamina gelir yani gecirgenlik ylizey alani arttik¢a
azalir (Blanquer et al. 2017). Daha yiksek ylizey
alani mekanik dayanimin daha fazla olmasini
saglamaktadir diger bir deyisle daha kii¢lik gbzenek
boyutuna sahip olmak mekanik dayanimi
artirmaktadir (Al-Ketan and Al-Rub 2019). Sekil 10’
da gosterilen gerilme-gerinim grafigi de bu yaklasim
ile uyumlu sonuglar vermistir. Hem yizey alani hem
de gecirgenlik biyolojik acidan 6nem arz etmektedir
ancak ikisinin optimum degerlerde bulusmasi

mekanik ve biyolojik faktorler acisindan tercih edilir.

Kafes yapilara yik uygulanmasi durumunda, kati-ag
veya yaprak tabanli UPMY’lerin egilme, biikiilme
veya uzama kombinasyonlari yapiyr deforme eder.
Sonug olarak UPMY kafes yapilari deformasyon
durumlarina gére uzama-baskin veya egilme-baskin
kafes yapilar olarak kategorize edilir (Deshpande et
al. 2001). Uzama-baskin kafes yapilar cogunlukla
akma sonrasi yumusamayi takiben plato gerilmesi
sergilerken egilme-baskin kafes yapilar akma sonrasi
dogrudan plato gerilmesi gosterir (Alketan and Al-
Rub 2019). Plato bélgesinde egilme baskin yapilar
uzamaya gore daha stabil davranir bu da egilme
baskin yapilari enerji soguran uygulamalara daha
uygun hale getirir (Rashed et al. 2016). Uzama
baskinda deformasyon katman-katman devam eder
diger yandan egilme-baskin yapilarda deformasyon
bltin katmanlarda ayni anda gergeklesmektedir bu
sebeple enerji sogurma daha basarilidir. Cizelge 5’te
deformasyon gyroid yapinin bitiin katmanlarinda
gozlenmektedir. Bu sebeple gyroid yapinin egilme-
baskin
dogrulanmaktadir.

davranisa uygun hareket  ettigi

Yogunlasma bolgesinde ise gerilme ani yikselir
¢clinkti kafes yapi kati gibi davranmaya baslar ve
tepki kuvveti olusturur (Alketan and Al-Rub 2019,
Sharma and Hiremath 2021). Ancak bu calismada

yer degistirme parga yiksekliginin yarisi yani 3 mm
kadar parca
ugrayacak kadar deforme olmamistir bu sebeple

uygulandigl icin yogunlasmaya

grafikte yogunlasma bdlgesi sergilenmemektedir
(Sekil 10).

Sekil 10’da  gerilme-gerinim  grafigi  ayrica
deformasyon davranisinin sadece birim hicreye
bagh oldugunu ve basma dayaniminin bagil

yogunluk arttikca arttigini gostermektedir. Bu da
farkh kahnliklarda akma dayaniminin degistigine
isaret eder. Tim bunlara ek olarak UPMY yapilarin
mekanik 6zelliklerine etki eden parametreler; bagil
yogunluk, birim hiicre boyutu, duvar kalinlig,
gozenek boyutu, birim hiicre oryantasyonu
(konumlandirmasi), ve birim kafes tipi-topolojisi
olarak siralanabilir. Birim hiicre topolojisi mekanik
Ozellikleri 10 kat etkilerken malzeme tipi 2 kat etkiler

(Keshavarzan et al. 2020).

Sekil 12’de sunulan grafikte elastik moduiliin doluluk
oranina gore degisimi icin literatirden alinan
deneysel veriler ile analizlerle elde edilen degerler
karsilastirilmaktadir. Grafikten de gorilecegi lizere
benimsenen son ydntemde deneysel veriler ile
analizler arasinda uyumlu sonuglara ulasiimistir. En
yakin deger karsilastirildiginda, analizlerle elde
edilen verinin deneye kiyasla 11% seviyesinde
yuksek oldugu goérilmektedir. Fakat analizlerde
kullanilan kalinligin da literatiirdekinden 11% fazla
oldugu dikkate alindiginda analiz sonuglarinin

deneylerle iyi bir uyum sagladigi sonucuna
ulasilabilir.
Calismada deneysel verilere sahip olmamak

makalenin ana kisitini olusturmaktadir. Kisacasi
deney sonucunda elde edilmis Ti6Al4V malzeme

ozellikleri veri seti sonlu eleman analizine

girilmemistir. Bunun yerine ANSYS kiitliphanesinden

alinmis malzeme ozellikleri ile analiz

gerceklestirilmistir. Ayrica karsilastirilan verilen

onceki arastirmacilarin  yayinlarindan alinmasi

¢ahismasinin bir baska kisitidir.
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4.Sonuglar

UPMY gyroid modelleri, ortopedik implantlar icin
uygun mekanik dayanim ve osteointegrasyon
gereklilikleri kapsaminda farkli duvar kalinlklarinda
tasarlanmistir. Buna goére modellerin birbirinden
farkli gozenek oranlarinda basma altindaki mekanik
davraniglari ANSYS icerisinde sonlu elemanlar analizi
altinda incelendi ve mevcut literatlir deneysel
verileriyle karsilagtiriimigtir. Gyroid kafes Ti6Al4V
yapilarin lazer toz yataginda flzyon teknolojisi
yoluyla Uretilebilirligi de g6z ©Online alinarak
tasarimlari  yapilmigtir.  Calismanin  ¢iktilarina
bakildiginda literattirde verilen bu eklemeli Giretim
teknolojisi ile imal edilmis Ti6Al4V gyroid yapilarin
deneysel verileri ile uyumlu sonuglara ulasildigl,
hem birbirine yakin gbzeneklilik oranlarinda benzer
elastik modil degerleri elde edilmesi ile hem de
biitiin katmanlarda meydana gelen deformasyon
davranisinin gozlemlenmesiyle de dogrulanmistir.
Bu calisma, hayata gecirilecek yenilik¢i Ti6AI4V
ortopedik metal implant tasarimlarinin mekanik,
biyolojik ozelliklerinin ve Uretilebilirlik sinirlarinin
belirlenmesinde yol gosterici niteliktedir.
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Oz

Nanopartikiiller teknolojinin birgok alaninda siklikla kullaniimaktadirlar. Diger metal nanopartikiiller

icerisinde en ¢ok kullanilanlar glimiis nanopartikillerdir. Kendilerine has 6zellikleri ortaya ¢iktik¢a

nanobiyoteknoloji alanindaki kullanimlari da hizla artis géstermektedir. GUmus nanopartikillerin
Anahtar kelimeler sentezinde farkli yontemler kullanilmaktadir. Yesil sentez (biyosentez) yontemi giimiis nanopartikiil
elde edilmesindeki en ucuz ve pratik yoldur. Bu calismada, biyosentetik glimiis nanopartikiller
biyoindirgeyici (kizilgam sulu ekstresi) kullanilarak sentezlenmis ve iki tibbi bitkiye (Perganum harmala
ve Rumex acetosella) ait tohumlarin yesil sterilizasyonunda kullaniimiglardir. Biyosentetik gimis
nanopartikillerin ylzeysel sterilizasyon ve cimlenme yiizdeleri lizerine etkileri incelenmistir. P. harmala
thumlarinin sterilizsyon yuzdeleri 20 ve 30 dakikalk uygulamalarda sirasiyla %84 ve %89.33 olarak
belirlenmistir. R. acetosella tohumlarinda ise her iki uygulamada da yizeysel sterilizasyon ylizdeleri
%100’dur. Bu sonuglar istatistiksel olarak kontrol grubundan farkli bulunmamislardir (p>0.05). P.
harmala tohumlarinin ¢gimlenme yiizdeleri denemelerden belirgin sekilde etkilenmislerdir; 30 dakika
uygulamasi (%68) kontrol grubuna (%48) gore tohum g¢imlenmesini arttirmistir. Ancak, R. acetosella
tohumlari biyosentetik giimiis nanopartikiil uygulamalarindan belirgin sekilde etkilenmemistir. Bu
sonuglar bitki tohumlarinin yiizeysel sterlizasyonunda biyosentetik giimiis nanopartikiillerin kimyasal
sterilantlar yerine gilivenle kullanilabilecegini gostermektedir.

Biyosentetik gimis
nanopartikdl;
Yesil sterilizasyon;
Peganum harmala;
Rumex acetosella;
Tohum

Green Sterilization of Seeds: Use of Biosynthetic Silver Nanoparticles for

Surface Sterilization of Peganum harmala and Rumex acetosella Seeds
Abstract

Nanoparticles have frequently been used in many areas of technology. Silver nanoparticles are one of
the most used nanoparticles amongst the other metal nanoparticles. Their use in nanobiotechnology is
becoming more widespread as their unique properties become clearer. Different methods have been
Keywords used to synthetize silver nanoparticles. Green synthesis (biosynthesis) method is the cheapest and the
more practical way to obtain silver nanoparticles. In this study, biosynthetic silver nanoparticles were
synthetized with the used of bioreducer (redpine water extracted) and used in the green sterilization
of two medicinal plants’ seeds (Perganum harmala and Rumex acetosella). The effects of biosynthetic
silver nanoparticles on surface sterilization and germination percentages were investigated.

Biosynthetic silver
nanoparticle;
Green sterilization;

Peganum harmala; Sterilization percentages of P. harmala seeds were determined as 84% and 89.33%, when biosynthetic
Rumex acetosella; silver nanoparticle colloidal solution was applied for 20 and 30 mins, respectively. R. acetosella seeds’
Seed surface sterilization percentages were 100% in both applications. These results were not found

statistically significant than control group (p>0.05). Germination percentages of P. harmala seeds were
significantly affected by the applications; 30 mins application (68%) enhanced seed germination when
compared to control group (48%). However, R. acetocella seeds were not significantly affected by
biosynthetic silver nanoparticle applications. These results showed that biosynthetic silver
nanoparticles can be used safely instead of chemical sterilants in surface sterilization of plant seeds.
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1. Giris
Nanoteknoloji  glinimizde  bircok  alanda
kullanilmakta olan nano boyuttaki (1-100 nm)
malzemeleri kapsayan bir bilimdalidir. Metalik
nanopartiklller ise metal iyonlarinin indirgeyici
ajanlar tarafindan rediksiyonu ile elde edilen
nano boyutlardaki pargaciklardir. Nanopartikiller
glinimizde nanobiyoteknoloji uygulamalarinda
siklikla kullanilmaktadirlar. Ozellikle canli sistemler
Gzerindeki etkileri glinimizin en dikkat cekici
¢aisma alanlarindan biri  haline gelmistir.
Nanopartikillerin etkileri ila¢ taslyici sistemler
olarak tip ve eczacilik alanindaki c¢alismalarda
siklikla incelenmektedir. Metal nanopartikiller
arasinda lzerinde en ¢ok c¢alisma vyapilan
nanopartiklller gimis nanopartikillerdir. Gimus
nanopartikiller farkh yontemlerle elde
edilebilmektedirler. Bu yontemlerin arasinda yesil
sentez teknigi, kimyasal yontemlerle elde edilen
glimis nanopartikillere gére canhlar Uzerinde
daha olumlu etkilere sahip biyosentetik gliimis
nanopartiklllerin elde edilmesini sagladigi icin 6ne
¢ikmaktadir (Karnani and Chowdhary 2013, Sinha
et al. 2015, Pal et al. 2017).

Gimis nanopartikillerin  bitkiler Uzerindeki
etkilerine dair ¢alismalarda doza bagli olarak farkh
sonuglarin  ortaya c¢iktigi tespit edilmistir.
Uygulanan gimdis nanopartikdl
konsantrasyonlarinin bitki tirine ve kiltir tipine
bagl olarak farkli sonuclar verdigi bildirilmektedir.
GUmuis nanopartikiller bitki doku kdiltirlerinde
etilen inhibe edici ve oksin stimile edici etkiler
gosterdikleri icin kiltirlerde genellikle bliyiimeyi
ve gelismeyi tesvik etmektedirler (Syu et al. 2014,
Sarmast et al. 2015, Nartop ve Giinbeldek 2020,
Nartop vd. 2021).

Gum{us nanopartikillerin diger 6nemli bir 6zelligi
ise antiseptik ve antibakteriyel etkilerinden dolayi
ylzeysel sterilizasyonda kullaniimalaridir. Gimus
nanopartikiller tibbi uygulamalarda cihazlarin ve
ylzeylerin sterilizasyonunda kullaniimaktadirlar.
Benzer sekilde, bitkilere ait eksplantlarin ve

tohumlarin  ylzeysel sterilizasyonunda da
basariyla kullanilmaktadirlar (Nartop 2016; Nartop
2018a, Nartop 2018b).

Peganum harmala (Gzerlik) (Nitrariaceae) cok yillik
otsu bir bitkidir. Genellikle Amerika, Asya ve
Afrika’nin  sicak bolgelerinde yetismektedir.
Ulkemizde Orta Anadolu’da yetisen bu bitki eski
zamanlardan beri bogaz ve karin agrilarini
gecirmek, bagirsak rahatsizliklarini gidermek, agri
kesici ve ates duslricli olarak halk arasinda
kullanilmaktadir. iceriginde bulunan vasiknon adli
kimyasal bilesik brons genisletme 6zelligine
sahiptir.  Yapillan in  vitro  c¢alismalarda
antimikrobiyal, sitotoksik, antioksidan, antikanser
ve antiviral etkilere sahip oldugu belirlenen
bitkinin in vivo calismalarda hipotermik, diliretik,
balgam soktiriicli, antitlser ve analjezik etkileri
tespit edilmistir (Hirkil ve Kéroglu 2019, Kaplan
2020).

Rumex acetosella Linn. (Kuzukulagr)
(Polygonaceace) otsu bitki tlrldlr. Basta Asya,
Avrupa, Kuzey Amerika ve Afrika olmak Uzere
bircok kitada yetismektedir. Asil anavatani Asya ve
Avrupa'dir. Ulkemizde ise 6 tanesi endemik olmak
Uzere 25 tird vardir. R. acetosella besin ve ilag
sektori gibi tibbi amaglarla bircok alanda
kullanilmaktadir. R. acetosella’nin C vitamini, beta
karoten, A, D, E, K ve B vitaminleri, mineraller,
magnezyum, fosfor ve potasyum icerigi yiksek
oldugu icin besin degeri cok ylksektir, bu sebeple
gida sektoriinde siklikla tercih edilmektedir.
Bitkinin yaprak, kdk ve tohumlar alternatif tipta
cesitli  hastaliklarin  tedavisinde  kullanilan
kisimlandir.  Yapraklari egzama ve kasintili
kizarikhklar ~ gibi  cilt  hastaliklarinda  cilt
hastaliklarinin ~ tedavisinde  kullanilmaktadir.
Diuretik 6zelligi sebebiyle idrar yolu rahatsizliklari
ve bobrek  hastaliklari  tedavisinde  ve
antienflamatuvar icerigi sebebiyle de viicuttaki
ddemi azaltmakta kullanilmaktadir. igerigideki
“rumisin” adi verilen antibakteriyel bilesik
bakteriyel enfeksiyonlari tedavi etmek amaciyla da

kullanilmaktadir. Antitimoér ve detoksifikasyon
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ozelligi sebebiyle kanser hastaliginin tedavisinde
kullanilmakta olan Essiac ¢ayinin ana maddesi R.
acetosella’dir.  Bitkiden dretilen bircok ilac,
enflamasyon hastaliklari, mide Ulseri ve bakteriyel
enfeksiyonlarin tedavisi igin yaygin olarak tip
alaninda kullanilmaktadir (Baytop 1984, Zick et al.
2006, Kataras 2014, Sabuncu vd. 2019).

Tibbi bitkilerin zirai yontemlerle Uretilmesine
alternatif olarak bitki hiicre ve doku kdltirlerinin
kullaniimasi bircok bakimdan avantaj
saglamaktadir. In vitro kosullarda bitkisel biyokdtle
Uretimini mimkdn kilan bitki hicre ve doku
kiltdrli  uygulamalari mevsimsel ve ¢evresel
etkilerden bagimsiz olarak tamamen kontrolli
kosullar altinda sirekli olarak buylk 06lcekte
Uretim  saglayabilmektedir. Bu ¢alismalarin
yapilabilmesi icin o6ncelikle steril kdiltirlerin
olusturulmasi gerekmektedir. Bu sebeple, bitki
hicre ve doku kilturlerinin baslatiimasi igin
oncelikle steril tohumlara ve eksplantlara ihtiyag
duyulmaktadir. Yiksek canhliga sahip steril
tohumlar ve eksplantlar igin etkili ylzeysel
sterilizasyon tekniklerinin gelistirilmesi gereklidir.
Cogunlukla etil alkol ve sodyum hipoklorit gibi
kuvvetli kimyasallar bitki hiicre ve doku kaltiru
uygulamalarinda  ylizeysel sterilant olarak
kullanilmaktadirlar. Ancak bu kimyasallarin canh
hiicreler ve dokular {zerine olumsuz etkileri
bulunmaktadir ve bitkisel dokularin gelisimini
yavaslatmakta hatta dokularin ve hiicrelerin
tamamen kaybedilmesine sebep olmaktadirlar
(Nartop 2018b).

Calismamizin amaci, ylzey sterilizasyonunda
kuvvetli  kimyasallara alternatif  olusturma
potansiyeli olan biyosentetik glimis
nanopartikillerin tohum sterilizasyonu
bakimindan etkisini belirlemektir. Bu sebeple
¢alismamizda kizilgama ait kurutulmus yapraklarin
sulu ekstresi ile biyosentetik glimis
nanopartikiller elde edilmis ve cok kiymetli iki
tibbi bitki olan P. harmala ve R. acetosella
tohumlarinin

ylzeysel sterilizasyonunda

kullanilmislardir. Biyosentetik glimis
nanopartiklllerin ¢imlenme (izerine etkileri de

incelenmistir.

2. Materyal ve Yontem

Ticari olarak satilan P. harmala ve R. acetosella
tohumlari ylzeysel sterilizasyon uygulamalari igin
kullanilmistir. Sulu ekstresi indirgeyici ajan olarak
kullanilan kizilgam yapraklari aktardan temin

edilmistir.
Kizilgam yapraklarinin sulu ekstresinin
hazirlanmasinda dekoksiyon yontemi

kullanilmistir. Kurutulmus yapraklarin 5 g'i kiiglik
parcalar halinde kesildikten sonra 100 ml distile su
icerisinde 80°C'de su banyosunda bir saat
bekletilmis ve filtre kagidindan siselere suziilerek
ekstre hazirlanmistir. Elde edilen ekstre oda
sicakliginda sogutulduktan sonra taze olarak
kullanilmistir.

GUmius nanopartikiller yesil sentez yontemi ile
sentezlenmis ve kolloidal c¢ozeltileri elde
edilmistir. Sulu ekstrenin 10 ml’si 1 mM AgNO;
coOzeltisi ile 200 ml’'ye tamamlanmis ve cam beher
icerisinde karistirildiktan hemen sonraki ve 24 saat
sonraki (kolloidal ¢ozeltileri) renk yogunluklari ve
renk degisimleri takip edilerek karsilastirilmistir.

Ekstrenin glimis nitrat ¢ozeltisiyle ilk karistirildig
andaki ve yirmi dort saat sonraki pH degerleri
belirlenmistir.

Biyosentetik glimiis nanopartikiillerin kolloidal
¢Ozeltileri 325-500 nm araligindaki dalga
UV-visible

boylarinda spektrofotometrede

incelenmistir.

Biyosentetik glimis nanopartikillerin sekillerinin
goriintlilenmesi icin taramali elektron mikroskobu
(FEI-QUANTA FEG 250) kullanilmistir.

Yiizeysel sterilizasyon uygulamasi icin P. harmala
ve R. acetosella tohumlari kullanilmistir. Tohumlar
¢esme suyu altinda 15 dakika boyunca yikanmistir.
Yiizeysel  sterilizasyon  igin  iki  yontem

kullanilmistir. Birinci yéntemde tohumlar kolloidal
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¢Ozelti icerisinde 20 dakika, ikinci yontemde ise 30
dakika bekletildikten sonra distile su ile
yikanmadan 30 g/L stikroz ve 6 g/L agar iceren
Woody Plant Medium (WPM) (Lloyd and McCown
1980) besin ortamina alinmiglardir. Kontrol
grubunda ise tohumlar %70’lik etanolde 5 dakika,
%10’luk NaOCl'de 20 dakika bekletildikten sonra
steril distile su ile yikanmis ve steril pecete
Uzerinde fazla suyu alindiktan sonra kiltlre
alinmislardir. Kiltirler gin 15181 6zellikli florasan
lambalar altinda 16 saat aydinlik/8 saat karanlik
kiltdr kosullarinda 22+2°C'de dort hafta boyunca
kiiltive edilmigtir. Kdltivasyon siiresi sonunda
tohumlarin yizeysel sterilizasyon ve gimlenme
ylzdeleri belirlenmistir.

Denemeler g tekerrirla olarak kurulmus ve her
denemede 25’er tohum kullanilmistir. Veriler
ANOVA testi ile degerlendirilmis ve ortalamalarin
karsilastirilmasi Tukey testi ile gergeklestirilmistir.

3. Bulgular

GUmdis nitrat c¢Ozeltisi icerisideki glimus
iyonlarinin  indirgenerek  nanopartikiil  hale
gelmesinin  ilk  gostergesi c¢ozeltinin  renk
degistirmesidir. Renk degisimi kullanilan bitki
ekstresine gore farklilik gostermektedir (Sinha et
al. 2014). Calismamizda kullanilan kizilgam
yapraklarindan elde edilen ekstre ile gimis nitrat
¢ozeltisinin karistirildigi ilk andaki ve 24 saat
sonraki durumlari Sekil 1’de verilmistir. ilk
karistinildiginda renksiz oldugu goérilen karisim
(Sekil 1a) sureg icerisinde yavas yavas koyulasarak
24 saat sonunda turuncu renge (Sekil 1b)
dénmistir. Karisimin turuncu renge donismeye
baslamasi ilk 15 dakika icerisinde tespit edilmistir.
Biyosentetik glmiis nanopartikillerin  optik
ozelliklerinin  tespit edilmesi icin kullanilan
yontemlerden biri de UV-Vis absorbsiyon
spektroskopisidir (Nartop 2016, Kumar et al.
2017). Karacam vyapraklarindan elde edilen
biyosentetik gimdis nanopartikiller UV-Vis
bolgede 450 nm’de  karakteristik  bant
olusturmuslardir (Sekil 2).

Sekil 1. (a) Kizilgam ekstresi ile AgNOs ¢ozeltisi

karistirildigi andaki renksiz karisim ve (b) 24 saat sonra
olugsan turuncu renkli biyosentetik gimiis nanopartikdl
kolloidal ¢ozeltisi.

0.250 450; 0.222
0.200

0.150

Absorbans

0.100
0.050

0.000
325 350 375 400 425 450 475 500

Dalgaboyu (nm)
Sekil 2. Biyosentetik glimls nanopartikil kolloidal
¢Ozeltisine ait kromatogram.

Biyosentetik glimis nanopartikiil olusumunun
gostergelerinden  biri  de  c¢oOzeltideki pH
degisikligidir (Maria vd. 2015). Genel olarak
karisimlarin pH degerlerinin zamana bagh olarak
azaldig gozlenmektedir. Calismamizda, yizeysel
sterilizasyonda kullanilan biyosentetik glimus
nanopartikil ¢ozeltisinin pH degeri ilk karistirildig
anda 5.05, 24 saat sonraki degeri ise 4.96 olarak
belirlenmistir. Biyosentetik gimis nanopartikiller
sekillerinin belirlenmesi igin taramali elektron
mikroskobu ile gorintilenmistir.
Nanopartikillerin kiresel yapida oldugu ve 100
nm’den kiglk olduklari belirlenmistir (Sekil 3).
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. " 500 nm

Sekil 3. Biyosentetik gliimis nanopartikiillerin SEM
gorintusi.

Biyosentetik glimis nanopartikillerin ylzeysel
sterilizasyonun saglanmasi icin tohumlara 20 ve 30
dakika uygulanmasindan elde edilen sterilizasyon
ve ¢imlenme vylzdeleri Cizelge 1’de verilmistir.
Yapilan istatistiksel degerlendirmeye gore
ylzeysel sterilizasyon agisindan bitki tird anlaml
bulunurken (p<0.05), deneme ve bitki*deneme
etkilesimi  anlamli  bulunmamistir.  Yizeysel
sterilizasyon acisindan incelendiginde, P. harmala
tohumlarinda en yiliksek ylizeysel sterilizasyon
kontrol grubunda %92 oraninda tespit edilmistir
(Cizelge 1a). Biyosentetik glimiis nanopartikdllerle
yapilan  yilzeysel sterilizasyon  uygulamasi
stresinin 20 dakikadan 30 dakikaya cikmasiyla
%84 olan sterilizasyon ylizdesi %89.33’e
yukselmistir. R. asetocella tohumlarinda ise g
uygulamada da %100 oraninda vylzeysel
sterilizasyon saglanmistir (Cizelge 1a ve 1b).
Sterilizasyon uygulamalarinda en ylksek basari
%96 oraninda kontrol grubunda tespit edilmistir
(Cizelge 1c). Biyosentetik gimis nanopartikil
uygulamasinin  siliresinin  uzamasi  ortalama
sterilizasyon  ylzdesini  %92’den  %94.66'ya
cikarmustir.

Elde edilen bu sonuglara goére, uygulanan (g
deneme arasinda istatistiksel farklilik tespit
edilmedigi icin, P. harmala ve R. acetocella
tohumlarinin yilizeysel sterilizasyonlarinda etil
alkol ve sodyum hipoklorit yerine biyosentetik
glimis nanopartikilleri kullanilabilecegi

gorilmektedir.

Cizelge 1. Biyosentetik glimiis nanopartikiil kolloidal
¢Ozeltisi ile P. harmala ve R. acetosella tohumlarina
uygulanan ylizeysel sterilizasyon sonucunda elde edilen
(a) sterilizasyon ve gimlenme ytzdeleri (b) bitki tiiriine
gbre ortalama sterilizasyon ve ¢imlenme yiizdeleri (c)
denemelere gore ortalama sterilizasyon ve ¢imlenme

yuzdeleri.
Cizelge 1a
s Sterilizasyon Cimlenme
Bitki Tura Deneme (%) (%)
Kontrol 92.00+4.00 48.00+2.31 BC
P. harmala 20 dk 84.00+2.31 40.0014.00 C
30 dk 89.33+1.33 68.00+6.12 AB
Kontrol 100.00£0.00 88.00+4.00 A
R. acetosella 20 dk 100.00+0.00 80.00+4.62 A
30 dk 100.00£0.00 80.00+8.34 A
Cizelge 1b
e - Ort.
Bitki Tura Ort. Sterilizasyon (%) .
Cimlenme (%)
P. harmala 88.44B 52.00B
R. acetosella 100.00 A 82.67 A
Cizelge 1c
Deneme Ort. Sterilizasyon (%) Ort. Cimlenme (%)
Kontrol 96.00 68.00
20 dk 92.00 60.00
30 dk 94.66 74.00

(Ayni harf ile isaretlenmis olan ortalamalar istatistiksel olarak ayni
grupta yer almaktadirlar) (p<0.05)

P. harmala ve R. acetocella tohumlarinin
¢imlenme vyizdeleri incelendiginde bitki ve
bitki*deneme etkilesimi istatistiksel olarak anlaml
bulunmustur (p<0.05). P. harmala tohumlarinin
¢imlenme vyilzdeleri incelendiginde, en yliksek
oranin (%68) 30 dakika biyosentetik gimis
nanopartikil uygulamasinda tespit edildigi
gorilmektedir (Cizelge 1a). Kontrol uygulamasi
%48, 20 dakika biyosentetik gimis nanopartikiil
uygulamasi ise %40 olarak belirlenmistir. R.
acetosella tohumlarinda en vyiksek ¢imlenme
orani kontrol grubunda %88 olarak belirlenirken,
20 dakika ve 30 dakika biyosentetik gimis
nanopartikil uygulamalarinda bu oran her ikisinde
de %80’dir. Ortalama ¢imlenme vylzdeleri
incelendiginde (Cizelge 1c), istatistiksel fark
olmamakla birlikte, en yiksek ¢imlenme yilzdesi
%74 ile 30 dakika biyosentetik glimls nanopartikiil
uygulamasinda elde edilmistir. 20 dakika
uygulamasinda %60 olan ¢imlenme yizdesinin
kontrole gore (%68) daha dulsiik oldugu tespit
edilmistir.
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4, Tartisma ve Sonug

Biyosentetik glimiis nanopartikdllerin bitki hiicre
ve doku kiltirlerinde kullanimlarina yonelik
calismalar son zamanlarda artis gostermistir. Bitki
hicre ve dokularinin gelisimi Uzerine olumlu
etkilerinin  yani sira  tohumlarin ve bitki
eksplantlarinin ylzeysel sterilizasyonunda
kullanimina dair basaril  sonuglar da elde
edilmektedir (Nartop 2016, Nartop 2018a, Nartop
2018b). Biyosentetik glmis nanopartikillerin
etkileri uygulama slrelerine ve uygulama
dozlarina gore farklihk gostermektedir. Literatlirde
P. harmala ve R. acetocella Uzerine gimis
nanopartiklllerin etkileri Gizerine bir ¢alismaya
rastlanmadigl icin ¢alismamizda elde edilen
sonuglar bu bitki tirleri ve giimis nanopartikil

etkilesimleri acisindan ilk verilerdir.

© (d)
Sekil 4. (a-c) Kontrol grubu ve (b-d) 30 dakika
biyosentetik glimiis nanopartikillerin uygulandigi P.
harmala ve R. acetosella bitkicikleri.

Yizeysel sterilizasyon ve c¢imlenme yizdeleri
birlikte incelendiginde her iki parametre icin de
biyosentetik gimiis nanopartikillerin standart
olarak kullanilan etil alkol ve sodyum hipoklorite
karsi basaril bir alternatif olarak kullanilabilecegi
gorilmektedir. Her iki bitki icin de denemelere ait
sterilizasyon ylzdeleri arasindaki fark istatistiksel
olarak anlamli bulunmamistir (Cizelge 1a). Bu
durum bu tohumlarin ylizeysel sterilizasyonu igin
etil alkol ve sodyum hipoklorite gerek olmadigini
gostermektedir.  Calismamizda, biyosentetik
glimis nanopartikil uygulamasindan sonra
tohumlar steril distile su ile durulanmadan kulttre
alinmislardir. P. harmala tohumlarinda 30 dakika
uygulamasinda kontrole gore gimlenme ylizdesi
artisinin istatistiksel olarak anlamli bulundugu
gorlilmektedir. Bu sonug¢ biyosentetik glimis
nanopartikillerin 30 dakika uygulamasinin tohum
¢imlenmesini de tesvik ettigini gostermektedir.
Bilindigi gibi, biyosentetik gimis nanopartikuller
bitkiler Uzerinde etilen inhibe edici ve oksin
stimile edici etkilere sahiptir (Syu et al. 2014,
Sarmast et al. 2015). Elde ettigimiz sonuglar
biyosentetik gimis nanopartikiillerin tohum
¢imlenmesini de benzer bir etkiyle tesvik ettigini
dusindiarmektedir. Ayrica, Sekil 4’'te gorildugi
Uzere 30  dakika
nanopartiklllerin uygulandigi bitkicikler, kontrol

biyosentetik ~ glmis

grubundakilere gére daha hacimlidirler. 20 dakika
biyosentetik glimis nanopartikdllerin
uygulanmasi ise her iki parametre agisindan da en
disik sonuclari vermistir ve 20 dakikanin tohum
sterilizasyonu  c¢alismalari  agisindan  yeterli
olmadigini géstermektedir.
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Biyosentetik glimiis nanopartikillerin kimyasal
yontemlerle elde edilen glimiis nanopartikillere
gore bitki hiicre ve doku kiltlri ¢calismalarinda daha
olumlu sonuglar verdigi bildirilmistir (Begum et al.
2020). Cahismamizdan elde ettigimiz sonuglarda ise
ylzeysel sterilizasyon ve c¢imlenme acisindan da
biyosentetik glimlis nanopartikillerin  kimyasal
ylzeysel sterilizasyon ajanlarina gore daha iyi
gostermektedir. Tohum

sonuglar verebildigini

blyikligu, tohumun ylzeysel ozellikleri,
biyosentetik gimis nanopartikillerin uygulanma
suresi gibi farkli parametreler tohumlarin yizeysel
sterilizayonunu ve c¢imlenme oranini etkileyen
parametrelerdir.  Ayrica  biyosentetik  glimis
nanopartiklllerin boyutlari ve sekli de sterilizasyonu

etkileyen diger parametrelerdir (Nartop 2018a).

Farkli  dogal kaynaklardan elde edilecek
indirgeyicilerle biyosentezi gerceklestirilecek farkh
ozelliklere sahip biyosentetik glimis

nanopartiklllerin bitki eksplantlari ve tohumlari
Gzerinde daha iyi sonuglar verebilmesi mimkdnddr.
Bu sebeple, biyosentetik glimis nanopartikillerle
ylzeysel sterilizasyon acisindan her bitki tohumu
icin bir sterilizasyon prosedirinin olusturulmasi
gerekmektedir.

Cikar ¢atismasi: Yazarlar herhangi bir ¢cikar catismasi
olmadigini beyan eder.

Etik beyani: Bu calismada, yazarlar, insan ya da
hayvan denek kullaniimadigini ve etik kurul iznine
gerek olmadigini beyan eder.
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