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Derginin Amaci ve Icerigi

Afyon Kocatepe Universitesi Fen ve Miihendislik Bilimleri Dergisi (AKU FEMUBID), fen ve
miihendislik bilimleri alanlarindaki giincel geligmeleri takip etmek, meslek kuruluslar1 ve bireylerin
ulusal ve uluslararasi gelisimlerine katkida bulunmak ve bu alanlarda nitelikli bir kaynak olusturmak
amactyla yayimlanmaktadir.

Afyon Kocatepe Universitesi Fen ve Miihendislik Bilimleri Dergisi, 6zgiin bilimsel arastirmalar ile
uygulama c¢alismalarina yer veren bir dergidir. Dergide, fen ve miihendislik bilimlerinde yapilmis
deneysel ve teorik ilerlemeleri igeren bilimsel ve 6zgiin aragtirma makalesi tiirlindeki ¢aligmalara yer
verilir.

Fen ve Miihendislik Bilimleri Dergisi; Afyon Kocatepe Universitesi tarafindan 1999'dan bu yana yilda
2 say1 (Haziran ve Aralik) Tiirk¢e veya Ingilizce olarak hazirlanan calismalar1 yayimlanan, bilimsel ve
hakemli bir dergidir.

Dergimizde makale degerlendirme siirecinin daha seffaflastirilmasi ve hizlandirilmasi i¢in Subat 2013
itibariyla online makale degerlendirme ve takip sistemi uygulamaya alinmistir.

Ocak 2015 itibaren dergimiz; yaymlanma siireci ile yazarlara ve gerekse yapilan ¢aligmalara pratik
ulasma imkanlar1 nedeniyle okuyuculara birgok avantajlar saglayan; elektronik dergi (e-1ISSN: 2149-
3367) olarak yilda 3 say1 (Nisan, Agustos ve Aralik) Tiirkce ve Ingilizce makaleleri kabul edecek ve
cift tarafli kor hakemlik esasina gore en az iki hakemli olarak degerlendirilmektedir. Makale
gondermek isteyen yazarlarimiz, dergi sayfamizdan (https://fenbildergi.aku.edu.tr/ ya da

https://dergipark.org.tr/tr/pub/akufemubid) kayit yaptirarak, 6zgiin bilimsel makalelerini ¢evrimigi
olarak génderebilir ve siireci takip edebilirler. Ozellikle lisansiistii tezlerden hazirlanan yaynlar veya
bu tezlerin bir alt ¢caligmasi olarak yapilan 6zgiin bilimsel ¢aligmalar tesvik edilmektedir.

Ocak 2020 yilindan itibaren dergimiz; yilda 6 say1 (Subat, Nisan, Haziran, Agustos, Ekim ve Aralik)
olmak iizere 6zgiin aragtirma makalelerini kabul etmektedir.

Dergimizde yayimlanan makaleler izin alinmaksizin bagka bir yerde yayimlanamaz veya bildiri olarak
sunulamaz. Makalelerin bir kism1 veya tamam dergimiz kaynak gosterilmeden kullanilamaz.

Dergimize hem hakem hem de yazar olarak katkilarimizi beklemekteyiz. Dergimize olan desteginiz
i¢cin simdiden tesekkiir eder, ¢alismalarinizda basarilar dilerim.
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Abstract

In recent years, rising temperatures due to global climate change can constitute a decrease in salinity in
the oceans by causing the ice to melt early and freeze late in its annual cycle and increased
precipitation. On the other hand, high temperatures can increase the salinity of seawater locally by
enhancing evaporation. It is expected that the changes in salinity of sea water would affect
communities of seaweeds. In this study, Polysiphonia morrowii Harvey samples were collected from
Altintag station in the Gulf of Gemlik in April 2013, and cultured in mediums with four different salt
concentrations (10%o, 23%o, 33%0, 42%0). The changes of this species in the amounts of total protein,
total phenol, phycocyanin (PC), phycoerythrin (PE), chlorophyll-a (Chl a), water-soluble antioxidant, oil-

Keywords
Antioxidant;
Phenolic Compounds;
Pigments;
Polysiphonia morrowii;

Salinity Stress soluble antioxidant, total solid organic matter and the activity of the carbonic anhydrase were

determined. The study clearly showed that studied biochemical and physiological properties of the
species were affected by salinity changes. It is also detected that P. morrowii is a tolerant species that
can adapt to changing salinity conditions with various defense strategies.

Polysiphonia morrowii Harvey'nin Biyokimyasal ve Fizyolojik Ozellikleri
Uzerinde Etkili Bir Parametre: Tuzluluk Stresi
0z
Son yillarda kiresel iklim degisikligine bagli olarak artan sicakliklar, yillik dongisiinde buzlarin erken
eriyip ge¢ donmasina ve yagislarin artmasina neden olarak okyanuslarda tuzluluk azalmalari

olusturabilmektedir. Diger yandan yiiksek sicakliklar, buharlagmayi artirarak deniz suyunun tuzlulugunu

Anahtar kelimeler bolgesel olarak artirabilmektedir. Deniz suyunun tuzlulugundaki degisikliklerin deniz yosunu
Antioksidan; topluluklarini etkilemesi beklenmektedir. Bu calismada, Polysiphonia morrowii Harvey érnekleri Nisan

Fenolik Bilesikler; 2013'te Gemlik Korfezi'ndeki Altintas istasyonundan toplanmis ve dort farkli tuz konsantrasyonuna
Pigmentler;

(10%o0, 23%o0, 33%0, 42%0) sahip ortamda kiiltiire alinmistir. Bu tirtin toplam protein, toplam fenol,

Polysiphonia morrowii; fikosiyanin (PC), fikoeritrin (PE), klorofil-a (Chl a), suda ¢éziinen antioksidan, yagda ¢oziinen antioksidan,

Tuzluluk Stresi toplam kati organik madde ve karbonik anhidraz aktivitesi miktarlarindaki degisimler belirlenmistir. Bu

¢alisma, tlrin incelenen biyokimyasal ve fizyolojik 6zelliklerinin tuzluluk degisimlerinden etkilendigini
acikca gostermistir. P. morrowii turiinin gesitli savunma stratejileri ile degisen tuzluluk kosullarina
uyum saglayabilen toleransh bir tiir oldugu da tespit edilmistir.
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1. Introduction

Salinity is a parameter that shows a very stable
state in ocean waters, but changes depending on
climatic factors such as precipitation, tides, wind,
drought periods in coastal waters (Dickson et al.
1982, Lartigue et al. 2003). Salinity, which is one of
the environmental factors, affects the local and
regional distribution of seaweeds by changing the
ion concentration and osmoregulation (Ramlov et
al. 2012). Seaweeds respond to the stress caused
with various

by salinity changes adaptation

mechanisms such as changes in cell ion
composition, adjustment of intracellular osmotic
active solutes, changes in antioxidant molecule
amount and activities (Bisson and Kirst 1995,
Eggert et al. 2007, Karsten et al. 1991, Kim et al.
2005).

Global warming and climate change cause various
changes in marine ecosystems. According to the
important scenario of the Intergovernmental Panel
on Climate Change (IPCC) report (IPCC 2007), it is
estimated that the surface temperatures of North
Arctic waters will increase between 2.4-6.4°C until
2100 annually. On a global scale, it is estimated
that the increasing temperature of the Arctic
Ocean will cause ice to melt early and freeze late in
its annual cycle, increased precipitation, and
decreased ocean salinity in the first 500 meters
downwards from the upper part (Symon 2005, IPCC
2007). On the other hand, the Marmara Sea is
located in the Turkish Straits System (TSS) and is
exposed to regional salinity and temperature
changes (Oguz and Oztirk 2011). The Sea of
Marmara shows unique hydrological conditions
with the stratification of Black Sea waters with low
salinity in the upper layer and Mediterranean
waters with high salinity at the bottom. In addition,
the warming rate in the Marmara Sea is quite high
due to its location in the Mediterranean basin
(Turan et al. 2016). It is thought that the high
warming rates in the Marmara Sea (Bengil and
Mavruk 2018) as a result of its location in the
Mediterranean basin will cause an increase in
seawater salinity with evaporation. Due to the
increasing water temperature, especially changes

in salinity, oxygen level and water circulation are

expected to cause changes in the ecological cycle
and food chain by affecting the seaweed, plankton,
fish and zooplankton communities (Scherner et al.
2013). Resistant genotypes can tolerate salinity
with adaptation mechanisms such as avoiding salt,
increasing osmotic potential, etc., while sensitive
genotypes might fail to adapt salinity and are
affected by salt (Dogan et al. 2008). Depending on
the increasing surface water temperatures in the
Sea of Marmara, the spread of Mediterranean
species in the Marmara and Black Seas emerges as
"Mediterraneanization process" (Turan et al. 2016).
Seaweeds are important organisms in marine
ecosystems in terms of being in the first step of the
food chain providing food and habitat for other
living beings. They contain high amounts of
protein, fatty acids, vitamins and minerals, as well
as a wide range of primary and secondary
metabolites, and contribute to national income in
many different industrial sectors in various
countries (e.g. China, Indonesia, Chile, Norway,
France, Ireland) (Camarena-Gémez et al. 2022,
Deepika et al. 2022). They are also bioindicator
quickly to
ecosystems

organisms that can respond
environmental changes in coastal
(Tribollet and Vroom 2007).
Polysiphonia morrowii is a filamentous red algae
with a wide distribution in rocky areas within
water. It is located at the depth of 0.1 m more
densely than in the deeper parts of the water. The
algae with blackish or red thallus form dense
clusters on rocks. The thallus, which is usually 3-25
cm in length, has a delicate structure (Erdugan et
al. 2009). It was determined in the carried out
studies that P. morrowii Harvey (Harvey 1856),
which was recorded among the specimens
collected in Hakodate region of Japan for the first
time, entered the Mediterranean from the
Northwest Pacific Ocean (Kim et al. 2004). After
being reported in the Mediterranean by Marzocchi
et al. (2001) and Curiel et al. (2002), Erdugan et al.
(2009) reported this taxon on the Turkish coasts of
the Mediterranean for the first time.

In this study, it was aimed to determine the
possible effects of salinity changes that may occur
depending on climate change on P. morrowii. It is

thought that the results of this study, which are
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unique in terms of the fact that no studies have
been carried out with regard to salinity in the
Marmara Region and on the P. morrowii before,
will contribute to the literature. It will also provide
a foresight about how the ever changing climate
system can change living communities in the
coming years.

2. Materials and Methods
2.1 Collection of samples and experimental setup

The Gulf of Gemlik is the southeast branch of the
Sea of Marmara extending in the east-west
direction. The gulf which has a length of 31 km and
a width of 6 km, consists of two different water
layers as the Black Sea waters (23-29%o) at the top
and the Mediterranean waters (38.5%.) at the
bottom (Unlii and Alpar 2009). In this study, the
algae samples were collected from the depth of 1-
1.5 m of Altintas station (40 19 N, 28 55 E) in the
Gulf of Gemlik, in April 2013. The algal samples
were quickly brought to the laboratory in cold
transport containers with ambient seawater. After
the epiphytes on the samples brought to the
laboratory were cleaned, individuals with healthy
thallus were cultured. The algae samples were
taken into a 4-days acclimation period with a salt
concentration of 23%. (which is the natural salinity
for Sea of Marmara and the environment where
the samples were collected), at 20°C, under 100
pumol photon m™s? light intensity (provided
Osram L36W/965,
Germany) and 12:12 h light:dark cycle. Lower light

fluorescence tubes Biolux,
intensity was applied to the species in the culture
epiphyte
photoinhibition, and nutrient depletion (Gao et al.
2016, Rautenberger 2015). After the
acclimation period, the seaweed samples were

media to prevent growth,

et al

cultured for 4 weeks in aquariums with a salinity of
average 10%o + 0.2 (hyposaline stress); 23%. + 1
(control); 33%0 = 1 (hypersaline stress); 42%o + 1
(hypersaline stress). The culture medium was
refreshed every 3 days. Other variables except
salinity in the culture medium were measured daily
and kept constant. By applying low and high salt
concentrations, the effects of salinity stress on P.
morrowii were determined and the effects of

salinity were investigated. Salinity measurements
were carried out by using a Hach Sension5
salinimeter. The culture media were prepared with
artificial sea water and filtered (0.45 u pore size,
Whatman polycap GW), then enriched with %
strength Provasoli solution (Provasoli 1968). In
addition, CaCl,.2H,0 (Woelkerling et al. 1983) was
added to the culture medium to provide sufficient
calcium as well as vitamins. The pH was adjusted by
adding bubbled CO, directly into the culture
aquariums. Temperature and pH measurements
were made with Hanna HI 8314 brand pH meter.
Light measurements were carried out with the LI-
COR LI-250A light meter which has a LI-192
underwater quantum sensor. All measurements
were made in three replicates and mean values
and standard deviations were calculated. Species
identification of the samples were done under a
Zeiss Primo Star light microscope.

2.2 Measurement of chlorophyll-a and
phycobiliproteins

The algae samples were extracted with N,N-
Dimethylformamide (DMF) at 4°C for 12 hours in
the dark for chlorophyll-a (Chl-a) analysis. After
absorbance of the extract
Chl-a
calculated according to the method of Inskeep and
(1985). In

phycocyanin (PC) and phycoerythrin (PE) content of

measuring the

spectrophotometrically, amounts were

Bloom order to determine the
the samples, the algae samples were centrifuged
after being extracted with 0.1 M phosphate buffer.
PC and PE amounts were determined by measuring
the absorbance of the supernatant at different
wavelengths (455 nm, 564 nm, 592 nm, 618 nm,
645 nm) and using the formula (Beer and Eshel

1985).

2.3 Determination of total protein and total
phenolic content

Total determined
spectrophotometrically at 595 nm absorbance
according to the (Bradford 1976). The amount of
protein in the samples was calculated considering

protein content was

the bovine serum albumin calibration curve.
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Total phenolic contents of crude methanol extracts
of seaweed samples were determined according to
Folin Ciocalteau's method defined by Taga et al.
(1984). For each sample, 100 ul of methanol
extract was mixed with 2 ml of 2% Na,CO; and
incubated for 2 minutes at room temperature. 100
pl of 50% Folin Ciocalteau reagent was added and
mixed after incubation and left in the dark at room
temperature for 30 minutes. The absorbance of the
mixture at 720 nm wavelength was measured
spectrophotometrically. Total phenolic content was
calculated by gallic acid (GA) standard and
expressed as milligram gallic acid equivalent (mg
GAE)/g fresh weight (FW) of algae material.

2.4 Determination of total oil- and water-soluble
antioxidant capacity

The extracts of algae samples frozen in liquid
nitrogen were prepared with hexane in order to
determine the oil-soluble antioxidant capacity. The
homogenate was centrifuged at 6000 g for 10
minutes. After evaporation of hexane from the
extract of the sample that was placed in an
Eppendorf tube (200 pl supernatant), the pellet
was re-dissolved in the same volume of ethanol.
The appropriate amount of phosphomolybdenum
4 mM
ammonium molybdate, 0.6 M sulfuric acid) was

reagent (32 mM sodium phosphate,

added to the mixture and then mixed. After
incubation at 95°C for 90 minutes, the absorbance
was measured at 695 nm. The oil-soluble
antioxidant capacity is expressed as miligram a-
tocopherol equivalent per gram fresh weight of
algae material (Prieto et al. 1999).

Phosphomolybdenum reagent (1 ml) was added to
the water-prepared extracts of algae samples
(200 ul) for the

water-soluble

frozen in liquid nitrogen

determination  of antioxidant

capacity. The absorbances of the samples
incubated at 95°C for 90 minutes were measured
at 695 nm. The water-soluble antioxidant capacity
is expressed as milligram L-ascorbic acid equivalent
per gram fresh weight of algae material (Prieto et

al. 1999).

2.5 Carbonic anhydrase activity

In order to determine the carbonic anhydrase
activity (CA) (EC 4.2.1.1), samples frozen in liquid
nitrogen were ground in the extraction buffer (50
mM Tris, 25 mM Dithiothreitol, 25 mM isoascorbic
acid ve 5 mM EDTA, pH 8.5) with the help of a
cooled mortar and pestle. The enzymatic reaction
was initiated by adding 3 ml of homogenate (algae
extract) or buffer (blank) to 2 ml of cold distilled
water saturated with CO, (substrate). During the
measurements made at 0-2°C, the time taken for a
pH decrease of 0.4 units within the pH range of 8.1-
7.1 was recorded. Carbonic anhydrase enzyme
activity was calculated with the help of the formula
(to/tc-1)/FW in the Haglund et al. (1992) method.
The CA activity in the samples is given in Unit (U)/g
FW. In the formula, the time taken for a pH
decrease of 0.4 units in non-enzymatic and

enzymatic reactions is shown as to and tc
respectively, and the fresh weight of algae sample

is shown as FW.

2.6 Total solid organic matter

After cleaning the epiphytes of seaweed samples
exposed to different salt concentrations, their wet
weights were measured. Then, the aluminum foil
wrapped samples were dried in an oven at 50°C for
24 hours. Dry weights (DW) of seaweed samples
removed from the drying oven were weighed and
total solid organic matter amount in g/g was
calculated.

2.7 Statistics

The changes in total protein, Chl-a, PE, PC, total
phenol, total oil- and water-soluble antioxidant
values of algae samples cultured for four weeks at
different salt concentrations were evaluated by a
two-way ANOVA test. The CA activity and total
solid organic matter amounts were statistically
analyzed by a one-way ANOVA test. Tukey and
Tamhane's T2 tests were used as multiple
comparison tests. The homogeneity of normality
and variance were determined by Kolmogorov
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Smirnov and Levene tests, respectively. All
statistical analyzes were tested at a significance
level of 0.05 using the commercial SPSS 17.0 (IBM

Corporation) software.

3. Results
3.1 Physical and chemical analyzes

The pH, salinity, temperature and light intensity
values of culture medium and of the station where
the algae samples were collected are shown in the
Table 1. The other variables were kept constant in
aquariums where the samples were treated with
four different salt concentrations.

Table 1. Physical and chemical variables of the
environment and medium in which P. morrowii was
collected and cultured.

Variables The Sample The Culture
Collection Medium of the
Station Specimens
pH 8.32 £ 0.06 8.4+0.15
Salinity (%o) 20.94 +0.46 10+0.2,23 1,
33+£1,42+1
Temperature ('C) 14.23+£0.23 20+1

Light intensity 1029.33 + 100
(umol fotonm>s?)  61.65

3.2 Chlorophyll-a and phycobiliproteins

Chl-a content of P. morrowii varied depending on
(F=283.067, p<0.05), time (F=54.605,
p<0.05), combined effect of salinity and time
(F=13.679, p<0.05). When the Chl-a amounts of P.
morrowii were examined in a four-week period

salinity

depending on time and salinity, an increase in the
Chl-a values of the samples with 10%o0 and 23%o
salt concentrations compared to the Chl-a values
with 33%o salt concentration and a decrease in
42%o salt concentration was observed in all weeks
(Figure 1). In the first week, the highest Chl-a value
(0.67 + 0.24 mg/g FW) was determined in the
samples with 10%. salt concentration, and a
decrease in Chl-a values was observed as the
salinity concentration increased. The Chl-a values
of the different salt
concentrations showed a similar change to the 1st

samples cultured at

week in the 2nd and 3rd weeks. Compared to the

1st week, there was a 1.4-fold increase in the Chl-a
values of the samples at 10%o salt concentration in
the 4th week and the highest Chl-a value was
determined as 0.94 + 0.13 mg/g FW among all
samples examined during 4 weeks of culture
(p<0.05). The Chl-a values of the samples at 23%o
salt concentration in the 4th week were found to
be higher than the Chl-a values in the 1st week
(0.80 + 0.33 mg/g FW, p<0.05).

1.60 Chl-a
1.40

1.20
1.00 = 10%o

o0

% 0.80 23%o
0.60 W 33%0
0.40 - W 42%o

0.20 -

0.00
1st week 2ndweek 3rd week 4th week

Figure 1. Chl-a amounts of P. morrowii depending on
time and salinity.

The variation of the PC values of the samples
depending on time and salinity is given in Figure 2.
The PC values of the samples cultured at 10%. salt
concentration were higher than the values at other
salt concentrations in all weeks and it reached the
highest value observed throughout the culture
period in the 2nd week (0.105 + 0.01 mg/g FW).
The lowest PC values were determined in the
samples with 33%. salt concentration and they
decreased to 0.044 + 0.01 mg/g FW at the 3rd
week. On the other hand, while the PC values at
33%o salt concentration were close to each other in
all weeks, the PC values of the samples with 42%.
salt concentration increased by 1.4 times in the 3rd
week, compared to the 1st week. The PC content
of P. morrowii differed between salinity treatments
and between 1st and 4th weeks, 1st and 2nd weeks
(p<0.05). The PC content of P. morrowii varied
depending on salinity (F=51.427, p<0.05), time
(F=4.801, p<0.05), and the combined effect of
salinity and time (F=2.415, p<0.05).

Except for the 4th week, PE values of P. morrowii
were observed to be higher at low salt
concentrations (10%o. and 23%e.) than those at high
salt concentrations (33%0 and 42%.) (p>0.05)
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(Figure 3). In the 2nd week, PE values of the
samples with 10%o. and 23%o salt concentrations
increased by 1.5 and 1.3 times, respectively,
compared to the first week. The PE value of the
samples with 42%o. salt concentration increased by
0.5 times compared to the PE values at 33%o salt
concentration. In all weeks, the values at 33%o salt
concentration detected were lower than those at
23%o salt concentration.

0.14 PC

0.12 -

0.10

m 10%o

20 0,08
‘é‘ 1 23%o

0.06 I i I  33%o

0.04 - W 42%0

0.02 -

0.00 - . -

1stweek  2nd week 3rd week  4th week

Figure 2. PC amounts of P. morrowii depending on time

and salinity.
5.00 PE
4.50 -
4.00 -
3.50 - I I
o 3.00  10%o
Eo 2.50 I 23%o
2.00 W 33%0
150 - W 42%o
1.00 -
0.50
0.00 + T 2 T
1stweek 2ndweek 3rd week  4th week

samples with 33%o0 and 42%o salt concentrations
(p<0.05).

3.3 Total protein and total phenolic content

The total protein content of P. morrowii changed
depending on salinity (F=15.690, p<0.05), time
(F=51.180, p<0.05), and the combined effect of
salinity and time (F=5.649, p<0.05). Considering all
weeks, the lowest total protein values were
33%0 salt
concentration, and it was determined as 5.54 %
0.74 mg/g FW in the 1st week. The highest total
protein values were found in the samples with
10%. salt concentration at the 4th week (10.88 %
1.42 mg/g FW) (Figure 4). When the protein values
determined in the samples in the 4th week at 10%.

observed in applications with

salt concentration were compared with the 1st
week, an increase of approximately 1.6 times was
determined. A similar change was also observed in
the total protein values of the samples with 23%o
salt concentration. The protein values of the
with  42%o
observed at higher levels than the protein values at

samples salt concentration were
33%o0 salt concentration, and an increase was
determined depending on time in the 3rd and 4th
weeks (respectively, 9.38 + 0.91 mg/g FW, 9.04 *
1.20 mg/g FW). The difference between the protein
values of the samples with both 33%. and 23%o.,
and 33%. and 10%. salt concentrations was
significant (p<0.05).

Figure 3. PE amounts of P. morrowii depending on time
and salinity.

In the
concentrations for four weeks, the highest PE value

samples cultured with different salt

was observed at 10%o salt concentration in the 2nd
week (4.10 + 0.38 mg/g FW), and the lowest PE
value was observed at %033 salt concentration in
the 1st week (1.84 + 0.23 mg/g FW). Salinity
(F=35.902, p<0.05), time (F=17.789, p<0.05) and
both factors together (F=4.978, p<0.05) affected
the phycoerythrin values of the samples. The PE
values of the samples with 10%o. and 23%. salt
concentrations differed from the PE values of the

14.00
Total Protein
12.00

10.00 - I
_ I ! ™ 10%o
23%0
o0 | W] = 33%
4.00 | - 42%o
2.00 -
0.00 - : -‘ ; ‘

1st week 2nd week 3rdweek 4th week

mg/g
[o:]
(=}
o

[}
o
o

Figure 4. Total protein amounts of P. morrowii
depending on time and salinity.

The change in the total phenol amount of P.
morrowii was started to be measured from the 2nd
week (Figure 5). Except for the 4th week, the
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lowest total phenol values were reported in
samples with 33%o, and the highest total phenol
values were reported in samples with 42%o. salt
concentration. The total phenol value reached the
highest level in the samples with 10%. salt
concentration at the 4th week (2.18 + 0.43 mg/g
FW). The highest and the lowest total phenol
values observed throughout the culture were
with  42%. salt
concentration in the 2nd week and samples with
33%0 salt concentration in the 3rd week,
respectively (2.28 + 0.15 mg/g FW, 1.70 + 0.15

mg/g FW). As a result, the total phenol values of

observed in the samples

the samples varied depending on salinity (F=9.871,
p<0.05) and time (F=4.148, p<0.05). A significant
difference was found between the total phenol
values of the samples with 33%. salt concentration
and the total phenol values of the samples with
10%o and 42%o salt concentrations (p<0.05).

3.00 + Total phenol
2.50 -
I
2.00 I I —
oo
B 150 - 23%o
M 33%o0
1.00 -
B 42%o
0.50
0.00 - ‘ ‘
2nd week 3rd week 4th week

Figure 5. Total phenol amounts of P. morrowii
depending on time and salinity.

3.4. Total oil-soluble and water-soluble
antioxidant capacity

While the oil-soluble antioxidant contents of the
samples cultured with 10%o salt concentration in
the 1st (0.84 + 0.21 mg/g FW) and 2nd (0.92 * 0.06
mg/g FW) weeks of the study showed close values
to each other, these values increased in the 3rd
(1.42 £ 0.21 mg/g FW) and 4th (1.27 = 0.54 mg/g
FW) weeks of the study. The low values observed in
the samples with 23%o. salt concentration in the
first week, approximately doubled in the 3rd week
and reached 1.11 + 0.58 mg/g FW. Except for the
4th week, the oil-soluble antioxidant contents of
the samples exposed to 42%. salt concentration

increased gradually in the first 3 weeks (0.51 + 0.13
mg/g FW, 0.64 + 0.19 mg/g FW, 0.77 £ 0.26 mg/g
FW, respectively) (Figure 6). Time affected the oil-
soluble antioxidant content of the P. morrowii
(F=5.910, p<0.05). In the 2nd, 3rd and 4th weeks of
the study,
contents were observed in the samples with 10%.
salt concentration (0.92 * 0.06 mg/g FW; 1.42 +
0.21 mg/g FW; 1.27 + 0.54 mg/g FW, respectively).
The oil-soluble antioxidant content of P. morrowii

the highest oil-soluble antioxidant

was affected by salinity changes. The oil-soluble
antioxidant contents of the samples cultured at
10%s. salt concentrations differed from those of the
23%0 and 42%o. salt

samples exposed to

concentrations (p<0.05).

2.00 Oil-soluble antioxidant
1.80

W 10%o

1.60

1.40 [

1.20

1.00 - 23%0
0.80 - m 33%o
060 W 42%o
0.40 -

0.20

0.00 ™= — — . ‘

1st week 2nd week 3rd week 4th week

mg/g

Figure 6. The amount of oil-soluble antioxidants of P.
morrowii depending on time and salinity.

During the application period of 4 weeks, the
highest water-soluble antioxidant contents were
determined in the samples cultured at %010 salt
concentration at each week of the study (Figure 7)
and it reached the highest value in the 4th week
(2.60 + 0.17 mg/g FW). The lowest water-soluble
antioxidant values were observed at 33%. salt
concentrations throughout the culture, and were
determined to be 1.06 + 0.12 mg/g FW in the 1st
week. Although a similar situation was observed in
all  weeks, the amount of water-soluble
antioxidants of the samples cultured at 10%o salt
concentration in the 4th week (2.60 + 0.17 mg/g
FW) reached approximately twice the amount of
other applications. The effects of salinity
(F=148.017, p<0.05), salinity and time together
(F=12.484, p<0.05) were found to be significant on
P. morrowii. On the other hand, the time factor

alone was determined to be an ineffective variable
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(F=2.588, p>0.05).
showed that the antioxidant
contents of the samples cultured at 10%o0 and 33%o
salt concentrations were different from other

Multiple
water-soluble

comparison tests

treatments (p<0.05). The water-soluble antioxidant
contents of the samples exposed to 23%o0 and 42%o
salt concentrations did not differ statistically
(p>0.05).

3.00 Water soluble antioxidant
2.50 -
2.00 9 m 10%o
o0
® 150 | ] | ] I 23%
i W 33%o0
’ o 42%0
0.50
0.00 -+ - T - - r

1st week 2nd week 3rd week 4th week

Figure 7. The amount of water-soluble antioxidants of P.
morrowii depending on time and salinity.

3.5 Carbonic anhydrase activity

It was determined that the CA activity of P.
morrowii samples was affected by salinity at the
end of four weeks of culture (F=16.369, p<0.05). In
the measurements made in the 4th week, the CA
values of the samples cultured at 23%. salt
concentration were observed to be at the lowest
level compared to other applications (1.35 + 0.38
U/g FW, p<0.05). The CA values observed in the
samples exposed to 10%o salt concentration were
found to be 3.4 times higher than the values of the
samples exposed to 23%o salt concentration. The
highest CA value was detected in the samples
cultured at 42%. salt concentration (4.58 * 0.96
U/g FW) (Figure 8). On the other hand, the
difference between the CA values of the samples at
10%o0, 33%0 and 42%o salt concentrations was not
significant (p>0.05).

3.6 Total solid organic matter

The total solid organic matter amount of P.
morrowii was affected by salinity changes (F=8.966,
p<0.05). Considering the total solid organic matter

content of the cultured samples in the last week
(Figure 9), it was observed that the values at high
salt concentrations (42%o, 33%0) were higher than
the other treatments (50.52 + 6.56 g/g DW, 46.44
2.79 g/g DW, respectively). The lowest total solid
organic matter amount was found to be at 23%o
salt concentration (38.30 + 3.59 g/g DW), and it
with 10%0 salt
concentration (p>0.05). On the other hand, it
differed significantly from the values of the
with  both 33% and 42%. salt
concentrations (p<0.05).

was close to the wvalues

samples

CA
6.00

5.00
4.00 -
%03'00 1 H 4th week
2.00
1.00 -
0.00 + .

10%o 23%o 33%o 42%0

Figure 8. CA activity of P. morrowii depending on
salinity.

Total solid organic matter
60.00 -

50.00

40.00 -
o0
o
% 30.00 -
M 4th week
20.00 -
10.00 -
0.00 +— — — — —

10%o 23%o0 33%o 42%0

Figure 9. Total solid organic matter amount of P.
morrowii depending on salinity.

In addition, some descriptive statistics of total
protein, PE, PC, Chl-a, total oil- and water-soluble
antioxidant, total phenol, CA, and total solid
organic matter values of P. morrowii cultured in 4

different salt concentrations are given in Table 2.
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Table 2.

The measured mean values and standard deviation values of biochemical and physiological parameters

depending on time in P. morrowii cultured in different salt concentrations.

Salinity Concentration

Parameters Week 10%o0 23%o 33%o 42%o
Total protein content (mg/g) 1 6.43+0.64 5.88+0.71 5.54+0.74 5.79+0.56
2 10.4242.20 10.82+1.30 6.83+0.29 8.21+0.46
3 8.33+1.38 8.42+0.35 8.22+0.70 9.3810.91
4 10.88+1.42 8.85+0.63 7.53+1.20 9.04+1.20
Phycocyanin (mg/g) 1 0.08+0.02 0.05+0.01 0.05+0.01 0.06+0.01
2 0.10+0.01 0.05£0.005 0.05+0.03 0.0610.01
3 0.10+0.02 0.06+0.01 0.04+0.01 0.08+0.02
4 0.10+0.02 0.07+0.003 0.04+0.01 0.08+0.01
Phycoerythrin (mg/g) 1 2.69+0.43 2.74+0.28 1.84+0.23 2.34+0.41
2 4.10+0.38 3.56+0.40 2.70+0.21 2.49+0.37
3 3.73+0.56 3.28+0.27 2.47+0.36 2.65+0.50
4 2.77+0.33 3.70+0.77 2.86+0.22 2.36+0.55
Chlorophyll-a (mg/g) 1 0.67+0.24 0.63+0.22 0.5310.33 0.49+0.21
2 0.80+0.17 0.64+0.28 0.49+0.50 0.47+0.21
3 0.84+0.56 0.76+0.63 0.55+0.46 0.36+0.13
4 0.94+0.13 0.80+0.33 0.71+0.22 0.49+0.10
Oil-soluble antioxidant (mg/g) 1 0.84+0.21 0.77+0.71 1.02+0.64 0.51+0.13
2 0.92+0.06 0.68+0.29 0.63+0.14 0.64+0.19
3 1.42+0.21 1.11+0.58 1.1340.25 0.77+0.26
4 1.27+0.54 0.38+0.34 0.61+0.32 0.63+0.29
Water-soluble antioxidant (mg/g) 1 2.23+0.10 1.48+0.11 1.06+0.12 1.44+0.17
2 1.76+0.09 1.52+0.17 1.12+0.12 1.65+0.08
3 2.01+0.13 1.50+0.14 1.43+0.17 1.40+0.17
4 2.60+0.17 1.46+0.13 1.22+0.16 1.27+0.36
Total phenolic content (mg/g) 2 2.26+0.25 2.1840.11 1.80+0.18 2.28+0.15
3 2.09+0.13 1.90+0.14 1.70+0.15 2.18+0.15
4 2.18+0.43 1.98+0.16 2.05+0.12 1.95+0.16
Carbonic anhydrase activity (U/g) 4 4.54+0.49 1.35+0.37 3.12+0.63 4.58+0.96
Total solid organic matter(g/g) 4 40.44+4.45 38.30+3.59 46.44+2.79 50.5246.56
4. Discussion and Conclusion solutes" in response to salinity (Brown and

Seaweeds maintain their homeostasis by osmotic
adaptation to their environment through the
intake, accumulation, destruction and disposal of
various osmotic active substances against salinity
changes (Kirst 1989). In the study, the high total
solid organic matter amounts observed at high salt
concentrations suggested that P. morrowii might
have accumulated organic compatible solutes in
order to increase its osmotic potential. Seaweeds
and higher plants create low water potential in
their cytoplasms by biosynthesis and accumulation
of various organic osmolytes (e.g. in protein and/or
carbohydrate structure) known as "Compatible

Simpson 1972, Karsten et al. 1996, Kirst 1989). In
most cases, these substances are photosynthetic
products as in red algae (Kremer 1978). In this
study, the total amount of protein and the
amounts of Chl-a, PE, and PC, which are protein-
structured compounds, were generally lower at
high salt concentrations suggested that the
increase in total solid organic matter observed in P.
morrowii may have been caused by the
biosynthesis or accumulation of low molecular
weight carbohydrate compounds rather than
protein compounds. On the other hand, it was
observed that the amount of total solid organic

matter was not affected by the low salt
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concentration. Similar to our findings, Reed et al.
(1980) stated
increased as a compatible solute in Porphyra

that fluoroidose carbohydrate
purpurea with increasing salinity. On the other
hand, they found a decrease in low molecular
weight carbohydrate levels with decreasing salinity
as in the study of Munda and Kremer (1977).
Karsten et al. (1996) and Eggert et al. (2007)
showed that red
biosynthesis and accumulation in response to

seaweeds make sorbitol
osmotic stress in high salinity conditions. Reed
(1983) reported that Polysiphonia lanosa (L.) Tandy
benefited from organic (DMSP) and
solutes to maintain homeostasis against salinity
conditions between 2% and 200%.

In this study, an increase was observed in the CA

inorganic

activity of the samples of P. morrowiii cultured at
other salt concentrations compared to the samples
cultured at 23%. salt concentration, as in the total
solid organic matter content. The thought that the
increase in the total solid organic matter amount to
ensure osmotic adaptation may be mostly due to
carbohydrates is in harmony with the increased CA
activity. CA may have allowed the seaweed to use
inorganic carbon source by converting bicarbonate
(HCOj3) to carbon dioxide (CO,). In addition, the
obtained results suggest that this seaweed uses
HCO; as an inorganic carbon source, converts
more HCO; to CO, with increased CA activity, so
that it can absorb more CO, and synthesize more
organic molecules such as carbohydrates. On the
other hand, due to H,O, formed under stress,
changing in the functioning of the genes
responsible for the operation of CA activity or
removal of Reactive Oxygen Species (ROS) which
negatively affects CA activity in the environment
with increased antioxidant substance levels might
be among the possible causes of high CA activity
observed in samples with low and high salt
concentrations. Similar to our findings, Booth and
Beardall (1991) found in their study with Dunaliella
salina that CA activity on the cell surface increased
depending on increased salinity. They stated that
increases in CA activity were closely related to
increased affinity for CO, and HCO3 in
photosynthesis. On the other hand, Liu et al. (2012)
expressed that CA activity decreased as a result of

H,0, formed under low osmotic stress in Dunaliella
salina.

In the study, Chl-a values of P. morrowii showed an
increase depending on time in the medium with
low salt concentration, but decreased as the salt
concentration of the medium increased. The
increase in Chl-a value of the samples at 23%. salt
concentration was higher than the values of
samples cultured at 33%. salt concentration
suggested that the natural habitat of this species
may be an environment with a salt concentration
of 33%o; this species may have come from the
Mediterranean to the Sea of Marmara in various
ways and other salt concentrations cause stress. P.
morrowii (Harvey 1856), which was first recorded
in Japan, was later reported frequently in Japan
and nearby waters (Kang 1966, Yamada and Tanaka
1944, Yoon 1986). This species, which entered the
Mediterranean from the Northwest Pacific Ocean
(Kim et al. 2004), has subsequently been reported
in the Mediterranean and Canakkale waters (Curiel
et al. 2002, Erdugan et al. 2009, Marzocchi et al.
2001).

This species, which entered the Mediterranean
from the Northwest Pacific Ocean (Kim et al. 2004),
has subsequently
Mediterranean and Canakkale waters (Curiel et al.
2002, Erdugan et al. 2009, Marzocchi et al. 2001).
Until the thesis study on which this article data is

been reported in the

based, no record of P. morrowii was found for the
Sea of Marmara (Cetin 2014). P. morrowii was also
detected in different studies in Marmara waters in
the following years (Taskin 2016, Taskin et al. 2018,
Taskin et al. 2019, Taskin 2022). It is stated that it
was transported to this region by ship and ballast
waters, and it is also an invasive/alien red algae
species (Taskin 2022). The fact that the first records
of P. morrowii were mostly in regions with high
salinity supports the view that the natural habitat
of this species is environments with a salt
concentration of 33%o.. In addition, the salinity
increases in the Sea of Marmara due to
temperature rises suggest that this species has
within  the
Mediterraneanization process of the Sea of
Marmara. The data obtained from PE, PC, total

protein, total phenol and water-soluble antioxidant

spread to these regions
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analyzes also seem to be compatible with these
views.

In general, photosynthetic activity is suppressed in
environments which has low and high salt
concentrations (Seemann and Critchley 1985). The
environment which has low salt concentration
affect photosynthetic activity more negatively in
marine species living in areas with high salt
concentrations. Considering that the natural
environment of the P. morrowii has 33%o salt
concentration in this study, P. morrowii may have
PE and PC

(photosynthetic pigments) in order to counteract

increased the amounts of Chl-a,

the effects of damage in photosynthetic activity as
a response to stress at low salt concentration. The
change in pigments was substantially similar. On
the other hand, the decrease in Chl content
detected under high salinity conditions (42%o.) may
be originated from changes in the lipid-protein
ratio of the pigment-protein complex or increased
chlorophylase activity. Similarly, Parida et al. (2004)
found a decrease in the Chl and carotenoid
contents of Aegiceras corniculatum depending on
the increase in salinity. Also, Kakinuma et al. (2004)
determined that the Chl and total pigment content
of Ulva pertusa increased in low and high salinity
treatments. They detected that this increase was
especially more in the environment where the salt
concentration was low. On the other hand, Israel et
al. (1999) Chl-a,
phycobiliprotein and total protein values in the

reported an increase in
sample when the Gracilaria tenuistipitata species
was exposed to salt stress, especially in sample at
high salinity environment. Consistent with our
results, Kumar et al. (2010) reported in their study
with Gracilaria corticata that in the environment
which has low and high salt concentration Chl-a
content decreased, PE and allophycocyanin content
increased, and PC content increased only in
environments with high salt concentration
compared to the control. Contrary to Chl-a, a
significant increase in PC values was determined
also in the environment with high salt
concentration (42%o). The fact that the PE and PC
values of the samples cultured at low salt
concentrations were higher showed that the

species was more stressed in these environments

than in environments with high salt concentrations.
It was thought that P. morrowii tried to remove
ROS, which were formed as a result of stress due to
decreasing and increasing salinity, by increasing the
amount of PE and PC pigments with antioxidant
properties.
substances that

Phycobiliproteins are antioxidant

prevent oxidative stress by
neutralizing ROS through their nucleophilic abilities
(Cano-Europa et al. 2010). On the other hand, we
thought that there is an increase of the amount of
phycobiliproteins during adaptation to unfavorable
conditions because they play a role as protein
stores in biosynthesis reactions, supply high energy
needs, provide cell reorganization, maintain
membrane fluidity under salt stress, and serve as
nitrogen sources especially in low salt
concentration conditions (Kumar et al. 2010). The
total protein values of the samples were also
similar to the phycobiliproteins and the lowest
values were detected at 33%. salt concentrations in
all weeks. We can attribute the significant increase
in protein at low salt concentrations to the increase
in phycobiliproteins depending on time. As for the
increase in high salt concentrations may resulted
from the increase in phycobiliproteins as well as
the increased cytoplasm:vacuole ratio in the cell
and the accumulation of various proteins as
organic solutes in the organism. In environments
where salt concentration is high, while the cell
begins to shrink by losing water rapidly, the
vacuole becomes smaller. While inorganic ions
accumulate in the vacuole, organic solutes mostly
settle and accumulate in the cytoplasm, and they
maintain the ion balance during osmotic stress and
ensure the adaptation of the living thing to the
environment. Similar to our findings, several
researchers reported that Ulva pertusa increased
the amount of proline (Kakinuma et al. 2006) and
Ulva prolifera increased the amount of total
soluble protein (Luo and Liu 2011) in their thalli
under osmotic stress. On the other hand, contrary
to our findings, Macler (1988) detected decrease in
the Chl and phycobiliprotein amounts of the
samples in both low and high salinity environments
in Gelidium coulteri. The decrease in protein values
at low salinity was attributed to the loss of

phycobiliproteins and Chl pigment.
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The fact that the total
generally the lowest in 33%o salt concentration in

phenol content was

this study suggested that P. morrowii was not
stressed in this environment. The high total phenol
42%0 and 10%o. salt
concentrations may be due to the fact that the

values observed at
organism increases the amount of antioxidant
compounds to cope with oxidative stress as a
response to ROS, which formed as a result of ionic
effects in

hyposaline and hypersaline

environments. Phenolic compounds may have
enabled P. morrowii to adapt to changing
environmental conditions by removing ROS from
the environment. Antioxidant activity in seaweeds
is mainly due to phenolic compounds in most
cases, and the amounts of these compounds vary
depending on environmental conditions and
2008).

compounds are antioxidant substances that exhibit

species (Kumar et al Polyphenolic
effects to scavenge ROS, chelate metals and
prevent lipid peroxidation (Rodrigo and Bosco
2006). On the other hand, the increased phenol
values observed in high salt concentration in this
study may indicate an adaptation mechanism for P.
morrowii to maintain ionic balance during osmotic
stress. Similar to our findings, Kumar et al. (2010)
found that low and high salt concentrations cause
oxidative stress in Gracilaria corticata and cause an
increase in polyphenol content. The researchers
stated that polyphenols may play an essential role
in eliminating ROS, as well as an adaptive property
in maintaining turgor pressure during salinity-
(2004)
reported that increased polyphenol content is an

induced osmotic stress. Parida et al.
adaptation mechanism to eliminate the negative
ionic effects that occur in environments with low
and high salt concentrations. Also, Matanjun et al.
(2008)
content and antioxidant activity in eight seaweed

found relationship between phenolic
species they examined.

Plants have enzymatic and non-enzymatic defense
systems to cope with the negative effects of ROS
formed under adverse conditions (Noctor and
Foyer 1998). Water-soluble antioxidants (ascorbate
and glutathione) and fat-soluble antioxidants (a-
tocopherol and carotenoids) are essential non-

enzymatic compounds that remove ROS from the

environment (Munné-Bosch and Alegre 2002,
Noctor and Foyer 1998). Ascorbate and glutathione
play a fundamental role in detoxifying and
removing H,0, in the cell, thus protecting the living
thing against oxidative stress (Noctor and Foyer
1998). As for a-tocopherol is an antioxidant found
in the thylakoid membranes of chloroplasts and
protects the fatty acids of the cell membrane
against lipid peroxidation (Fryer 1992). In this
study, the increase in water- and oil-soluble
antioxidant values at 10%. salt concentration
showed that P. morrowii was more adversely
affected by low salt concentration. While it is also
supported by the water-soluble antioxidant values
that the 23%. salt concentration causes more
stress on this species compared to the 33%o salt
concentration, the difference between the other
salt concentrations in terms of fat-soluble
antioxidants is insignificant. Consequently, it is
thought that P. morrowii increases the amount of
water-soluble antioxidant in response to H,0,
formed under stress and oil-soluble (a-tocopherol)
antioxidant against lipid peroxidation. In addition,
the increase in the a-tocopherol content of the
samples in medium with low salt concentration
may have protected the thylakoid membranes
from oxidative stress and contributed to the
chlorophyll  (Chl)
Supporting our findings, Lu et al. (2006) found that
H,0, accumulated in environments with lower and

increase in the content.

higher salt concentrations compared to the control
in Ulva fasciata Delile exposed to salinity stress
caused a stress in the organism, and while the total
ascorbate increased at low

content salinity

concentrations, it decreased with increasing
salinity concentration. They showed that the
increase of ascorbate and glutathione content in
low salinity conditions (15%so) is responsible for the
removal of H,0, accumulated in the environment
thanks to antioxidant enzyme activities. Jahnke and
White (2003) found in their study that, at low
salinity concentrations, an increase in glutathione
and a-tocopherol content of Dunaliella tertiolecta
ensued and a decrease in total and reduced
ascorbate content occurred. On the other hand,
they reported that

increasing salinity

concentrations decreased the glutathione and a-
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tocopherol levels while increasing the total
ascorbate content. As a result, they suggested that
the ascorbate content of the species is the
compound that plays a key role in providing salt
tolerance under NaCl stress. During salinity
changes, the antioxidant content of salt-tolerant
species increases, while antioxidant content of
sensitive species decreases or does not change
(Gossett et al. 1994, Hernandez et al. 2000). In this
context, due to the increase in antioxidant capacity
of P. morrowii, it is thought that it tries to adapt to
environments with low and high salt
concentrations and is tolerant to salinity changes.

As a result, in this study, it was determined that P.
morrowii was affected by salinity and that salinity
caused some changes in the physiology of the
species. In particular, the decrease of salinity in the
environment was more effective on this species. In
general, P. morrowii increased the amount of total
protein, Chl-a (except 42%.), PC, PE, total phenol,
and water-soluble antioxidants in media with low
(10%o, 23%0) and high (42%o) salt concentrations.
Similarly, it was detected that CA activity increased
in both low (10%.) and high (33%., 42%o) salt
concentrations. However, while the amount of oil-
soluble antioxidants increased in samples cultured
at low salt concentration (10%.), the amount of
total solid organic matter increased in samples
cultured at high salt concentrations (33%., 42%.).
Therefore, this species has shown tolerance to
salinity changes by adapting to changing
environmental conditions with the various defense
strategies mentioned. In this context, this study is
important in terms of supporting that P. morrowii
is a tolerant species that can easily spread in
different

parameters. On the other hand, the fact that this

ecosystems with physiological
species came from the Pacific and distributed to
the Marmara Region supports the idea that it has a
high salt tolerance. It is thought that the results
obtained will contribute to the literature since
there has not been any study on this species in the
Marmara Region before. In the following years, it is
expected that some species will disappear from the
environment during salinity changes that may
occur due to climate change, and P. morrowii will
reach high populations in its environment thanks to

its different adaptation characteristics. On the
other hand, it is necessary to examine and
investigate how salinity changes will affect this
species in the long term and how other populations
of species in the ecosystem will be affected by this
change.
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Abstract

The human immune system is essential for defending the body against harmful internal and external

elements; immunity includes innate and acquired immunity. Macrophages, the innate immune

system's key components, are crucial for the clearance of dead cells and tumor cells, as well as foreign

substances by triggering phagocytosis. They also play a role in the adaptive response with the

Keywords cytokines and mediator molecules they secrete. Lactic acid bacteria (LAB), an important probiotics

Lactobacillus; class, have a strong potential to improve host health and can be used as a functional food. There have

Cell-free supernatant; been reports of certain LAB strains having immunostimulating effects. However, the effects of cell-

RAW 264.7; free supernatants (CFS) gathered from some LAB strains on macrophage activation have become an

important research area in recent years. This study's main objective was to characterize the

immunostimulatory activities of Lactobacillus plantarum LP299v in the RAW 264.7 macrophage cell

line. For this purpose, the immunomodulatory activity of CFS of the related strain was evaluated by

MTT, neutral red assay, and Griess reaction respectively, in terms of proliferation, phagocytosis

ability, and nitric oxide (NO) production parameters using the macrophage cell line. Studies have

shown that this strain significantly increased proliferation, phagocytosis, and NO levels in RAW264.7

macrophage cells. When considered, these results suggest that the cell-free supernatant, obtained

from Lactobacillus plantarum LP299v selected in this study, may be helpful for candidate compounds
with immunostimulatory activity.

Immunomodulatory
activity

Lactobacillus Plantarum LP299v Susu Hiicre icermeyen Siipernataninin
RAW 264.7 Makrofaj Hiicrelerinde immiinmodiilator Aktivitelerinin

Analizleri
0z

insan bagisiklik sistemi, viicudu, zararli i¢ ve dis unsurlara karsi savunmak icin gereklidir; bagisiklik,
dogustan gelen ve edinilmis bagisikhg igerir. Dogustan gelen bagisiklik sisteminin temel bileseni olan
makrofajlar, 614 hiicrelerin ve timor hiicrelerinin yani sira fagositozu tetikleyerek yabanci maddelerin
temizlenmesi icin ¢ok 6nemlidir. Ayrica salgiladiklari sitokinler ve araci molekiiller ile adaptif yanitta
da rol oynarlar. Probiyotiklerin 6dnemli bir sinifi olan laktik asit bakterileri (LAB), konakgi saghgini
Anahtar kelimeler iyilestirmek ve fonksiyonel bir gida olarak kullaniimak igin giicléi bir potansiyele sahiptir. Bazi LAB
Lactobacillus; suslarinin bagisiklik sistemini uyarici etkileri oldugu bildirilmistir. Bununla birlikte, bazi LAB suslarindan
Hucresiz sipernatan;  elde edilen hiicresiz siipernatantlarin (CFS) makrofaj aktivasyonu Uzerindeki etkileri son yillarda
- RAW 264.7; dnemli bir arastirma alani haline gelmistir. Bu ¢alismanin temel amaci, Lactobacillus plantarum
Immunomodiilatér LP299v'nin RAW 264.7 makrofaj hiicre hattindaki imminostimiilatér aktivitelerini karakterize
aktivite. etmektir. Bu amagla, ilgili susun CFS'sinin imminomodilatér aktivitesi, makrofaj hicre hatti
kullanilarak proliferasyon, fagositoz yetenegi ve nitrik oksit (NO) Uretimi parametreleri agisindan
siraslyla MTT, notral kirmizi testi ve Griess reaksiyonu ile degerlendirilmistir. Calismalar, bu susun
RAW264.7 makrofaj hiicrelerinde proliferasyon, fagositoz ve NO seviyelerini 6nemli 6l¢tide artirdigini
gbstermistir. Bu sonuglar birlikte ele alindiginda, bu ¢alismada segilen Lactobacillus plantarum
LP299v'den elde edilen hiicresiz siipernatanin imminostimiilator aktiviteye sahip aday bilesikler igin

yararli olabilecegini gostermektedir.

© Afyon Kocatepe Universitesi
1. Introduction harmful substances; and consists of innate and

The human immune system is essential for acquired immune components (Zheng et al., 2020;

defending the body against viruses, bacteria, and Mazziotta et al., 2023). Innate immunity stands for
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immune cells’ non-specific response to exogenous
factors. Acquired immunity is involved in the
induction of a particular antigen-specific response.
A range of immune cells, including macrophages,
are involved in innate immunity (dendritic cells,
natural killer cells, neutrophils, and eosinophils).
Macrophages play a central role in the response to
endogenous factors, taking part in removing tumor
cells, dead cells, and exogenous factors via
2017).

Additionally, macrophages have been implicated in

phagocytic activity (Hirayama et al.,
adaptive immunity through secreting a variety of
mediator molecules, including inducible nitric oxide
synthase, cyclooxygenase-2, prostaglandin E2, and
nitric oxide (NO), as well as pro-inflammatory
cytokines like tumor necrosis factor, interferon,
and different interleukins (Geum et al., 2020; Kang
et al.,, 2021; Wu et al.,, 2022). NO is a soluble
endogenous gas that functions in pathways such as
immune regulation, inflammation, and destruction
of tumor cells, functioning as an effector molecule
or metabolic regulator (Palmieri et al., 2020;
Vidanapathirana et al., 2022).

Probiotics are microbial food additives (live
microorganisms) that cause positive effects on host
health when consumed in appropriate amounts
and under the right conditions (Mazziotta et al.,
2023). The microorganism group in which the
effects of probiotics on consumer health have been
investigated in the most detailed way is lactic acid
bacteria (LAB). LAB and some metabolites of this
group of microorganisms have been shown to
health,
lower serum cholesterol levels, and function in

improve immunity, promote intestinal
anticancer and antioxidant mechanisms (Das et al.,

2022; Mazziotta et al., 2023).

Recently, interest in the use of probiotics to
in this
immunomodulatory

support immunity has increased and

context, research on the
effects of cell-free supernatants of probiotics has
emerged as a new research area. Studies have
strains, such as

reported that some LAB

Lactobacilli, Lactococcus, and Bifidobacterium,
have immunostimulatory effects on macrophage

cells of CFS (Lee et al., 2022; Lee et al., 2023). In

this study, we evaluated the immunostimulatory
activity of Lactobacillus plantarum LP299v on RAW
264.7 macrophage cells and related mechanisms,
proliferation (MTT assay), phagocytic capacity
(neutral red), and NO production (Griess reaction)
parameters.

2. Materials and Methods
2.1 Bacterial Strain and Cultivation Condition

In this study, we used Lactobacillus plantarum
LP299v, kindly provided by Probest Digestive (Abdi
ibrahim, Turkey). The strain was grown in De Man-
Rogosa-Sharpe (MRS) broth (Merck, Darmstadt,
Germany) and on MRS agar. LP299v strain was
cultured under aerobic conditions (5% CO2 and
21% oxygen) at 37°C (Tranberg et al., 2021).

2.2 Cell-Free Supernatant (CFS) Preparation

To examine the immunomodulatory effects of the
selected strain of this study, CFS was prepared
following the method used in a previously
published 2022).
Briefly, Lactobacillus plantarum strain LP299v was
cultured in MRS medium at 37 °C for 18 hours.
Next, centrifugation was done at 4000 x g for 20

study (Lee et al.,

min. to extract CFS from bacterial cultures, which
were then filtered via a 0.2 um filter, followed by
freeze-drying. The CFS was then redissolved in the
DMEM medium in which the cells were grown and
used for cell culture-based immunomodulatory
effect analyses

2.3 Cell Culture

Macrophages are versatile immune cells associated
with a variety of diseases; their phenotypes and
functions vary depending on the surrounding
environments. RAW 264.7 cells are widely used in
immunostimulatory studies as a macrophage cell
line that can reflect normal macrophage functions
(Taciak et al., 2018). In our study, we investigated
the effects of cell-free supernatant, obtained
from Lactobacillus plantarum strain  LP299v, on
proliferation and phagocytosis ability, in addition to
nitric oxide production in RAW 264.7 cells.
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RAW 264.7 cells were kindly provided by Dokuz
Eylil University Oncology Institute (Passage 10).
Cells were seeded in DMEM medium containing
high glucose concentration (4.5 g/L), accompanied
by 10% (v/v) heat-inactivated fetal bovine serum
(FBS), and 1% (v/v) penicillin/streptomycin. Then,

the cells were harvested using a scraper
(GeneDirex, Inc) after trypsin treatment
(0.25%)/EDTA  (0.05%) (Biological Industries,

Cromwell, USA) for 5 min at 37°C when their
confluency reached 70% and passaged at a 1:4
dilution every 2-3 days (Xu et al., 2019). Cell
viability was checked with trypan blue and
experiments were continued if the viability level
was above 90%; all experiments were carried out
between passages 10-14.

2.4. Macrophage Proliferation Analysis

RAW 264.7 cells were seeded in 96 well plates with
1.10" cells per well concentration. Following the
overnight incubation (cells were in a 70% confluent
state), the cell culture medium was replaced with
fresh
concentration range of CFS (1, 2, and 5 mg/mL) for

medium, containing the determined
the administration groups. We also changed and
refreshed the media of control wells. At the end of
the 24-hour MTT (Serva,

Germany) solution, with the final concentration of

incubation process,

0.5 mg/ml (10 pL), was added to wells. Three hours
after the incubation, the formation of formazan
crystals was controlled and the crystals were
dissolved using 100 pL of DMSO. The color
obtained was measured spectrophotometrically
with a ChroMate®
adjusted at a wavelength of 492 nm. Each

ELISA microplate reader,
experiment was performed in triplicate. The wells
containing only the medium, in which CFS was not
applied, acted as the control, and the cell viability
percentage was determined using the following
formulation by comparing it with the control
group.

% Cell Viability = [(Asample) / (Acontrol)] x100 (1)

Aol Stands for control well’s absorbance and

stands for the CFS application well

Asample
absorbance.

2.5. Neutral Red Uptake Assay for Macrophage
Phagocytosis

RAW 264.7 cells were seeded in 96 well plates at a
concentration of 1.10* cells per well. Following the
overnight incubation, the cells were incubated
using the determined concentrations of CFS for 24
hours. We performed analyzes according to the kit
protocol of the EZcountTM Neutral Red Cell Assay
(HiMedia Laboratories, Maharashtra, India). Using
a microplate reader, we measured the absorbance
at 490 nm (Xu et al., 2019). We evaluated these
absorbances according to the untreated control
wells and determined the phagocytic activity.

2.6. Production of Nitric Oxide (NO)

After the overnight incubation, we treated the
RAW 264.7 cells, seeded in 96 well plates with a
concentration of 1.10* cells per well, with CFS at
the determined concentrations for 24 hours. Then
the we collected the conditioned medium and
analyzed it with the Promega Griess Reagent
USA)
manufacturer's protocol (Xu et al.,, 2019). The

System  (Wisconsin, following  the
results were evaluated according to the untreated

control wells.

2.7. Data Analysis

All experiments were carried out in triplicates and
values were reported as means tstandard error of
the mean (SEM). Data analyses of all groups were
carried out using Prism v 8.0 (GraphPad Software,
San Diego, CA, USA). Statistical difference was
assessed with one-way analysis of variance
(ANOVA) followed by Tukey post-hoc test.

3. Results

3.1. Macrophage Proliferation Analysis

Three different concentrations of CFS were added
to RAW 264.7 cells for a 24-hour incubation to
assess whether the LAB strain CFS could increase
proliferation in cells.. Cell viability was found to be
100 + 0.063 for the control group, 100.84 + 0.085,
107.073 + 0.083, and 111.632 + 0.079 for 1, 2, and
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5 mg/mL administrations, respectively. Therefore,
it was determined that CFS obtained from the LAB
strain did not show any cytotoxic effect on RAW
264.7 cells. However, it increased cell proliferation
depending on the application dose (Figure 1). The
results are similar to the studies carried out in the
literature on this subject and it is seen that the
application of 5 mg/mL of the relevant CFS
significantly supports macrophage proliferation
(p<0.05).

Lactobacillus plantarum strain
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Figure 1. The effect of CFS applications on the viability of
RAW 264.7 cells, at different concentrations (Bar
represents the mean of cell viability (OD 492)

+ SEM; n = 3 statistical difference is represented as ;*p <

0.05.)

3.2. Neutral Red Uptake Assay for Macrophage
Phagocytosis

The phagocytic activity of LAB strain CFS was
assessed via a neutral red uptake assay. The
activity was significantly increased for 2 and 5
in CFS-treated RAW 264.7 cells in
comparison to untreated control cells (Figure 2).

mg/mL

The result was parallel with phagocytic activity
results obtained in studies with LAB strain CFS (Lee
et al., 2022).

3.3. Production of Nitric Oxide (NO)

To show whether the corresponding LAB strain CFS
increases the production of NO in cells, we added
the obtained CFS fraction to RAW 264.7 cells. Then,
the cells were incubated for 24 hours. Since NO is
associated with macrophage functions like the
elimination of certain tumor cells, pathogens, and
cell debris, it is clear that increased NO production
is involved in the activation of the immune
response in macrophages (Huang et al., 2014). It

was determined that especially 2 and 5 mg/mL CFS
applications caused a significant increase in NO
production, compared to the blank and control
groups. Similar to our study, applications with CFSs
obtained from LAB strains dramatically boosted the
production of NO by 2.84-25.73 uM (Lee et al.,
2022).
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Figure 2. Effect of CFS applications on phagocytic activity
in RAW 264.7 cells, at different concentrations (Bar
represents mean cell viability (OD 492-630) + SEM; n =3
statistical difference is represented as *, ** respectively
; p<0.05, p<0.01).
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Figure 3.The effect of CFS applications on NO
production in RAW 264.7 cells, at various
concentrations, (Bar represents the mean of nitrite
concentration (uM) + SEM; n = 3 statistical difference is
shown as **, *** respectively; p < 0.01, p < 0.001).

4. Discussion

The innate immune system serves as the body's
initial line of defense and it is crucial in defending it
from foreign substances and pathogens. The innate
immune response includes cells like dendritic cells,
natural killer cells, and macrophages. Macrophages
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have been reported to be an important barrier to
the immune response in the host defense system
via phagocytic activation and play a critical role in
this process (Yesilyurt et al., 2021).

Recently, there has been great interest in CFS
involving bioactive soluble factors secreted by
probiotics (De Marco et al., 2018; Maghsood et al.,
2018). Cell lines have been used as in vitro models
for evaluating the physiological benefits of CFS of
probiotic strains (De Marco et al., 2018). The focus
of this study was the effect of one of the LAB
strains, Lactobacillus plantarum strain LP299v CFS,
on macrophages’ immunostimulatory activity.
Macrophage phagocytosis is a crucial step in the
removal of dead cells and pathogens (Jeong et al.,
2020).

studies, CFS of Lacticaseibacillus

rhamnosus (L. rhamnosus) GG was observed to

In earlier

increase phagocytic activity significantly in the 1774
murine cell line (Vincenti, 2010). In another study,
Xiu et al. observed that phagocytic activity in RAW
264.7 induced by
exopolysaccharides from

macrophage cells was

obtained
Lacticaseibacillus casei (L. casei) WXD030 (Xiu et
al., 2018). The evaluation in our study followed a
methodology similar to the one in the study of Lee
et al., 2022, which is comprehensive research

performed in this field. In this study, the
immunostimulatory  activity and  associated
molecular mechanisms of LABs, such as
Limosilactobacillus reuteri (L. reuteri),

Limosilactobacillus fermentum (L. fermentum), and

Lactococcus lactis (Lc. lactis), isolated from

humans, fermented and normal foods, were
evaluated. The study showed the cell viability
values obtained for 5 mg/mL CFS were between
98.92-103.88%;
proliferation was found to be quite high at 5
mg/mL CFS application, at 111.632 * 0.08. In
another study, specifically L. reuteri MG5462 (21.73
+ 0.95 uM), L. fermentum MG4263 (21.47 + 1.14
uM), MG4268 (20.87 + 2.02 uM) and MG4282
(25.73 £ 0.12 pM) isolates showed high NO
induction (19.27 + 2.80 uM) (Lee et al., 2022). Since

NO is associated with macrophage function, such

meanwhile in our study, cell

as the elimination of cellular debris, pathogens,
and tumor cells, increased NO production is known
to activate the immune response in macrophages
(Huang et al., 2014). Therefore, strains with high
NO production, such as L. reuteri MG5462, L.
fermentum MG4263, MG4268, MG4282, and Lc.
lactis MG4668, MG5278, and MG5474 were
selected and further studies were conducted (Lee
et al., 2022). In our study, NO production was
found to be 17.12 + 0.98 uM for 1 mg/mL CFS
application, and 20.62 + 1.43 and 23.53 + 1.58 uM
for 2 and 5 mg/mL, respectively. It was determined
that 2 and 5 mg/mL CFS application significantly
induced NO production in macrophage cells.

Limitations of our study include the fact that it was
and the
underlying the

restricted to macrophage cell lines,

molecular mechanisms
immunostimulatory activity were not observed.
However, with the data provided, our study serves
as a platform for further research that focuses on
the evaluation of molecular mechanisms involved
in the immunomodulatory activity of cell-free
supernatant from Lactobacillus plantarum LP299v

strain in RAW 264.7 macrophage cells.
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Abstract

Single nucleotide polymorphisms (SNPs) in human genes are very significant genetic changes and PCR
(polymerase chain reaction) or NGS (next-generation sequencing) are extensively employed in SNP
analysis. Thanks to the studies on the progress of new technologies, interest in the isothermal nucleic
acid amplification approach has increased. As one of these methods, recombinase polymerase
amplification (RPA) represents an attractive option for point-of-care nucleic acid quantification. The
target SNPs selected within the scope of the study are mutations identified in the PIK3CA gene region
(E542K, E545K), and DNA samples which were evaluated about PIK3CA mutations were isolated from
the cancer cells MCF7, BT474, and also SKBr3. The optimization studies for the RPA reaction conditions
were carried out for parameters such as assay time, temperature, primer, and also magnesium acetate
concentration. According to the results of the reaction optimization studies, in which the RPA products
can be obtained in the most efficient way, the assay time was determined as 20 min; the temperature
as 40°C; the primer concentration as 10 uM and the MgOAc concentration as 140 mM.

Gen Mutasyonunun Belirlenmesinde Rekombinaz Polimeraz Cogaltim
Teknigi Optimizasyonu Calismalari ve Sonuglari

Anahtar kelimeler
Tek Nikleotid
Polimorfizmi; izotermal
Cogaltim; Polimeraz
Zincir Reaksiyonu;
Rekombinaz Polimeraz
Cogaltim; Gen
Mutasyonu; PIK3CA

1. Introduction

Cancer is a leading cause of death globally and was
reported to be responsible for nearly 10 million
deaths in 2020, or in other words approximately 1
in 6 deaths. Mortality in cancer is quite high due to

delayed diagnosis

Oz

insan genlerindeki tek niikleotid polimorfizmleri (SNP'ler) cok &nemli genetik degisikliklerdir ve PCR
(polimeraz zincir reaksiyonu) veya NGS (yeni nesil dizileme), SNP analizinde yaygin olarak kullanilir. Yeni
teknolojilerin ilerlemesi Uzerine yapilan galismalar sayesinde izotermal niikleik asit amplifikasyon
yaklasimina ilgi artmistir. Bu yontemlerden biri olarak, rekombinaz polimeraz amplifikasyonu (RPA),
hasta basi nikleik asit 6lgiminde gekici bir alternatif olusturmaktadir. Calisma kapsaminda segilen
hedef SNP'ler, PIK3CA gen bolgesinde (E542K, E545K) tanimlanan mutasyonlardir ve PIK3CA
mutasyonlarinin degerlendirildigi DNA 6rnekleri, MCF7, BT474 ve ayrica SKBr3 kanser hiicre hatlarindan
izole edilmistir. RPA reaksiyon kosullari igin optimizasyon ¢alismalarinda analiz siiresi, sicaklik, primer ve
ayrica magnezyum asetat konsantrasyonu parametreleri degerlendirilmistir. RPA Grinlerinin en verimli
sekilde elde edilebildigi reaksiyon optimizasyon galismalari sonuglarina gore reaksiyon siresi 20 dk,
sicaklik 40°C, primer konsantrasyonu 10 pM ve MgOAc konsantrasyonu ise 140 mM olarak
degerlendirilmistir.

and

© Afyon Kocatepe Universitesi

According to 2020 data, the highest death rate (1.8
million deaths) was seen in lung cancer, followed
by colon and rectum (916 thousand deaths),
stomach (769 thousand deaths), liver (830
thousand deaths), and breast (685 thousand
deaths) cancers (WHO 2020). Therefore, early

inadequate treatment. diagnosis, which decreases the treatment costs and
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increases the patient’s life expectancy, although it
varies according to the cancer type, has become a
very important issue (Coley et al. 1997). Although
physical examinations are used today for early
diagnosis, the biopsy is accepted as the gold
standard for definitive diagnosis. However,
recently, it has come to the fore that single
nucleotide polymorphisms (SNP) can also be used
in the diagnosis of cancer. Single nucleotide
polymorphisms (SNPs) are seen in several genes
linked to different cancer types and clinically, SNPs
have the potential to be both therapeutic and
diagnostic biomarkers for a variety of cancer types
(Deng et al. 2017). The target SNPs selected within
the scope of the project are mutations identified in
the PIK3CA gene region (E542K, E545K) and have
been chosen as the target region (180 bp) because
they are widely detected in a wide variety of cancer
types such as brain, breast, stomach, colon, lung,
and liver, (Bader et al. 2006, Banerji et al. 2012,
Dawson et al. 2013, Wang et al. 2013). For the
purpose of amplifying the nucleic acid target
sequence, PCR requires many cycles of three or
two temperature-dependent steps and is used by
the great majority of systems created for nucleic
acid analysis (Zanoli and Spoto 2013). However,
due to inhibition or degradation of priming sites,
which causes allelic dropout, trace DNA such as
short tandem repeats (STRs) markers and SNPs
PCR-based

approaches. Although several PCR optimization

frequently fails to amplify in
procedures have been created, it is still difficult to
issues with PCR
solved by universal

analyze DNA samples. The
amplification have been
adapter
sequencing (MPS) techniques. Cost-effective MPS

ligation-based massively  parallel
analysis necessitates the enrichment of target DNA
regions. Although hybridization capture techniques
enrich SNPs, their
widespread use is hampered by the high cost of the
baits.

techniques to provide affordable non-PCR-based

have been created to

Therefore, it is suggested that create

target enrichment baits for MPS analysis (Gorden
2021).
drawbacks and also some challenges to implement

et al. Because of these mentioned

for on-site testing or in environments with limited
resources, it is an important requirement to try to

develop alternative techniques to PCR and DNA
sequencing. On the other hand, thermal cycling is
not necessary for low-temperature isothermal
amplification techniques, so implementing these
methods is cheaper, faster, and more practical than
traditional PCR-based methods (Zanoli and Spoto
2013).
isothermal amplification techniques have been

Over the past 20 years, numerous

created. The most common ones are recombinase
(RPA),
helicase-dependent

amplification rolling circle
(RCA),

amplification (HDA), loop-mediated amplification

polymerase
amplification

(LAMP), and multiple displacement amplification
(MDA) (Asiello and Baeumner 2011) and all of
these techniques differ from PCR in that they don't
need the same quick heating and cooling
mechanisms or temperature cycling that PCR
sequence-based
isothermal amplification methods such as rolling
(RCA),

amplification (HDA), and loop-mediated isothermal

systems do. Nucleic acid

circle amplification helicase-dependent
amplification (LAMP) are frequently used today
although such problems like complex primer design
(Kersting et al. 2018), pretreatment of the target
DNA (Zanoli and Spoto 2013), the success of the
process due to the synchronization between the
amplification components (Zanoli and Spoto 2013),
or the increased cost due to the enzymes used

(Zaghloul and El-shahat 2014) are encountered (Liu

et al. 2016). In recombinase polymerase
amplification (RPA), which is an alternative
isothermal amplification method, high vyield

product can be obtained with a low temperature
(37°C), easy primer design, and high amplification
rate. Therefore, although they are still new, their
use in the determination of human gene mutations
has come to the fore (Liu et al. 2016). Considering
the advantages and disadvantages of all these
methods, it was decided to use the RPA method for
the enrichment of target mutant sequences
selected within the scope of the study. RPA is a
low-temperature (approximately 37°C) isothermal
amplification method that combines isothermal
recombinase-driven primer targeting of the
template sequence with strand displacement DNA
synthesis. In the method developed by Piepenburg

et al. (Piepenburg et al. 2006), DNA sequences are
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amplified using recombinase, DNA polymerase, and
DNA binding proteins with a new probe-based
detection approach. In the RPA method, primer
binding to the template DNA is facilitated by
nucleoprotein

complexes formed by

ATP
Forward Reverse [ ..ombinase

primer  primer |oading factor,

crowding agentl//
C———
\/\ Recombinase Recombinase-

X rimer
proteins P
complex

=

& Single-stranded binding proteins

477} Strand displacing DNA polymerase

b 3
- ®,
= a

& $

oligonucleotide primers and recombinase proteins.
Recombinase primer complexes screen double-
stranded DNA by promoting primer binding to the
target dsDNA sequence and displacement of the
non-pattern strand.

< ™

I

Figure 1. RPA amplification scheme. Recombinase proteins formed complexes with each primer (A), which scanned
DNA for homologous sequences (B). The primers were then inserted at the cognate site by the strand-displacement
activity of the recombinase (C) and single-stranded binding proteins stabilized the displaced DNA chain (D). The
recombinase then disassembled leaving the 3" end of the primers accessible to a strand displacing DNA polymerase
(E), which elongated the primer (F). Exponential amplification was achieved by cyclic repetition of this process (Lobato

and O’Sullivan 2018).

The displaced strand is stabilized by ssDNA binding
proteins, while deconstruction of the recombinase
makes the 3'-end of the primer accessible to the
DNA polymerase (Figure 1). As a result, the target
sequence is exponentially amplified by the cyclic
replication of the process (Zanoli and Spoto 2013).
Here in this study, the optimization studies of the
RPA reaction were carried out for parameters such
as assay time, temperature, primer, and also
medium (magnesium acetate) concentrations, then

the RPA products obtained were purified and
confirmed by the electrophoretic method.

2. Material and Methods

2.1. Designing of the Primers
The oligonucleotide sets were designed by an

online software of Basic Local Alignment Search
Tool (Int.Res-1) and
GmbH) for the analysis of two important hotspots
in the PIK3CA gene (Table 1). The two codons with
the highest mutation rates in exon 9's helicase

supplied (©Biomers.net
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domain are codon 542 (E542K) and codon 545
(E545K).

Table 1. List of tested DNA sequences of primers for the
PCR and RPA Assay

Strands Sequence (5°- 3)

FP-1 TCA AAG CAATTT CTA CAC GAG ATCCT

RP-1 CTG TGA CTC CAT AGA AAATCT TTCTC

FP-2 ACA ATG AAT TAA GGG AAA ATG ACA AAG AAC
RP-2 TTA CCT GTG ACT CCA TAG AAAATCTTT CTC

FP: upstream or forward primer; RP: downstream or reverse
primer

2.2. DNA Extraction

PIK3CA E542K and E545K mutations including
human breast cancer cell lines SKBr3, BT474, and
MCF7 were obtained from the American Type
VA, USA) and
maintained in DMEM medium supplemented with

Culture Collection (Manassas,
4.5 g/L glucose, %10 fetal bovine serum, 1.5 mM L-
glutamine, 100 U/mL streptomycin, and 100 U/mL
penicillin at 37°C in a humidified incubator
containing 5% CO, and 95% air. Genomic DNA
(sDNA) was extracted from BT474, MCF7, and
SKBr3 cells DNA purification kit
(Thermoscientific Genelet, 01001401)
according to the manufacturer’s instructions. The

using a
Lot no:

DNA concentrations (ng/uL) were measured using
the 260/280 ratio obtained with a NanoDrop. The
samples were stored at -20°C until use.

2.3. Amplification of target DNA using PCR

Detection of target DNA in three breast cancer cell
lines was performed by PCR amplification with a
PCR amplification kit (Jena Biosciences, Taq Core
Kit; 214S.1). The primers and tested PCR programs
for amplification of PIK3CA mutations were as
described in Table 2. The general PCR mixture
contains 1 pL of gDNA A, 1 uL of each primer (10
UM), 1 pL of dNTPs, 0.25 uL of 2x EasyTaq®PCR
Supermix, 5 plL of hybridization buffer, 41.75 pL of
ddH20; the thermal cycling conditions were given
in Table 2 (PCR Programme takes approximately 2
hours). After rapid purification of DNA from PCR
(Genelet PCR purification kit (ThermoScientific, Lot
no: 00463783) the purified DNA was then

measured by NanoDrop-Spectrophotometer
(NanoDrop ND-1000 Spectrophotometer).

2.4. Amplification of target DNA using RPA

Detection of PIK3CA mutations in three breast
cancer cell lines was also performed by RPA
amplification with a TWISTAmp/Liquid Basic Kit
(TWISTDX, Lot no: 111112, England) and after rapid
purification of DNA from RPA (Genelet PCR
purification kit (ThermoScientific, Lot no:
00463783)), the bands were seen on the agarose
gel. The primers for the amplification of PIK3CA
mutations were as described in Table 1. The
general RPA mixture for samples contains 25 pL of
2x reaction buffer, 2.4 uL of each primer (10 uM), 9
pL of dNTPs (10 mM), 5 pL of 10x Basic E-Mix, 2.5
pL of 20x Core reaction mixture, 0.2 uL of ddH20, 1
pL of gDNA and 2.5 pL of Magnesium Acetate
(MgOAc, 280 mM); the conditions of RPA was
generally set to 39°C for 30 min, and 4°C for
forever (To terminate the RPA reaction by rapidly
lowering the temperature, the samples were taken
to the freezer and kept in the freezer until the time
of purification.).

Table 2. PCR Protocol for Optimization Studies

PCR Primer Template

Code Set Amount PCR-Program

Initial denaturation (95°C, 5 min)

Denaturation (95°C (30 sec)) -Annealing
(53°C (40 sec)) -Extension (72°C (40
sec))/Cycle Number 35

A FP1-RP1 1uL

Final extension (72°C, 5 min)
Initial denaturation (95°C, 2 min)

Denaturation (95°C (15 sec)) -Annealing
(55°C (15 sec)) -Extension (72°C (30
sec))/Cycle Number 45

B FP2-RP2  5ul

Final extension (72°C, 5 min)

2.5. Optimization of Recombinase Amplification
Reaction Conditions

2.5.1. Optimization of RPA Reaction Assay Time

RPA was carried out in accordance with the
manufacturer's  recommendations  (TwistAmp
Liquid Basic kit, TwistDx, Cambridge, UK). Briefly, 1
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uL of dsDNA (RPA product (which is firstly amplified
by PCR) of SKBR3) was added to 50 pL of RPA
reagents (2x Rehydration buffer (25 uL), 10x Basic
E-mix (5 pL), 20x Core Reaction mix (2.5 uL), 10 uM
of primers (16F and 125R; 2.4 uL), 10 mM dNTPs (9
pL), H20 (0.2 uL) 280 mM MgAcetate (2.5 pL) and
were incubated for 10, 20, 30, 40, 50 and 60 min at
39°C in the shaker incubator. The samples were
put at -20° C for 5 min to stop the RPA reaction.

8 uL of RPA amplified products were mixed with 2
puL of 5x Loading dye and run in 3% (w/v) AGE
prepared in 1x TAE buffer (Tris-Acetate-EDTA, pH 8)
at 100 mV for 40 min. The gel was pre-stained with
5 ulL of RotiSafe nucleic acid stain and HyperLadder
V (500 bp) was loaded to the gel as a nucleic acid
standard then the gel was imaged with a UV lamp
(A =254 nm).

2.5.2. Optimisation of RPA Reaction Temperature

RPA was carried out following the manufacturer's
recommendations (TwistAmp Liquid Basic Kkit,
TwistDx, Cambridge, UK). Briefly, 1 puL of dsDNA
(RPA product (which is firstly amplified by PCR) of
SKBR3) was added to 50 pL of RPA reagents (2x
Rehydration buffer (25 uL), 10x Basic E-mix (5 uL),
20x Core Reaction mix (2.5 pL), 10 uM of primers
(16F and 125R; 2.4 pL), 10 mM dNTPs (9 pL), H20
(0.2 pL) 280 mM MgAcetate (2.5 pL) and were
incubated for 20 min at 25°C-30°C-35°C-40°C-
45°C in the shaker incubator. The samples were
put at -20°C for 5 min to stop the RPA reaction. 8
pL of RPA amplified products were mixed with 2 pL
of 5x Loading dye and run in 3% (w/v) AGE
prepared in 1x TAE buffer (Tris-Acetate-EDTA, pH 8)
at 100 mV for 40 min. The gel was pre-stained with
5 ulL of RotiSafe nucleic acid stain and HyperLadder
V (500 bp) was loaded to the gel as a nucleic acid
standard then the gel was imaged with a UV lamp
(A =254 nm).

2.5.3. Effect of primer concentration on RPA
reaction yield

Primers that interact with the target sequence
(dsDNA) during the RPA reaction (in the same
molar ratio) should be in a concentration in the

range of 0.1-10 uM in the reaction final volume of
50 uL was added to the reaction medium (in the
range of 5 nM-0.5 uM as final concentration) to
determine the optimum primer concentration
forthe RPA reaction (Liu et al. 2016, Martorell et al.
2018).

2.5.4. Effect of medium composition on RPA
reaction yield

After the RPA reaction mixture is prepared, the
magnesium acetate buffer required to start the
reaction was added to the reaction medium at
concentrations ranging from 17 mM to 280 mM in
molarity (in the range of 0.85 mM - 14 mM as final
and the
buffer was

concentration in reaction medium),

optimum concentration of the

determined.

3. Results and Discussion
3.1. Genomic DNA extraction

To evaluate the amount of extracted genomic DNA
from MCF7, BT474, and SKBr3 cell cultures, the
DNA concentrations were measured using the
260/280 ratio with a NanoDrop spectrophotometer
(Table 3, Figure S1). According to the ratio of
absorbance (~1.8) at 260 nm and 280 nm, DNA
samples accepted as “pure”. And as a secondary
measure of nucleic acid purity, the 260/230 values
were also higher than the respective 260/280
values that were common in the range of 2.0-2.2
indicating the purity of nucleic acids in the samples.

Table 3. Concentrations of gDNA from cancer cells

Cell Line  A260/280 Concentration (ng/pL)
Mean (+ std. dev.)
BT474 1.89 57.9+1.4
MCF7 1.82 546 +4.1
SKBR3 1.82 44.0+6.3

3.2. Amplification of target DNA using PCR

Target DNA of BT474, MCF7, and SKBR3 cell lines
were amplified with the specified primer sets (FP1-
RP1/ FP2-RP2) under various PCR program settings
(Table 2), followed by agarose gel electrophoresis
detection. Primer set with the best amplification
efficiency was chosen for PCR assay according to
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the detected products by agarose gel
electrophoresis. Then purified amplicons’ (B coded
PCR run) DNA concentrations were measured
(Table 4). Among the two candidate pairs of
primers, the amplification effect of the FP2-RP2
primer set was significantly higher than that of the
FP1-RP1 set because they had brighter bands. The

reaction conditions of PCR were also optimized.

Table 4. Concentrations of cleaned-up gDNA from PCR

Sample Name Concentration of DNA (ng/puL)

BT474 51.1+4.3
MCF7 37.3+2.6
SKBR3 39.6+2.4
Positive control (+)

+
(Human DNA) 32.7+3.1
Negative Control (-) 26.6+2.2

The results revealed that optimal PCR program was
as Initial Denaturation (95°C, 2 min), Denaturation-
Annealing-Extension ((95°C (15 sec)-55°C (15 sec)-
72°C (30 sec)/Cycle Number 45) and Final Extension
(72°C, 5 min).

Ladder BT474 MCF7

SKBR3 PC (+) NC (-)

Ladder

Gel electrophoresis results showed that the assay
produced clearly visible bands at approximately
150 base pairs (bp) which are close to the expected
size (Figure 2). In the PCR reactions, the genomic
DNA template was used in two different amounts
as 1 and 5 pL in the reaction mixture, and
according to the gel electrophoresis analysis, the
expected bands could obviously be detected when
the template was used as 5 pL. In addition,
according to the analysis of the products amplified
by the PCR method by gel electrophoresis, no
unwanted products were detected in the other
samples, except for the PCR amplicon obtained
from the DNA sample purified from the MCF7 cell
Lane 3). Although
imperceptible, the presence of a band in the

line (Figure 2B, it was
expected region in the negative control group
indicated that a small amount of contamination
occurred between the samples during the sample
preparation or DNA purification stages, but this
contamination could not be prevented in repeated
trials (Figure 2B, Lane 6).

SKBR3 Human DNA NC

Figure 2. Optimization of PCR for amplification of gDNA from cancer cell lines. A) A coded PCR run-Amount of the
template is 1 pL and PCR cycle number is 35 - non cleaned-up; B) B coded PCR run- Amount of template is 5 pL, PCR
cycle number is 45 — cleaned-up. (Data of products obtained from PCR reactions using the FP2-RP2 primer set)

3.3. Amplification of target DNA using RPA

The RPA reactions were performed using 1 pL of
the genomic DNA of three breast cancer cell lines
as a template and cleaned-up amplicons’ DNA
concentrations were measured (Table 5). When

employing the same primer set as PCR, the size of
the amplified product acquired by RPA was
comparable to the amplicon generated by PCR.
(FP2-RP2) (Figure 3). Since RPA operates at low
temperatures, it is known that it does not force the
system to regenerate base pairs in accordance with
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Watson-Crick guidelines. As a result, significant
amounts of undesirable products known as primer-
dimers are formed, which impedes the
amplification of the intended product and is a
issue in isothermal

common amplification

techniques (Piepenburg et al. 2006).

Table 5. Concentrations of cleaned-up gDNA from RPA

Sample Name Concentration of DNA (ng/puL)

BT474 99.1+2.8
MCF7 120.2 +£10.7
SKBR3 104.8+8.3
Positive control (+)

+
(PC 1/ Human DNA) 175.5£0.0
Positive control (+)

+
(PC 2/ Human DNA) 726%3.1
Negative Control (-) 84.5+10.0

Therefore, we think that this band formation in the
negative control group (NC) may be caused by this
characteristic of RPA. We also noticed that band
formation was not good for the positive control
group (PC2) provided by the company, and
unfortunately, we saw that this result did not
change in our repeated trials.

Ladder BT474 MCF7 SKBR3 PCl1 PC2

NC Ladder

Figure 3. Target DNA amplification by RPA (PC1 refers to
the Human DNA as the positive control group; PC2
refers to the Positive control DNA as the other positive
control group which was supplied by the company; NC
refers to the negative control group)

3.4. Optimization of RPA reaction

The optimal incubation time, temperature, primer
concentration, and medium composition of the

RPA reaction for the detection of the target gene
were determined. According to the findings, the
RPA amplicon was visible after only 10 minutes and
reached saturation after 20 minutes of incubation
(Figure 4A) and the highest amount of amplified
product was observed at 40°C (Figure 4B). These
RPA-based assays achieve sensitivities that are
comparable to those obtained with PCR, but with a
markedly shorter reaction time between 10 and 20
min for the complete reaction (Kunze et al. 2016).
Similar product formation was obtained when the
RPA reaction was produced within the 30-40°C
range, showing high tolerance to temperature
fluctuations. It has also been shown by other
studies that RPA exhibits similar amplification
ability over a wide temperature range (Martorell et
al. 2018, Guo et al. 2021). Subsequently, a range of
concentrations of the primers for the target
fragments (0.1-10 uM) were tested. As shown in
Figure 4C, there were no obvious differences
between the primer concentrations from 0.1 to 1
UM, for 5 uM the band density was slightly
increased and for 10 uM the band density got
saturation. Thus, 10 uM primer concentration was
found to provide optimal performance for the RPA.
In this study, when the primer was used at 0.25 uM
in the final reaction medium (5 uM as stock
concentration), a band could be seen in the gel,
and the amount of primer used was similar to the
amount (0.24 uM) used in the study of Rathore et
al. (Rathore et al. 2019). Finally, five magnesium
ion concentration gradients of 17.5, 35, 70, 140
and 280 mM were tested and the magnesium ion
concentration that resulted in a clearly visible band
was selected as 140 mM (Figure 4D). The amount
employed in this study, 140 mM stock MgOAc
concentration, was less than the amount often
used in other experiments (280 mm) (Zhang et al.
2020, Daddy Gaoh et al. 2023), yet it was shown to
be adequate for the production of visible bands. At
a low temperature of 40°C, the assay could
successfully amplify the target sequence in just 20
minutes. However, we encountered a problem that
is frequently mentioned in the literature regarding
this assay. RPA never compels the system to
recreate base pairs in accordance with Watson-
Crick guidelines

because it operates at low
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temperatures and as a result, it inevitably creates

significant amounts of wundesirable products,

known as primer-dimers, which prevent the
intended  product from being amplified
(Piepenburg et al. 2006). Additionally,

uncharacterized artifacts are created to add to the
background signal (TwistDx 2013). Because the
system is not required (at any time in the cycle) to
rebuild the Watson-Crick base pairs by gently
annealing from high to low temperatures, this is a
issue with isothermal

common amplification

techniques (Sharma et al. 2014).

According to the literature research, it has been
seen that a number of solutions have been
developed to overcome this problem. In one of
these studies, it has been shown that if the primers
incorporate elements of a self-avoiding molecular
recognition system (SAMRS), the majority of these
undesirable side products can be avoided (Sharma
et al. 2014). Another suggestion on the subject is
the application of the “RPA-PCR couple’ approach.
DNA extraction procedures that take a lot of time
and provide difficulties can be avoided by

combining PCR and slower reaction kinetics RPA.

Ladder 10min 20 min 30 min 30 min 50 min 60 min Ladder

Ladder 10pM 5uM  1pM 0.5uM 0.1puM Ladder

Ladder 280mM 140mM 70mM 35mM 17.5mM Ladder

Figure 4. Optimization of RPA assay components. (A)
Optimization of the RPA reaction time. (B) Temperature
gradient for the RPA assay. (C) Optimization of the

primer concentration. (D) Optimization of the

magnesium ion concentration.

The technique is also anticipated to address RPA's

disadvantages of nonspecificity (background
amplification), small amplicon size (optimal range:
100-200 bp), and subpar quantification resolution.
In the linked amplification, RPA amplifies the
source directly in the first round while also
gradually amplifying the target and some flanking
regions. The target region is then immediately
amplified by PCR

amplification from the RPA

in the second round of

reaction. Longer
amplicons are generated more frequently when
RPA reaction kinetics are slower. Similar to this, the
slower pace of RPA amplification produces less
background noise and target amplicons that can be
used straight for PCR (without dilution). While
background amplification issues plague RPA and
other isothermal nucleic acid amplification
techniques frequently, its use for initial and limited
target nucleic acid amplification to replace the DNA
extraction phase offers new insight (Munawar et al.
2020) In practical applications, the quick testing
period and low incubation temperature are
advantageous for the early identification of the
target gene. The fact that a specific thermocycler is
not necessary for this assay makes it favorable as
well. The tests could be carried out in a heating
block or water bath. According to numerous
studies, the RPA reaction can be carried out at any
temperature, including body temperature (Lillis et
al. 2014, Wang et al. 2017, Ma et al. 2020). With
these benefits, the RPA assay is time and money

efficient in remote locations with limited resources.

4, Conclusion

Here, we reported the optimization studies and
results of RPA reaction as a quick and simple way
for the amplification of the target gene from the
breast cancer cell line. In conclusion, it was clear
that the RPA used in this investigation could quickly
and accurately detect the target gene. The test also

permits independence from the exacting
laboratory environmental standards and
equipment.
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Oz
Sivrisinekler, insanlarda énemli saglik sorunlarina neden olabilen sitma, Bati Nil atesi, sari humma ve

Zika virtsu gibi cesitli hastaliklarin vektorleridir. Sivrisinek istilalarini kontrol etmek igin kimyasal
insektisitler kullanilir. Son yillarda, insektisitlerin yanhs kullanimi nedeniyle sivrisinekler bu kimyasallara

Anahtar kelimel,
n.a .tar elimeler karsi direng gelistirmislerdir. Bu arastirmada, Antalya’nin Désemealti ilgesinden giceklenme déneminde
Bitkisel e’ks’trakt, toplanan Sisymbrium officinale (L.) Scop. (Brassicales: Brassicaceae) bitki tlrliniin gicek kismina ait etil

Culex pipiens;

alkol ve aseton ekstraktlarinin Culex pipiens L. (Diptera: Culicidae) sivrisinek tirline kargi larva éldirici
etkisi laboratuvar kosullarinda test edilmistir. ikinci ve Gglincii evre larvalar alti farkli konsantrasyona
(10, 25, 50, 100, 250 ve 500 ppm) 120 saat maruz birakilmistir. Elde edilen sonuglara gére etil alkol
ekstrakti, aseton ekstraktina gére Cx. pipiens tizerinde daha toksik olup LCs, degerleri sirasiyla 98,024 ve
104,19 ppm olarak bulunmusgtur. Yiz yirmi saatin sonunda en yiksek konsantrasyon olan 500 ppm’de
etil alkol ekstraktinda %96,67 6lim, aseton ekstraktinda ise %90 6lum gorllmdistar. S. officinale
bitkisinden elde edilecek bitkisel bazh ticari insektisitlerin sivrisinek micadelesinde etkili olabilecegi
disunitlmektedir.

Larva oldirici etki;
Sisymbrium officinale;
Toksisite

Larvicidal Effect of Sisymbrium officinale (L.) Scop. Plant Extracts against
Culex pipiens L.
Abstract

Mosquitoes are vectors of various illnesses like malaria, West Nile fever, yellow fever, and Zika virus, all

of which can cause significant health issues in people. Chemical insecticides are used with to control
mosquito infestations. In recent years, due to the improper use of insecticides, mosquitoes have

Keywords developed resistance to these chemicals. In this study, the larvicidal effects of ethyl alcohol and acetone
Plant-based extract; extracts of the flower part of the Sisymbrium officinale (L.) Scop. (Brassicales: Brassicaceae) plant
Culex pipiens; species collected in the flowering period from the Dosemealti district of Antalya against Culex pipiens L.

Larvicidal effect;
Sisymbrium officinale;

(Diptera: Culicidae) mosquito species were tested under laboratory conditions. Second and third instar
o larvae were exposed to six different doses (10, 25, 50, 100, 250, and 500 ppm) for 120 hours. According
Toxicity to the results, the ethyl alcohol extract was more toxic on Cx. pipiens than the acetone extract, and the
LCso values were found to be 98.024 and 104.19 ppm, respectively. At the end of 120 hours, 96.67%
mortality was observed in the ethyl alcohol extract at a dose of 500 ppm (the highest dose), while 90%
mortality was observed in the acetone extract. It is thought that the plant-based commercial

insecticides obtained from the S. officinale plant may be effective in mosquito control.

© Afyon Kocatepe Universitesi

1. Giris kullanilmasinin yani sira oksuriik, soguk alginhgi,

insanlar tarih boyunca, gida temini, vyaralarin

iyilestirilmesi, hastaliklarin tedavisi ve bdcek
micadelesi dahil olmak Uzere gesitli ihtiyaglarini
karsilamak icin bitkilerden yararlanmiglardir. Dogal
olarak vyetisen glizel kokulu tibbi ve aromatik
bitkiler koku baharat

Uretiminde, yapiminda

bogaz agrisi vb. hastaliklara karsi geleneksel tipta
tedavi edici olarak da kullaniimaktadir.

Tirkiye, Asya ve Avrupa kitalari arasinda dogal bir
kopri olmasi ve Ug fitocografik bolgenin kesistigi
noktada bulunmasi nedeni ile Diinya’da ¢ok 6nemli
bir konuma sahiptir. Ulkemiz, lcte biri endemik
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olmak Uzere yaklasik 12000 bitki tlirline ev sahipligi
yapmaktadir (Acibuca ve Budak 2018). Bu bitki
cesitliligi icinde yaklasik 3000 bitki ttrt farkl
amaglar icin kullanilmaktadir. Ornegin; cay ve
yemeklerin lezzetini arttirmak icin veya baz
hastaliklari tedavi etmek amaciyla kullanilmaktadir
(Davis et al. 1998, Guner et al. 2001).

Sisymbrium  officinale (L.) Scop. Brassicaceae
familyasina ait tek gévdeli, dalli, sari yapraklari olan
tek yillik otsu bir bitkidir. Bu bitki corak arazilerde,
yol kenarlarinda ekili ve tahrip edilmis habitatlarda
yaygin olarak gorilen bir yabani ottur. Avrupa ve
Kuzey Afrika'nin yerlisi olan bu bitki tim diinyaya
yayllmistir. S. officinale farenjit, larenjit, oksurik,
afoni, soguk alginhgi, bogaz agrisi ve astim gibi
solunum yolu hastaliklarinin tedavisinde
kullanilmaktadir. Ayrica bu bitkinin 2000 yildan
daha wuzun bir sire ©nce Yunan ve Roma
donemlerinde mastitis, orsit ve bazi timorler de
dahil olmak tzere birgok hastaligi tibbi destek
olmadan tedavi etmek icinde kullaniimistir (Zorzan
et al. 2020). S. officinale bitkisinin antioksidan,
antimikrobiyal ve antimutajenik etkileri ile ilgili
bircok calisma mevcuttur (Blazevic et al. 2010, Di
Sotto et al. 2016, Guarise et al. 2019). Son
zamanlarda bilim insanlar bitkilerden elde edilen
ugucu yag ve ekstraktlarin tarim, orman ve halk
toksik

yonelmislerdir. Halk

saghg  zararlilarina  karsi etkilerini

arastirmaya saghigi
zararlilarinin en 6nemli grubunu ise sivrisinekler

olusturmaktadir.

Sivrisinekler insan hastaliklarinin 6nemli vektorleri
arasinda yer alan oldukga gelismis kan emici
bodceklerdir. Dinyada her yil milyonlarca insani
etkileyen ve 6limine neden olan bu canlilar sitma,
sarthumma, dang hummasi, chikungunya hummasi,
filariasis, ensefalit, bati nil virlisii enfeksiyonu vb.
hayati tehdit eden hastaliklarin ¢ogu icin bir vektor
gorevi gorirler (Inci et al. 2013, Duzlu et al. 2016).
Sivrisineklerle micadele kapsaminda erginlerde
daha c¢ok residiel insektisitler, larva evresinde ise
bocek gelisim dizenleyiciler ve toksin iceren
bakteri preparatlari kullaniimaktadir (Inci et al.
2014, Cetin et al. 2015, Azizoglu et al. 2017, Rhyne
and Richards 2020).
davranislari gosterdikleri icin miicadelesi daha zor

Ergin sivrisinekler ug¢ma

olmaktadir. Sivrisinek larvalari ise sulak ortamlarda
yetistigi icin kontrol edilebilmesi erginlere gore
daha kolaydir. Bu nedenle lGreme kaynaklarinda
larva micadelesinin eksiksiz ve dogru yapilmasi
sivrisineklerin kontroliinde basariy1 getirecek en
onemli unsurdur.

Sentetik insektisitlerin slirekli olarak uygulanmasi,
vektor turlerinde direncin gelismesine, besin zinciri
toksik
¢ogalmasina ve insan saghg dahil olmak Uzere

yoluyla maddelerin  biyolojik  olarak
cevre kalitesi ve hedef olmayan organizmalar
Uzerinde olumsuz etkilere neden olmaktadir
(Ghosh et al. 2012). Bu nedenle son vyillarda
entegre alternatif

miicadele kapsaminda

stratejilerin  uygulanmasina agirhk  verilmistir.
Biyolojik kontrol programi kapsamindaki en etkili
alternatif yaklasimlardan biriside botanik kdkenli
bocek oldiricilerinin kullaniimasidir. Tek bir aktif
bilesene dayanan geleneksel insektisitlerin aksine,
bitkiden tiretilen insektisitler birden fazla ikincil
bilesen icerdigi icin konukcunun diren¢ gelistirme
ihtimalini azaltmaktadir. Bu faydalarindan dolayi
son yillarda bilim insanlari sentetik kimyasallara
karsi alternatif bocek dldirici Griinler Gretmek icin
bitkilerden elde edilen ugucu yag ve ekstraktlarin
bocek oldirici etkisini arastirmaya yonelmislerdir.
Bu ¢alismada ise S. officinale bitkisinin etanol ve
aseton ekstraktlarinin Culex pipiens L. (Diptera:
Uzerinde  toksik  etkisi

Culicidae) larvalari

arastiriimistir.

2. Materyal ve Metot
2.1. Ekstrakt hazirlama

S. officinale bitkisi 2022 yilinin Mart ayinda

ciceklenme dénemindeyken Antalya’nin
Désemealti ilgesinden toplanmistir. Bitkinin cicek
kisimlari budama makasi yardimi ile kesilmis ve
gliines 1s1gina dogrudan maruz birakilmayacak
sekilde kurutma kagidina serilerek 7 gin sire ile
kurumalari beklenmistir. Daha sonra bitki pargalari
mutfak robotunda  ogltiilerek toz haline
getirilmistir. Toz haline getirilmis bitki ornekleri
100’er gram olacak sekilde tartilarak bir litrelik cam
kavanozlara konulmustur. Daha sonra o6rneklerin

Uzerini kaplayacak sekilde 200 ml etil alkol (%99,9)
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ve 200 ml aseton (%99) ayri ayri eklenerek 72 saat
karanlk ortamda, 25+2°C sicakliktaki laboratuvar
ortaminda bekletilmistir. Bekleme islemi
tamamlandiktan sonra o6rnekler filtre kagidindan
gecirilerek stizme islemi yapiimistir. Sivi ekstraktlar
cam siselere konulmus ve ekstraktlarin igerisindeki
etil alkol ve asetonun ugmasi igin yaklasik 10-15
glin agzl acik olacak sekilde bekletilmistir. Elde
edilen ekstraktlar cam siselere konularak kapaklari
kapatilmis ve testlerde kullanilincaya kadar +4°C’'de

buzdolabinda saklanmistir.

2.2. Sivrisinek popiilasyonu

2015
Universitesi  Fen

Akdeniz
Ekolojisi

itibaren
Vektor
Laboratuvarinda yetistirilen Cx. pipiens larvalari

Calismada, yilindan

Fakultesi

kullanilmistir. Toksisite testleri i¢in her bir ekstrakt
ve kontrol grubu icin 210 adet olmak (izere
toplamda 420 adet 2. ve 3. donemdeki larvalar
secilmistir.

2.3. Biyolojik etkinlik testleri

Larva oldarict etkinlik testleri Gin vd. (2011)'nin
metoduna goére yapilmistir. Ekstraktlar saf suda
¢Ozilmedigi icin O©ncelikle ekstrakti ¢ozebilecek
miktarda kendi ¢ozgeni (etil alkol veya aseton)
eklenerek ekstrakt homojen olarak ¢ozildimads,
daha sonra bu karisim saf su ile seyreltilerek 1000
ppm’lik stok c¢ozeltiler hazirlanmistir. Hazirlanan
¢Ozeltiler 12 saat bekletilerek ¢ézgenlerin ugmasi
saglanmistir. Stok ¢ozeltiden uygun seyreltmeler
yapilarak 10, 25, 50, 100, 250 ve 500 ppm’lik
konsantrasyonlari hazirlanmistir. 10’ar adet 2. ve 3.
evre larva, hazirlanan soliisyonlara pastor pipet
yardimi ile serbest birakilmistir. Kontrol grubu
sollisyonlarinin icine testlerde kullanilan miktar
kadar ¢ozgenler eklenmistir. Larvalara glin asiri
olmak Uzere beslenmeleri igin uygun miktarda balik
yemi verilmistir. Testlerdeki larva o6limleri 24
saatte bir sayilarak 120. saate kadar not edilmistir.
pipet
ylizme davranislarini gosteremiyorsa veya dipte

Larvalara bir ile dokunuldugunda dogal
hareketsiz kaliyorsa 0li olarak kabul edilmistir.
Testler her bir konsantrasyon icin 3’er kez tekrar
edilmistir.

2.4. Verilerin istatistiksel olarak degerlendirilmesi

Testlerden elde edilen verilere goére zamanlar ve
konsantrasyonlar arasinda istatistiksel acidan fark
olup olmadigi SPSS programi kullanilarak Duncan
Coklu Karsilastirma Testi ile analiz edilmistir. Lethal
konsantrasyon 50 (LCsy) degerleri SPSS’de Probit
analiz programi kullanilarak hesaplanmigtir.

3. Bulgular

S. officinale bitki tdrindn farkli
konsantrasyonlardaki etil alkol ve aseton ile ayri
ayri muamele edilmis ekstraktlarinin 2. ve 3. evre
Cx. pipiens larvalari lzerindeki o6ldarici etkisi ile
ilgili sonuclar Cizelge 1 ve Cizelge 2’de verilmistir.
Yirmi dort saat maruziyet sonunda etil alkol
10-100 ppm
arasinda akut toksisitesinin (24 saat) olmadigi, 250

ekstraktinin konsantrasyonlari
ve 500 ppm konsantrasyonlarinda ise disik akut
toksisiteye (<%50) sahip oldugu gorilmdistir. Yiz
istatistiksel bir farklilik
bulunmayan 250 ve 500 ppm konsantrasyonlarinda

yirmi saatin sonunda
sirasi ile %80 ve %96,67 olim gorilmistir. Genel
olarak 10, 25 ve 50 ppm konsantrasyonlarinda etil
alkol ekstraktinin toksik etkisi oldukga disiik olup,
konsantrasyonlara ve zamana bagh olarak
istatistiksel bir farklilik gorulmemistir.
Konsantrasyonlar kendi i¢cinde zamana bagl olarak
100, 250 ve 500 ppm

konsantrasyonlarinda 72. saatten itibaren kontrol

incelendiginde

grubu ile istatistiksel bir farklilik vardir (Cizelge 1).
Test edilen elde edilen 6limler SPSS’de Probit
analiz programi kullanilarak LCs, degerleri belirlendi
ve etil alkol ekstraktinin LCs, degeri 98,024 ppm
(min:63,556 ppm; max:160,064 ppm)
bulunmustur.

olarak

Aseton ekstraktinda yiiz yirmi saatin sonunda 10,
25, 50 ve 100 ppm konsantrasyonlarinin larva
oldurici etkisi olduk¢a dlsik olup, 6lim orani
%16,67 ila %33,33 arasinda degismektedir. Yiksek
toksisiteye sahip olan 250 ve 500 ppm
konsantrasyonlarinda ise sirasi ile %83,33 ve %90
olim gorilmistir ve ayrica bu konsantrasyonlar
istatiksel bir

Test edilen tim konsantrasyonlarda

arasinda
(P<0.05).

farkliik  bulunmamistir
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aseton ekstrakti yirmi dort saatte distk akut
%26,67’yi
gecmemistir (Cizelge 2). Etil alkol ekstraktina gére
larva oldirictu etkisi daha disiik olan aseton
ekstraktinin LCsy degeri 104,19 ppm (min:63,557
ppm; max:187,486 ppm) olarak bulunmustur.

toksisiteye sahiptir ve oOlim orani

Testlerden elde edilen verilere gére zamanlar ve

konsantrasyonlar arasinda istatistiksel acidan fark
olup olmadigi SPSS programi kullanilarak varyans
analizi (ANOVA) ile test edilmistir. Onemli bulunan
farkhhigin hangi konsantrasyon (ppm) ve temas
slresi (saat) arasinda oldugunu tespit etmek icin
Duncan Goklu Karsilastirma Testi kullanilmistir.

Cizelge 1. Sisymbrium officinale bitki tiri etil alkol ekstraktinin Culex pipiens 2. ve 3. evre larva oldlrici

etkisi(%0rtalama 6lim+Standart hata).

Konsantrasyon Temas Siiresi (saat)

(ppm) 24 48 72 9 120

Kontrol 0,0£0,0 ax, Ay 7,5%4,79 a, A 12,5+4,79 a3, A 12,544,793, A 15,0+6,46 a, A
10 0,0£0,0 a, A 3,33+3,33 3, A 10,0%5,77 a, A 13,33+6,67 a, A 13,33+6,67 a, A
25 0,0£0,0 3, A 3,3343,333,A 3,333,333, A 10,045,77 a, A 10,045,77 a, A
50 0,0£0,0 3, A 0,0£0,0 3, A 10,045,77 a, A 10,045,77 a, A 10,045,77 a, A
100 0,0+0,0 3, A 6,67+6,67 a, A 40,05,77 b, B 50,0+10,0 b, B 50,0+10,0 b, B
250 23,3+8,82 b, A 53,3316,67 b, B 70,0£10,0¢, B 73,3+8,82¢, B 80,0+5,77 ¢, B
500 50,045,77 ¢, A 76,67+6,67 ¢, B 80,045,77 ¢, BC 86,77+3,33 ¢, BC 96,67+3,33¢, C

x: Bir satirda bulunan kiigtik harfler ayni ise istatistiksel bir farklilk yoktur (DMRT P<0.05).
y: Bir siitunda bulunan buyuk harfler ayni ise istatistiksel bir farkhlik yoktur (DMRT P<0.05).

Cizelge 2. Sisymbrium officinale bitki turl aseton ekstraktinin Culex pipiens 2. ve 3. evre larva o6ldiricu etkisi

(%0rtalama 6liim+Standart hata).

Konsantrasyon Temas Siiresi (saat)

(ppm) 24 a8 72 9% 120

Kontrol 0,0£0,0 ax, Ay 0,0£0,0 a, A 5,0¢5,0 3, A 5,045,0 3, A 7,5¢7,53, A
10 0,0£0,0 a, A 13,33#8,82 3, A 13,338,823, A 16,6748,82 a, A 16,67+8,82 ab, A
25 0,0£0,0 a, A 10,045,77 a, AB 13,33#3,33 3, AB 13,33+3,33 a, AB 16,67+6,67 ab, B
50 0,0£0,0 a, A 3,3t3,3a,A 10,045,77 a, A 10,045,77 a, A 16,67+12,02 ab, A
100 3,3:3,3a, A 6,67¢3,3a, A 20,0+5,77 a, B 23,33+3,33 a, BC 33,3343,33 b, C
250 10,045,77 a, A 70,0£5,77 b, B 83,3346,67 b, B 83,3346,67 b, B 83,3346,67 ¢, B
500 26,67+8,82 b, A 83,33+3,33 b, B 86,67+3,33 b, B 90,05,77 b, B 90,0+5,77 ¢, B

x: Bir satirda bulunan kigtik harfler ayni ise istatistiksel bir farklilik yoktur (DMRT P<0.05).
y: Bir siitunda bulunan buyuk harfler ayni ise istatistiksel bir farkhlk yoktur (DMRT P<0.05).

4, Tartisma ve Sonug

Yaklasik yarim asirdir bilim insanlari bitkilerden
ekstrakt,
bilesenlerin bdcek ve akarlar Uzerinde oldirici

elde edilen ucucu vyag ve ikincil
Ozelligini arastirmaya yonelmislerdir. Bitkilerden
elde edilen bu maddeler zararllarda cesitli yollar
(buhar

uzaklastirici,

yoluyla veya temas ile oldirici,
yumurta veriminde azalma veya
beslenmeyi engelleyici vb.) etkileyerek toksik etki
gosterirler (Isman 2000, Oz et al. 2012, Koc et al.

2013).

istilaci olarak bilinen Sisymbrium cinsi 90 tiirden
olusmaktadir ve bu cinsin en iyi bilinen dort istilaci
turd S. officinale, S. irio L., S. orientale L. ve S.
altissimum L.dir (Tiwari and Bhargava 2021).
Sarkici bitki diye anilan S. officinale Avustralya ve
Yeni Zellanda’da tohum ve bitki 6zleri, bal veya
seker ile surup haline getirilerek genellikle bogaz
agrisi, soguk alginhgl ve astimi tedavi etmek igin
balgam soktiirticii olarak kullanilmaktadir (Rahman
et al. 2018). Yapilan literatlr arastirmasina goére
Sisymbrium cinsinin zararlh miucadelesinde toksik
etkisi ile ilgili sinirl sayida ¢alisma vardir. Al-
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Massarani vd. (2019), S.

yapraklari ve koklerinden elde edilen methanol

officinale bitkisinin

ekstraktinin Aedes aegypti (L., 1762) (Diptera:
Culicidae) sivrisinek tdridndnin erginlerine karsi
toksik etkisini
dozunda dustik oOlime (%10) neden oldugunu

arastirmislar ve 5 pg/sivrisinek

bulmuslardir. Bunun vyanira, S. irio bitkisinin

etanolik  ekstraktinin  Callosorbruchus  analis
Fabricius (Coleoptera: Chrysomelidae)’e karsi
yiksek,  Sitophilus oryzae L. (Coleoptera:

Curculionidae) ve Trogoderma granarium Everts'e
(Coleoptera: Dermestidae) karsi orta ve Tribolium
castaneum Herbst. (Coleoptera: Tenebrionidae) ve
Rhyzopertha dominica Fabricius'ya (Coleoptera:
Bostrichidae karsi disiik insektisit etki gosterdigi
rapor edilmistir (Shah et al. 2013).

Diinya’da farkh bitkilerden elde edilen ekstraktlarin
sivrisinek larva oldurict etkisi ile ilgili cok sayida
arastirma vardir. Bu ¢alismalara bakildiginda, Cetin
vd. (2006),
trintn (Teucrium divaricatum Sieber, Mentha

Lamiaceae familyasindan bes bitki

longifolia (L.) Huds., Melissa officinalis L., Salvia

sclarea L. ve Mentha pulegium L.) etanol
ekstraktlarini Cx. pipiens larvalari (3. ve 4. evre)
Uzerinde toksisitesini arastirmislar ve LCs
degerlerini sirasi ile 18,6; 26,8; 39,1; 62,7 ve 81,0
Martins  vd. (2023)

Dizygostemon riparius (Plantaginaceae: Gratioleae)

ppm bulmuslardir.

Scatigna&Colletta bitkisinin, etil asetat ve metil
alkol ekstraktlarinin Ae. aegypti larvalari lzerinde
toksisitesini incelemisler ve etil asetat ekstraktinin
en iyi performans (LCsq 542,2+11,5 ppm) gosterdigi
rapor edilmistir. Bir baska calismada, Cymbopogon
citratus (Poales: Poaceae) (DC) Stapf., Ricinus
communis (Malpighiales: Euphorbiaceae) L. ve
Allium sativum (Asparagales: Amaryllidaceae) L.
bitkilerinin yapraklarindan elde edilen etanol
ekstraktlarinin  sitma parazitinin  vektori olan
toksik

incelenmis ve LCs, degerleri sirasi ile 54,08; 141,25

Anopheles larvalarina  karsl etkileri
ve 81,96 ppm olarak bulunmustur (Ani et al. 2022).
Assemie ve Gemeda (2023), A. sativum ve Zingiber
officinale (Zingiberales: Zingiberaceae) bitkilerinin
su, metanol ve etil alkol ekstraktlarini Anopheles
funestus (Diptera: Culicidae), Anopheles gambiae

s.l., Anopheles pharoensis, Cx. antennatus ve Cx.

quinquefasciatus Uzerinde toksisitelerini
incelemisler ve sonug olarak tim c¢ozicllerde A.
sativum, Z. officinale ekstraktlarindan daha yiiksek
toksik etkiye sahip oldugunu rapor etmislerdir. Bir

baska calismada Jatropha curcas (Malpighiales:

Euphorbiaceae), Citrus grandis (Sapindales:
Rutaceae) ve Tinospora rumphii (Ranunculales:
Menispermaceae) bitkilerinin yaprak ve

govde/kabuklarindan elde edilen 6zitlerinin, deng

atesi taslyicist olan Ae. aegypti'nin larvalari
Gzerinde kuvvetli oldiricu etkilere sahip oldugu

bulunmustur (Gutierrez et al. 2014).

Son vyillarda yapilan arastirmalar sivrisineklerin

kimyasal insektisitlere karsi yiksek oranlarda
Sued vd.

(2023)’'nin yaptiklari bir arastirmada Anopheles

diren¢g gelistirdigini gostermektedir.

gambiae s. 1. sivrisinek tlirGinin permethrin,
lambda-cyahlothrin ve deltametrin aktif

maddelerine karsi direng gelistirdigini rapor
edilmistir. Yavasoglu vd. (2022), Akdeniz ve Ege
Bolgeleri’'nden dokuz farkli noktadan toplanan Ae.
caspius (Pallas, 1771) popllasyonlari lizerinde yedi
aktif maddeye karsi diren¢ durumunu arastirmislar,
sonu¢ olarak dichloro- diphenyltrichloroethane,
malathion, fenitrothion, bendiocarb, propoxur aktif
maddelerine direngli, permethrin ve deltamethrine
ise muhtemel direngli oldugunu bulmuslardir. Ser
ve Cetin (2019), Antalya’nin sekiz farkh bélgesinden
topladiklari Cx. pipiens poplilasyonlari (zerinde
permethrin, etofenprox, deltamethrin ve lambda-
cyhalothrin aktif maddlerinin toksik etkilerini
arastirmislar ve permethrin aktif maddesi tim
%100 oOlime

deltamethrin aktif maddesine ise direngli veya

poplilayonlarda neden olurken,
muhtemel direngli oldugu bulunmustur. Ayrica iki
popilasyonun etofenprox ve lambda-cyhalothrin
aktif maddelerine karsi muhtemel dirence
sahipken, diger popilasyonlarin ise direngli oldugu
rapor etmislerdir. Guntay vd. (2018), izmir'in kuzey
bolgesininden Ug¢ farkh noktadan topladiklari Cx.
pipens popilasyonun (zerinde sentetik piretroit
aktif maddelerinin (deltamethrin, permethrin, a-
cypermethrin ve cyfluthrin) toksisitesini
arastirmislar ve tim popilasyonlarin test edilen
aktif maddelerin  tamamina

yiksek direng

gelistirdigini bulmuslardir. Diger bir arastirmada,
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Akiner vd. (2009), 4 larvisit (temephos, fenthion,
Bacillus thuringiensis israilensis (Bti) ve Bacillus
(DDT,
malathion, deltamethrin, permethrin) insektisitin

sphaericus (Bs)) ve 4 ergin oldurici
Cx. pipens turi Gzerinde toksik etkisini incelemisler
ve birgok popilasyonun temephos ve fenthiona
direncli oldugu rapor edilmistir. Ayrica bakteri
kokenli preparatlara (Bti ve Bs) karsi direncin 10
larva

kattan az oldugu ve bu preparatlarin

miicadelesinde kontrol ajani olarak

kullanilabilecegini bildirmislerdir.

Geleneksel pestisitlere karsi sivrisineklerde olusan
direncin kirilabilmesi ve buna bagh olarak da
zararhlarla miicadelede basari sansini arttirmak igin
alternatif yontemler tercih edilmelidir. Bu
bitkisel

biyokontrol yéntem olarak hizmet edebilir. Clinki

bakimdan insektisitler gelecekte
bitkilerden elde edilen ekstrakt veya ugucu yaglarin
cok sayida bilesene sahip olmasi ve bu bilesenlerin
her birinin farkh etki mekanizmasina sahip olmasi
zararli

boceklerin  bunlara karsi gelistirecekleri

direnci minimuma indirecektir.

Bu calismanin bulgulari S. officinale bitkisi etanol ve
etil alkol ekstraktlarinin 6nemli derecede larva
oldlricl etkiye sahip oldugunu gostermektedir.
Ulkemizde dogal olarak yetisen bitkilerden elde
edilecek ekstrakt ve ugucu yaglarin zararl bocek ve
toksik
formilasyonlarin

akar popilasyonlari lzerinde etkileri
bitkisel-bazl

gelistirilmesi yoniinde ¢alismalarin yapilmasi 6nem

arastirilip  yeni

arz etmektedir.
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Ozet

Au/n-6H SiC/Au yapisi ve ara yiizeyine grafit ve grafen katkili durumlari 300 K sicaklikta incelendi. Her Gg

Anahtar kelimeler

Schottky Bariyer Diyot; ~numune icin Raman, Taramali elektron mikroskobu (SEM) ve Enerji dagilim spektroskopisi (EDS) yapi

Grafen: analizleri yapildi. Hem karanlikta hem de 1sik altinda (100 mW/cm?, 300-1800 nm, AM 1,5G standarti)
Grafit: akim-voltaj (I-V) olglimleri ve degisik frekanslarda karanhkta kapasitans-voltaj (C-V) olgimleri
n-6H-SiC: kullanilarak temel bazi elektriksel parametreleri hesaplandi. Yapilan ¢alisma sonucunda Au/n-6H SiC/Au

idealite Faktdri variiletken yapisinin dielektrik o6zelliklerini iyilestirme noktasinda grafen’in, elektriksel o6zelliklerini

iyilestirme noktasinda grafitin olumlu etki yaptigi gozlemlenmistir.

Investigation of the Effect of Graphene/Graphite Doping at the Interface
on the Electrical Properties of Au/n-6H SiC/Au Schottky Barrier Diode

Abstract

The Au/n-6H SiC/Au structure and the graphite and graphene doped states at the interface of this
sample were examined at 300 K temperature. Raman, Scanning electron microscopy (SEM) and Energy

Keywo.rds ) distribution spectroscopy (EDS) structure analyzes were performed for all three samples. Some basic
Schottky BarrlerIDlode; electrical parameters were calculated using current-voltage (I-V) measurements both in the dark and
GGrfap;hhei:;, under light (100 mW/cm?, 300-1800 nm, AM 1.5G standard) and capacitance-voltage (C-V)
n-6H-SiC; measurements in the dark at different frequencies. As a result of the study, it was observed that

graphene had a positive effect at the point of improving the dielectric properties of the Au/n-6H SiC/Au
semiconductor structure, and graphite had a positive effect at the point of improving the electrical

Ideality factor

properties.

© Afyon Kocatepe Universitesi

1. Girisg ds, omik kontak olusumu igin ise g > ¢, olmasi

gerekmektedir(Aydogan 2015).

Metal ve yariiletkenin siki kontak edilmesi ile  pjatalyariiletken kontaklarin arasina kaplanan ya

olusturulan vyapilarin vyariiletken teknolojisinde da buyiitilen ince ara yiizey tabakalar (yalitkan,

onemli bir yeri vardir. Bu kontagin omik mi yoksa polimer, oksit vb.) hem bu iki yapiy birbirinden

dogrultucu mu o6zellik gosterecegini belirleyen ise
metal ve yari iletkenin is fonksiyonudur. Metal ve
yariiletkenin is fonksiyonun uygun sec¢imi ara ylzde
bir potansiyel engel yiksekliginin olusmasina yol
acacaktir. ¢, vyariiletkenin is fonksiyonu, ¢,
metalin s N-tipi
yariiletkende dogrultucu kontak olusumu igin ¢, >

fonksiyonu olmak (zere,

ayirmakta hem de yik gecislerinin diizenleyerek

vapinin elektriksel 06zelliklerini  blylk ol¢lide
etkilemektedir. Bu calismada grafit ile grafenin
Au/n-6H SiC/Au yapisinin elektriksel ozellikleri

Uzerindeki etkisi arastiriimistir.
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2. Materyal ve Metot

Fabrikasyon sireci tarafimizdan yapilmamis olup,
EZGIN vd. (2022)
hazirlanmistir. Kimyasal Temizleme, Omik Kontak

numuneler tarafindan
Olusturma, Araylz Malzemenin Hazirlanmasi ve

Schottky
basliklariyla

Yariiletken  Yiizeyine  Kaplanmasi,

Kontaklarin Olusturulmasi
Ozetleyebilecegimiz fabrikasyon siirecinin ayrintilari
takip

konuyla ilgili  yapilan calismadan

edilebilir(Ezgin 2022).

Fabrikasyon siireci su sekilde &zetlenebilir (EZGIN
vd. 2022);

Kimyasal temizleme slirecinde, alttas olarak
kullanilan n-6H SiC yariiletken kristal 5 er dakika
izopropanol, aseton ve metonal ile ultasaonik
banyoda temizlendi, her temizleme islemi
sonrasinda deiyonize su ile yikandi ve ylizeyden
oksit tabakanin uzaklastirilmasi igin 1/10 oraninda
(HF/H,0)

tutularak azot gazi ile kurutuldu.

seyreltilmis ¢Ozeltisinde 15 saniye

Omik kontak olusturmak icin yariiletkenin mat
ylzeyi termal buharlastirma yontemi kullanilarak
saf Au (99,995%) metali ile kaplandi ve 400 °C de 3
dakika tavlandi.

Toz halinde temin edilen ara ylizey malzemeler
¢Ozelti haline getirilerek damlat kurut yontemi ile
yariiletken malzemenin parlak yizeyine kaplandi.

n-6H SiC (1um)

YBU-MERLAB 15.0kV 6.5mm S-x50.0k SE(L)

n-6H SiC (10um)

YBU-MERLAB 15.0kV 10.0mm S-x5.00k SE(L)

Sekil 1 n-6H SiC yapisi ve katkili arayizleri

Grafen/n-6H SiC (1um)

Daha sonra ayni ylizey Ulzerinde 1 mm capinda

deliklere  sahip maske vyardimiyla termal
buharlastirma  yontemi  kullanilarak  Schottky
kontaklar  olusturularak  fabrikasyon  sireci
tamamlandi.

2.11-V / C-V Olgiimleri

I-V 6lgiimleri 300 Kelvin sicaklikta hem karanlikta
hem de stk altinda (Abet Solar Similator,
100mW/cm?, 300-1800 nm, AM 1,5G standarti)
KEITHLEY Keysight
Karanlikta alinan olgiim sonuglari kisaca (k) ile isik

cihazi  kullanilarak alind.
altinda alinan 6l¢tim sonuglari ise kisaca (1) ile ifade

edilmistir.

C-V ol¢limleri (1/C2%-V 6lgimi) 300 Kelvin sicakhkta
karanlikta 25 kHz, 50 kHz, 100 kHz, 200 kHz, 400
kHz, 800 kHz frekanslarinda Gamry Interface cihazi
kullanilarak alindi.

2.2 Yapi Analizi

Au/n-6H-SiC/Au yapisinin ve ara ylzeyine grafit ve
grafen katkili hallerinin yapisal karakterizasyonu
SEM,
kullanilarak belirlendi.

EDS ve Raman Spektroskopisi cihazlari

Sekil 1 de n-6H SiC yapisi ile grafen/grafit katkil ara
10pm
karakteristik SEM goriintlleri gorilmektedir.

ylzeylerinin  1lum ve ¢Ozunlrlukli

TwGrafit n-6 SiC (1 1]
g / n-6H SiC (1um)

. Grafen/f£6H SIC (10 pmi)

7
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SEM Analizine ek olarak EDS (Enerji Dagihm
Spektroskopisi) kullanilarak numunelerin kimyasal
bilesimleri arastirildi. Sekil 2 de numunelerin EDS
spektrumlari ve EDS gorintileri goriilmektedir.
Numunelerdeki silisyum ve karbonun agirlik
ylzdeleri sirasiyla n-6H SiC yapisi icin %66, %34,
grafen/n-6H SiC yapisi i¢in %28, %72 ve grafit/n-6H
SiC icin %1,2, %98,8 dir. Bu sira ile ara ylzeydeki
karbon miktarinin arttigi icin bu beklenen bir
Olcimddir.

—n6H SiC .. — Grafen/n-6H SIC
— Grafit/in-6H SiC
Si %28
Si %66 C %72 Si%1,2
3 C%34 H
’ C %98,8

v

n-6H SiC Grafen /n-6H SIC  Grafit /n-6H SiC

Sekil 2 n-6H SiC yapisi ve katkili arayizleri

Numuneler ayni zamanda Raman spektrumu ile de
inceledi. Raman spektrumu EDS spektrumunun
aksine nitel bir analiz yontemidir. Bir nevi
siniflandirmadir diyebiliriz. Bilinmeyen numune ile
ilgili olarak elde edilen spektrum bilinen mevcut
spektrumlarla karsilastirilarak bir sonuca varilir.
Sekil 3 de n-6H SiC yapisina ait Raman spektrumu
goriilmektedir. Bacherikov vd. (2020) nin yapmis
oldugu calismaya benzer olarak spektrumda 258,
499, 763, 785 ve 965 cm™ dalga sayilarinda 6H-SiC

icin karakteristik pikler mevcuttur.

500 - 785
450
E
S 400
s
¥ 3504 965 n-6H SiC
>
©
> 300 763
g 1515
1 250
§’ 499 1107 1709
200 -fﬁ_J
150

T T v T T T T
500 1000 1500 2000 2500 3000 3500
Dalga Sayisi (cm™)

Sekil 3 n-6H SiC yapisinin raman spektrumu

Sekil 4 de ara ylzeyine grafen katkilanmis n-6H SiC
yapisina ait Raman spektrumu, sekil 5 de ise ara
ylzeyine grafit katkilanmis n-6H SiC yapisina ait
Raman spektrumu goériinmektedir.

175+
L 1571

£ 170
E
£
Q
X
S5 165
s
~ 764
3
S
‘P 1604 565 —— Grafen Arayuzi
>

155 /\J

T T T T T T T
500 1000 1500 2000 2500 3000 3500

Dalga Sayisi (cm™)
Sekil 4 Grafen/n-6H SiC yapisinin raman spektrumu

200 ~
1563

1954 2692

3203

u. - keyfi birim)
® ® ®
o (3 o
1 1 1

3 175
] 1347

-

~

o
1

] 1098
165 546

Yogunluk (a

160

155 Grafit Araylzi

150

500 1000 1500 2000 2500 3000 3500
Dalga Sayisi (cm-1)
Sekil 5 Grafit/n-6H SiC yapisinin raman spektrumu

1300(D-piki), 1580(G-piki) ve 2700 (2D-piki) cm™
dalga sayilarinda gorilen piklerin mevcudiyeti
sentezlenen karbon filmlerde grafen ve benzeri
malzemelerin olusumunu goéstermektedir. G ve 2D
piklerinin siddetlerinin orani ise grafenin tabaka
sayisi ile orantihdir(Ayhan ve Gir 2020).

Grafen ve grafitin Raman 6zellikleri arasindaki fark
2D bandinda gorilebilir. Keskin ve simetrik bir 2D
bandinin varhgi, grafeni tanimlamak icin yaygin
olarak kullaniimaktadir(Bunch et al. 2009). Ayrica
s6z konusu banda grafit icin iki tepe noktasinin da
takilabilecegini Zhenhua vd. (2008) ve G bandinin
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yogunlugunun grafenin kalinhgi arttikca artacagini
Wang vd. (2008) belirtmistir.

3. Bulgular

Termiyonik emisyon teorisine goére akim voltaj
arasindaki iliski

I = Io(ene — 1) M

esitligi ile verilir(Sze ve Kwok, 2007). Burada | diyot
akimi (amper), V diyot uglarina uygulanan gerilim
(volt), Iy doyma akimi-ters polarmada sizinti akimi
(amper), g elektronun yiki (coulomb), T ortam
sicakhgi (kelvin), k boltzman sabiti (joule/kevin), n
idealite faktoru (biri msiz) dir.

Sizinti akimi ise

9%Bo
Iy = AA*T?e™ kT (2)
esitligi ile verilir(Sze ve Kwok, 2007). Burada ¢p,
sifir beslemedeki schottky engel yiksekligi (eV), A
yariiletkenin alani, A* richardson sabitidir.

Au/n-6H SiC/Au referans(ref) numunesi ve ara
ylzeyde grafen ve grafit katkili hallerinin 300 K
sicaklikta akim/voltaj 6lciimleri Keithley 2400 cihaz
kullanilarak alindi. S6z konusu {ic numunenin akim
voltaj grafigi sekil 6’da ve sonuclari daha anlaml
gorebilmek icin logaritmik go6sterimi sekil 7’de
gosterilmistir.

1,0 1
= ref(k)
& o grafit(k)
o é s grafen(k)
Tl e v ref(1)
< +  grafit(1)
« grafen(i)

Voltaj (Volt)
Sekil 6 Au/n-6H SiC/Au yapisinin ve grafit/grafen katkil
hallerinin akim voltaj grafigi

1,0E40 -
1,4E-1 ]
1,86-21
2,56-3 - W
3,4E-4 1\
4,5E-5
6,1E-6 1
8,3E-7 1
1,1E-71
1,5E-8 ]
2,1E-91 ) g‘
E @
2,8E-10

3,8E-11 1

grafit(k)
a  grafen(k)
v ref(1)

+ grafit(1)

« grafen()

-5 -4 -3 -2 -1 0 1 2 '.]i + 5
Voltaj (Volt)
Sekil 7 Au/n-6H SiC/Au yapisinin ve grafit/grafen katkili
hallerinin In(1)-V grafigi

Referans numunenin karanhkta ve 1sik altinda
gostermis oldugu karakteristik davranis ile katkil
davranisa dikkat
edelim. Grafit ve grafen katkilamak numuneyi isik
altinda ve karanlikta daha kararli/degismez/stabil
hale getirmistir.

hallerinin  gbstermis oldugu

3.1. Akim - Voltaj Olgiimlerinden Hesaplanan
Parametreler

Numunelerin 6lgilen akim-voltaj (I-V) degerleri
kullanilarak her bir numune igin sizinti akimi (I,),
(cl)Bo)r
orani(DO)
hesaplanmistir.

engel vyuksekligi idealite sabiti (n) ve

dogrultma temel  parametreleri

Bu parametreleri hesaplamak igin esitlik 1’in her iki
tarafinin In’ini alinirsa;

Inl = Inl, + % (3)

elde edilir. Bu esitligin V ye gore tirevi alinirsa;

anl — 94— ¢ano 4)
av nxkxT

elde edilir. Bunu 3 numarall esitlikte yerine
konulursa;

Inl = Inly + tan® xV 5)

elde edilir. Bu esitligin (Y = Y, + mX) gibi bir dogru

denklemine benzedigine dikkat ediniz. Inl-V
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grafiginin egiminden tan® hesaplanir. Esitlik 4 den
idealite faktori su sekilde elde edilebilir;

_ q
n= kxT+tan® (6)

3 numarali esitlikte V=0 degeri icin sekil 7 de
dogrunun akim eksenini kestigi noktadan I, elde
edilebilir.

Iy = e (7

Artik sizinti akimi bilindigine goére esitlik 2’den
engel yiksekligi hesaplanabilir.  Buradan &g,

cekilecek olursa;

kT AA*T?
po =" In(*;
0

) (8)
olarak hesaplanir.

Sabit gerilim altinda diiz beslem akimi I;, ters
beslem akimi I olmak Ulzere, dogrultma orani (DO)
diiz ve ters belsem icin ayni voltaj degerlerinde;

po=1"2 )
It

esitligi kullanilarak hesaplanir.

Yukarida Ozetlenen matematiksel islemler sonucu

hesaplanan temel parametreler asagida

Ozetlenmistir.

Cizelge 1. Au/n-6H SiC/Au yapisinin ve grafit/grafen
kathli hallerinin 300K sicaklikta karanlikta ve 151k

altindaki |-V Olglimlerinden  hesaplanan
elektriksel parametreleri

lo n dgo DO

YAPI Sizinti idealite engel Dogrultma

Akimi Sabiti yuksekligi Orani
(Amper) (birimsiz) (eV) (birimsiz)

Ref(k) 2,86E-08 2,14 0,75 240
Grafit(k)  7,99E-10 2,82 0,84 642
Grafen(k) 8,13E-06 5,80 0,60 266
Ref{(1) 1,26E-07 3,03 0,71 61
Grafit(1) 5,93E-10 2,87 0,85 822
Grafen(1)  9,47E-06 5,89 0,60 289

Grafit katkill Au/n-6H SiC/Au vyapisinin diger
yapilara gore sizinti akiminin daha az oldugu,
daha
gorilmektedir. Ara ylzeye grafit katkilamanin bu

dogrultma  oraninin yiksek  oldugu

acidan elektriksel parametreler Uzerinde olumlu
etki yaptigi séylenebilir.

Dogrultma orani (izerinde grafitin grafenden daha
iyi sonu¢ vermesi daha az sizinti akimi dolayisiyla
olabilir. Bunun nedeni, grafitin, grafenden daha az
araylizey durum yogunluguna sahip olmasi olabilir.
Grafen, tek bir karbon atomunun bir tabaka halinde
diziliminden olusur. Grafen tabakalarinin ylzeyi,
kirleticiler ve kusurlar bakimindan grafite oranla
daha zengin olabilir. Bu kirleticiler ve kusurlar,
araylzey durumlarinin olusumuna neden olabilir.
Araylizey durumlari, elektronlarin yariiletkenden
metale veya metalden yariiletkene gecisine izin
verir. Bu nedenle, grafen Schottky diyotlarda, sizinti
akiminin artmasina dolayisiyla grafitin daha iyi bir
dogrulma gostermesine neden olmus olabilir.
Numunenin fabrikasyon siirecinde daha saf ve
kirlilikten uzak bir grafen kullanmanin grafitten
daha iyi sonuc¢ vermesi beklenebilir.

3.2. Kapasitans - Olgiimlerinden

Hesaplanan Parametreler

Voltaj

S6z konusu Ug¢ yapinin 1/C2 —V olglimleri 300K

sicaklikta, karanlik ortamda, 25 kHz, 50 kHz,
100kHz, 200 kHz, 400kHz ve 800kHz frekanslarinda
yapilmistir. Alinan 6lglimlerden her bir voltaj degeri
icin kapasitans ve C-V
grafikleri elde edildi. Olciim sonuglarindan her (g

degerleri hesaplandi

yapinin da kapasitansinin frekansin azalmasi ile

arttig gorilmastir. Kapasitansin disuk
frekanslarda artmasi, araylzey durumlarn ile
iliskilendirilebilir.  Dusik frekanslarda arayiz
durumlart  alternatif akim  sinyalini  takip

edebilir(Kumar et al. 2009).

Au/n-6H SiC/Au yapisini referans malzeme olarak
adlandiracak olursak, referans malzemenin ve ara
ylzeyine grafit ve grafen katkili hallerinin 25 kHz,
50 kHz, 100kHz, 200 kHz, 400kHz ve 800kHz
frekanslari icin C-V grafigi Sekil 8 de, sonucu daha
sade gorebilmek icin 800 khz frekansi igin C-V
grafigi Sekil 9 da gosterilmistir. 800 kHz frekansini
segcme ylzey durumlarindan
kaynaklanan etkilenmeleri en aza indirilmektir.

amacimiz ara
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[ ref 25 khz
|=———ref 50 khz
I ref 100 khz

Raferans

|~ ref 200 khz
| ref 400 khz
1E-4H | ref 800 khz
| grafit 25 khz
|=—— grafit 50 khz
| grafit 100 khz
1E-54 | —grafit200 knz
|~ grafit 400 khz
grafit 800 khz
6 4 |—— grafit 25 khz
1E-6 |—— grafen 50 khz

Grafen
Grafit

|~ grafen 100 khz
|~ grafen 200 khz
1E-7 4 |~ grafen 400 khz
grafen 800 khz |

1E-8 A

Kapasitans (Farad)
10 tabaninda logaritmik gosterim

(=2 K —

1E-10 T T T T T 1

Voltaj (Volt)

Sekil 8 Au/n-6H SiC/Au yapisinin ve grafit/grafen katkil
hallerinin degisen frekanslarda C-V grafigi

7E-8

+

Metal
Yalitkan
N-Yariiletken

&+ =

—

e ref 800 khz
grafit 800 khz
grafen 800 khz

/

I

Kapasitans (Farad)
10 tabaninda logaritmik gosterim

5E-10 T T T T 1
-1,0 -05 0,0 0,5 1,0 15 20

Voltaj (Volt)
Sekil 9 Au/n-6H SiC/Au yapisinin ve grafit/grafen katkili
hallerinin 800 kHz frekansinda C-V grafigi

c-v Olciimlerinden temel parametreler
hesaplanirken segilen potansiyel araligi 6nemlidir.
C-V olglimlerinden bir bakima DC uygulama gerilimi
altinda araylizey faz kaymasi olgilir. Bu yizden
kapasite 6lglimi yariiletkenin tiketim bolgesindeki

yik dagilimlariile ilgilidir(Aydogan 2015).

Tiketim(Depletion) bdlgesi, yariiletkenin metalle
temas ettigi bolgedeki iletkenlik tabakasinin yok
oldugu bolgedir. Terslenim (inversiyon) bélgesinde
ise vyariiletkenin metalle temas ettigi bolgedeki
iletkenlik
Tuketim(Depletion) bolgesinde Schottky diyotunun

tabakasi varhgini sardirdr.
kapasitansinin, metal ve vyari iletken arasindaki
potansiyel engele bagli olarak dogru bir sekilde
hesaplanabilmesi acisindan daha saglikh oldugu
diistiniilmektedir. Terslenim (inversiyon) ve yigilma
(accumulation) bolgelerinde ise metal ve vyari

iletken arasindaki potansiyel engele ek olarak,

serbest yik tasityicilarinin @ yogunlugu da so6z

konusudur. Bu nedenle, Schottky diyotlarin
kapasitansini dogru bir sekilde hesaplamak icin
depletion tercih

bolgesindeki  hesaplamalar

edilmistir.

Konuyla ilgili olarak yapilan ¢alismalara bakildiginda
tiketim(depletion) bolgesinin bazen ters belsem,
bazen diz belsem, bazen ise her iki bolgeyi de
kapsayabildigi gorilmuistiir. Diz belsem bdlgesinde
yapilan hesaplamalar oldugu gibi (S6nmezoglu ve
Akin, 2011), tiketim (depletion) bolgesinin diz
belsem bolgesinde olmasina ragmen
hesaplamalarin ters belsem bdlgesinde yapildigi

calismalarda mevcuttur.

belsem
bolgelerinden ziyade (Aydogan 2015)’in da belirttigi
gibi tiketim bodlgesi dikkate alinmis ve Sekil-8 deki

Yapilan hesaplamalarda ters ve diz

C-V grafiginde tliketim(depletion) bdlgesinin

bulundugu voltaj araliginda hesaplamalar

yapilmistir.

Metal, yalitkan, vyariiletken yapisinda kullanmis
oldugumuz yapmis
¢alismada gibi n tipi ise metale
uyguladigimiz voltaja goére terslenim (inversion)

yariiletken oldugumuz

oldugu

bolgesi sekil 8 ve 9 da goraldiga gibi solda,
biriktirme (accumulation) bélgesi sagda, yariiletken
p tipi ise bunun tam tersi olacaktir. Her iki durumda
da tiiketim(depletion) bolgesi ortadadir.

1/C2_V grafigindeki lineer bolgenin egim ve
kesme noktasindan asagida hesaplamasi yapilan
bazi temel parametreler hesaplandi.

Sekil 9 daki CV grafiginin 1/C2 — V grafigi sekil 10
da gosterilmistir. Sekil 10 daki grafikte gosterilen
lineer bolgelerin egim ve kesme noktasindan
yariiletkenin kesme gerilimi (Vy-Volt), diflizyon
potansiyeli  (Vg4-volt),
konsantrasyonu (Ng-1/cm3), dogrultucu kontagin

verici/serbest  tasiyic

engel/bariyer yiksekligi (pg-volt), fermi ener;jisi

(Ef-eV), Tuketim Tabakasinin Genisligi (W4-cm) gibi
parametreleri hesaplandi.
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1/C-V GRAFIGI

Referans
Numune

1/c2 (1/FARAD?)

Voltaj (Volt)

e 1/C2(REF) 25 kh2
e 1 /C2(REF) SOKH2
e /C2(REF) 100 kHz
e /C2(REF) 200 kHz
e 1/C2(REF) 400 kHz
Grafit
wn 1 /C2(REF) 800 kHz
w1 /C2(GRFT) 25
w—=1/C2(GRFT) 50
w1 C2(GRFT) 100
e /C2(GRFT) 200
w1 /C2(GRFT) 400
e /C2(GRFT) 800
e [C2(GRFN) 25
e 1 /C2(GRFN) 50
1/C2(GRFN) 100
==1/C2(GRFN) 200
-1/C2(GRFN) 400

20 1/C2(GRFN) 800

Sekil 10 Au/n-6H SiC/Au yapisinin ve grafit/grafen katkili hallerinin degisik frekanslarda 1/(:2 — V grafigi

C kapasitans(farad), € dielektrik sabiti (birimsiz), €
dielektrik sabiti (farad/m), A yizey alani (m?), d
ylzeyler arasi mesafe (m) olmak Uzere C=E§, 2
esitliginde A ve d sabit oldugu icin kapasitanstaki
dielektrik

Araylzeye vyapilan katkilama dielektrik
sabitini etkilemektedir.

degisimin sabitinden kaynaklandig

aciktir.

A yuzey alani, € n-6H-SiC yariiletken kristalinin
gecirgenligi, Ny tasiyici
konsantrasyonu, Vi geri beslem gerilimi, I/, kesme

verici/serbest

gerilimi olmak Uzere 1/(:2 — V egrisinin potansiyel
ekseni kestigi noktadan V, kesme gerilimi bulunur.

(10)

Vd = VO + k;T

esitliliginden  faydalanilarak V; (difizyon

potansiyeli) bulunur.

Schottky diyotlarinda tiiketim tabakasi kapasitansi
asagidaki gibidir (Rhoderick and Williams, 1988):

—2 _ 2(Vp+VR)
C*= QEAING an

Esitik 11 den faydalanilarak her iki tarafin

potansiyele gore tirevi alinacak olursa;

Ng = % (12)
qE€sAZ( v )

verici konsantrasyonu hesaplanabilir. Esitlik 12 de
parantez igerisindeki ifade 1/(:2 —V egrisinin
C—2

)

e .. D
egimidir. (egim = >

Fermi seviyesi ve iletkenlik bandinin minimumu
arasindaki potansiyel farki;

_ KT Ne
V, = . nNd (13)
Bariyer ylksekligi;
(l)BO (C=V)=Vo: (14)
Tiiketim tabakasinin genisligi ise,

2es(Vo+VR)

= [2%TVR) 1

W, = [ (15)

esitlikleri kullanilarak hesaplanabilir(Ezgin 2022).
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N, ifadesi iletkenlik bandindaki
yogunlugudur. 1}, ifadesinin q yuki ile carpimindan

etkin durum

fermi enerji seviyesi bulunur.

Her ¢ vyapinin  C-V  Olgimleri  kullanilarak

hesaplanan temel parametreler Cizelge 2'de

gosterilmistir. Cizelgede Au/n-6H SiC/Au yapisi igin
referans, Grafen katkili Au/n-6H SiC/Au yapisi igin
Grafen, Grafit katkili Au/n-6H SiC/Au yapisi igin
grafit ifadesi kullanilmistir.

Cizelge2. Au/n-6H SiC/Au yapisinin ve grafit/grafen arayizli durumlarinin 300 K sicaklikta C-V &lgiimlerinden

hesaplanan parametreleri

Yapi 25 kHz 50 kHz 100 kHz 200 kHz 400 kHz 800 kHz
Referans 0,30 0,25 0,27 0,35 0,45 0,45
VO Grafen 0,80 0,50 0,71 0,50 1,00 1,00
(V) Grafit 1,00 1,00 1,25 1,33 1,33 1,50
Referans 0,33 0,28 0,29 0,38 0,48 0,48
Va Grafen 0,83 0,53 0,74 0,53 1,03 1,03
(V) Grafit 1,03 1,03 1,28 1,36 1,36 1,53
Referans 7,94E+16 1,19E+17 7,94E+16 1,19E+17 1,19E+17 1,19E+17
N‘13 Grafen 4,77E+19 1,19E+19 3,40E+18 1,19E+18 5,96E+17 3,40E+17
(Cm ) Grafit 5,96E+16 5,96E+16 5,96E+16 7,94E+16 7,94E+16 1,19E+17
Referans 0,51 0,45 0,47 0,55 0,65 0,65
CbB Grafen 0,84 0,58 0,82 0,64 1,16 1,17
(eV) Grafit 1,22 1,22 1,47 1,54 1,54 1,70
Referans 6,33E-06 4,72E-06 5,97E-06 5,58E-06 6,33E-06 6,33E-06
Wd Grafen 4,22E-07 6,67E-07 1,49E-06 2,11E-06 4,22E-06 5,58E-06
(Cm) Grafit 1,33E-05 1,33E-05 1,49E-05 1,33E-05 1,33E-05 1,16E-05
Referans 0,18 0,17 0,18 0,17 0,17 0,17
Ef Grafen 0,02 0,05 0,08 0,11 0,13 0,14
(eV) Grafit 0,19 0,19 0,19 0,18 0,18 0,17

CV olglimlerden hesapladigimiz degerleri daha
anlamli  gorebilmek icin araylziine grafen
katkilanmis Au/n-6H SiC/Au yapisinin 200 kHz
frekansi igin potansiyel enerji diyagrami sekil-11 de
gosterilmistir.

(I)Bo }
Vi=053V
d=q(VatVn) Eciletim Bandi)
=0,64 eV } =01V

EF(Fermi Eneriisi

We=2,11E-08m
>

Ev(Vilans Bandi)

YARIILETKEN

METAL

Sekil 11 Araylzine grafen katkilanmis Au/n-6H SiC/Au
yapisinin 200 kHz frakansi i¢cin potansiyel eneriji
diyagrami

4, Tartisma ve Sonug

Referans numune igin 300 K’'de |-V dlgiimlerinden
hesaplanan sonuglar daha 6nce yapilan ¢alismalara
(Kaya vd. 2015) (Giizel vd. 2018) yakindir. ihmal
edilebilir fark fabrikasyon siirecinden, temizlik
asamasindan ve Olclim hassasligindan
kaynaklaniyor olabilir. Ara ylzey durumlari bariyer
ylksekliginde homojensizlige neden olmaktadir.
Elektronlar diisik bariyer vyiksekliginin oldugu

bolgeleri tercih ederler.

Cizelge 3. Au/n-6H SiC/Au yapisinin 300K sicaklkta
karanhkta 1-V ol¢imlerinden hesaplanan elektriksel

parametreleri

lo n eqr:BoeI
Sizinti Akimi idealite Sabiti onge’
(Amper) (birimsiz) yiksekligi
P (ev)
Yaptgimiz 2,86E-08 2,14 0,75
Calisma
Kaya vd. 2015 1,95E-08 1,91 0,76
Glzel vd.
2018 3,66E-07 2,1 0,68
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Her ¢ numune icin C-V olclimlerinden elde edilen
ylksekliklerinin  frekansa bagh olarak
Cogunlukla,

degerleri

bariyer
degistigi
bariyer yuksekligi

gorulmustir. hesaplanan

frekans ile dogru

orantili  olup, I-V 0&l¢imlerinden elde edilen

degerden biylik oldugu gorulmustur.

Yaptigimiz calismada referans numuneye grafen
dielektrik
saglamakla birlikte idealite sabitini ve kagak akimi

katkilimanin ozelliklerine katki

arttirdigi  gézlenmistir. Benzer bir c¢alismada
(Tataroglu et al. 2021) Au/n-Si referans yapisi igin
idealite sabitini 3,32 den

6,04’e cikarttigl hesaplanmistir. Bu calismada Au/n-

grafen katkilamanin

6H SiC referans yapisi ve ara ylizeyine grafen katkili
durumu icin idealite sabitini sirasiyla 2,14 ve 5,80
olarak hesaplanmistir.

Au/n-6H SiC referans yapisina grafit katkilamanin
ise yapinin elektriksel ozelliklerini ciddi miktarda
iyilestirdigi Cizelge 1 den gorilmektedir. Benzer bir
calismada (Demirezen et al. 2022) Au/n-Si referans
yapisi icin grafit katkilamanin yiksek performans
Ozelliklerine sahip arayiiz katmani olarak basariyla

kullanilabilecegini belirtilmistir. Yapilan ¢alisma
sonucunda  vyariiletken  cihazlarin  dielektrik
Ozelliklerini  iyilestirme  noktasinda grafenin,
elektriksel  oOzelliklerini iyilestirme noktasinda

grafitin dikkate alinabilecegi / degerlendirilebilecegi
/ tzerinde calisilabilecegi sonucuna variimistir.

Numunelerin |-V oOlgiimlerinden grafit ve grafen
katkilmanin yapiyr karanlik ve 1sik altinda daha
kararli/benzer/stabil hale getirdigi gorulmektedir.
katkilama |-V
Olcimlerinden gorilecegi lGzere tetikleme voltajini

Referans numuneye vyapilan
bir miktar arttirsa da numuneleri sizinti akimi ve
dogrultma oranlari Uzerinden degerlendirildiginde
grafit katkilamanin hem 1sik altinda hem de
karanlikta sizinti akimini azalttigi, dogrultma oranini
Aslinda bir

numunenin/yapinin hangisinin daha iyi oldugu

arttirdig gorilmastir.

onun kullaniis amacina baghdir. Bu nedenle
referans yapinin ara yiizeyine katkilanan grafen ve
grafitin temel parametrelerine olan etkisi ihtiyag
duyulan malzemenin kullanilis amacina uygun
olarak degerlendirilmelidir.
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Dedektor sistemleri ile birlikte kullanilan elektronik sistemler, dedektdr yapisi ve kullanilan dedektor

malzemeleri enerji ¢OzunlrlGgl Uzerinde etki eden parametrelerdir. Bu cgalismada, deneysel ve
Anahtar kelimeler uygulamali nikleer calismalarda en cok tercih edilen dedektor sistemi olan Talyum katkili Nal(Tl)
sintilasyon dedektor sisteminin enerji ¢ozUnirligu performans incelemesi yapiimistir. Bu arastirmada,

yeni gelistirilen 50kHz sayim sayisi limitine sahip olan NUMEXO?2 dijital elektronik sistem ile birlestirilen

Enerji CozUnlrlGga;
Nal(TI); Dijital

Elektronik: Gama geleneksel Nal(Tl) dedektor sistemi kullanilarak veri alimi yapildi. Bu ¢alismadaki veriler Fransa'daki

Spektroskopisi GANIL aragglrma merkezinde gergeklestirilen deney sonucundan alinip analizi yapilmistir. Deneyde
kullanilan ""Co radyoaktif kaynagin 1173.2 keV ve 1332.5 keV gama enerji pikleri igin Nal(Tl) fosfor
sandvi¢ detektoriin her bir kristalinden elde edilen spektrum, her bir referans enerji pikinin tam genislik
yari yikseklik-FWHM (Full Width Half Maximum) degerlerini elde etmek i¢in uygun hale getirildi ve her

bir Nal(Tl) fosfor sandvi¢ dedekt&riin enerji ¢oziinurligiu performans incelemesi yapilmistir.

Energy Resolution Performance Research for Nal(Tl) Detector with
NUMEXO2 Digital Electronic

Abstract

The electronic systems used with the detector systems, the detector structure and the detector
materials used are the parameters that affect the energy resolution. In this study, the energy resolution

performance analysis of the Thallium doped Nal(Tl) scintillation detector system which has been the

Keywords most preferable detectors system in experimental and applied nuclear studies.In this study, data
Energy Resolution; acquisition was performed using the traditional Nal(Tl) detector system combined with the newly
Nal(Tl); Digital developed digital electronics NUMEXO2, which has a counting rate limit of 50kHz.The data in this study
Elektronics; Gamma were taken from the experiment conducted at the GANIL research center in France and analyzed.
Spectroscopy 1173.2 keV and 1332.5 keV gamma energy peaks of the *°Co radioactive source used for the experiment
and spectrum obtained for each crystal of Nal(Tl) phoswich detector. Each spectrum of these reference
energy peaks were fitted in order to obtain the full width of half-heights-FWHM (Full Width Half
Maximum) to find out the energy resolution performance of each Nal(Tl) phoswich detector.
© Afyon Kocatepe Universitesi
1. Giris onemli nedeni ¢ekirdegin yapisinin arastiriimasinda
. biyik rol oynamasidir. Radyoaktivite, kararsiz olan
Gama isinlart ve radyasyon elektro-manyetik Y y y !

spektrumun yiiksek enerijili ve kisa dalga boyuna
sahip bolgesinde yer alan gozle gorilemeyen,
ylksiiz elektromanyetik enerji olarak tanimlanir
1988).
arastirmalarinda 6nemli bir yere sahiptir. Bunun en

(Krane, Gama isinlart  nikleer fizik

nikleer cekirdeklerin pargacik yayinlayarak baska
cekirdeklere ya da isin yayarak daha kararh
durumlara donlismesi olayidir. Yayinlanan bu enerji
radyasyon olarak nitelendirilir (Jenkins et al. 2006).
dedektorin

Olciminde kullanilan

disiplinler

Radyasyon

(algilayic)  6nemi, arasi  yapilan
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calismalarda ve oOzellikle niikleer deneysel fizik

calismalarinda  gergeklestirilen  spektroskopik

Olgcimlerde oldukga fazla gérilmektedir. Yapilan bir

deney sonucunda elde edilen veriler igin

spektroksopik (parcaciklarin  takip edilmesi—iz

yontemi, sacilma acilarinin belirlenmesi, pargacik
Olgiml, wucus zamani gibi) Olgimler
dedektor

parametrenin incelenmesi dnem arz etmektedir.

enerji
yapilirken, sistemlerinden  bircok
Ozellikle dedektdr sistemlerinin enerji ¢ézinurliga,
zaman ¢o6zUinlrlGgli ve dedektdr veriminin en
onemli parametreleri oldugu bilinmektedir (Arici,

2012).

Radyasyon
calismalarinda gaz dolu dedektérler, yari-iletken

Olgimi ve nlkleer vyapr fizigi

dedektorler, notron dedektorleri ve sintilasyon
farkh
sistemleri

dedektorleri gibi malzeme kullanimi ile
dedektor

isinlarinin ve X-i1sinlarinin algilanmasi ¢alismalarinda

olusturulmaktadir. Gama
en cok tercih edilen yontemlerden birisi sintilasyon
dedektor sistemleridir. Fotogogaltici tiiplin (PMT)
gelistirilmesi ile beraber dedektor sistemlerinde
kullanilan Nal(Tl) sintilasyon dedektorii 6nemli bir
kismini olusturmaktadir (Weber, 2002; Hofstadter
1948). Talyum katkili Nal(Tl) en ¢ok tercih edilen
sintilasyon malzemesi sinifinda yer almakta ve
bircok uygulama alanlarinda kullaniimaktadir. Diger
sintilatdor malzemeler ile kiyaslandiginda, 6zellikle
farkh boyutta kristal Uretimi potansiyeli ve diger
daha uygun
kristalinin  tercih

malzemelerine goére
Nal(TI)
edilmesine neden olmaktadir. Bu sistem temel

sintilasyon
maliyette  olmasi
olarak sintilator olarak kullanilan bir malzeme ve bu
sintilatoriin bir foto ¢ogaltici tlp (sintilatorde

Uretilen 1stk  miktarinin  yikseltilmesi igin) ile
birlestirilmesi ve elektrik sinyallerine
donustiridlmesi ve kullanilan elektronik
yukseltecler yardimiyla cikis sinyallerinin

gorlnebilir ve analiz edilebilir hale getirilmesine
gore dizayn edilmistir.

2. Materyal ve Metot

Radyasyon dedektorlerinin  kullaniminda  ve

gelistirilmesinde temel amaclardan birisi radyasyon

enerji seviyelerini ve dagilimlarini  dlgmektir.

Radyasyon spektroskopisinde kullanilan
dedektorlerin en 6nemli 6zelliklerinden biri enerji
¢Ozundurlikleridir ve ozellikle tek enerjili gama
isinlarinin incelenebilmesi ve bu enerjiye yakin
enerji degerine sahip olan diger gama isinlarinin
ayiriminin iyi olmasidir. Buna dedektorin eneriji
¢OzUndrligl  denir. Gama 1sinlar, sintilator
icerisinde talyum katkili Nal kristali ile etkilestiginde
Ug farkli islem meydana gelebilmektedir. Gama
isini, Compton sacllmasina ugrayabilir veya
elektron-pozitron cifti Uretebilir veya gama isini
kristal etkilesiminin bir fotoelektron yayilimi
meydana getirebilir. Enerji ¢oziniurligini ifade
etmek icin deney slresince alinan verinin ROOT ve
C++ programlari kullanarak spektrum haline
donustirilerek dedektorin enerji ¢ozindrlik orani
elde edilmektedir. Bir dedektor sisteminin enerji
olursa,

¢Ozunurluga iyi birbirine vyalin eneriji

degerine sahip diger gama sinlarinin  da

gozlenebilmesi saglanir ve bdylece yapilan

analizlerin hassasiyeti de artar.

Yaptigimiz bu calismada, nikleer fizik deneysel
¢alismalarinda (X-1sini ve gama-isini spektroskopisi
analizi) ve diger uygulamali alanlarda oOzellikle
medikal goriintileme sistemleri olarak bilinen (PET-
CT-Cpmputed
Tomography ve Glvenlik-Kargo, bagaj taramalari)

Positron Emission Tomography,
kullanilan Nal(Tl) sintilatér dedektorinin dijital
elektronik NUMEXO2 ile birlikte

islemlerinde sikhkla kullanilan yari 6mrii 1925.5 giin

kalibrasyon

olan *°Co radyoaktif kaynak kullanilarak elde edilen
verilerden bu radyoaktif kaynaga ait iki referans
enerjiyi temsil eden sinyallere bakarak, dedektor
sisteminin  enerji  ¢OzUnUrligt  performansi

Bilindigi kobalt, nikel
elementine bozundugu zaman iki farkh enerjide
gama isinl yaymaktadir (1173.2 keV ve 1332.5 keV).

incelenmistir. Uzere

Bu calismada, yeni gelistirilen NUMEXO2 dijital
fosfor sandvi¢ seklinde ve dokuz
(Sekil-1)
olusturulan Nal(TI) dedektorleriyle birlikte ilk kez
kullanildi. Bu ¢alisma ile Nal(Tl)
dedektoérlerinin - NUMEXO2  dijital
kullanilarak enerji ¢ozindrlglh degerleri ilk kez

elde edildi.

elektronigi

kristalin kombinasyonu seklinde

sintilasyon
elektronik

1392



Sekil 1. Dokuz fosfor sandvi¢ detektdorden olusan
dedektor kiimesi.

Nal(Tl) dedektoriiniin dijital elektronik NUMEXO2
ile birlikte kullanimi Fransa, GANIL'de kullanilan
deney diizenegi ile birlikte kullanilmistir. NUMEXO2
dijital elektronik Unitesi *°Co radyoaktif kaynag
kullanilarak gercgeklestirilen deneyden elde edilen
veriler Nigde'ye getirilerek Nukleer Veri Analiz
Laboratuvarinda analiz edildi. Ayni zaman da
NUMEXO?2 dijital elektronigin 16 kanal giris/cikisli
ve 14 bitlik veriyi 200 Msps alabilme yetenegine
EXOGAM2, DIAMANT ve NEDA
dedektorleri icinde kullaniimaktadir (Egea et al.
2015; De France, 2014).

sahip olup

3. Bulgular

NUMEXO2 dijital elektronik tiniteyle ®Co radyoaktif
kaynaginin 1173 keV ve 1332 keV enerijili piklerinin
enerji ¢ozandrlikleri Nal(Tl) dedektori icin elde
edildi. dedektor
olusturdugu tepkiyi, Uretilen diferansiyel sinyal

Gama isinlarinin lizerinde
ylksekligi dagihimi incelenerek analizleri yapildi.
Enerji ¢ozinarliklerini elde etmek icin olusturulan
enerji piklerine Gauss fonksiyonu uygulanarak fit
islemi yapildi. ®°Co radyoaktif kaynaginin 1173 keV
ve 1332 keV enerijili pikleri icin gerceklestirilen fit
etme islemi ile ilgili ornek spektrumlar sirasiyla
asagida Sekil 2'de gosterilmistir. Sekillerin sol
tarafindaki blyiik arka fon (Background) Compton
ve diger sacilma kaynakhdir.

Dokuz kristalden olusan fosfor sandvi¢ dedektor
sisteminin her bir kristali i¢cin ayni islemler yapildi
ve elde edilen enerji ¢ozlnirlikleri Tablo 1'de
siraslyla verilmistir.
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sekil 2. ®Co kaynagindan elde edilen ve fit edilmis
~1173.2 keV enerji dagihmini, alt sekil ise ~1332.5 keV
enerji icin fit edilmis dagilimi ifade etmektedir.

Cizelge 1. Nal(Tl) dedektori kullanilarak her bir kristal
icin co kaynagindan elde edilen ~1173.2 keV ve
~1332.5 keV enerji pikleri icin elde edilen ¢ozunurlik
degerleri.

Nal ~1173.2 keV igin enerji ~1332.5 keV igin eneriji

Dedektorii ¢ozuiniirliigii(% FWHM) ¢ozuniirliigii (% FWHM)
Kristal-0 8.67 7.85
Kristal-1 7.13 6.21
Kristal-2 7.62 6.22
Kristal-3 7.93 5.94
Kristal-4 6.93 6.16
Kristal-5 8.41 6.85
Kristal-6 7.58 5.76
Kristal-7 7.66 7.54
Kristal-8 7.36 6.05

4, Tartisma ve Sonug

Bu calismada NUMEXO2 dijital elektronik {niteyle
®Co radyoaktif kaynaginin 1173 keV ve 1332 keV

enerji pikleri ile enerji c¢ozlinlrlikleri Nal(Tl)
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Dedektor
sistemlerinin 6nemli bir 6zelligini ifade eden enerji

dedektori  icin  elde  edilmistir.
¢OzunurlGglu parametresi igin kullanilan elektronik
sistemler, dedektor yapisi ve kullanilan dedektor
malzemesine  baghdir.  Dedektorlerin  enerji
¢Ozunurligl dedektor sistemleri igin  dnemlidir
¢linkl bircok uygulama, nikleer fizik ve nikleer tip
gibi alanlarda farkh enerjilerdeki radyasyonun
Ol¢lilmesini gerektirir. Daha iyi enerji ¢cozlinUrluga,
daha net bir enerji spektrumu saglayarak daha
dogru oOlciimler yapilmasina olanak tanir. Bu
calismada yeni gelistirilen ve 50kHz sayim sayisi
limitine sahip olan NUMEXO2 dijital elektronik
sistem kullanilarak enerji ¢oziUnirlGgl icin veri
analizi yapiimistir. Kullanilan ®°Co radyoaktif kaynak
icin elde edilen enerji ¢ozinirlik degerleri her bir
kristal icin Tablo 1’da verilmistir. Nal(Tl) dedektori
kullanilarak ®°Co radyoaktif kaynak ile yapilan eneriji
¢Ozindrlugi calismalari ile kiyaslandiginda birbirine
yakin enerji ¢ozinirlik degeri elde edilmistir (De
France, 2012; Hossain et al. 2012; Celiktas vd. 2014;

Akkurt vd. 2014; Qadr, 2020).
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Oz

Bu galismada PCPDTBT{Poli[2,6-(4,4-bis-(2-etilheksil)-4H-siklopenta[2,1-b;3,4-b']ditiyofen)-alt-4,7 (2,1,3-
benzotiadiazol)]}:PCBM({[6,6]-fenil C61 butirik asit metil ester} konsantrasyonu 2:1 katki orani ile
hazirlanarak Schottky bariyer diyot (SBD) ara katmani olarak kullaniimistir. Uretilen SBD’in farkh
sicakliklarda ve vakum altinda akim-gerilim degerleri olglilmistir. Yapilan élgimler sonucu elde edilen

Anahtar kelimeler
Schottky; Organik;
Metal-polimer; Sicaklik;

Karakterizasyon; elektriksel parametreler analiz edilerek idealite faktord, engel yiiksekligi ve doyma akimi degerleri

hesaplanarak farkh sicaklik degerlerindeki karakteristik degisimleri izlenmistir. 1,927 idealite degerine
ulagan SBD’de PCPDTBT:PCBM 2:1 oranindaki karisimin ara katman olarak kullaniminin basarili bir sonug
verdigi gbzlemlenmistir.

Production of Metal-Polymer-Semiconductor Schottky Barrier Diode
Using PCPDTBT:PCBM Interface Layer and Characterization at Different
Temperature Values

Abstract
In this study, PCPDTBT{Poly[2,6-(4,4-bis-(2-ethylhexyl)-4H-cyclopenta[2,1-b;3,4-b']dithiophene)-alt-4,7
Keywords (2 ,1,3-benzothiadiazole]}:PCBM{[6,6]-phenyl C61 butyric acid methyl ester} concentration was
Schottky; Organic; prepared with a 2:1 additive ratio and used as a Schottky barrier diode (SBD) interlayer. The current-
Metal-polymer; voltage values of the produced SBD were measured at different temperatures and under vacuum. By
Temprature; analyzing the electrical parameters obtained as a result of the measurements, the ideality factor,
Characterization; barrier height and saturation current values were calculated and the characteristic changes at different

temperature values were monitored. It was observed that the use of a mixture of PCPDTBT:PCBM 2:1 as
an interlayer in SBD, which reached an ideality value of 1,927, gave a successful result.

© Afyon Kocatepe Universitesi

1. Giris yariiletken malzemeler, elektrik akiminin kontrol
) edilmesinde neredeyse tim elektronik
Insanliginteknolojik gelisimine bdylik bir ivme  ,yoyjlamalarda kullanilmaktadirlar. Ornegin SiGe,
kazandiran modern elektronik ve bilgisayar GeSn, Ge/Si ve SiGe:C gibi Grup IV yari iletken
teknolojisinin temelleri yariiletkenlerin  kesfine alagimlari ve heteroyapilar, biiyiik mikroelektronik
dayanmaktadir.  Sofistike ve cesitli fiziksel ve fotonik cihazlardaki uygulamalar icin yaygin
Ozellikleriyle yeni bir arastirma dali haline gelen 33k Kkullanilmaktadir (Xia, 2019). Yariiletken
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malzemelerin durmaksizin genisleyen kullanim ve
uygulama alanlarinin yani sira giinden giline yeni
yariiletken malzemelerin kesfedilmesi, yariiletken
malzeme yapilarinin anlasilmasini da énemli hale
getirmistir. Oneminin fark edilmesiyle birlikte
gelistirme c¢alismalari ivme kazanan vyariiletken
teknolojisi 20.yy. ortalarindan itibaren biyik bir
gelisim silrecine girmistir. Gelisim sirecinde atilan
adimlar  variiletkenlerin ~ farkh  malzemelerle
cesitlendirilmesini ve yeni yariiletken malzeme
siniflarinin ortaya c¢ikarilmasini saglamistir (Tromer
et al. 2021, Tuktarov et al. 2021, Bronovets et al.
2020).

Yariiletken teknolojisinin ilerleyisi; karbon temelli

organik malzemelerin, yariiletkenlerin
gelistirilmesinde kullaniimaya baslamasiyla birlikte
yeni bir boyut kazanmistir. Organik vyariiletken
malzemeler, organik malzemelerin  sundugu
avantajlar sayesinde daha distk maliyet, daha
genis malzeme cesitliligi, daha esnek uygulamalar
gibi cesitli avantajlara sahip olmaktadir.

Organik vyariiletken malzemeleri olusturan temel
yapitaslari arasinda polimerler ve organik-inorganik
benzeri yapilar yer almaktadir. Cesitli organik
yapilarin ardisik bilesenler olusturmasiyla uzun
molekiler zincir yapisina sahip olan polimerler,
molekiler diizeyde tekrar eden birimlere sahiptir.
Bu molekdiler yapi organik yariiletken malzemelerin

farkh polimerik zincirler olusturulmasina ve bu

sayede sinirsiz  cesitlilikte organik yariiletken
malzeme lretimine imkan saglamaktadir. Bu
yiksek  cesitlilik  orani  sayesinde  organik

yariiletkenler, esnek ince film, fotovoltaik (FV)
hicreler, biyosensorler, ekran teknolojileri gibi
cesitli uygulamalarda yer bulabilmistir (Ta et al.
2022, Pu and Bai 2023, Mustafa and Abid 2022).

Organik malzemelerin yer buldugu alanlardan biri

de yiksek c¢alisma verimliligi ve vyiksek
anahtarlama frekanslari, 0,25 V gibi disik gerilim
degerlerinde bile glriltisiiz calisabilmesi gibi
avantajlari sayesinde dikkat ceken metal-yariiletken
yapili Schottky Bariyer Diyot (SBD) uygulamalaridir.
SBD’lere adini veren bariyer 6zelligi, metal-polimer-
(MPY)  vyapisi

yariiletken arasina uygulanan polimer tabakanin,

yariiletken icindeki, metal ve
elektronlarin polimer tabakasindan metal anoda

gecisini kisitlayan bir engel olusturmasindan dolayi

ortaya  ¢ikmaktadir.  Organik  malzemelerin
SBD’lerde kullanilmasi, organik malzemelerin diisik
tastyici hareketliligi, enerji bariyerlerinin yiksek
ylzey

dezavantajlar gibi baz

olmasi, etkilerinin  ortaya cikardig

zorluklari  beraberinde
getirmistir. Bu zorluklarin Ustesinden gelerek daha
verimli ve daha istenilen karakteristik ozelliklere
sahip MPY SBD’lerin (retilmesi
calismalar yapilmaya devam edilmektedir (Lim et al

2016, Demir 2021, Gokgen et al. 2012).

Gzerine cesitli

Gelistirilen MPY SBD’lerin (retim
kullanilan

asamasinda

cesitligi,
cihazlarin

teknikler, malzemelerin

malzemelerin  karisim oranlari  ve

cesitli  faktorler

ozelliklerini

parametreler gibi
karakteristik
etkilemektedir.  Ayni

ayarlandig
malzemelerin
zamanda malzemelerin
karakteristik Ozellikleri, organik vyapilarin cesitli
farkli
gostermesinden 6tlirl de degisebilmektedir.
Literatirdeki mevcut calismalar g6z ©niine
alindiginda PCBM {[6,6]-fenil C61 biitirik asit metil

ester} konsantrasyonlarinin organik katkili FV

¢alisma sicakliklarinda ozellikler

hicrelerde kullanilmis olmasinin yani sira {Poli[2,6-
(4,4-bis-(2-etilheksil)-4H-siklopenta[2,1-b;3,4-b’]
ditiyofen)-alt-4,7 (2,1,3-benzotiadiazol)]} ile
konstantrasyonlariyla da basarili sonuclar elde
edildigi calismalar gorilmektedir (Boland et al.
2010, Ameri et al. 2013). Literatirdeki veriler
PCPDTBT:PCBM konsantrasyonlarinin  MPY SBD
yapisinda arayliz olarak kullanilabilecegi fikrinin
ortaya ¢ikmasini saglamistir.

Bu ¢alismada, fotovoltaik hiicrelerde basarili
sonuglar veren PCPDTBT:PCBM konsantrasyonu 2:1
katki orani ile hazirlanarak MPY SBD’da ara katman
olarak kullanilmistir. Au/PCPDTBT:PCBM/n-Si (MPY)
SBD kirojenik ortamdaki farkli sicakliklarda olgiilen
IV oOlcimlerinden elde edilen elektriksel
parametreler karsilastirilarak c¢alisma sicakhiginin
incelenmesi

SBD karakterizasyonuna etkisinin

amagclanmistir.

2. Materyal ve Metot
2.1. MPY SBD lerin yapisi

Cesitli organik malzemeler katkilandirilarak tretilen
MPY SBD’ler organik bir polimer tabakasinin bir
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yariiletken ile metal kontak tabakanin arasina
yerlestirilerek Uretilmektedirler (Tecimer et al.
2014, Ozmen 2014). Sekil 1’de MPY-SBD’lerin basit
yapisi yer almaktadir.

Dogrultucu
/ kontak
=] Organik
e -
polimer

—— n-Si katman

N Omik

kontak

Sekil 1. MPY SBD yapisi.

katkili ~ MPY SBD’lerin  karakteristik
ozelliklerini veren en blyik etken organik polimer

Organik

tabakasidir. Polimer tabakasinin Gzerinde bulunan

metal anot katman elektronlarin  polimer
tabakasina aktarilmasini saglayarak elektronlarin
yonlendirilmesine katkida bulunmaktadir. Metal
anot tabaka i¢in malzeme segiminde genellikle altin
(Au), gimis (Ag) gibi yuksek iletkenliklere sahip
metaller tercih edilmektedir.

Organik katki MPY SBD’ler kullanilan organik
malzemelerin ulasilabilirligi ve kolay Uretim
teknikleriyle islenebilmesi gibi avantajlari sayesinde

daha dislik maliyetle Gretilebilmelerinin yani sira,

ylksek hizda calisabilmeleri ve esnek
uygulamalarda kullanilabilmeleri avantajlari
sayesinde bircok teknolojinin temelini
olusturmustur.

2.2. Organik karisiminin hazirlanmasi

Bu c¢alismada kullanilan  SBD’lerin  polimer

tabakasini olusturan organik karisimin hazirlanmasi
icin kullanilan PCPDTBT ve PCBM organik bilesikleri
Sigma-Aldrich Company Ltd'den satin alinmistir.
PCPDTBT ve PCBM tozlan, 30°C'de 25mg/ml
konsantrasyonda ortak ¢ozicileri olan kloroform
icinde ayri ayri c¢ozdurilerek kapali bir kap
icerisinde 3 saat boyunca manyetik karistirici ile
sonunda organik

karistirlmistir.  Bu  islemin

karisimlar 2:1 oraninda karistirilarak organik
PCPDTBT:PCBM c¢ozeltisi olusturulmus ve karisimin
homojenliginin artmasi icin bir gece boyunca

manyetik karistirici ile karistiriimaya birakilmistir.

2.3. Silisyum pullarin Ag kontak kaplamasi

Au/PCPDTBT:PCBM/n-Si substrat

olarak <100> dizilime sahip, 200£25um kalinliga ve

Uretmek igin

4.8Q.cm direncli N-tipi (fosfor katkili) ve tek ylzeyi
tabaka
kullaniimistir. Silisyum tabaka, elmas kesici yardimi

parlatilmis  mono-kristal silisyum  (Si)
ile 15mm kenar uzunluguna sahip kare pullar
halinde kesildikten sonra Uretimde kirlilige neden
kontak

olusturulmasi icin hidroflorik (HF) asit kullanilarak

olmamasi ve omik kontagin daha iyi

15 saniye boyunca Radio Corporation of America
(RCA) yontemi
durulanan

ile temizlenmistir. Saf su ile

silisyum pullar hotplate (zerinde
kurutularak Ag kaplama vyapilmak tzere kapal

ortama alinmistir.

2.4. Organik kaplamasi

Ag kaplama isleminden sonra isitilarak tavlanan

silisyum pullarin parlatismis  ylizeylerinde
oksitlenmeler olmasi ihtimaline karsi, parlatiimig
ylzey 50% ¢ozUnurligindeki HF asit ile

temizlenmistir. Silisyum pullar HF asit
¢Ozunurligunin yiksek olmasindan kaynakli ylizey
asinmasindan kaginmak icin 10’ar saniyelik kisa
sirelerle temizlendikten sonra hizlica saf su ile
durulanmistir.  Hotplate  Uzerinde  ylzeyleri
PCPDTBT:PCBM

karisimlari ile kaplanmak {izere spin-coater cihazina

kurutulan silisyum pullar

yerlestirilmistir. ~ Silisyum  pullarin  parlatiimis
ylzeylerine spin-coater cihazinda 6000rpm doénis

hiziyla 30 saniye boyunca kaplama yapilmistir.

2.5. Au kontak kaplamasi

Organik  ylzeylerin  hazirlanmasindan  sonra,
elektronlari yonlendirecek olan anot katmanin
olusturulmasi icin iletkenligi ve korozyon direnci
yliksek olan Au kaplama islemi gerceklestiriimek
Gzere, silisyum pullar Sekil 3'te gosterildigi gibi 1’er
mm c¢apinda dairesel bosluklara sahip maske
kaliplara yerlestirilmistir. Organik ylizeye yapilacak
olan Au kaplama isleminde de termal evaporasyon
sistemi kullaniimis ve buharlastirma islemi 1x10- 6
Torr basingta gerceklestirilmistir. Au kaplama islemi

sonrasl hazirlanan SBD’ler Sekil 2’de gosterilmistir.
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Sekil 2. Termal evaporatérden ¢ikarilan maske icerisinde

3. Bulgular

Hazirlanan SBD’lerin akim-gerilim (I-V) analizlerinin
hakkinda bilgi
I-V analizinin

vapilmasi karakteristik ozellikleri
Farkh
icin vakumlu

vermektedir. sicakliklarda

ortamda kirojenik
Distk
sicakliklara ve vakum ortamina ulasmak igin

yapilabilmesi
sicakliklara da ulagilmasi gerekmektedir.

kurulan kirostath 6lgim sistemi Sekil 3'te sematize
edilerek gosterilmistir.

SBD’ler.
Vakum Basinc  cyrostat kabini Helyum 5
pompasi sensori Y (] jeneratérii Sogultucu

_Yag
gostergesi

Sicaklik kontrol cihazi

Keithley I-V analizéri

Sekil 3. |-V analizi i¢in kullanilan kirostat sistemi.

Sekil 3'te goruldiigu Uzere olcimi yapilacak olan
SBD, Sekil
saglanarak

4'te gosterildigi  Gzere kontaklar

sekilde kirostat kabinine

yerlestirilmistir.

Sekil 4. SBD ‘in kirostata analiz edilmek (zere

yerlestirilmesi.

Kirostat yerlesimi yapildiktan sonra kirostat kabini

kapatilmistir ve ardindan vakum pompasi
calistirilarak istenilen basing seviyesine ulasilana
kadar kabin

gostergesinde hedeflenen degere ulasildiginda

basinci  dlsdrdlmustir.  Basing
vakum pompasi durdurulmus ve basing vanalari
kapatilarak vakum pompasi ile kirostatin baglantisi
kesilmistir.

birlikte,

kirostat kabininin hedeflenen sicakliga ulasmasi igin

Uygun basing seviyesine ulasiimakla
helyum jeneratori calistirilarak kirostatin sogumasi
saglanmistir. Helyum jeneratoriiniin evaporator

sisteminin de sogutulmasi icin harici s
sogutucusu ¢ahstiriimistir.

Bu calismada SBD’in 200-300 K sicaklik degerleri
arasinda |-V Olcimleri yapilmistir. Farkli sicakhk
degerlerine ait |-V Olgiimlerinin grafikleri Sekil 5'te

yer almaktadir.
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Sekil 5.200-300 K sicaklik degerleri arasinda yapilan I-V analizi grafikleri.
Uretilen SBD’in sicakliga bagli I-V analizleri sonucu 0p = L2 (ARAS*TZ) 2)
0 q Io

elde edilen sonuglar Termo iyonik emisyon
teorisine gore incelenmistir. Termo iyonik emisyon,
bir malzemenin sicakligindan dolayi elektronlarin
sureci olarak
(Rhoderick

1988). Diyotun idealite faktorii ise termo iyonik

ylzeyinden cikmasi

tanimlanabilmektedir and Wiliams
emisyon isleminin ideal bir diyotta ne kadar iyi

cahstigini ifade etmektedir. Doyma akimi ise
diyotun termo iyonik emisyon olayinda ulasmis
oldugu  maksimum

yukseklikleri ise

akim  miktaridir.  Engel

diyotun cikisini  engelleyen
potansiyel bariyerler olarak tanimlanir.
Bir diyotun idealite faktori ve doyma akimi

temelde  Richardson  denklemine  dayanan
hesaplamalarla elde edilmektedir (Crowell 1965,
Rhoderick and Williams 1988).

denklemine goére termo iyonik emisyon olayinin

Richardson

temelini olusturan denklem Esitlik 1’de verilmistir.

Iy = AgAs * T? exp (— q;p%) (1)
Burada [;, akim vyogunlugu (A/cm2); Ag,

Richardson sabiti; A, SBD kontak alani; T, diyotun
sicakhgl (K); ¢, diyotun engel yiksekligi (eV); k,
Boltzmann sabitini temsil etmektedir.

Diyotun engel

ylksekligi Esitlik 2’de verilen

denklem ile hesaplanabilir.

Diyotun idealite faktori ise Esitlik 3’te verilen
denklem ile hesaplanabilmektedir.

_q av
" KT d(Ini)

(3)

Bu denklemde n ifadesi diyotun ideal 6zelliklerden
ne kadar sapmis oldugunu ifade eden parametreyi
temsil etmektedir. Diyotun idealite faktori ideal
diyot icin 1 kabul edilir. Doyma akimi ise sicaklik ve
yuksekligi  gibi
degismektedir.

engel faktorlere bagh olarak

SBD’in sicakliga bagli olarak idealite faktori, doyma

akimi ve engel vyikseklikleri yukarida verilen

denklemlerin  ve |-V  analizi  grafiklerinin
kullaniimasiyla hesaplanmistir. Elde edilen sonuglar

Cizelge 1 ve Sekil 6’da gosterilmistir.

Cizelge 1. Sicakliga bagh parametreler.

Olgiim idealite Doyma Engel yiiksekligi
Sicakhg (K) faktorii (n) akimi I (A) (@)

200 3,066 2,897 E-09 0,593

225 2,746 4,259 E-09 0,665

250 2,709 1,670 E-08 0,713

275 2,206 1,068 E-08 0,800

300 1,927 1,110 E-08 0,876
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Sekil 6. 200-300 K sicaklik degerleri arasinda yapilan |-V analizi grafikleri.
Cizelge 1 ve Sekil 6’da vyer alan veriler elektron akisi gergeklesmesi beklenir. Sicaklik
incelendiginde, sicaklik degeri arttikca idealite artisina  bagh olarak idealite faktérinin 1'e

faktorinin 1’e yaklastigl, doyma akiminin distigi
ve engel yulksekliginin arttigi gdzlemlenmektedir.
SBD’lerin idealite faktorleri, engel ylkseklikleri ve
doyma akimlari kullanildigi devrelere gbére 6nem
Karakteristik
elemanlarinin

gostermektedir. ozelliklerin

belirlenmesi  devre kullanim
alanlarini belirleyen 6nemli bir asamadir.
MPY  vyapilarda

elektron akisi sicakliga bagl bir islemdir. Bu ¢alisma

Metal-yariiletken  arasindaki

durumunu agiklayan c¢ok sayida teori ortaya
atilmistir. Bu teorilerden en uygunu kabul edilen
Schottky
gerilimdeki artis idealite faktorlindeki artisi da

engel modeline gbére uygulanan
beraberinde getirmektedir. Bu nedenle idealite
faktori hesaplanirken dusik ileri besleme bolgesi
kullanilmaktadir. Dlstk engel yiksekligine sahip
Schottky tipi heteroeklem vyapilarda ise distk
sicakhk degerlerinde kontak akimi disik enerji
seviyesine bagl engeller tarafindan kontrol
edileceginden 6tiirt idealite faktérinin de artmasi
beklenmektedir.
daha dusik

basarirlar.

Disuk sicakliklarda elektronlar

seviyelerdeki engelleri asmayi

Diger bir deyisle sicaklik degeri

ylkseldiginde daha fazla elektron enerji alir ve
tastyicilarda artis gerceklesir. Bu durumda daha
asilarak daha fazla

blylk engel ylkseklikleri

yaklasmasinin nedeni sicakliga bagli elektron

hareketinin ylkselmesidir. Sicakliga bagli
karakteristik 6zelliklerindeki bu degisimler, akim
iletim mekanizmasinin yalnizca termoemisyon ile
kontrol edilmedigini gostermektedir. Sicaklik degeri
distiginde elektronlarin vyeterli enerjiye sahip
olamamalari  rekombinasyon = mekanizmasinin
azalmasina ve akim degerlerinin diismesine sebep
olurken, sicakhk degerleri ylikseldiginde daha
yliksek enerjiye sahip olmalari sayesinde bariyer
yiksekliginin de arttigi gordlmistir (Tung 2000,

Hudait et al. 2001).

4, Tartisma ve Sonug

MPY yapili SBD’lerin cesitli organik malzemelerle
karakteristik

Ozelliklere sahip SBD’lerin kazandirilmasina olanak

zenginlestirilebilir ~ olmasi  yeni
saglamaktadir. Bu c¢alismada 2:1 oraninda
PCPDTBT:PCBM organik karisimi ile hazirlanan MPY
SBD’in 200 K ve 300 K degerleri arasinda sicakliga
bagli karakteristik 6zellikleri incelenmistir.

Sicakhiga bagh yapilan |-V analizleri sonucunda
SBD’lerin idealite faktoriiniin beklendigi gibi sicakhk
artistyla birlikte 1’e yaklastigi gérilmektedir. Engel
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ylksekligi ise sicaklik artisi ile ayni yonde artmakta
ve doyma akimi yikselmektedir. Analizler sonucu
elde edilen degerlerin birbiriyle uyumlu oldugu ve
degisim yonlerinin literatlirdeki diger calismalarla
da benzerlik gosterdigi gérilmektedir.

Sicakhk degerindeki artisla birlikte MPY igindeki yuk
tastyicilar daha yiksek enerjili hale gectiklerinden
dolayi asilabilen bariyer engeli de yikselmektedir.
Sicaklik degerleri distliglinde ise bariyer engelinde
de disits gozlemlenmektedir. Elde edilen akim,
bariyer yuksekliklerinin lokal bolgelerinde baskin
birlikte idealite
gozlemlenmektedir.
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0z
Uretilen @riin veya sunulan hizmetle ilgili kalite parametrelerinin 6nceden tahmin edilebilir ve kararli bir
vapida olup olmadigini belirlemek Gzere kontrol grafiklerinden vyararlanilirken, tiiketicilerin
beklentilerini yansitan spesifikasyonlari karsilama dizeyini tespit etmek Uzere sireg yeterlilik
analizinden yararlaniimaktadir. “Uygun” ya da “Uygunsuz” gibi nitelemelerle ifade edilen nitel dlgtimler
icin yapilan streg yeterlilik analizi (SYA) galismalarinin, stirekli rassal degisken olarak modellenen nicel
Olciimler icin yapilan calismalara kiyasla oldukca sinirli diizeyde kaldigi gorilmektedir. Oysaki ¢ogu
Sureg yeterlilik analizi;  gretim veya hizmet siirecinden, kaliteyle ilgili olumsuz gézlemlerin sayisina dayanan nitel dlgiimler elde
Agac diyagrami edilmektedir. Bu galismada bir 6zel hastanenin g¢agri merkezinde kagan (cevaplanmayan) ¢agrilara
yonelik SYA yapilmistir. Verilerin “kagan” ve “cevaplanan” g¢agri seklinde iki kategoriden olusan nitel
Olcimlere dayanmasi nedeniyle Binom SYA’nden yararlaniimistir. Donemsel bazl sigma seviyeleri
Gzerinden yapilan degerlendirme ¢agri merkezi siirecinin yetersiz oldugunu gostermistir. Son olarak
agac diyagrami kullanilarak, siirecin iyilestirilmesine yonelik oneriler gelistirilmistir.

Anahtar kelimeler
Cagri merkezi;
Binom yeterlilik analizi;

Process Capability Analysis for Qualitative Measures: Call Center

Example
Abstract
Control graphs are used to determine whether the quality parameters related to the product or the
Keywords service provided are predictable and stable, while process capability analysis is used to determine the
Call center; level of meeting the specifications that reflect the expectations of the consumers. Process capability
. . . analysis (PCA) studies for qualitative measurements such as “Appropriate” or “Inappropriate” seem to
Binomial capability b L . e .
; e at a very limited level compared to studies for quantitative measurements modelled as continuous
analysis; random variables. However, in most production or service processes, qualitative measures are obtained
Process capability based on the number of negative observations of quality. In this study, PCA has been made for
analysis; abandoned (unanswered) calls in a call center of a private hospital. Binomial process capability analysis
Tree diagram was used since the data is based on qualitative measurements consisting of two categories:
“abandoned” and “answered” calls. Binomial PCA evaluated over the periodical-based sigma levels
showed that the call center process was not capable. Finally, suggestions for improving the process
were developed using a tree diagram.
© Afyon Kocatepe Universitesi
1. Giris

) _ S Bir slrecin mdisteri tarafindan  belirlenen
sureg; __b'r grup girdiyi bir .d|z| faydali g|lft|ya gereksinimlere gore cikti Gretme yetenegi siireg
donistiren,  sinirlari belli,  tekrarlanabilen,  yeterliligi olarak tanimlanmaktadir (Abdolshah vd.
Olgllebilen, kontrol edilebilen, fonksiyonlar 2009; Maravelakis 2016; Pal ve Gauri 2020;
arasinda birbiriyle iliskili, deger yaratan bir faaliyet Rodriguez 1992). Siirec Yeterlilik Analizi (SYA)
zinciridir (GOksen ve Kilig 2011). Bir mal veya  gijrecin gercek performansinin miisteri isteklerine
hizmetin misteri beklentilerini karsilamasi veya bu uygun mal ve hizmet olusturmadaki yetenegini
beklentileri agmasi icin  misteri  tarafindan degerlendirmek amaciyla kullaniimaktadir. SYA
tanimlanan spesifikasyon sinirlari igerisinde ve sire¢  ortalamasi ve standart sapmasini
hedef deger etrafinda ¢ok az degiskenlik gosteren spesifikasyonlar ile iliskilendirmektedir. Bu iliskide
bir surecte uretilmesi gerekmektedir. “musterinin sesi” ile “slirecin sesi” kullaniimaktadir.
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SYA, slrecten alinan 6rneklem verileri kullanilarak
Sekil 1’de verilen siniflandirmaya gore grafiksel
veya sayisal olarak gerceklestirilebilmektedir (Int
Kyn. 1’den revize edilmistir). Grafiksel yaklasimda
veriler igin olusturulan histogramin Uzerine
spesifikasyon limitleri islenerek, tim gozlem
degerlerinin spesifikasyon limitleri igerisine diisme
durumu degerlendirilmektedir (Arcidiacono ve
Nuzzi 2017; Kane 1986). Sayisal yaklasimda ise veri
tipine (nicel/nitel) ve buna bagli olarak kullanilan
olasilik dagilimlarina gére Cp, Cpk, Slre¢ Sigma
Seviyesi (Z Skoru), PPM, DPU ve Glven Siniri
metrikleri  kullanilmaktadir (Costa vd. 2019;
Dobransky vd. 2019). Cp, siire¢ spesifikasyonlarini
gbzlenen sirec¢ degiskenligine oranlayarak sirecin
potansiyel yeterliligini 6lgmektedir. Cpk, strecin fiili

yeterliligini gostermek Uzere slire¢ ortalamasinin
alt ve st spesifikasyon limitlerine uzakhgini
Olcmektedir. Slrec¢ Sigma Seviyesi (Z skoru), stirecin
istikrarini 6lgmek icin kullanilan istatistiksel bir
Olglttlr. Bir slrecin ortalamasi ile belirli bir
spesifikasyon siniri arasinda kac adet standart
sapma fark oldugunu gostermektedir. Bu metrik
farkli veri tipleri (nicel ve nitel olgiimler) igin
kullanilabilme avantajina sahiptir. PPM, milyon
basina kusur sayisini ifade etmektedir. DPU, birim
basina kusur sayisini gostermektedir. Glven Siniri,
verilerin ortalama deger etrafindaki dagiliminin
olasi  smirlarint %5 anlamliik  diizeyinde
olgmektedir. Nitel 6lctimler i¢in Ust gliven sinirinin
Ust spesifikasyon sinirindan kiiclik oldugu surecler
yeterli olarak degerlendirilmektedir.

Sureg Yeterliligi

Nitel Veri

Veri Tipi

Nicel Veri

Veride Veri Normal HAYIR Normal Olmayan EVET Normal Olmayan Veriler
Sayilan Ne? Dadiliyor Mu? Dagiimlar Tanimlandi M7 icin Surec Yeterlilik Analizi
y z gilty (Weibull, Exponential vb.) (Pp, Ppk)
Emoz: Yeterlili Poisson Yeterlilik EVET
nalizi -
(Sigma, %Kusur, ASS{'JZ'
PPM, Guven Sinir) ( )
[Surec Ygte(r)\ih:Anahzi W %‘;;ﬁ:;ﬁj;%iﬁ:
(©p.Cpk) Normallestirilir.
Sekil 1. Siire¢ Yeterlilik Analizinin Siniflandirmasi
Bir mal ya da hizmetin kalitesinin 6l¢im, sayim ya bir firmada “planlar ve talepler” arasindaki

da hesaplama sonucu elde edilen sayisal (nicel)
verilerle degerlendirilemedigi durumda,
gozlemlerin kategorilere (kusurlu/kusursuz)
ayrilarak acgiklandigi nitel verilerin kullaniimasi
gerekmektedir. Bu tip verilerin olmasi durumunda
SYA icin kesikli olasilik dagilimlarindan binom veya
poisson dagilimlar kullaniimaktadir (Gauri ve Pal
2020; Maravelakis 2016; Runje vd. 2019).
Binom/Poisson siire¢ yeterliligi analizinde siireg
yeterliligini degerlendirmek lzere genellikle sigma
seviyesi kullaniimaktadir. Sigma seviyesi arttikca
sirecin degiskenligi ile milyonda hata sayisi
azalmakta, dolayisiyla yeterliligi artmaktadir (Runje
vd. 2019).

Literatlirde SYA ile ilgili cok sayida ¢alisma olmasina
ragmen nitel kalite verilerine yonelik yeterlilik
calismalari sayica sinirlidir (Deste ve Berber 2018).
Sunder M ve Kunnath (2020) saglk hizmeti veren

hatalarin tespiti icin alti sigma metodolojisinden
yararlanmistir. Calismada iyilestirme ©ncesi ve
sonrasi slreg yeterliligi icin binom yeterlilik analizi
yapilmistir. Runje vd (2019) rulman halkalarinin
yaricaplari Uzerine vyaptiklari calismada binom
yeterlilik analizini kullanmistir. Hesaplanan sigma
seviyesine goére slrecin iyilestirilmesi gerektigi
tespit edilmistir. Sunder M (2016) bankada hesap
acma islemlerinde verilen ret sebeplerini alti sigma
metodolojisi ile inceleyerek sire¢ yeterliliginin
tespitinde binom yeterlilik analizinden
yararlanmistir.  Vassilakis ve Besseris (2010)
tarafindan yapilan ¢alismada ugak motoru bakim
slregleri Uzerine sireg yeterlilik analizi yapilmistir.
Yapilan galisma, pareto diyagrami ile tespit edilen
oncelikli verilerin kontrol grafigi ile
degerlendirilmesi ve uygunsuz oldugu tespit edilen
motorlarin  binom vyeterlilik analizi ile analiz
edilmesi olmak Gzere iki asamadan olusmaktadir.
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Sire¢ Z degeri 1,28 olarak elde edilmis olup
¢alisma sonunda bakim siireglerinin iyilestirilmesi
gerektigi sonucuna varilmistir. Sucu (2009) bir
otoblis firmasinda delik ve boya hatasi gibi
sorunlara alti sigma metodolojisi ile ¢6zim
Uretmeyi amaclamistir. Otobuslere ait veriler
sahadan tamir edilen-edilmeyen seklinde
toplanmis olup, mevcut durum igin binom
yeterlilik analizi yapilmistir. Sirecin yetersiz
olmasi nedeniyle sireg iyilestirme calismalari
yapilmis ve iyilestirme sonrasi binom yeterlilik
analizi tekrarlanmistir. Mevcut duruma gore
iyilestirme sonrasi durumun sigma seviyesinde
artis tespit edilmistir.

Cagri merkezleri, ulusal ve uluslararasi ¢apta
binlerce operator calistiran ve sektordeki farkli
firmalarin musteri ile iletisiminde merkez nokta
olan kuruluslardir. Sikayet, satin alma, randevu
olusturma gibi pek cok konuda firma ile iletisim
kurmak isteyen musterilerin g¢agrilari, IVR
(Interactive Voice Response — interaktif Sesli
Yanit) sistemi (izerinden veya manuel olarak
yanitlanmaktadir. Cagri merkezleri; erisebilirlik,
performans ve kalite kriterleri kapsaminda
degerlendirilmektedir. Bu kriterlerden
erisebilirligi  belirleyen temel etken kagan
(cevaplanmayan) ¢agri oranidir (Oztiirk vd. 2019).
Kagan ¢agri kagan musteri anlamina geldiginden
dolay ¢agri merkezi yoneticileri gelen ¢agrilarin
tamaminin yanitlanmasini istemektedir. Ancak
calisanlarin ayni tutum ve becerilere sahip
olmamasi nedeniyle mdsteri ile etkilesimlerinin
farkhlik gostermesi cagri slrelerinin uzamasina
neden olabilmektedir. Bir musteri ile telefonda
konusma siiresi arttikca sirada bekleyen misteri
saylsi artmakta ve bekleme  siresinin
uzamasindan dolayi kayip cagrilar olusmaktadir.
Ayrica ¢agri merkezinin kapasitesinin yeterli
olmamasi veya belirli donemlerde gelen cagri
sayisinin artmasi kagan  ¢agrn  oranini
artirmaktadir. Bu sebeple ¢ok iyi yonetilen cagri
merkezlerinde bile kacan c¢agrilardan kaynakli
degiskenlikler olmasi dogaldir. Kacan cagri
sayisinin gelen tim ¢agri sayisina oranini ifade
eden kagan ¢agri orani igin kiiresel 6lgekte kabul
edilebilir Ust sinir %5-8 olarak bilinmektedir
(Oztiirk vd. 2019). Siirecte olusan ve Ust siniri
asan degiskenlik, c¢agri  merkezlerinin ana
kriterlerinden biri olan erisebilirligi azaltmaktadir
(Aksin vd. 2007; Oztirk vd. 2019; Sawyerr vd.
2009). Erisebilirlik azaldikca ¢agri merkezlerinde
musteri beklentisi karsilanamadigindan slireg

yeterliligi de azalmaktadir. Literatiirde c¢agn
merkezi hizmet kalitesinin artirilmasina yonelik
Shu-guang vd. (2007); Arpasat vd. (2015); Abdul
ve Purwatmini (2018); Oztirk vd. (2019);
Mehrbod vd. (2021) tarafindan saglanan sinirli
sayida calisma olmasina ragmen, karsilanmayan
¢agri orani gibi niteliksel siireg verileri lizerinden
yapilan sureg yeterlilik ¢alismasina
rastlanilmamustir. Nitel verilere yénelik daha 6nce
calisma yapilmayan bir hizmet sektort ornegi ile
katki saglanmaya c¢alismak bu ¢alismanin
motivasyonunu olusturmaktadir. Calismada ozel
bir hastanenin c¢agri merkezinin dokuz aylik
surecteki toplam ve kacgan ¢agri sayilari lizerinden
binom vyeterlilik analizi (BYA) yapilmistir. Kagan
cagrilara yonelik kok nedenin bulunmasi icin agag
diyagramindan yararlaniimis ve slrecin
iyilestirilmesine yonelik Onerilerde
bulunulmustur.

2. Materyal ve Metot
2.1 Binom Yeterlilik Analizi

Siurec yeterlilik analizinde nitel kalite verilerinin
analizi igin binom veya poisson yeterlilik analizleri
kullanilmaktadir (Hsieh ve Tong 2005). Uretilen
her bir birimde birden fazla kusur sayisi olmasi
durumunda  poisson  yeterlilik analizinden
yararlanilmaktadir. Basarili/basarisiz,
kusurlu/saglam, tamir edilen/tamir edilemeyen
gibi iki olasi sonug¢ bulunan sireg¢ verisi igin
kusurlu  oraninin  mdisteri  gereksinimlerini
karsilayip karsilamadigini kontrol ederken ise
binom vyeterlilik analizi kullanilmaktadir. Esitlik
(1)'de ifade edilen binom olasilik yogunluk
fonksiyonunda n veri sayisini, x kusurlu veri
sayisint  ve p kusurlu olma olasiligini
gostermektedir (Short 2023).

Pix=x) = (})p* (1 —p)* (1

istenilen ya da istenilmeyen sonug olasiiginin her
bir unsur icin sabit ve sonuglarin birbirinden
bagimsiz oldugu varsayimi altinda Binom Yeterlilik
Analizi bes adimda  gercgeklestirilmektedir
(Maravelakis 2016).

Adim 1- Sire¢ Kararhliginin Tespiti: Siireg
kararliligini bir baska ifade ile siirecin istatistiksel
olarak kontrol altinda olup olmadigini tespit
etmek amaciyla “P Kontrol Grafigi” kullanihr.
Adim 2- Verilerin Binom Dagilimina
Uygunlugunun Tespiti: Bu asamada alt grup
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blylklGginin esit olmasi durumunda binom
olasilik grafigi, esit olmamasi durumunda ise
kusurlu orani grafigi (rate of defectives) kullanilir.
Kusurlu orani grafiginde kusurlu ylzdesinin
merkez cizgi etrafinda bir model takip etmeden
rassal dagilmasi binom dagilimina uygunluga
isaret etmektedir. Alt grup buylikliginiin esit
oldugu durumlarda ise verilerin diiz bir gizgiyi
takip edip etmedigi kontrol edilir. Dlz g¢izginin
takip edilmesi durumu verilerin binom dagilimina
uygunlugunu gostermektedir (Int Kyn. 2).

Adim 3- Orneklem Biiyikliginin Yeterliliginin
Degerlendirilmesi:  Kimdulatif yizde kusurlu
grafigi, kimulatif kusur ylzdesinin zaman sirali
orneklere gore cizilerek tahmin degisimlerinin
daha fazla veri topladikca nasil degistigini
gosterir. Bu sekilde analiz icin yeterli veriye sahip
olunup olunmadigi belirlenir. Kusurlu yizdesinin
birkag o6rnekten sonra kararli hale gelmesi
orneklem sayisinin yeterli oldugunu ifade eder.

Adim 4- Sire¢c Yeterliliginin Sayisal Olarak
Degerlendirilmesi: Siire¢ yeterliligi sayisal olarak
glven siniri ve z skoru ile
degerlendirilebilmektedir. Gliven siniri siregteki
kusurlu yizdesinin fiili degerleri icin muhtemel
degerler araligint  vermektedir. Maksimum
musaade edilen kusur ylzdesi verisi bulundugu
durumlarda (hedef deger) bu veri st gliven siniri
ile kargilastirilir. Ust giiven sinirinin bu degerden
kiiciik olmasi sirecin spesifikasyonlari karsiladig
yani yeterli oldugu anlamina gelmektedir. Z skoru,
standart normal dagilim N (0,1) Uzerinde bir
deger olarak hesaplanmakta ve bu degerin
Ustlindeki alan ortalama kusurlu vylzdesine
karsilik gelmektedir. Z skorunun artmasi, stirecin
daha iyi performans gosterdigi anlamina
gelmekte olup bu degerin minimum 2 degerini
almasi gerekmektedir (Derleme 2005).

Adim 5-  Sire¢  VYeterliliginin  Grafiksel
Degerlendirilmesi: Orneklem kusurlu yiizdesinin
pik degerini ve dagihmini degerlendirmek ile
kabul edilebilir maksimum kusur yizdesini ifade
eden hedef deger icin cizilen referans gizgisine
gore veri sinirlarini karsilastirarak yeterliligi tespit
etmek amaciyla histogramdan yararlanilir.

3. Uygulama

3.1. Veri Seti

Bu calismada kullanilan veri seti, Samsun ilinde
faaliyet gosteren bir 6zel hastanenin 2021 yil

Ocak-Eylul aylari arasinda ¢agri merkezine gelen
ve kacan cagrilarindan olusmaktadir. Toplanan
veriler G¢ dénemde incelenmis olup, Cizelge 1'de
donem bazli gelen toplam cagri sayisi, kacan c¢agri
sayisi ve kagan gagri ylizdesi verilmistir.

Cagrni merkezlerinde ¢agrilar, hazir mesajlarin
bulundugu ve arayan hastanin operatorle
herhangi  bir iletisim kurmadan islemini
yaptirabildigi IVR sistemi lizerinden veya hasta —
operator etkilesiminin oldugu manuel sistem
Uzerinden  alinmaktadir.  Calisma  yapilan
hastanenin ¢agri merkezinde gelen cagrilar
otomatik bilgilendirme mesajinin  ardindan
manuel sistem icin sirasi ile operatorlere
atanmaktadir. Tim operatérlerin dolu oldugu
durumlarda gelen cagri beklemeye alinmakta ve
ilk bosa diisen operatore atama yapilmaktadir.
Operator-hasta telefon konusmasinin uzun olmasi
durumunda  sirada beklemek istemeyen
hastalarin telefonu kapatmasi ile kacan cagrilar
olusmaktadir. S6z konusu hastane, kagan ¢agrilar
icin kagan ¢agri Ust limitini %5 olarak belirlemistir.
Sekil 2’de verilen situn diyagraminda aylar
bazinda kagan ¢agri ylzdelerinin referans degere
gore durumu gosterilmektedir.

Cizelge 1. Donemlere gére gagri sayilari

Toplam Kagan
. Toplam "
Dénem Ay Cagr Kagan Cagn
J Cagn Yizdesi
.. . Ocak 23058 2001 8,68
Birinci
. Subat 22086 1931 8,74
Donem
Mart 27096 2008 7,41
iinci Nisan 24171 2283 9,45
N Mayis 23175 2704 11,67
D6nem i
Haziran 25889 2169 8,38
Uciincil Temmuz 26126 4580 17,53
SUncu - rsustos 30378 4805 15,82
Dénem R
Eylil 27255 3595 13,19

Cagn Kagirma Yiizdesi

|
|
|
|
|
|
|
|
I
=

Ocak  Subat  Mart  Misan  Mays Hazran Temmuz Agustos  Eyldl
Ay

Sekil 2. Aylara gére ¢agri kagirma yuzdeleri
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3.2. Binom Yeterlilik Analizi Sonuglari

Bu ¢alismada binom yeterlilik analizi igin Minitab
19’un demo slrimi kullanilimistir. Sekil 3-5'te

birinci

donem,

ikinci donem,

Uglincii donem

binom yeterlilik analizleri ile Cizelge 2’de dénem
bazli karsilastirma sonuglari grafiksel ve sayisal
olarak gosterilmistir.

Kacan Cagnlar icin Binom Yeterlilik Analizi (1. Dénem)

P Chart
g UCL=0,1051
5 P=0,0822
(=9
2 LCL=0,0593
a,
1 7 13 19 25 31 37 43 49 55 61
Sample
Tests are performed with unequal sample sizes.
Cumulative %Defective
S y Stats
10 (95,0% confidence)
%eDefective: 822
L Lower CI: 8,02
- 8T Upper CI: 843
3 Target: 5,00
S 6 PPM Def: 82226
a Lower CL: 80233
£ Upper CL: 84253
4 Process Z: 1,3903
Lower CI: 1,3770
3 Upper CL: 1.4035
L
0 10 20 30 40 50 60
Sample

Sekil 3. Binom Yeterlilik Analizi (1. D6nem)

Proportion

YeDelective

0,20

Rate of Defectives
15 L )
s %
L] wf® o
: _h‘—__‘————....._._._h_
= ¥ PP
g 'f_é—%‘;——v‘—.
3 4
X 5 %o 20
L]
0
500 1000 1500
Sample Size
Histogram

Targat

12

Frequency
(=)

Kacan Cagnlar icin Binom Yeterlilik Analizi (2. Dénem)

P Chart

w1
UCL=0,1240
o T P
Hﬂf".f,‘ Ve LCL=0,0715
0,05 | @
1 7 13 19 25 31 37 43 49 55 61
Sample
Tests are performed with unequal sample sizes.
Cumulative %Defective

125 S v Stats
(95,0% confidence)
YeDefective: 977
Lower CI: 9,56

10,0 Upper CI 9.99
Target: 5,00
PPM Def: 97713
Lower CI: 95571

7.5 Upper CI: 99886
Process Z: 1,2947
Lower CI: 1,2822
Upper CL: 1,3072

5.0

0 0 20 30
Sample

40 50 60

Sekil 4. Binom Yeterlilik Analizi (2. D6nem)

2 4 6 8 10 12 14
%Defective
Rate of Defectives
° L]
20 % _—
o L]
2z 15 e®
3 M-—.—-g-:.;.._.'__.
g i /;__;hg;-—n—
by )
5 2 L] L[] ::.~ =o..
.
500 1000 1500
Sample Size
12
= 9
5
2.
s 6
=
3
0

4 8§ 12 16 2
%Defective
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Kacan Cagnlar icin Binom Yeterlilik Analizi (3.Dénem)

P Chart Rate of Defectives
0.6 60
L]
g 04 = 40 o
b= E . . .
= 2 %
g f % lUCL-0,1861 = o
& 02 A i R ¢ T SO e ] = X 20 2
7 m— P=0,1550 S
u |LCL=0,1239 & LRL o
o0
0,0 0
8 15 22 29 36 43 50 57 64 500 1000 1500
Sample Sample Size
Tests are performed with unequal sample sizes.
Cumulative %Defective Histogram
Summary Stats T”???
I\’ (95,0% confidence) ot '
18 ‘ h“\h %Defective: 15,50 =
Vv, | Lower CL: 1525 !
: 16 '-\?qﬁ"‘g"\\M ‘L'pperCI: 1%,?4 > 18 !
3 f || Target: 5,00 2 !
2 | PPMDef: 154968 2 ;
Si LowerCL. 152524 | 8 12{ |
X UpperCl: 157437 2 ;
124 Process Z: 1,0154 [ 1
o Lower CI: 1,0050 6
10 Upper CI: 1,0257
. . . . ; 0l ==
0 10 20 30 40 50 60 10 20 30 40 50
Sample %Defective
Sekil 5. Binom Yeterlilik Analizi (3. Dénem)
Cizelge 2. Donemlere gore ¢agri sayilari uygun olup olmadiginin tespitinde kusurlu orani
Dénem % Kusur PPM Z Skoru UGs grafigi (Rate of Defectives) kullaniimistir (Int Kyn
1 8,22 82226 1,3903 8,43 2). Verilerin merkez ¢izgi etrafinda bir model takip
2 9,77 97713 1,2947 9,99 etmeden rassal bir dagihm gostermesi binom
3 15,50 154968 1,0154 15,74 dagilimina uygunluga isaret etmektedir.

PPM: Milyon parca basina kusur, UGS: Ust Giiven Siniri

Sekil 3-5’e gore s6z konusu hastanenin cagri
merkezinde yapilan binom vyeterlilik analizi bes
adimda degerlendirilmistir.

Adim 1: Sekil 3-5’te bulunan p kontrol grafiklerine
(P Chart) gore her iU¢ donem iginde kontrol
limitleri disinda nokta bulunmasindan dolayi
sirecin istatistiksel olarak kontrol altinda
olmadigi sonucuna ulasilmistir. ikinci dénemde
kontrol limitleri disinda nokta bulunmasina ek
olarak, orta ¢izginin altinda arka arkaya 9 ve Gzeri
noktanin varligi sirecin kararh olmadigini
destekleyen diger bir bulgudur. Her 3 dénem
icinde slirecin istatistiksel olarak kontrol altinda
olmamasi dzel/belirlenebilir nedenlerden
kaynaklanan degiskenligin  (insan, yontem,
makine, ¢evre vs.) varligini gostermektedir.

Adim 2: Kullanilan veri setinde alt grup
biyiklukleri esit olmadigindan (gelen ¢agri sayisi
her giin degismektedir) verilerin binom dagilimina

Adim 3: Kimdlatif % kusur grafiklerine
(Cumulative % Defective) gore kusurlu ylzdesinin
merkez ¢izgi Uzerinde belirli bir 6rneklem
grubundan sonra kararli hale gelmesinden dolayi
alinan o6rneklemin yeterli sayida oldugu kabul
edilmistir.

Adim 4: Ug¢ dénem icinde st given siniri
degerlerinin ¢agri merkezi tarafindan istenen
maksimum kagan ¢agri ylzdesinden (%5) buyuk
olmasi sirecin yeterli olmadigini géstermektedir
(Cizelge 2). Daha dar given sinirlar icin daha
blylk 6rnek alinmasi ya da kontrol grafikleri ile
tespit edilen 6zel nedenlerden kaynaklanan siireg
degiskenliginin azaltilmasi gerekir. Her bir donem
icin stireg¢ Z skorlari ise sirasiyla 1,3903, 1,2947 ve
1,0154 olarak elde edilmistir. Bulunan degerler
minimum kabul edilebilir Z skorundan (Zix=2)
disik oldugu icin slirecin beklentileri karsilamada
yeterli olmadigi anlasiimaktadir.

Adim 5: Kagan c¢agri yuzdelerini siniflandiriimis
veri olarak gosteren histogramlarda, verilerin
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blyik bir cogunlugunun maksimum ¢agri kagirma
ylzdesinin (%5) Uzerinde yer aldig
gorilmektedir. Bu istenmeyen durumun varlg
milyonda kusur sayisi (ppm) degerleri ile de
desteklenmektedir.

Binom yeterlilik analizi kapsaminda yapilan tim
grafiksel ve sayisal analiz sonuglari her Gi¢ donem
icinde c¢agri merkezinin misteri beklentilerini
karsilamada vyeterli olmadigini godstermektedir.
Surecteki  6zel nedenlerden  kaynaklanan
degiskenligin azaltilmasina yonelik olarak kok
nedenin tespit edilmesi ve ¢6zim o6nerilerinin
gelistirilmesi gerekmektedir. Bu sebeple cagri
merkezi birimi yoOneticileri ile beyin firtinasi
teknigi aracihglyla problemin nedenleri tespit
edilmistir.  Yapilan  goriismeler sonucunda
nedenler seviyelerine goére gruplandirilarak
problemi etkileyen tiim nedenlerin hiyerarsik
olarak  dizenlenmesini saglamak amaciyla
grafiksel bir ara¢ olan aga¢ diyagramindan
yararlanilmistir (Sekil 6). Agag¢ diyagrami, cagri
merkezindeki kagan ¢agri oraninin yiksek olmasi
ana problemini ¢6zmek igin birbirini takip eden
tim asamalari ve bu asamalarin etkiledigi
nedenleri  dikkate alarak problemin  kok
nedenlerini gbstermektedir. Ana probleme neden

sorusu sorularak kok neden tespiti icin soldan
saga agac diyagrami olusturulmustur. Daha sonra
sagdan sola dogru gidilerek sebeplerin ana
problemi olusturup olusturmadigl sistematik bir
bicimde kontrol edilmistir.

Sekil 6’daki agac diyagramina gore cagri
merkezinde kagan ¢agrilarin, alt yapi yetersizligi
ve operator yetersizligi olmak Uzere iki temel
nedenden kaynaklandigi anlasiimaktadir. Cagri
merkezi birimi yoneticilerine gére kagan ¢agrinin
olusmasinda operator yetersizligi alt yapi
yetersizligine gore daha 6nemlidir. Bu tespitte alt
yapinin gelistiriimesine yonelik st yonetimin
parasal kaynak ayirma noktasindaki isteksizliginin
etkili oldugu izlenimi edinilmistir. Operator
eksikligi sebebinin altinda vardiyadaki operator
sayisinin az olmasi, molada bulunan operator
sayisinin fazla olmasi, operator-hasta konusma
suresinin fazla olmasi gibi nedenlerden kaynakh
alt nedenler bulunmaktadir. Beyin firtinasi ekibi
ile yapilan goriisme sonucunda kayip ¢agriya en
cok yol acan nedenlerin operator-hasta konusma
suresinin fazla olmasi ve molada bulunan
operator sayisinin fazla olmasi seklinde fikir birligi
olusmustur.

-------------------------------------------------------------------------------------------------

Alt Yapi Yetersizligi

Gagn Merkezindeki P
Kacan Cagrilar v

Operator Yetersizligi .

Hasta yogunlugunun
fazla oldugu glinlerde
hattin mesgul edilmesi

Hastane ici
yonlendirmelerin
olmasi

' '

' H

' H

Vardiyadaki operator . Toplam operatér H
sayisinin az olmasi % sayisinin az olmasi '

' '

' '

' '

Hattin yogun oldugu

' '

A H FI '

- saatteﬂmoladakl . - Mola §aat|er|n1n :
operator sayisinin ' sabit olmasi '

fazla olmasi ‘ H

' '

Hastanin isleminin ]

™ uzun olmasi ]

'

'

'

= —
Operatériin tecriibesiz | 1
olmasi :

'

'

|

H

Hasta ile konusma 4
stiresinin uzun olmasi H
H

H

Hat sirasinda beklemek
L | istemeyen hastalarin
aniden kapatmasi

Sekil 6. Kacan Cadrilar icin A§a¢ Diyagram
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4. Sonug ve Oneriler

Bu calismada bir 6zel hastanenin ¢agri merkezine
2021 yilh Ocak-Eylll aylari arasinda gelen cagrilar
icin slrec yeterlilik analizi yapilmistir. Toplanan
veri “kagan cagri/cevaplanan ¢agri” seklinde nitel
Olclimlerden olustugu icin yapilan calismada
binom yeterlilik analizi kullaniimistir. Binom
yeterlilik analizinde elde edilen p kontrol
grafiklerine gore her (¢ donemde istatistiksel
olarak kontrol altinda degildir. Veriler Ocak-Mart,
Nisan-Haziran ve Temmuz-Eylil olarak g
dénemde incelenmis olup dénemlerin Z skorlari
sirasiyla 1,3903, 1,2947 ve 1,0154 olarak elde
edilmistir. Elde edilen sonuglara gore her (g
dénemde minimum kabul edilebilir Z skorunun
(Zmin=2) altinda kalmistir. Bu durum, sirecin
yetersiz oldugunu ve siirecte 6zel nedenlerden
kaynakh degiskenligin oldugunu gostermektedir.
U¢ dénem incelendiginde en az degiskenligin
Ocak-Mart aylarinda (1. Dénem), en yiiksek
degisikligin ise Temmuz-Eylil aylarinda (3.
Donem) vyasandigl anlasilmaktadir.  Uglincii
donem degiskenliginin diger donemlere gore
daha yiksek olmasi yaz aylarinda gurbetcilerin ve
yerli/yabanci  turistlerin  sayisinin  artmasi
nedeniyle cagri merkezine baglanmak istenen
hasta sayisinin fazla olmasi ve izinde olan
operator sayisinin diger aylara kiyasla daha fazla
olmasi oldugu disiiniilmektedir. U¢ dénem igin
elde edilen Ust gliven sinirlari ise sirasiyla %8,43,
%9,99 ve %15,74’tiir. Uc dénemde de hastanenin
maksimum ¢agri kagirma yiizdesi olarak belirlemis
oldugu %5’in Uzerinde degerler tespit edilmis
olmasi siirecin yetersizligine isaret etmektedir.

Sureg degiskenligini azaltabilmek ve sireci yeterli
hale getirebilmek amaciyla kagan cagrilarin kok
nedenlerinin tespit edilmesi icin aga¢ diyagrami
olusturulmustur (Sekil 6). Aga¢ diyagramindan
elde edilen bilgiler cagri merkezindeki kagan cagri
nedenlerinin alt yapi yetersizligi veya operator
yetersizliginden kaynaklandigini gostermektedir.
Surecin iyilestirilebilmesi ve yetersizliklerin
ortadan kaldirilabilmesi icin Cizelge 3’te siralanan
¢O6zimlerin ¢agri merkezi yoneticileri tarafindan
degerlendirilmesi dnerilmektedir.

Mola saatleri mevcut durumda sabit haldedir.
Hattin yogun oldugu saatlerin operatér mola
saatine denk gelmesi durumunda hat icerisinde
operator eksikligi olusmaktadir. Mola saatlerinin
esnek hale getirilmesi ile hem tim operatoérlerin
mola siresini kullanmasi, hem de hattin yogun

oldugu saatlerdeki operatér sayisinin eskiye
kiyasla daha fazla olmasi saglanabilir.

Cizelge 3. Agac Diyagramindaki Sebeplere Yonelik
Oneriler

Sebep Oneri

Mola saatlerinin sabit Mola saatlerinin esnek
olmasi hale getirilmesi
Operatorlerin tecribesiz  Oryantasyon Egitimi
olmasi slirecinin uzatilmasi

IVR sisteminin kapsam
alaninin gelistirilmesi

Hasta ile konusma
slresinin uzun olmasi

Hastane ici Yoénlendirmelerin belirli
yonlendirmelerin fazla bir operatore yapiimasi
olmasi

Operatorlerin  tecribesiz  olmasi, telefonda
bulunan operatériin hasta ile konusma siresini
uzattig icin kagan c¢agriya sebep olmaktadir. ise
giriste verilen egitim siresinin uzatimasi ve
tecrlibesiz operatorlerin  tecriibe kazanincaya
kadar yogun olmayan saatlerde hatta verilmesi ile
bu durumun o6nline gegebilir. Ayrica verilen
egitimlerin donemsel olarak tekrar edilmesi
gerekmektedir.

Kagan ¢agri olusumundaki en énemli sorun hasta
ile  konusma siresinin  fazla olmasindan
kaynaklanmaktadir. Telefondaki hastanin
isleminin uzun slrmesi hatta bekleyen diger
hastalarin telefonu kapatmasina neden
olmaktadir. Mevcutta bulunan IVR sisteminin
kapsayicihiginin gelistirilmesi bu sorunun 6niine
gecebilir. IVR sisteminde bulunan
yonlendirmelerin daha detayl hale getirilmesi
saglanarak randevu alma, randevu iptali gibi
islemi olan hastalarin islemlerini siraya girmeden
IVR sistemi Uzerinden yapmasi saglanabilir. IVR
sistemine tanimlanan sesli asistanlar (chatbot)
sayesinde hastalar vyapay zeka destegi ile
islemlerini yaptirabilir. Hastaya ait TC kimlik
numarasinin  ogrenilmesi  ile yapay zeka
tarafindan otomatik olarak hasta bilgi sistemine
giris saglanabilir ve hasta sikayetleri dogal dil
isleme yontemi ile islenerek ilgili birimlere
gonderilebilir. Ayrica randevu alma, doktor
degisikligi, tahlil sonucu 6grenme gibi islemler
operatore ihtiya¢ olmadan yapay zeka tarafindan
yaptirilabilir. Bu sayede hem hatta bekleyen hasta
sayisinin azalmasi ile kagan ¢agri sayisi hem de
yapay zeka kullanimi sayesinde bekleme
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siresinden kaynaklanan hasta memnuniyetsizligi
azaltilabilir.

Hastane personellerinin birbirini ararken dabhili
numaraya baglanmak igin ¢agri merkezini
kullanmasi ve hastane igerisinde hastalarin g¢agri
merkezine baglanmak igin kullandiklari sabit
hatlarin acik birakilmasi hastane ici
yonlendirmelerin fazla olmasina neden
olmaktadir. Bu durum c¢agri merkezindeki hat
yogunlugunu ve kacan cagri oranini artirmaktadir.
Hattin gereksiz mesguliyetini azaltabilmek igin
yonlendirmelerin belirli bir operatore aktariimasi
saglanabilir. Boylece hat yogunlugu azaltilarak
kagan gagri orani dislrilebilir.

Hastane vyonetimi ve c¢agri merkezi birimi
yoneticileri ile yapilan gortismeler neticesinde
mola saatlerinin cagri merkezi calisanlari igin
esnek hale getirilmesine, operatorlerin
oryantasyon egitimi slrecinin uzatilmasina, IVR
sisteminin gelistirilmesine yonelik gorismeler
yapilmasina karar verilmistir. Cagri merkezini
arayan tim hastalarin operatére baglanmadan
once IVR sisteminden gecerek operatore
baglanacak hasta sayisinin azaltiimasina yonelik
Oonlem alinmasi gerektigi konusuna deginilmistir.
Ayrica operator sayisinin az olmasi kagan cagri
oraninin yliksek  olmasinin en onemli
nedenlerinden biridir. IVR sisteminin
gelistiriimesinden sonra ¢alisan  etkinliginin
hesaplanmasina ve elde edilen sonuglara gore
operator sayisi ile ilgili 6nlem alinmasina karar
verilmistir.
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In this study, some lower and upper bounds were obtained for the energies of the power graphs of
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corresponding to this cyclic group.

finite cyclic groups by considering the adjacency matrix structure of the power graph of a finite cyclic
group. Then, some results are given using the relationship between the case where the order of a cyclic
group is the positive integer power of a prime number and the completeness of the power graph

© Afyon Kocatepe Universitesi

Devirli Gruplarin Power Graflarinin Enerijileri icin Bazi Sinirlar

Oz

Anahtar kelimeler
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graf; Enerji; Sinir

Bu galismada, sonlu bir devirli grubun power grafinin komsuluk matrisi yapisi dikkate alinarak, sonlu
devirli gruplarin power graflarinin enerjileri igin bazi alt ve Ust sinirlar elde edilmistir. Daha sonra devirli
bir grubun mertebesinin bir asal sayinin pozitif tam sayi kuvveti olmasi durumu ile bu devirli gruba

karsilik gelen power grafin tamligi arasindaki iliski kullanilarak bazi sonuglar verilmistir.

1. Introduction and Preliminaries

Let G be a group. The undirected power graph
P(G) of G is an undirected graph whose vertices
are represented by the elements of G and whose
adjacency relation between any two vertices i and
j are given by

i~jei#ji=jMorj=im,

where m € Z*. The concept of power graph was
first defined by Kelarev and Quinn in 2000 as a
directed power graph of finite semigroups (Kelarev
and Quinn 2000). Later, the concept of directed
power graph for groups was defined, and various
studies were carried out for directed power graphs

© Afyon Kocatepe Universitesi

on semigroups and groups (Kelarev and Quinn
2000, Kelarev and Quinn 2002, Kelarev et al. 2004).
Chakrabarty et al., inspired by these studies,
introduced the concept of undirected power graph
to the mathematical literature with their study in
2009 (Chakrabarty et al. 2009). In addition, in this
study, they showed that for the power graph to be
a complete graph, the order of the group must be 1
or a positive integer power of a prime number.
Later, Cameron et al. shortened the concept of
undirected power graph and named it as power
graph and this name passed into the mathematics
literature and after that, studies for undirected
power graphs were published under the name of
power graph (Cameron 2010, Cameron and Ghosh
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2011, Chattopadhyay and Panigrahi
Chattopadhyay and Panigrahi 2015).

2014,

Another name that directs the study of power
graph
Chattopadhyay. In the study of Chattopadhyay et

in terms of spectral graph theory is
al. in 2018, the adjacency matrix concept was
redefined for power graphs and the bounds for the
largest eigenvalues of the adjacency matrices of
the power graphs were obtained (Chattopadhyay
et al. 2018).

The concept of energy, which has an important
place in spectral graph theory, was introduced to
the mathematical literature by Gutman in 1978
(Gutman 1978). According to Gutman's definition,
the energy of a graph is the sum of the absolute
values of the eigenvalues of the graph's adjacency
matrix. In the past decades, the energy of a graph
has received much interest and many different
versions have been conceived. The most popular
and most studied energy versions are the Laplacian
energy (Gutman and Zhou 2006), the signless
Laplacian energy (Abreu et al. 2010), the distance
energy (Gutman et al 2008) and the Randic energy
(Cavers et al. 2010). It is important to do boundary
studies for energy as it is not always easy to
calculate the energy of a graph. Therefore,
boundary studies for energy have attracted a lot of
attention and many studies have been carried out
in this field.

In this study, inspired by the concept of adjacency
matrix of the power graph on a cyclic group,
bounds for the energy of the power graph on a
finite cyclic group C,, of order n were obtained.
Throughout this study, the set of the identity and
generators of C,, is denoted as V; and the set of
other elements as V,. Also |[Vi|=1+¢n) =7
(say), where @(n) is Euler's ¢ function. Then the
adjacency matrix A of the power graph P(C,,) is of

the form
p <]t’x{’ — Loxe Jexn-0) )
"\ Jm-oxe  A(P (VZ))(n—{’)x(n—{’) '

where, I and | are the unit matrix and the all-ones

matrix, respectively. Also A(P(VZ)) is the

adjacency matrix of the power graph induced by
the vertex set V,. The adjacency matrix is a real
symmetric matrix and its eigenvalues denoted by

M=y =2y,

In addition, considering the energy concept, the
energies of the power graphs of finite cyclic groups
are defined as the sum of the absolute values of
the eigenvalues of the adjacency matrices, i.e.,

E =Yl
2. Sharp Bounds for The Energy of P(C,,)

In this section, some upper and lower bounds for
the energy of the power graph of C,, are obtained.
In addition, results are given for cases where the
power graphs of finite cyclic groups are complete
graphs, considering the order of the cyclic group.
The following lemma will help to obtain some
bounds for the energy of P(C,) using the trace of
the square of the adjacency matrix of P(C,,).

Lemma 2.1. Let P(C,) be the power graph of C,
withn = 3. Then

?:1 A4, =0
and
A =22n—L =1+ 2Y11cicjn 4.
Proof. From the definition of the trace, we have
?:1/11' = tT(A) = 0
We now consider the matrix A2.
?:1/112 =tr (Az)
=f{—-1D+tn—-O)+2(n—0) +
tr[A%(P(Vy)]

=42n—£—1) + +tr[A2(P(V))].

The ii-th entry of [A(P(VZ))]2 is Xj=ps1 afj. Thus

Jj#i
nL A =e2n—£—1) + tr[A2(P(Vy)]
=f@2n—€—1)+2¥,41<icj<n aizj-
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This completes the proof.

Lemma 2.2. Let P(C,) be the power graph of a
cyclic group C,,, whose order is a positive integer
power of a prime number and n = 3. Then

A =nn-1).

Proof. We know that if C,, is a cyclic group, whose
order is a positive integer power of a prime
number then P(C,) is a complete graph and
[Vi] =€ =n and |V,]| = 0. Using Lemma 2.1, we
have

L1 Af = tr(4%)
=4@2n—C—1)+2¥11<i<jsn aizj
=n2n—-n-1) =n(n-1).
Thus, the proof is completed.

Lemma 2.3. Let a,b,x,yERY and 0 <a<x <
y < b.Then

Xy > vab
x+y — a+b

(Oboudi 2019).

Theorem 2.1. Let E be the energy of the power
graph P(C,). Then

\/1«”(271 — =1+ 2% p1sicjen @l < E

and

E < \/n[{’(Zn =€ —=1)+2%11<i<jsn aizj] .

Proof. Using the Cauchy-Schwarz inequality and
Lemma 2.1, we have

E* = (RLluD? s n ¥, A7

=n[62n— €= 1) + 2T ps1ci<jen afj]- (1)
For the proof of the first inequality, we have

E? = (B, D? 2 X, A7

={@2n—€—1)+2%,41<i<j<n aizj- (2)

By using (1) and (2), the required result is obtained.

Corollary 2.1. Let P(C,,) be the power graph of a
cyclic group C,,, whose order is a positive integer
power of a prime number and n = 3. Then

Jann—1)<E<nvn-1.

Proof. Since C,, is a cyclic group, whose order is a
positive integer power of a prime number, P(C,,) is
a complete graph. Using Theorem 2.1 and Lemma

2.2, we have

B? = (S 14D

<nYr, A2 =n?(n-1),

and then

E<n/n-1.

For the proof of the first inequality, we have
E? = (TLql40)?

>yt A =n(n-1),

i.e.,

E >.n(n-1).

Thus, the proof is complete.

Theorem 2.2. Let P(C,,) be the power graph of C,
with n > 3 and A, is largest eigenvalue of P(C,).
Then

E<li+{J(n—-1)(s—13),
wheres = £(2n — € — 1) + 2 ¥y 11<icjen 4

Proof. Using Lemma 2.1 and the Cauchy-Schwarz
inequality, we have

(E - /11)2 = (2?=2|/1i|)2
<(m-D(ZL A7 -23)

=(n-— 1)[{’(271 — =1+ 2¥41<icjn aizj -
2]
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Since

s=4@2n—~4—1)+ 2 Ys11ci<j<n aizj,

E<A+J(n—1(s—23).
Thus, the required result is obtained.

Corollary 2.2. Let P(C,) be the power graph of a
cyclic group C,,, whose order is a positive integer
power of a prime number and n = 3. Then

E=2(n-1).

Proof. Since C,, is a cyclic group, whose order is a
positive integer power of a prime number, P(C,,) is
a complete graph and 4; = n — 1. By Theorem 2.2
and Lemma 2.2, we obtain

E<li+J(n—-1D(-13)

=n- 1+\/(n— Dn(n—1) —(n—1)?)
=2(n-1).
The proof is complete.

Theorem 2.3. Let P(C,,) be the power graph of C,
withn = 3. Then

E > \/S +n(n— 1)detA%,

wheres = (2n— ¢ — 1) + 2 Yy11<i<j<n al-zj.

Proof. By Lemma 2.1, we have

E? = (ZLqlAl)?

= ?:1/112 + 221si<j5n|/1i||/1j|

=4@2n—4C—1)+2¥11<i<j<n aizj +
Yol |2]

=5+ Yixjl il | 2] (3)

Since the geometric mean of nonnegative numbers
is smaller than their arithmetic mean. Thus, we
have

_r
;Zi::jud 2| = ([ixj12:1|2;] )70

n(n-1)

1
= (H?=1|Ai|2(n_1))"("'1)
2
= [Tiz11Ailn
2
= detAn (4)

By (3) and (4), we obtain

2
E > \/s + n(n — 1)detAn.

Corollary 2.3. Let P(C,,) be the power graph of a
cyclic group C,,, whose order is a positive integer
power of a prime number and n = 3. Then

2
EZJn(n—1)[1+(n—1)Z].
Proof. Since |C,| = p™, P(C,) is a complete graph

and its spectrum is {n -1,-1,-1,..., —1}. Using
n—-1

Theorem 2.3 and Lemma 2.2, we obtain
2
E>=Y", 22 +n(n— 1)detAn
2
=nn—-1D+nn—-D[n-DED* 1]
2
=n(n-—1) [1 +(n—- 1)n]

and then

2
Ean(n—1)[1+(n—1)z].
The proof is completed.

Theorem 2.4. Let P(C,,) be the power graph of C,
with n = 3 and 44,1, ..., 4, be the eigenvalues of
the adjacency matrix of P(C,,), with |A;]| = |A,| =
-+ > 1A, = 0.Then

54144 ]|4n|
121 ]+1An] 7

wheres = £(2n— £ — 1) + 2 ¥p11<i<j<n aizj-

Proof. Since C, is a cyclic group with n = 3, the
power graph P(C,) has at least two edges.
Therefore, the adjacency matrix of P(C,) has at
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least one nonzero eigenvalue. Now for i =
1,2,...,n be the |44 =]4;|=A,]. In this
situation,

(121 = 14D AL = 12,1 = 0. (5)
On the other hand,

U2 = 14D UAD = 122D = 141U ]+ 14,1 —
(22 + [44112,1).  (6)

By (5) and (6), we obtain
1211 + 1201 = 27 + 124125,
If this operation is applied for every i, we get

(1] + 22+ .+ 4D + 12,1 =
(A2 + 23+...+22) + n|A,]|4,].
Also using Lemma 2.1, we have

AxllAn]

E> s+n|A4]|1An .

T2+ ARl

Therefore, the proof is completed.

Corollary 2.4. Let P(C,) be the power graph of a
cyclic group C,,, whose order is a positive integer
power of a prime number and n = 3. Then

E=2(n-1).

Proof. Since |C,| = p™, P(C,) is a complete graph

and its spectrum is {n -1,-1,-1,..., —1}.
n-—1

Fori=23,...,n

A1) =[] = 122 =...= |4n],

and thus

(2411 = 14D U] = [24x]) = 0.

Using Theorem 2.3 and Lemma 2.2, we obtain

_ S AR niy ]

E
1211+12n]

_ n(n-1)+n(n-1)
- 1+n-1

=2(n-1).

Thus, the required result is obtained.

Theorem 2.5. Let P(C,,) be the power graph of C,
with n > 3 and A4, 4,, ..., 1,, be the eigenvalues of
the adjacency matrix of P(C,), with |A;]| = |A,] =
-+ > |A,| > 0.Then

£ > 2/AallaiVes

[A1]+[An] 7
wheres = £(2n— £ — 1) + 2 ¥p11<i<j<n aizj.

Proof Since C, is a cyclic group with n > 3, the
power graph P(C,) has at least two edges.
Therefore, the adjacency matrix of P(C,) has at
least one nonzero eigenvalue. Using Theorem 2.4,
we get

E> iy A7 41242y 7)
A1 ]+12]

On the other hand,

a+b=>2Vab

fora,b = 0. Thus

i A+ 0l l|An] = 2y 14112 nZ7, 22 (8)

Using (7), (8) and Lemma 2.1, we have

n 2
i e SR N YA VN
A1 l+12] A1 1+12]

The proof is completed.

Theorem 2.6. Let P(C,,) be the power graph of C,
with n = 3 and 44, 1,, ..., 4, be the eigenvalues of
the adjacency matrix of P(C,,), with

[A1] = |Az] = = |4, = 1. Then

wheres = £(2n — € — 1) + 2 ¥y 11<icjen 4F)-
Proof. Since A is the largest degree of P(C,)

Using Lemma 2.3 and Theorem 2.5, we have
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2./ AnlVns _ 2vn—1yns n-1
> > =2 |—s,

T ARl T n n

E

so, the proof is completed.
3. Conclusion

In this study, lower and upper bounds were
obtained for the energies of the power graphs of
finite cyclic groups by considering the adjacency
matrix structure of the power graph of a finite
cyclic group. Then, boundary studies were carried
out for the energies of the power graphs of finite
cyclic groups. Some of the bounds found give
results closer to the value. However, it is not
always possible to make a boundary comparison as
the approaches of the boundaries will change as
the graph structure changes.
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Pushout
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of the category of Lie crossed modules.
© Afyon Kocatepe Universitesi
homotopi gruplarin cebirsel yonleri Uzerine
1. Girig caprazlanmis  modiillerden  bahsedilmistir. O

Lie cebirleri, sonsuz kiigik dontsimler kavramini
incelemek Uzere Sophus Lie (1871) tarafindan
tanimlanmistir ve Killing (1880, 1885) tarafindan
Lie’den bagimsiz bir sekilde kesfedilmistir. Daha
onceki calismalarda “sonsuz kigik grup” seklinde
ifade edilen cebirsel yapiya Weyl (1931) tarafindan
“Lie cebir” ismi verilmistir. Norvecli matematikgi
Sophus Lie tarafindan, Lie gruplari ve cebirleri ile
diferansiyel denklem sistemlerinin integrasyonuyla
ilgili cahsmalar gelistirilmistir. Lie cebirleri ve Lie
teorisi matematigin diferansiyel geometri, analiz,
topoloji ve cebir gibi pek ¢ok dalinda gesitli
uygulamalara sahiptir.

Whitehead (1949) ilk kez gruplar (Uzerinde
¢aprazlanmis moddlleri tanimlamistir.  Whitehead
tarafindan yapilan c¢alismada bilhassa relatif

donemden sonra ¢aprazlanmis modul kavrami pek

¢ok baska alanda vyer almistir. Caprazlanmis
modailleri temel cebirsel yapilardan biri seklinde
distiinmek mimkindir. Ege (1998) tarafindan da
Uzerine  c¢alismalar

caprazlanmis  modiiller

yapiimistir. Caprazlanmis moddillerin  homotopi
teorisi, cebirsel K-teori, kombinatoriyel grup teori,
gruplarda homoloji, kohomoloji, devirli homoloji ve
diferansiyel geometri gibi matematigin pek c¢ok
tutmaktadir.

cebirlerde c¢aprazlanmis moddller Porter (1986)

alaninda o6nemli vyer Degismeli
tarafindan tanimlamis olup Arvasi ve Porter (1996)
da c¢alismalarinda bu konuya dair pek ¢ok 6nemli
sonuca ulagsmistir. Sonrasinda (Arvasi ve Ege Arslan
2003, Aytekin Arici ve Sahan 2022, Odabas vd.
2016), Sahan 2018, Temel vd. 2020) gibi pek ¢ok

¢alisma literatiire kazandirilmistir.
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Lie cebirleri Gzerinde ¢aprazlanmis modiiller ise ilk
(1982)
tanimlanmigtir. Daha sonra Lie cebirleri Uzerinde

defa Kassel ve Loday tarafindan
caprazlanmis modiiller ile ilgili (Casas 1990, Ellis
1993, Casas ve Ladra 1998, 2000, Akca ve Arvasi
2002, |llgaz GCaglayan 2022) gibi

yapilmistir.

¢alismalar

Kategori teorisi, matematiksel yapilar ve bu yapilar
arasl ilgilenen bir
Farkh

kategoriler, funktorlar araciligiyla iliskilendirilebilir.

iliskiler ile soyut agidan

matematik kurami olarak bilinmektedir.
Funktorlar, ele alinan kategorinin her bir nesnesini
farkh bir kategorinin bir nesnesi ile ve ele alinan
kategoride bulunan morfizmi diger kategorideki bir
morfizm ile bagdastiran fonksiyonlarin  bir
genellestirmesi olarak distnilmektedir. Eilenberg
ve Maclane (1945) kategori, funktor ve dogal
transformasyon kavramlarini

ortaya atmstir.

Ozellikle cebirsel topolojide, homolojiden homoloji
gegis icin
Kategoriksel 6zellikler, diger matematiksel soyut

teorisine mihim yer tutmustur.

terimler gibi yeni bir dil elde edilmesini
saglamaktadir. Bu dil, diislince tasarrufuna yardim
etmektedir ve farkh alanlarda arastirmacilar
arasinda daha kolay iletisim saglanmasinin yani sira
gorunuste ilgisiz cesitli teoremlerin ve yapilarin
altinda vyatan ortak temel fikirleri yilzeye
¢itkarmaktadir. Bu nedenle eski sorunlari géormek
icin yeni bir baglam ortaya koymaktadir. Boylece
derin, giicll, klasik sonuglarin gercekte ne oldugunu
belirlemeye ve tasvir etmeye yardimci olmaktadir.
Kategoriksel 6zellikler ile ilgili (MacLane 1971,
1973) tarafindan detayli
galismalar  yapilmistir.  Ayrica  kategori ve
funktorlarla ilgili (Aytekin 2019, 2021, Demirci
2011) gibi

bulunmustur.

Herrlich ve Strecker

arastirmacilar ¢esitli calismalarda

Lie caprazlanmis moddillerin bazi kategoriksel

ozellikleri hakkinda vyapilan bu ¢alismada; Lie
cebirleri ve c¢aprazlanmis modiller ile ilgili baz
temel kavramlar incelenmis, Lie cebirleri (izerinde
¢aprazlanmis modiiller ile ilgili bazi kavramlar ele
alinmis, Lie caprazlanmis modiiller kategorisinde

bazi kategoriksel 6zellikler verilmistir.

2. Materyal ve Metot
2.1 Lie Cebirleri

Tanim 2.1.1 k birimli ve degismeli bir halka ve L bir
k-modiil olsun. Her ,I',l"" € L icin

i [L=0
i [LILUT IO+ UL =0

ozelliklerini saglayan bir [,]:L X L = L bilineer
fonksiyonu var ise L ye k Gzerinde bir Lie cebir veya
Lie k-cebir, [,] fonksiyonuna da Lie ¢arpimi denir.
Burada (ii) 6zelligi jacobi 6zdesligidir.

() sebebiyle; 0=[l+01+1]=[LU]1+][l]]
oldugu icin,

i, [LU]=—[0,1]
iv. [LIUT=10LULUT+ 0L U]

elde edilir. Bu calisma boyunca Lie k-cebir yerine
Lie cebir ifadesini kullanacagiz.

Tanim 2.1.2 L; ve L, k Uzerinde iki Lie cebir ve
0: Ly = Ly bir k-modiil homomorfizmi olsun. Her
a,b € Ly i¢in 8([a,b]) = [0(a),8(b)] ise 8 ya bir
Lie cebir homomorfizmi denir. Sayet 0 bir Lie cebir
homomorfizmi ve birebir 6rten ise 8 ya bir Lie cebir
izomorfizmi, L, ve L, ye de izomorfiktirler denir.

Tanim 2.1.3 A bir Lie cebir olup B S A ve her
¢,d € B igin [c,d] € B olsun. B, A nin alt moduli
oluyorsa B ye A nin Lie alt cebiri adi verilir ve
B < A ile gosterilir. B, A nin Lie alt cebiri iken her
c € B ve d € A oldugunda [c,d] € B oluyorsa B
ye A nin ideali denir ve B 2 A ile gosterilir.

2.2 Lie Cebirlerinin Caprazlanmis Modiilleri

Caprazlanmis modiller, modiller ve ideallerin
genislemesidir. Ayni zamanda her halka kendisi
Uzerinde bir c¢aprazlanmis modil oldugundan,
caprazlanmis modidller, halkalarin genellemesi

olarak dustnulebilir.

Tanim 2.2.1 k sifirdan farkli birime sahip olan bir
degismeli halka, L ve N iki Lie cebir olsun. O halde,
NXL-1L

(n, 1) »n
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dénisimi her k € kvel,l' € L, n,n’ € N igin
i k™) = (k= ntD
i. nl+HD=nlya
iii. m+n)=nt+ @)
iv. [mn']'= n(@HH _ /(Y
v. T =L+ [Lnt]

sartlarini sagliyorsa, bu dontisime N nin L Gzerinde
Lie etkisi denir.

Tanim 2.2.2 L ve N iki Lie cebir olsun. a: L = N bir
Lie cebir homomorfizmi olmak lizere ve
NXL->L
(n,1) » n!
N nin L (zerine Lie etkisiyle beraber her [,I' € L ve
n € N igin
i a(nt) =[na)]
i. () =[]

sartlari  saglaniyorsa (L,N, a)

caprazlanmis k-modiil veya Lie ¢aprazlanmis modiil

Gclastne  Lie

denir. Makale boyunca Lie ¢aprazlanmis modil

yerine kisaca ¢aprazlanmis modul ifadesi

kullanilacaktir. Yalnizca (i) sartini saglayan (L, N, a)
Uglusline Lie 6n caprazlanmis k-modal adi verilir.
(ii) 6zelligine ise Peiffer 6zdesligi adi verilir.

Ornek 2.2.1 L, herhangi bir k-modiil ve [;,l, € L
olmak Gzere
LXL-L

() » [l ] =0

carpimi tanimlansin. L bir Lie cebir yapisi olusturur.
Diger taraftan

0:L->N
x> 0x)=0
biciminde verilen sifir morfizmi ve

NXL-L

(n,) »nt =nl

etkisihern € N, [,I' € L icin
i. 0(nY)=0n1=0=[n0]=[n0()]
i. oW =0'=0'=0=[,1]

oldugundan (L, N, 0) bir caprazlanmis modiildur.

Ornek 2.2.2 N ve L iki Lie cebir ve L nin N tzerinde
bir etkisi var olsun.
M LXN > L
(Ln) =1

birinci izdlsiim fonksiyonu ve L nin L x N {izerine
hern €N, ,l' € L igin

1m = ([, 1,mm)

seklindeki etkisi yardimiyla (L < N,L,m;) bir 6n
Burada L x N iki Lie
cebirinin yari-direkt ¢arpimidir ve Uzerindeki her
(I,n),(l',n") € L x N igin

¢aprazlanmis moduldar.

(), ()] = (LUL [nn] + 1V —1™)

braket islemiyle birlikte bir Lie cebiridir.

Tanm 223 (L,N,a) ve (L, N,a") iki

caprazlanmig modul olmak tzere,

f

L——» L

cxl la’

N
N 7 N

diyagramini degismeli yapan, yani a'f (1) = ga(l)
olacak sekilde, f:L —» L', g:N —» N’ Lie k-cebir
homomorfizmlerinin olusturdugu,

f(n') = ()’ ®

(f,9): (LN, @) > (L',N', ")
morfizmi ¢aprazlanmis modil homomorfizmi olarak

ile  tanimh  bir

adlandirilir. Eger f ve g birer Lie cebir izomorfizmi
ise (f, g) ikilisi bir izomorfizm olup

U g™ H=>did)={F"g){ 9

olacak sekilde
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9t =F"1g™): LN, «) > (LN,a)

ters c¢aprazlanmis moduil izomorfizmi vardir.

Boylece, objeleri; Lie caprazlanmis modiiller,

morfizmleri; Lie ¢aprazlanmis moddl
homomorfizmleri olan bir kategori olusturulur ve

bu kategori LXMod ile gosterilir.

Not: (L, N, ) ve (L', N’, ") iki gaprazlanmig moddl
ve (f,9):(L,N,a) » (L',N',a") Lie caprazlanmig
modul homomorfizmi olsun. N = N’ ve g nin birim
donisim olmasi durumunda, f bir Lie cebir
homomorfizmi oldugundan f(nl) =n/O olup,
Tanim 2.2.3 de verilen diyagramin degismeli
olmasindan a'f (1) = a(l) elde edilir. Dolayisiyla,
LXMod kategorisinde tanim kiimesi (L, N, a) olan
her  bir f:L->L lie
homomorfizmi Uzerinden

morfizm  bir cebir
faktorlendiginden,
objeleri LXMod kategorisinin objeleriyle ayni olan,
morfizmleri N ye gore denklik siniflarindan olusan

altkategori LXMod/N ile gosterilir.

Ornek 223 (L,N,a) ve (L, N,a') iki
¢aprazlanmis modil olmak
(h,id): (L,N,a) -» (L',N’,a") bir
modil homomorfizmi ise (L, L', k) bir ¢aprazlanmis

Uzere,
¢aprazlanmis

modildir. O halde a' yardimiyla L' niin L ye etkisi
her x' € L' ve x € Ligin

(xl)x — (al(xl))x
seklindedir. Ayrica
(idy,idy) : (L,N,a) = (L,N, o)

birim homomorfizmi (I, I) ile gosterilebilir.

Tanim 2.2.4 (L,N,a) bir gaprazlanmis modill,
L'<LveG' <Gise

aal;: L' >N

a nin L ye kisitlanisi ve N’ niin L' ne etkisi N nin L
uzerine etkisinin kisitlanmigi oldugundan (L', N', a")
¢aprazlanmis modiline, (L,N,a) caprazlanmis
moddlindn alt Lie ¢aprazlanmis modili kisaca alt
(L',N",a") <

¢aprazlanmis modili  denir ve

(L, N, @) biciminde gosterilir.

Ornek 2.2.4 K, N nin bir alt Lie cebiri iken
(K,K,idg), (0,K,idg), (N,N,idy) ve (O,N,idy)
birer caprazlanmis modildir. Ayrica (K, K, idg),
(N,N,idy) nin bir alt ¢aprazlanmis moduld,
(0,K,idg) da (0,N,idy) nin alt gaprazlanmis
modulidar.

Ornek 2.2.5 I, N nin herhangi bir ideali olsun.
(I,N,idy), (N,N,idy) caprazlanmis modilinin
alt caprazlanmis moduliddr.

Ornek 2.2.6 K ve M, N nin ideali; M € K olmak
(M,N,idy), (K,N,idy)
modilindn alt caprazlanmis modultdur.

lUzere; gaprazlanmis

Ornek 2.2.7 K, N-modiil; X, K icinde N-alt modiil
olsun. (X, N, 0), (K, N, 0) caprazlanmis modilinin
alt caprazlanmis modultudiir.

Tanim 2.2.5 (L,N,a) caprazlanmis modil ve
(L',N',a") alt gaprazlanmis modili olmak Uzere
eger

i N', N cebirinin bir idealidir,

ii. Hern € Nvel € Ligin nt'el

iii. Hern'€N'vel €Licin(n) el
sartlar saglaniyorsa (L',N',a") alt caprazlanmig
modiline, (L,N,a) caprazlanmis modulinin
ideali adi verilir ve (L', N',a") 2 (L, N, a) bigiminde
gosterilir. Burada (L',N',a') < (L,N,a) oluyorsa

her LeL ve '€l icin [LU]=(a()) €L’
oldugundan L', L nin bir idealidir.

Ornek 228 [N olmak uzere (I,1,id)),
(N, N,idy) nin ve (0,1,id;) da (0,N,idy) nin bir

¢aprazlanmis idealidir.

Ornek 2.2.9 W bir k-cebir, | S W,q€lvew € W
olsun. Buradan

i:I->-W
qr~q

icine donutsiimi ve W nin I lizerine etkisi
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WxI-—>I
(w,q) » w? =wq
ile birlikte herw € W ve g € I igin
i. o(w?) = d(wq) = wq =wa(q)
i. (@)Y =w" =ww

oldugundan, (I, W, i) bir ¢aprazlanmis modalddr.

Aksine, d: K - W c¢aprazlanmis W-modil ele

alindiginda, 0K = I nin W de ideal oldugu agiktir.

Tanim 2.2.6 (L',N',a"), (L, N, @) nin bir ideali iken
N’ niin, L/L'Gzerine etkisi
N' X L/L' - L/L’
(n/’ (l + L’)) > (nr)(l+y)

olmak uzere
(nl)(l+L') — (nl)l + 1

olup (n')l' € L' oldugu icin sifir olur. Buradan,
N /N’ bélim Lie cebiri L/L' Gizerine

N/N'xLJL' - L/L'

((n +N"), L+ L’)) »>nl4+ L

biciminde Lie etkisi vardir. Ayrica

a:L/L' - N/N'

(+L)ypall)+ N’

bir Lie cebir homomorfizmidir. Buradan

(L,N,a)

L/L',N/N',&) = ———<
( / / a) (L’, N’, al)

¢aprazlanmis modili elde edilir ve buna bolim
caprazlanmis modul adi verilir.
Ornek 2.2.10 N’, N nin ideali olmak tizere;

ONY _ 0,N/N’
(O,N',l)_(' /N0

Ve

N,N,Id

biciminde bolim caprazlanmis modiilleri elde edilir.
Tanim 2.2.7 (S,T,a), (L,N,a’) iki caprazlanmig
modil ve SXL ile TX N Lie cebirlerin direkt
¢arpimi olsun. Bu durumda

axXxa':SXL—->TxXN

(s, ) » (a(s),a' (D)
dontsimi ve

(TXN)X(SXL)->TXN
(L), (s,0) = (t,)ED = (¢°,nh)

biciminde verilmis olan ¢aprazlanmis moddllerin
indirgenen Lie etkileri ile beraber,

(SXLTXN,axa')

¢aprazlanmis moduili olusturulabilir.

Bu modiile ise (S,T,a) ve (L,N,a’) gaprazlanmig
modillerinin direkt carpimi denir ve (S,T,a) X
(L, N, ") seklinde gosterilir.

3. Bulgular

Bu bélimde, 2. Bolimde tanimlanan LXMod/L
kategorisinin baz kategoriksel ozellikleri
incelenecektir. LXMod/L nin bir objesine (M, L,8)
gaprazlanmis L-modili denir ve kisaca (M, ) ile
gosterilir. (M, B) ve (M', B) iki gaprazlanmig
L-modil olmak tizere (M, B) ve (M', B") arasindaki
morfizm

Mn'

diyagrami degismeli olacak sekildeki f: M — M' Lie
cebir homomorfizmidir.

3.1 Egsitleyiciler
3.1.1 LXMod/L
¢aprazlanmis modiiller arasindaki iki homomorfizm

Teorem kategorisinde ayni
bir esitleyiciye sahiptir.
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ispat: LXMod/L kategorisinde
fr9:(M,B) - (M', B")
iki morfizma,
E={meM:f(m)=g(m)}
ve
y=Blg:E-1L
olmak lizere, herl € L,e € E, ¢ € E igin
f°) = V@ = 19€) = (1)
dir. Diger taraftan herl € L ve e, e’ € E icin
iy =p1%) =[LB(e)] =[Ly(e)]
i (@) =BE) =[ee]

oldugundan (E,y) bir caprazlanmis L-moduldir.
Ek olarak, h: (E,y) = (M, ) morfizmi igin

Y
E—»L

]

M—»L

B

O halde, (E',y') bir
caprazlanmis L-modil ve tanimlanan v: (E',y") -

diyagrami degismelidir.

(M, B) morfizmiigin fv = gv olur. O halde,
wE ->E

e’ »ue) =v(e)

homomorfizmi olsun. Her e’ € E' igin
(hw)(e") = h(u(e’)) = h(v(e’)) = v(e")

oldugundan hu = v olur. Simdi u nun bir tek
oldugunu gosterelim.
u' ile u ayni 6zellikte iki homomorfizm olmak tizere
v = huvev = hu' olup

hu = hu'

olur. Ayrica, here’ € E' icin

v(e") = (hw)(e") = (hu')(e)
h(u(e’)) = h(u’(e’))

u(e) =u'(e)

oldugundan u = u’ olur. Dolayisiyla u bir tektir. Bu
homomorfizmi

f
(E;V)—h" (M,8) =3 (M)
u E v
(E' 7"

diyagramiyla gosterilebilir. Buradan (E,h), (f,9)
nin esitleyicisidir.

3.2 Sonlu Carpimlar

Teorem 3.2.1 LXMod/L kategorisi sonlu ¢arpimlara
sahiptir.

ispat: LXMod/L kategorisinde (M,p) ve (N,y) iki
caprazlanmis L-modul olsun. Buradan £ ve y nin
carpim objesinin (p:M X; N = L) objesi oldugu
gosterelim. O halde,

M x N ={(m,n):me M,n € N}

olmak Gzere,

FiMx,N—L
(m,n) » f(m,n) = p(m) =y(n)

homomorfizmi ve

LX(MX,N)—-L
(I, (mn)) » 1M = (1m, 1™
Lie etkisiyle birlikte p: M X; N — L ¢aprazlanmis L-
modaildir. Ayrica, ¢caprazlanmis L-modillin
uMXN->M
(mn)>m
Ve
v:MXN->N
(mn)—n
iki homomorfizmi olmak lizere
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Be@Mx,N—L)>y

Olup

degismeli diyagrami elde edilir. Clinki
h:S—>MXN
s = h(s) = (f(s), g(s))

olmak Gzere,

@h)(s) = u(h(s)) = u(f(s),9(s)) = f(s)

Ve

wh)(s) = v(h(s)) = v(f(5),9(s)) = g(5)

oldugundan uh = f ve vh = g olur.
Ek olarak herl € L,s € S igin

h(l®) = (1), (1))
= (/) 190D
= [((£).9()
— lh(s)
oldugundan h bir homomorfizmdir. Simdi h nin bir

tek oldugunu gosterelim.
h' ve h ayni 6zellikte olmak Uizere,

h:S->MXxXN
s = h(s) = (f(s),9(s))

olup uh' = f ve vh' = g olsun. O halde,

wh)(s) = u(h'(s)) = u(f(s), g(s)) = f(s)
(Wh)(s) = v(h'(s)) = v(f(s), 9(s)) = g(s)
h'(s) = (f(s),9(s)) = h(s)
oldugundan h = h’ olur. Dolayisiyla h bir tektir.

Buradan, (p:M X, N — L) objesi f:(M — L) ve
y: (N = L) objelerinin ¢arpim objesidir.

Sonug 3.2.2 LXMod/L kategorisi sonlu tamdir. Diger
bir deyisle bu kategori sonlu limitlere sahiptir.

ispat: LXMod/L kategorisi esitleyici ve carpima
sahip oldugu icin sonlu limitlere sahiptir.

3.3 Geri Cekmeler

Teorem 3.3.1 LXMod/L kategorisi geri cekmelere
sahiptir.

ispat: LXMod/L kategorisinde f:(M,B) - (M, B")
ve g: (N,y) » (M', B") iki morfizm olmak tizere

S=MXy N={(mn):f(m)=gn)}

ve S lizerindeki braket islemi,
her (m,n),(m’,n") € Sigin

[(m,n), (m",n")] = (Im,m’], [n,n'])

olup
a:S—- L
(m,n) » a(m,n) = f(m) =y(n)
homomorfizmi ile L nin S Gizerine etkisi her [ € L ve
(m,n) € Sigin
l(m,n) — (lm’ln)
seklinde tanimlansin.
Ayrica her (m,n), (m’,n") € Sigin
i. a(l(m'")) =a(l™ ™)
=pU™)
= [I, f(m)]
= [l,a(m,n)]

il. (a(m, n))(m’,n’) - (’g(m))(m’,n’)
= (Bm)™, (Bm)H™)
= (B@m)™, y@m)™)
= ([m, m'], [n’ n,])

= [(m,n), (m’,n")]
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oldugu igin (S, @) bir aprazlanmig L-moduldr. Ek
olarak, f(m) = g(n) i¢in

(S, @) ——> (M, B)
I
(N.y) —5> (', 8)

diyagrami degismelidir. Buradan, her [ € L ve

(m,n) € Sigin

(Bw)(m,n) = p(u(m,n)) = f(m)

=a(mn) = (1,a)(m,n)
ve
u(1mm) = g™, 1) = 1™

_ (1L (l)) (u(mn))

oldugundan u  bir ¢aprazlanmis L-modil

homomorfizmi olur. Benzer bicimde v nin de bir

¢aprazlanmis L-modil homomorfizmi oldugu
gosterilebilir.
Simdi (S',a’) nin bir caprazlanmis L-modiil

oldugunu gésterelim. fu' = gv' oldugundan

!

(8", a")——> (M, B)

v’l lf

(Ny) —g > (M, B)

diyagrami degismelidir. Buradan, her (m',n") € S
ve (u'(m',n),v'(m’,n")) € Sigin
(fu)(m',n") = f(u'(m',n"))
= f(m")
=g(n)
=g@'(m',n"))
= (gv)(m’,n’)
olur.
d bir L-modiil homomorfizmi olmak (izere
w:S' -» S

d - w(d) = @), v'(d))

Olursa
uF
(8", a')—> (M,B)
|l Tw
/et
T
(N,y) +5—(M",B)
diyagrami degismelidir. Simdi w nin bir tek

oldugunu gosterelim.
w' ve w ayni 6zellikte olmak lizere, her d € S icin

uw =u’
uw' =u’

w(d) = (W' (d),v'(d)) = w'(d)

olur. Dolayisiyla w bir tektir. Buradan

r

u

‘« -
(S, le) 4_”(M, ﬁ)

|

(N,y) —g > (M, B9

diyagrami gegerlidir. O halde (S, a), (f, g) nin geri
¢ekmesidir.

3.4 ileri itmeler

Teorem 3.4.1 LXMod/L kategorisi ileri itmelere
sahiptir.

ispat: LXMod/L kategorisinde f:(M,B) - (U,«)
ve g: (M, ) = (V,n) iki morfizm olmak lizere her
uelU,veVmeM igin ((a(w)?, (m(w)*) ve
(g(m), —f(m)) tarafindan uretilen ideal W olsun.
Buradan

VxU

Q: - L

v, w+We (p((v, u) + W) =a(u) +n(v)

homomorfizmi  ile  birlikte (VLM;U, @) bir
caprazlanmis L-moduldir. Ayrica
bV VU b U VxU
: b : b d
! w 2 w
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ve (v,0)+ W u- O0,u)+Ww

homomorfizmleri olsun. Her m € M igin

(gtm), —f(m)) = —(0, f(m)) + (g(m),0) € W

olurve hyf = h; g olup

M, B) —{—’ U, a)
gl lhz

Vxu

1

diyagrami degismelidir.
Ek olarak wq:U — S,w,:V — § morfizmleri olmak
Uzere

diyagrami degismeli olacak bicimde
VxU

w: W

W) +W e w(wu) + W) =w(w) + w,(v)

- L

homomorfizmi tanimlanabilir. Simdi w nin biricik
oldugunu gosterelim.
w' ve w ayni 6zellikte olmak Gzere,

 VxU

. e d
YW
ruw)+Wel

olup w' caprazlanmis modiil morfizmi

W’hz = W1
ve
W,hl = WZ
oldugundan
!
w=w

olur. Dolayisiyla w biriciktir.
O halde,

diyagrami degismeli olup (%,W), (f, g) nin ileri

itmesidir.

4. Tartisma ve Sonug

Bu calismada Lie caprazlanmis modillerin bazi
kategoriksel dzellikleri ele alindi. Once Lie cebirleri
ve caprazlanmis modiiller ile ilgili temel kavramlara
ve Ozelliklere yer verildi. Sonra Lie gaprazlanmis
modillerin bir alt kategorisinde esitleyici, sonlu
carpim, limit, geri cekme, ileri itme gibi baz
kategoriksel 6zellikler incelendi.
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Abstract
Keywords Numerical solutions of Newell-Whitehead equation are investigated by collocation method in this
Fitzhugh-Nagumo study. Since higher order functions produce better approximations, septic B-spline basis functions is
equation; Newell- used for analysis and approximation. Error norms are calculated for the adequacy and effectiveness of
Whitehead equation; the current method. Unconditional stability is proved using Von-Neumann theory. The numerical results
collocation; finite are obtained and the comparisons are presented in the tables. Additionally, simulations of all numerical
element; septic B- results are plotted to show the numerical behavior of the solution. Numerical results make the method
spline. more convenient and systematically handle the nonlinear solution process. The numerical solutions

found make the method attractive and reliable for the solution of Fitzhugh-Nagumo type equations.

Newell-Whitehead Denkleminin Coziimii igin Yeni Bir Sayisal Yaklasim
0z
Bu ¢alismada Newell-Whitehead denkleminin sayisal ¢éziimleri kollokasyon yéntemi ile elde edilmistir.

Daha yiksek dereceli fonksiyonlar daha iyi yaklasimlar Urettiginden, analiz ve yaklasim igin septik B-
spline baz fonksiyonlari kullaniimistir. Mevcut yontemin vyeterliligi ve etkinligi icin hata normlar

Anahtar kelimeler
Fitzhugh-Nagumo
denklemi; Newell-
Whitehead denklemi;
kollokasyon; sonlu

hesaplanmistir. Kosulsuz kararlilik, Von-Neumann teorisi kullanilarak kanitlanmistir. Sayisal sonuglar
elde edilmis ve yapilan karsilastirmalar tablolar halinde sunulmustur. Ek olarak, ¢6ziimin sayisal

elemanlar yéntemi; davranigini gostermek igin tim sayisal sonuglarin grafikleri gizilmistir. Sayisal sonuglar, yontemi daha

septik B-spline. uygun hale getirir ve dogrusal olmayan ¢6zim sirecini sistematik olarak ele alir. Bulunan sayisal

¢ozimler, kollokasyon yontemini Fitzhugh-Nagumo tipi denklemlerin ¢6zimi igin oldukea ilgi ¢cekici ve
glvenilir kilmaktadir.

© Afyon Kocatepe Universitesi

1. Introduction transmission of nerve impulses, flame propagation,
The study of nonlinear evolution equations (NLEEs) population genetics, branching Brownian motion
process, ionic current flows for axonal membranes,
nuclear reactor theory (Abbasbandy 2008, Nagumo
et al. 1962, Li and Guo 2006, Shih et al. 2005). But
it was very difficult to analyze this model
analytically. Later, in 1961, Fitzhugh and Nagumo
developed a simplified version of this model, which

they called F-N equation. The F-N equation given as

is of great importance in many areas of
mathematical physics and fluid dynamics. Recently,
many scientists have paid great attention to the
nonlinear parabolic partial differential equation
(NPPDE), namely Fitzhugh-Nagumo (F-N) because
of its importance in mathematical physics. In 1952,
this nonlinear mathematical model was first

proposed by Huxley and Hodgkin (Hodgkin and below
Huxley 1952). This model was an important model
of biological systems to explain phenomena such as U, — U, =u(u—-a)l-u), (1)
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is a nonlinear reaction-diffusion equation that
(FitzHugh
1961). In the literature, the F-N equation is solved

describes nerve-impulse propagation

using various numerical and exact methods
(Hariharan and Kannan 2010, Nucci and Clarkson
1992, Chen et al. 2003, Teodoro 2012, Ali et al.
2020, Devi and Yadav 2022). By taking a=-1,
Equation (1) transforms to the following Newell-

Whitehead (N-W) equation:

u —u,=u-u? (2)

The N-W equation is one of NLEEs and solved
several researchers (Ezzati and Shakibi 2011). Kheiri
obtained analytical solutions of the N-W equation
by Homotopy Analysis Method (HAM) and
Homotopy Pade Method (HPadeM) (Kheiri et al.
2011). Hariharan introduced a Legendre wavelet-
based approximation method to solve the N-W
equation (Hariharan 2014). Inan et al. found some
analytical solutions of the F-N and N-W equations
using the extended tanh extension method (inan et
al. 2021).

In order to find the numerical solution of actual life
problems and in various fields of science, it is very
important to choose an appropriate numerical
approach. The Finite Element Method (FEM), which
is the most competent method in solving
boundary-value problems in approximation theory,
is remarkable (Karakog et al 2023 and Kutluay et al
2022). In this method, B-spline-based sequencing
method has been chosen as interpolation functions
in terms of its programmable computational
approach and easy applicability (Karako¢ et al.
2022). In this study, collocation finite element
method is applied to obtain the numerical solution

of the N-W equation.

One of the important goals of this article is to
develop different numerical solutions of the
Newell-Whitehead equation. For these aims, we
begin in Section 2 introducing B-spline functions

and applying the method to the equation. Section 3

includes stability of the numerical

technique. In Section 4, test problems taken from

analysis

the literature have been solved and the obtained
results are given in the tabular form as well as
plotted graphically. The article ends with a brief
conclusion.

2. Septic B-Splines
Septic B-spline functions ¢_(x),m=-3(3)N , at the

nodes X, are defined over the solution interval

[a,b]:

[ a7' [Xm_4, xm—S]

a7 - 8b7, [xm—3;xm—2]

a’ —8b7 + 28¢7, [%m—2, Xm—1]
a’” —8b7 + 28¢7 — 56d7, (-1, Xm]
D () = | 7 — 8f7 + 2897 — 5617, [ X1l (3)
e’ —8f7 +28g7, [Xmt1r Xms2]

e’ —8f7, [(Xm+2) Xma+3]
87, [Xm+3, Xm+4]
0, otherwise.

where a=(x—%pu_4), b=(x—xp3), c=
(x—xm-2)’,  d=x—xm-1), e=(ma—x),f=
Kmaz — %), g = ez —%)7, h= (X1 —x)7 (Prenter
1975). Among the others, collocation is well-known
technique to improve numerical methods because
of its various intended feature (Baker 1976). In

collocation method, U (X,t) corresponding to

numeric

the U (X,t) is written as a linear combination of

exact

septic B-splines as shown below:

N+3

unumeric (X’t) = Z ¢m(x)‘9m (t)' (4)
m=-3

When hl =x—-x,,0<1 <1 transformation s

made in the finite region [Xm,Xmﬂ] the region

turns to an interval of [0,1]. Thus the septic B-
spline functions in the new region [0,1] are
obtained as follows:
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$s =1-71 +2117 —351° +351* —211° +71°—17,
.., =120—3921 +5041% —280I1° +841° - 421° + 717,

#,., =1191-1715I + 315l > + 665! * — 3151 * —105! ° +1051 ° - 211 7,

¢, =2416-16801 +560l * —1401° + 3517,

¢, =1191+1715l +3151° —6651° — 3151 * +1051° +1051 ® - 35l 7,

B, =120+3921 +5041° + 2801 ° —841° —421° + 2117,
Grvs =1+ 71 +210% +351° +351 * + 21 ° +71° —17,
¢m+4:|7'
(5)

Using the equalities given by (4) and (5), the
following expressions are obtained:

Upyrmeric X £) = &, 5 +1208, , +11913, , + 24168,
+11918, ., +1208, ., + 8,5

m+1 m+2
u, = %(—9m_3 -569 ,-2459 ,
+2459 . +569 ,+39 ), (6

m+1 m+2

u = % (9,.,+249, ,+159, ,—809,

m

+158..,+249, ., +94,.5).
. 210
=

+84,.,+3,.5)

m+2

(-8, ,-83, ,+193 ,-193 ,

2.1 Analysis of the Method on Newell-Whitehead
Equation

In this section, putting (4) and (6) in Equation (2)
and making some simplifications, the next system
of ordinary differential equations (ODEs) are

reached:

O 3+120 G 2+11919m 1+ 2416 9
+1191 91+ 120 Gmeat Gmis
42
~ (%5 +249, , +150, ,~805, 7)
+159,,,+248, ., +8,.5)

m+1 m+2
+(Z,+D(4,,+1208, ,+11919, ,
+24169, +11919, , +1208, ,+ 9, .,) =0,

m+1 m+2

in which §_94 and
dt

Z, =u?=(9,,+1209, ,+11919 , +24169,
+11918, ., +1208, ., +3.5)°,

m+1 m+2

Replacing lgi by forward difference approximation
’9in+1 _'9in

At
and p, by Crank-Nicolson formulation

g
Gi =

‘9in+1+19in ’
2
then the system of ODEs (7) reduces to a system of

4 =

nonlinear equations

n+1 n+1 n+1 n+1
ﬂllgm—B + ﬂ’zlgm—Z + 13‘9m—1 + 1’4‘9m

n+1 n+1 n+1

+ﬂ'5‘9m+1 + 26‘9m+2 + 17‘9m+3

= +/17‘9;—3 + 1619:]_2 + ﬂ43‘9:1—1 + /14‘9r:
+ A%+ A%, + A8

m+1

(8)

where

4 =[1-A+BZ, -B],

4, =[120—24A+120BZ, —120B],

4, =[1191-15A+1191BZ, —1191B],
4, =[2416 +80A+2416BZ, — 2416B],
Js =[1191-15A+1191BZ, —1191B],
Js =[120—24A+120BZ, —120B],

A, =[l-A+BZ, -B]

(9)

and

A:ﬁ—lAt, B:%At, m=0,1.., N-1. (10)

2

To assure a unique solution, it is necessary to
eliminate  unknown  parameters 9.9,,9,,

9.9 ,and g _from the resulting system (8).

This procedure can be easily applied using the
values of U and boundary conditions, and then

Pd™ =Qd" (11)

is obtained where d" = (¢,,0,,....0,,)".

3. Stability of the Method

For the stability analysis, Von Neumann technique
has been used. Amplification factor & of a typical
Fourier mode of amplitude is determined as:

on =&, (12)
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Using Equation (12) in the (8),

_ bosa, (13)
cosa,

is obtained and in which

a =(2—a+ u— f)cos(3kh)

+(240—24a +120 —1203) cos(2kh)
+(2382 15 +1191 —1191) cos(kh) + x,
a, =(2+a— u+ B)cos(3kh)

+(240+24 + ¢ —120 +1203) cos(2kh)
+(2382 +15a —11914+1191) cos(kh) + x,

where

a=2Au=2BZ_,p=2B,
K =2416+80A+2416BZ  — 24168,

o) that|§| <1, which proves unconditional stability

of the linearized numerical scheme for the N-W
equation.

4. Numerical Experiments and Discussions
In this section, the proposed scheme is applied for
solution of N-W equation for various values of the
time and space division and we approximate them
Firstly, the F-N
equation has an exact solution of the form

using the described scheme.

1

u(x,t) = l tanh[ (14)

\/—(X_ \/— )t]

F-N equation is considered the following boundary-
initial conditions

11 X
U(X,O):E'Fitanh[ﬁ],
(15)
u(a ) = =+ Stanh[—— (a— 22 =Yy,
202 J’ 2
11 Za 1
u(b,t)—2+2tanh[ \/_ 7 —t]

where u—0 as x — mw.

The F-N equation is reduced to the N-W equation
by taking o =—1. To demonstrate the validity of our
numerical scheme, the interval of the problem is

chosen as xe[-11] and various time steps
considering the studies in the literature.

We will use the error norms, widely used in the
literature, namely L, and L, in order to check the

efficiency and accuracy of our method:

L, =ju

exact — Unumeric "2

2

\/hz |(uexact) numerlc) | (16)

L, =|u

exact numeric |LO

(uexact)j _(unumerlc) | J _1 2 N

i

, max

In simulation calculations in order to comply with
=0.1, At=0.01
with h=0.1 and h=0.01 were chosen. In Table 1
and Table 2, the values of the error norms L, and

the literature, as typical values At

L, calculated over these values for time levels and

step sizes are presented. When the tables are
examined, the calculated error norms L, and L,

are found to be satisfactorily small. We can say
that the increase in the number of time divisions
has positive effects on the numerical results. In
those tables, it is clearly seen that the collocation
method combined with the division methods is
better, faster and more reliable than the other
methods.

Table 1. The error norms for h=0.1,h=0.01 and

At =0.01.

gt H0.01,h =0.1 ¥t =0.01,h E0.01
t L, Le L, Le

10 0.8828 <10+ 1.4451 <10 9.778 <107 1.4940 <106
20 1.3890 <106 2.0655 <10 7.220<107 0.9835 <10+
30 1.3894 <1046 2.0656 <10+ 8.452<107 1.4006 <10+
40 1.3915<10% 2.0658 <10+ 9.976 <107 1.4608 <10+
50 1.3890 <106 2.0660 <106 8.790 <107 15913106

Table 2. The error norms for h=0.1,h=0.01 and
At=0.1.

4t |0.1,h |0.1 4t |0.1,h E0.01
t L, Le L, Lo

10 7.082 <10 3.240 <10~ 2.8680 <0 1.5624 <10
20 6.172 <107 2.538 <10~ 2.6989 <10 1.4440 <10~
30 6.031 <10~ 1.765 <107 2.5485 <10 1.3300 <10~
40 6.176 <10~ 1.893 <107 2.4081 <10 1.2296 <10~
50 6.027 <10~ 1.962 <07 228190 1.1391 <104
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If we analyze Figure 1, we can clearly see the two-
dimensional case of the upper half bell-shaped
wave solutions generated at times t=1, t=5 and
t=10. We see the three-dimensional shape and
contour graph of the wave solutions in the selected
time intervals in Figure 2.

1.0

08

06

ulx,t]

04r

02

0.0
-30

Figure 1. Numerical behaviours (2D) of N-W equation for
t=1Lt=5and t=10.

Figure 2. Numerical behaviours (3D) of N-W equation for
At=0.01 and h=0.1.

0.9

0.7

0.5

03

0.1

5

-5

-15 -10

-25 -20

Figure 3: Contour graph of N-W equation for At =0.01
and h=0.1.

4. Conclusion

0

We derived the formulation of the collocation
finite element method for the N-W equation in the
article. We consider the equation with the
approximate solution which converges faster to the

exact solution. The method has been successfully

used to discover the approximate solution of the N-
W equation. The obtained numerical results are
quite satisfactory for large time steps as well as for
space steps, and the absolute error map provides
very few errors that can be neglected. It is obvious
that numerical algorithm is unconditionally stable.
From both the
presentation it can be concluded that the method

numerical and graphical
is quite efficient for solving the wide variety of
NLEEs that arise in various disciplines.
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0z
Yapilan bu galismada, 6ncelikle, lacunary J*-yakinsaklk kavrami tanimlandi ve lacunary J-yakinsaklik

Anahtar kelimeler
ideal; Lacunary dizi; - kavrami ile lacunary 7*-yakinsaklik kavrami arasindaki iliskiler incelendi. Daha sonra, lacunary 7*-Cauchy
yakinsaklik; -Cauchy dizi kavrami tanimladi ve lacunary J-Cauchy dizisi ile lacunary J*-Cauchy dizisi arasindaki iliskiler
dizi. arastirildi. Ayrica, ¢alismanin sonunda, lacunary J-yakinsaklik kavrami ile J-Cauchy dizisi kavrami

arasindaki iliski ele alindi.

Lacunary 7*-Convergence and Lacunary 7*-Cauchy Sequence

Abstract
Keywords - - - - -
Ideal; Lacunary In this study conducted, firstly, we defined the concept of lacunary 7*-convergence and we investigated
seqt’Jence-ﬂ— the relations between lacunary J-convergence and lacunary J*-convergence. Then, we defined the

concept of lacunary 7*-Cauchy sequence and investigated the relations between lacunary J-Cauchy

convergence; J-Cauchy o ;
sequence and lacunary 7*-Cauchy sequence. Additionally, at the end of the study, we examined the

sequence. .
relation between lacunary 7*-convergence and lacunary J-Cauchy sequence.
© Afyon Kocatepe Universitesi
1. Giris tarafindan ortaya atilmistir. Ayrica, Yamanci ve

Bu ¢alisma boyunca N ve R sirasiyla dogal sayilar
ve reel sayilar kiimesini ifade eder. Toplanabilme
teorisinde son vyillarda en ¢ok calisilan yakinsakhk
tipleri istatistiksel yakinsaklik ve ideal yakinsakliktir.
Bununla birlikte lacunary dizi kullanilarak bu iki
yakinsaklik tirinin birgok 6zelligi incelenmistir. Bir
reel sayi dizisinin yakinsakliginin genellestirilmis
hali olan istatistiksel yakinsaklik Schoenberg (1959)
ve Fast (1951) tarafindan birbirinden bagimsiz

olarak tanimlanmistir. istatistiksel yakinsakhigin
genellestiriimis  bir hali olan metrik uzayda
J-yakinsakhk kavramini  Kostyrko vd. (2000)

¢alismalarinda vermislerdir. Daha sonra bu konu
Gzerinde birgok ¢alisma yapilmistir. Nabiev (2007),
J-Cauchy ve J*-Cauchy dizilerini bazi 6zelliklerini
ele alarak calismistir. J-istatistiksel yakinsaklik ve
istatistiksel

J-lacunary yakinsaklik gibi yeni

kavramlar, J idealini kullanarak Das vd. (2011)

Gurdal (2013)
olusturdugu topolojide lacunary J-yakinsaklik ve

rastgele n-normlu uzaylarin
lacunary J-Cauchy kavramlarini tanitmislar ve bazi
onemli sonuglar ispatlamislardir. Debnath (2012),
sezgisel fuzzy normlu lineer wuzaylarda ideal
yakinsama kavraminin bir cesidi olarak lacunary
ideal yakinsama kavramini incelemistir. Tripathy vd.
(2012), J-lacunary vyakinsak diziler kavramlarini

tanitmistir.

Bu calismada oncelikle ideal yakinsaklik kavrami
kullanilarak, lacunary 7*-yakinsakligi tanimladiktan
J-yakinsakhk  ve lacunary
J*-yakinsaklik arasindaki iliski incelendi. Ayrica,

sonra lacunary
lacunary J*-Cauchy dizi kavrami verildikten sonra
lacunary J-Cauchy dizi ve lacunary 7*-Cauchy dizi
arasindaki iliski calisildi. lacunary
J*-yakinsaklik ile lacunary J-Cauchy dizi arasindaki
iliski incelendi.

Son olarak,
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2. Temel Tanimlar ve Kavramlar

Bu bolimde, calismanin temellerini olusturan
literatlirdeki tanim ve kavramlara yer verilmistir.
(Das et al. 2011, Debnath 2012, Diindar and Altay
2011, Dindar and Altay 2014, Diindar et al. 2016,
Dindar and Ulusu 2023, Freedman et al. 1978,
Kostyrko et al. 2000, Nabiev et al. 2007, Sever et al.
2014, Tripathy et al. 2012, Ulusu and Diindar 2014,

Ulusu and Nuray 2020, Yamanci and Girdal 2013).

Bir 7S 2N sinifi asagidaki sartlari sagliyorsa bir
idealdir denir;

(I pey,

(I2) A,B € 7 oldugunda A U B € 7 dir,

(I3) A € Jve B € Aoldugunda B € 7 dir.

Eger N & J ise J idealine nontrivial (gercek) idealdir
denir. J nontrivial ideal olmak lzere her n € N igin
{n} € 7 oluyorsa 7 ideali admissible (uygun) ideal
olarak adlandirilir.

Bir F < 2N sinifi asagidaki sartlar sagliyorsa bir
filtredir denir;

(F1)0 ¢ F,
(F2) A,B € F oldugunda A N B € F dir,
(F3) A € F ve B 2 Aoldugunda B € F dir.

7 < 2N bir nontrivial ideal ise
F@={McX:(3H € 7)(M = X\H)}

kiimesi N de bir filtre olup F(J) filtresine 7 idealine
karsilik gelen siizgectir denir.

7 < 2N bir admissible ideal olsun. Bu durumda,
J idealine ait her karsilikli ayrik ve sayilabilir
{A1,Az,-+-} kime ailesi icin A;AB; (j € N) sonlu
kiime ve

B=UBje3
j=1

olacak sekilde sayilabilir bir {B1, By, --- } kiime ailesi
varsa J idealine (AP) sartini sagliyor denir.
7 c 2N bir admissible ideal olsun. Her £ > 0 icin

A(e)={fneN:|x,— Ll =¢c}€]T

ise (x) dizisi L ye J-yakinsaktir denir.

7 < 2N bir admissible ideal olsun. Her € > 0 icin
A(e)={neN:|x,—xy|=¢€}€T
olacak sekilde bir N = N(g) sayisi varsa (xi)

dizisine J-Cauchy dizisidir denir.

7 < 2N bir admissible ideal olsun.
Ili_r)gloxmk =1L

olacak sekilde bir M ={m; <m, <--<my <
-} c N, M € F(J) kimesi varsa (x;) dizisi L ye
J*-yakinsaktir denir.

7 < 2N bir admissible ideal olsun. x = (xm,.)
altkimesi ahisilmis Cauchy dizisi ise yani,

k};r_l}lwlxmk = Xm,| =0

olacak  sekilde bir M eF(J) olan bir
M={m <m,<-—-<my<--}cN

varsa (x;) dizisine J*-Cauchy dizisi denir.

kiimesi

Simdi lacunary dizi kavramini tanitalim. ko =0

olmak tizere r — oo oldugunda
h. =k,

—ky_q4—>

olacak sekilde 6 = {k,} dizisi negatif olmayan
tamsayilarda artan bir dizi ise 6 = {k,} dizisine
lacunary dizidir denir. 8 = {k,.} lacunary dizisi igin

ker

I, = (kr—lrkr] ve q, = Ky

bicimindedir.

Calisma boyunca 7 € 2N bir admissible ideal ve
6 = {k,} bir lacunary dizi olarak kabul edilecektir.
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Bir (x;) dizisi igin

I 12 )
PSeh, Ly KT

kel,

ise (x;) dizisi L sayisina lacunary yakinsaktir denir.
Bir (x;,) dizisi igin

o1
rh_)rgoh—r Z (xx—xp) =0
k,p €L

ise (xy) dizisine lacunary Cauchy dizisidir denir.

Bir (x3,) dizisi verildiginde her bir £ > 0 igin
1
r € N: —Z xx—Ll=ep €7
hy
K€l

ise (xy) dizisi L sayisina lacunary J-yakinsaktir
denir ve bu durum

Xn = L(~76)

ile sembolize edilir.

Bir (x;,) dizisi igin her € > 0 igin

1
r € N: h—z (xx —xy)| =€

" kel,

kiimesi J ya ait olacak sekilde bir N = N(¢) sayisi
bulunabiliyorsa (x;) dizisine lacunary J-Cauchy
dizisidir denir.

2007) 7 €2V, (AP)
sartini saglayan bir admissible ideal ve F(J9), 7

Lemma 2.1 (Nabiev et al.

idealine karsilik gelen bir filtre olsun. Her i igin
P; € F(3) olmak uzere {P;}7°, N kimesinin alt
kiimelerinin sayilabilir bir ailesi olmak Uzere
P € F(J) ve her i igin P\P; sonlu bir kiime olacak
sekilde bir P € N kiimesi vardir.

3. Lacunary J*-Yakinsaklik ve Lacunary 7*-Cauchy
Dizisi

Tanim 3.1 (x;), R de bir dizi ve L € R olsun.  Bir

M={m <m,<--<m,<--}CcN kiimesi

vardir oyle ki M ={reN:m, €l.}eF@)

kiimesi icin

1
m —Z Xm, =L

1
T—00

(reMr) " kel,

ise (x) dizisi L sayisina lacunary J*-yakinsaktir
denir ve bu durum x,, = L(Jp) ile sembolize edilir.

durumda x, = L(Jy) dir.

ispat: Farz edelim ki  x, - L(J;) olsun. Bu
takdirde, bir M ={m; <m, <--<my <--}C
N kimesi vardir dyleki M'={r e Niom, €.} €
F(@)(H =N\M' € 7) kimesi ve her £> 0 igin
r > 13 oldugu durumda

1
h—z xmk—L <€,

" kel,

(reM)

olacak sekilde bir 1y =1y(¢) €N vardir. Bu

durumda

A(e) = {r € N: |hir2k€1r Xy, — L| > e}
cHU{12,:,1y}
yazilabilir. 7 bir admissible ideal oldugundan
Hu{12,:-,r,} €7
ve boylece A(e) €I elde edilir. Sonug olarak
X, = L(Jg) oldugu gorilir.

Teorem 3.2 7 admissible ideali

(AP) sartini

durumda x, — L(Jp) dir.

ispat:  x,, = L(Jp) kabul edelim.

Tanimdan, her € > 0 verildiginde

oldugunu
1

T(e)=<reN: h—z Xy —Ll=zer €7

T kel,

olur.p = 2vep € Nigin
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1
T, = rEN:h—Zxk—L =1

T kel,

ve

T, = EN1<1Z 1<
R R PR p—1

kiimelerini alallm. Bu durumda i+#j igin
T;NT; = @ ve her i € N i¢in T; € J oldugu agiktir.
(AP) sartindan dolayr bir {V,},ey dizisi vardir
oyleki her j €N igin T;AV; kimesi sonlu bir
kiimedir ve

V= U V€7
j=1
dir. M' = N\V € F(J) igin

1
r—00

1
m e Z x =L
(reMr) " kel,

oldugunu ispatlayacagiz. %< 6 olacak sekilde bir

g € N segelim. Bu durumda

1 Ul
rEN:h—TZ xx—L =6 CUT]

kel j=1

dir. je{1,2,-
sonlu oldugu igin

,q — 1} segildiginde T;AV; kimesi

Q
|
Ju

T |n{r eN: r =2 1o}

—.
1l
[y

s |n{r €Nt r =1}

olacak sekilde birry € Nvardir.r > ryver € Vise

q-1 q-1
eU V; veboylece rGEU T;
j=1 j=1

dir. Bu durumda

1
Ik

1
—Ll<—-<6
" kel, q

oldugundan

1 —
1 h—Z =
(re kel

elde edilir. Sonug olarak x, — L(J5) oldugu
gorilir.

Tanim 3.2 (x,), R de bir dizi olsun. Bir
M={m<my<-—-<m,<--}CN kiimesi

vardir 6yle ki M ={reN:my€l.} € F()

kiimesi icin
- me) =0

Jimg, - (omy,
(remn) " Kpel,

ise (x) dizisine lacunary 7*-Cauchy dizisidir denir.

Teorem 3.3 Bir (x;,) dizisi lacunary J*-Cauchy dizisi
ise bu durumda, (x,) dizisi lacunary J-Cauchy
dizisidir.

ispat: Farz edelim ki (x,,) dizisi lacunary 7*-Cauchy
durumda
< mk < vee

dizisi olsun. Bu tanimdan,  bir

M={m <m,<-- }c N kiimesi

vardir éyleki M’ = {r € N:m,, € I.} € F(J) ve her
e > 0igin
1 I
h_r Z (xmk—xmp) <g (reM)
k,pEl,-

dir. Béylece, verilen her € > 0 igin 1y = 1y(¢&) vardir

oyleki her r>ry, =719(e) ve N=N(¢) € I, 41
icin
1 !
h_z Xy, —Xn| <& (reM)
T kel,

elde edilir. Simdi H = N\M' olsun. H € 7 oldugu
aciktir oyle ki
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1
A(e) =<reN: h—z X —Xy| =€

T kel,

CHU{1,2,-,15}
dir. J bir admissible ideal oldugu icin

HU{1,2,-,r} €7

elde edilir ve boylece A(¢) €  dir. Sonug olarak
(x,) dizisi lacunary J -Cauchy dizisidir.

Teorem 3.4 J admissible ideali (AP) sartini
saglasin. Eger bir (x,,) dizisi lacunary J-Cauchy
dizisi ise bu durumda (x,) dizisi lacunary J*-

Cauchy dizisidir.

ispat: Farz edelim ki (x,) dizisi lacunary J7-Cauchy
dizisi olsun. Bu takdirde tanimdan, her € > 0 icin
bir N = N(¢&) vardir dyleki

1
r € N: h_z (xx—xy)| =€ €T

T kel,

A(e) =

dir.i=12,.. icinm; =N G) olmak lzere

1 1
P; = T‘EN:h—Z X — Xm; 2?

" kel,

olsun. Heri = 1,2, icin P; € F(J) oldugu agiktir.

J ideali (AP) sartini sagladigl icin Lemma 2.1 den
bir P c N kiimesi vardir éyleki her i i¢in P\P; sonlu
bir kimedir ve P € F(J) dir. Simdi

1
lim— > G m) =0
(reP) ' kmel,

oldugunu goésterecegiz. ispat icin j >§ olacak
sekilde bir e >0 ve j €N alaim. r € P ise P\P,
sonlu bir kiimedir. Boylece bir ry =1ry(j) vardir

oyleki her r > r(j) icin r € P; dir. Bu durumda,
herr > 1y(j) igin

1 1
h_erar (X = Xm)| < 7 ve

1 1

mel,

dir. Buradan, her r > ry(j) igin

hi Z (X — Xm)

rk,melr
1 1
< h_rz (xk_xm]-) + h_rE (xm_xmj)
k€L mel,
1 1
<-+-=-<c¢€
] ]

elde edilir. Sonug olarak her € > 0 igin 1y = 1y(¢)

vardir éyleki herr > ry(e) ver € P € F(J) igin

1
— Z (xp —xp)| <e
rk,melr
oldugundan (x,) dizisi lacunary J*-Cauchy

dizisidir.

Teorem 3.5 Bir (x,) dizisi L ye lacunary J*-
yakinsak ise bu (x;) dizisi lacunary J-Cauchy
dizisidir.

ispat: x, > L(J3) oldugunu farz edelim. Bu
durumda, bir M ={m; <m, <--<m, <} C
N kiumesi vardir oyleki M'={r e Nim, € [,} €
F(J) igin

] 1
rh—>ngo h. Z Xm —L| =0
remn | T kel

dir. Buradan verilen her bir € > 0 igin bir ry = (&)
vardir dyle ki segilen her r > 7y igin

1 £
w ), Tk <3

T kel,

(reM)

yazilir. Her r > 1y igin
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i 2 G )

r k,pEl,
1 1
< h_rz xmk—L + h_rz xmp—L
kel pEl,
& &
<E+E=S, (TEM’)
oldugundan
711_,% 7 (xmk - xmp) =0

(reMr) " kpel,

elde edilir. Boylece (x;) dizisi lacunary J*-Cauchy
dizisidir ve Teorem 3.3 den (x,,) dizisi lacunary
J-Cauchy dizisidir.
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Abstract
Shifted Fibonacci numbers have been examined in the literature in terms of the greatest common
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divisor, but appropriate definitions and fundamental equations have not been worked on. In this article,
we have obtained the Binet formula, which is a fundamental equation used to obtain the necessary
Formula; Identities; element of the shifted Fibonacci number sequence. Additionally, we have obtained many well-known
Summation Formulas identities such as Cassini, Honsberger, and various other identities for this sequence. Furthermore,

summation formulas for shifted Fibonacci numbers have been presented.

Kaymis Fibonacci Sayilari

Oz
Anahtar Kelimeler

Kaymis Fibonacci Kaymis Fibonacci sayilari, literatiirde, en blyik ortak bdlen agisindan incelenmistir, ancak uygun tanim
ve temel denklemler ¢alisiilmamistir. Bu makalede, kaymis Fibonacci sayi dizisinin gerekli elemanini elde

Sayilari; Binet Formali;
o . etmek igin kullanilan ve temel bir formil olan Binet formulini verdik. Ayrica, Cassini, Honsberger ve
Ozdegslikler; Toplam o L o o . Lo
Formiilleri diger birgok bilinen 6zdeslikleri ve bu dizi igin ¢cok sayida farkli 6zdeslikler elde edilmistir. Ayrica, kaymis

Fibonacci sayilari igin toplama formilleri sunulmustur.

© Afyon Kocatepe Universitesi

1. Introduction identities and summation formulas for the
sequence.
Some of the shifted Fibonacci numbers are defined

as a sequence in 1973 as

Shifted Fibonacci numbers
appeared in literature in 1973. Being one of the

thousands of sequences in Sloane (1973) they

firstly had been

attract nearly no attention. In Sloane and Plouffe
(1995), which is the revised and expanded version
of the book, the sequence did not get attention
either. The first study focusing on the shifted
Fibonacci numbers are done by Chen in (Chen
2011). In Chen (2011), the author aims to find
greatest common divisors for the shifted Fibonacci
numbers. There are several papers in the literature
engaged with greatest common divisor and least
common multiple of the sequences which involves
terms of the shifted Fibonacci numbers such as
(Dudley 1971, Hernandez and Luca 2003, Sanna
2020, Spilker et all. 2022).

In this paper, we give the shifted Fibonacci
numbers’ Binet formula and generating function.
After these definitions,

we give numerous

1,2,2,3,4,6,9, 14, 22, 35, 56, 90, 145, 234, 378,
611, 988, 1598, 2585, 4182, 6766, 10947, 17712,
28658, 46369, 75026, 121394, 196419, 317812,
514230, 832041, ...

with f,, + 1 where f,is nth Fibonacci number.
As it is well known the Fibonacci numbers have the
following recurrence relation forn = 0

frrz = farr +fu (1)
where initial values of the sequence are f, = 0 and
fl =1.

To close this section, let us give the Binet formula
of the Fibonacci numbers.

an-pn

fn = a—p (2)
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where the roots of the characteristic equation «a

145 1-/5
and f are a = +T\/_ and § = T\/_ These roots are

commonly referred as golden and silver ratios,
respectively.

In the next section, we provide our main result
which is to deeply study the shifted Fibonacci
properties.
identities and summation formulas for the shifted

numbers’ Also, we present some

Fibonacci numbers.

2. Shifted Fibonacci Numbers

Shifted Fibonacci numbers are the generalization of
Fibonacci numbers with different perspective.
in the

numbers or h(x)-

There are many generalization types
literature, for k-Fibonacci
Fibonacci polynomials, see (Ozkan et all. 2017, Nalli
and Haukkanen 2009). Some authors choose to
widen to complex field, quaternions and more
(Halici and Karatas 2017, Horadam 1963). Others
choose to generalize the sequence’s initial values
and recurrence relations (Falcon and Plaza 2007,
Horadam 1961). Lately, Leonardo numbers defined
which is alteration in recurrence relation and the
sequence is attract attention from the community
(Alp and Kocer 2021, Catarino and Borges 2019,
Karatas 2022).
extended but we confine ourselves with mentioned

The example papers can be

ones.

In order to study shifted Fibonacci numbers deeply,
we start with their recurrence relation and initial
values.

Definition 2.1 For n = 0, the nth shifted Fibonacci
number is defined by

Sn+2 = Spr1+Sp— 1 (3)
where initial values of the sequence are s, = 1 and
51 = 2

Note that using the definition (2.1), we can obtain

new form of the recurrence relation as

Sp+1 = 28p — Sp—2 (4)

wheren = 2.

The Binet formula and generating function are
invaluable tools for determining specific elements
within the sequence. Due to their practical utility,
they have been extensively investigated in studies
concerning recurrence relations. In the following
theorems we obtain both Binet formula and
generating function for the shifted Fibonacci
sequence.

Theorem 2.2 Forn = 0,

_a+a-p"-pB

Sn = —ap (5)
where ¢ = 1+2@ and B = %g
Proof. The proof of the theorem is very

straightforward using the fact that s,, = f,, + 1 and
Binet formula of Fibonacci numbers.

a—pn

=t =t =

Theorem 2.3 The generating function for the
shifted Fibonacci sequence is

1-2t2
t3-2t+1

g) = (6)

fort3—2t+1+#0.

Proof. The power series representation of the
generating function g(t) is

oo
= 5o + S1t + s,t% + Z Spt™

n=3

=1+2t+2t2+ 2(25,1_1 — Sp_3)th

n=3
[0.0) (o]
=1+2t%+ ZtZSnt”—t3 Spt™
n=0 n=0

=1-—2t% + 2tg(t) — t3g(t).

1441



Shifted Fibonacci Numbers, Karatas

To obtain g(t) we can rearrange the equation and
get the desired result.

1-2t2

9B =22 o

t3-2t+1’

In the following theorem, we give the Cassini
identity. After that, we give the Honsberger
identity for the shifted Fibonacci numbers.

Theorem 2.4 For n =1, the Cassini identity for
shifted Fibonacci numbers is

51% = Sp—1 Sp1 = —(fa—z — (=D"). (7)

Proof. The proof of the identity can be made using
both Binet formula and properties of the shifted
Fibonacci numbers. We choose to occupy Binet
formula to prove.

5 _a”+a—ﬁ”—ﬁ2

Sn_sn—15n+1_< Ol—ﬁ >_
an—1+a_ﬁn—1_ﬁ an+1+a—ﬁ”+1—ﬁ
(=) e)

Using the basic properties of golden and silver
ratios such as af =—-1 and a+f =1 with
needed relations we have

5721 = Sp—15n+1 = —(fn—3 — (=D™)

which is desired. O

Theorem 2.5 For k = 1, the Honsberger identity for
shifted Fibonacci numbers is

Sk-1Sn t SkSn+1 = fran T Sk+1 T+ Sn+2- (8)

Proof. Let us prove the identity with Binet formula
and properties of the sequence. We can restate the
identity as

Sk—-15n = SkSn+1 =

(ak—l+Z:gk—1_ﬁ>(an+z:§n_ﬁ)

a"+a—[3k—[z’ an+1+a_ﬁn+1_ﬁ
+< a=p )( a=p )

Taking account that a=%§and B =%§ the

following is clear

Sk-1Sn + SkSn+1 = fr4n T+ Sk41 + Spa2. O

As we can see from the Cassini and Honsberger
shifted
sequences both appear in the equations. From the

identities, Fibonacci and Fibonacci

ability of using Fibonacci numbers’ properties in
shifted ones, we will give numerous identities for
them.

Theorem 2.6 For n =0, the following identity
holds true

SpSn+3 — Sn41Snt2 = fn — (D™ (9)

Proof. In order to prove the identity, we use
definition 2.1 and needed identities.

SnSn+3 — Sn+1Sn+2 =

(an+a_‘8n_’[)>><an+3+a,_ﬁn+3_‘B)_

a—p a—p
a"+1+a—,8"+1—[3 Q:n+2 +0(_Bn+2_ﬂ
(=)=

After using exact values of a and § we get the
desired result as

SnSn+3 — Sn+1Sn+2 = fn — (-n™.o

In the next theorem, we give a sum of two adjacent
and squared shifted Fibonacci numbers with non-
negative indices.

Theorem 2.7 The following identity holds true
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Sh + Sh+1 = fone1 + 2Sn4z. (10)

Proof. If we use definition of shifted Fibonacci
numbers, we get

a"+a—B"—B)2 N (an+1+a—/3"+1—/3)2

5721 + STZI+1 = ( a_B a—/?

Using necessary identities, we compute the desired
result as

Sh + Shi1 = fone1 + 2Sp42. O
Theorem 2.8 Form,n = 1,

Sm+1Sn+1 — Sm=15n-1 = fman + fm + fn- (11)

Proof. For the prove we use definition of shifted
Fibonacci numbers as

Sm+1Sn+1 ~ Sm-1Sn-1 =

(am+1 +a— Bm+1 _,8> (an+1 +a— Bn+1 _ B)

a-p a—p
am—l +0[—ﬁm_1—,8 an—l +0(—,8n_1—ﬁ
‘( «-p )( «-p )

Occupying identities and arranging the equation
we get the desired result as

Sm+1Sn+1 — Sm=-15n-1 = fman + fm + fn. O

Theorem 2.9 For n = 2, the following identity

holds true
5121 — Sp—2Sp42 = (D" — fo. (12)
Proof. Using definition of shifted Fibonacci

numbers in the identity we get

2

05”"‘2:[!;”—,3) _

2 —
Sn — Sn—25n+2 = (

an—2+a_ﬁn—2_'8 a,n+2+a_ﬁn+2_3
=

Using necessary properties, we get the desired
result.

57% — Sp-25n+2 = D" - fn' O

Theorem 2.10 The d’Ocagne identity for shifted
Fibonacci numbers is

SmSn+1 ~ Sm+1Sn = (_1)nfm—n + Sm-1t+ Sp-1 (13)

wherem > nand,n > 1.

Proof. For the proof of the equation (13) we use
the definition of shifted Fibonacci numbers.

SmSn+1 ~ Sm+1Sn =

(am+a—ﬁm—ﬁ)(a"+1+a—B"+1—[3>

a—pf a—pf
am+1+a_ﬁm+1_ﬁ 0(”+0(—[>’"—[>’
_( a—p )( a—p )

Occupying identities and arranging the equation
we get the desired result as

Sm+15n+1 — Sm—-15n-1 = fman + fmm + fn- O

Now, we give some addition formulas for the
shifted Fibonacci numbers.

Theorem 2.11 For n = 0, summation formulas of
the shifted Fibonacci numbers are

=0Si=Snsz2tn—1 (14)
Yic0S2i = Sopp1 tn—1 (15)
Yie0S2i41 = Szne2 t 10 (16)

Proof. We only prove the formula the (16). The
other formulas can be proven accordingly.
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YicoS2i41 = Lico(f2ier T 1) = n+ Xl faiva

After the expansion above, the result is clear. O

3. Conclusion

In this study, we defined the shifted Fibonacci
numbers and give their fundamental properties
and identities. With this research we filled a gap in
the literature. Also, this study paves the road for
numerous papers which can be about additional
shifted

identities or generalizations for the

Fibonacci numbers.
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Abstract

Metrics are used to measure the distance, similarity, or dissimilarity between two points in a metric
space. Metric learning algorithms perform the finding task of data points that are closest or furthest to
a query point in m-dimensional metric space. Some metrics take into account the assumption that the
whole dimensions are of equal importance, and vice versa. However, this assumption does not
incorporate a number of real-world problems that classification algorithms tackle. In this research, the

Keywords
Machine learning;

Metric learning;
existing information gain, the information gain ratio, and some well-known conventional metrics have

been compared by each other. The 1-Nearest Neighbor algorithm taking these metrics as its meta-
parameter has been applied to forty-nine benchmark datasets. Only the accuracy rate criterion has
been employed in order to quantify the performance of the metrics. The experimental results show
that each metric is successful on datasets corresponding to its own domain. In other words, each metric

Information gain; No
free lunch theorems; K-
nearest neighbors.

is favorable on datasets overlapping its own assumption. In addition, there also exists incompleteness
in classification tasks for metrics just like there is for learning algorithms.

Uzaklik Metriklerinin Performansi Uzerine Ampirik Bir Calisma
0z

Metrik, bir metrik uzayda iki nokta arasindaki mesafeyi, benzerligi veya farkliligi 6lgmek igin kullanilr.

Metrik 6grenme algoritmalari, m boyutlu metrik uzayda bir sorgulama noktasina en yakin veya en uzak
olan veri noktalarini bulma gorevini gergeklestirir. Bazi metrikler, tim boyutlarin esit éneme sahip
oldugu varsayimini dikkate alir ve bunun tersi de gecerlidir. Ancak bu varsayim, siniflandirma

Anahtar kelimeler

Makine 6grenmesi;

Metrik dgrenme; Bilgi algoritmalarinin Ustesinden geldigi bazi gercek diinya problemleriyle 6rtiismez. Bu arastirmada; mevcut

bilgi kazanimi, bilgi kazanim orani ve bazi iyi bilinen konvansiyonel metrikler birbirleri ile
karsilastirilmistir. Bu metrikleri meta parametresi olarak alan 1-En Yakin Komsular algoritmasi 49 veri

kazanci; No free lunch

teoremleri; K-en yakin
kiimesine uygulanmistir. Metriklerin performansini 6lgmek icin sadece dogruluk orani 6&lgltd

komsular kullaniimistir. Deneysel sonuglar, her metrigin kendi domainine karsilik gelen veri setlerinde basarili
oldugunu gostermektedir. Baska bir deyisle; her metrik, kendi varsayimiyla ortiisen veri kiimelerinin
lehinedir. Ayrica 6grenme algoritmalarinda oldugu gibi metrikler icin de siniflandirma gorevlerinde
eksiklikler mevcuttur.
© Afyon Kocatepe Universitesi
1. Introduction The metric learning algorithms can have high

performance on some real-world troubles, and
every algorithm has some intrinsic characteristics:,
the form of metric, learning paradigm, optimality

Metric learning is a topic of research dealing with
distance, similarity, or other criterion (e.g., any

optimal metric regardless of the location) between
of the solution, scalability, dimensionality

reduction and so (Bellet et al. 2013). In terms of
learning paradigms, there are three paradigms:

data points. It is the key to the success of many
machine learning algorithms, e.g., the k-nearest

neighbor algorithm (k-NN) in classification, the k-

means algorithm in clustering, and the principal fully  supervised, unsupervised, and  semi-

component analysis technique in dimensionality supervised. Fully supervised is a learning paradigm

. in which learning algorithms have labeled
reduction.

examples. Unsupervised is a learning paradigm in
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which learning algorithms do not have the labels of
individual training examples. Semi-supervised is a
learning paradigm in which only a subset of training
examples is given with labels (Parmar et al. 2021).

The type of learned metric is a crucial choice. One
can define two leading metric families: local or
global linear metrics and local or global nonlinear
metrics (Bellet et al. 2015). The expressive power
of linear metrics (e.g., Mahalanobis distance) is
restricted, but they are simpler to optimize and less
prone to overfitting. That is, they mostly cause
convex formulations and thereby, non-local
optimality of the solution. Nonlinear metrics (e.g.,
the x> distance) generally lead to non-convex
formulations (subject to locality) and overfitting,
but they are able to also acquire non-linearity in
the data. Local metrics are a type of metric where
linear and nonlinear local metrics are learned
together to overcome complex problems, i.e.,
heterogeneous data. They are more inclined to
overfit as opposed to non-local methods because
the number of parameters they learn can be very
large. The optimality of the solution denotes the
generalization capability of the algorithm to
discover the parameters of the metric that
adequately fulfill the desirable criterion. The
solution is guaranteed to be the global optimum
for convex problems. Otherwise, the solution may
exclusively be stuck in a local optimum for non-
convex problems. Scalability with dimensionality
refers to that metric learning algorithms should
also deal appropriately with the dimensionality of
the data (Bellet et al. 2013, 2015, Peng et al. 2018).
In the machine learning area, there are many
learning approaches applied to classification and
clustering problems, and lazy learning is one of
them. Lazy learning makes up local models, as
opposed to other learning approaches. The forming
of local models is a severe deficiency of lazy
learning. Despite that deficiency, however, lazy
learning is relatively successful over real-world
problems. The k-NN algorithm is a well-known lazy
learning algorithm. The k-NN algorithm relies on
the finding of k-data points that are closest to a
query point in m-dimensional metric space (Beyer
et al. 1999) and has low bias and high variance

(Manning and Raghavan 2009). First of all, a

distance metric is necessary to measure
“closeness” between two points in a metric space
(Han and Kamber 2006). In this respect, there are
many distance metrics: Euclidean distance, the City
Block distance, Chebyshev distance, Minkowski
distance, and so on. As well as finding the optimum
value of k, selecting a proper metric is vital to the
classification with high accuracy (Hechenbichler
and Schliep 2004).

The main contributions and findings of this study

are as follows:

e There is at least one dataset where each metric
delivers the highest result.

e Considering all the possible datasets, the
average performance of the metrics
approaches each other.

e As for the real-world datasets, the average
performance of the metrics changes depending

on the strength of their assumptions.

This paper is structured as follows: Section 2
thoroughly explains how metric learning algorithms
Section 3, the
preliminaries required for the essence of the paper

advance state-of-the-art. In
are presented. The subsections such as the metric
axioms and no free lunch theorems have been
subsumed by Section 4. In Section 5, the
experimental procedure is expressed in detail. The
comparative results with some distance metrics
and empirical results are presented in Section 6.

Finally, Section 7 terminates with the conclusions.

2. Works on Metric Learning

The first work regarding metric learning begins
with Fix and Hodges’ paper entitled “Discriminatory
Analysis - Nonparametric Discrimination:
Consistency Properties” (Fix and Hodges 1951).
They tried to discover a rule hinged on the nearest
neighbors' idea. Nilsson proposed the use of the
nearest neighbor rule in pattern recognition
problems (Nilsson 1965). Cover and Hart used a
metric to detect the nearest neighbors and showed
that the convergence of the nearest neighbor to
any point is independent of the metric in Euclidean
n-space (Cover and Hart 1967). Fukunaga and

Hostetler showed that the performance of a k-NN
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classifier is dependent on the choice of metric
1973).
Koplowitz unveiled that a proper choice of metric is

(Fukunaga and Hostetler Brown and
significant. Furthermore, they showed that the
performance of a classifier could be increased
through the weighting of distance measurements
(Brown and Koplowitz 1979). Short and Fukunaga
deal with the trouble regarding the selecting of the
best distance measurement by decreasing the
difference between the nearest neighbor
classification and the asymptotic nearest neighbor

errors (Short and Fukunaga 1981).

Jia et al. suggested a novel distance metric for
nominal data hinged on the properties of nominal
values. Their method relies on the fact that the
distance between two values belonging to a
decided by both
probabilities of these two values and those of other

feature is the frequency
features (Jia et al. 2016). Gu et al. proposed a novel
distance metric that consists of the standard
Euclidean distance and a directional divergence
derived from the cosine similarity, in order to cope
with high-dimensional problems (Gu et al. 2017).
Siyu et al. developed a new algorithm named
Multi-Instance Transfer Metric Learning, which
tries to build a bridge between the distributions of
diverse domains by employing the bag weighting
strategy. Thus, they tried to overcome the
inconsistency between a source domain and a
target domain drawn from dissimilar distributions
(Jiang et al. 2018). Utkin and Ryabinin presented a
metric learning algorithm hinged on the Deep
Forest offered by Zhou and Feng (Zhou and Feng
2019). The major idea of the algorithm is to
appoint the weights to decision trees in the
Random Forest so as to decrease openness
between examples from the similar class and to
augment them between examples from distinct
classes (Utkin and Ryabinin 2019). Zabihzadeh et al.
proposed a new strategy for metrics in latent
space. Their algorithm tries to find out an optimal
pairing from the feature space to a latent space
that decreases the gap between the same
examples and also augments the distance between
distinct ones (Zabihzadeh et al. 2019). Zhang et al.
proposed a novel parameterization technique for

comprising the squared Mahalanobis distance into
the Gaussian RBF kernel so as to form a new
measure for common learning distance metric and
kernel classifier (Zhang et al. 2019).

Additional to the abovementioned works, there
exist some studies done by weighting dimensions
(or features) according to their importance levels,
for instance, the information gain (Hall 1999,
Taneja et al. 2014, Duneja and Puyalnithi 2017), the
relevance of features in similarity computations
(Aha 1998), Pearson correlation coefficient ranking
(Guyon and Elisseeff 2003, Grabczewski and
Jankowski 2006), Fisher coefficient (Grabczewski
2005),
(Vivencio et al. 2007) and numerous studies based
on decision trees and probability distribution

and Jankowski Chi-squared coefficient

distance (Jankowski and Usowicz 2011).

The abovementioned metrics take into account the
assumption that the whole dimensions are of the
same importance. However, this circumstance does
not approximate the intrinsic structure of a set of
real-world troubles that algorithms like the k-NN
algorithm tackle (Taneja et al. 2014, Duneja and
Puyalnithi 2017). Hence, every dimension should
be handled with unequal importance by a specific
function (Aydin 2022).

3. Preliminaries

In this section, we recapture some essentials in
preparation for something fuller.

3.1 Metric axioms

A metric space is a set defined by a global space
notion between its elements. A metric space has to
fulfill the essential properties as follows (Rudin
1976, Munkres 2017): (P1) d(u,v) =0, (P2)
dlu,v) =0 u=v,(P3)d(u,v) =du,v),and
(P4) d(u,v) <d(u,t) + d(v,t), where the metric
d on a set M is a function d: M X M — R such that
for Vu,v,t € M. The principles in (P1), (P2), (P3),
and (P4) are so-called non-negativity, identity of
indiscernibles, symmetry of distances, and the
triangle inequality, respectively for a metric space.
For instance, the City Block metric d: R"™ x R™ - R
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on R™is defined by d(p, q) = Xi1lpi — qil-

3.2 No free lunch theorems

No Free Lunch (NFL) theorems state that there is
no universal method that has the best performance
overall the possible problems (Wolpert 1996,
Wolpert and Macready 1997). Hence, there are
datasets on which every algorithm is both
successful and unsuccessful since there is no best
algorithm. In other words, NFL theorems specifies
that: the average performances of each method
over all the real-world troubles are the same
(Wolpert and Macready 2005).
Macready present two main NFL theorems: the

Wolpert and

first one, which is about invariant objective
functions while the search is in progress, and the
latter is about objective functions that may alter.
More formally, let an optimization problem f be
represented as a mapping in the setF =
{f: X » Y}, where the search space X is finite, and
the space of possible cost values Y is finite.
Besides, let the performances of any two
algorithms a; and a, iterated m times on a cost
function be conditional probabilities measured
with P(d|f,m, a;) and P(dy,|f,m, a,),
respectively. Then, P(dfn|f, m, a) is independent
of a when averaged over all cost functions, as
shown in Equation (1). A primary corollary of this
result is that the precise way to match the sample
to a performance measure is insignificant, and this

is Wolpert and Macready’s first theorem.
Y P(dn|fimoar) =5 P(dy|f,m ay) (1)

where d,, denotes the ordered set of size m of cost
values y € Y corresponding to x € X. This theorem
clearly shows that what a method boosts in
performance for a problem class and is unavoidably
balanced through its performance on the rest
issues; this is the only way for all algorithms to
have the same average performance (Wolpert and
Macready 1997). We do not address Wolpert and
Macready’s second theorem because the second
theorem is connected to time-varying objective
functions. NFL theorems have serious implications
for learning algorithms. In particular, Wolpert and

Macready'’s first theorem within these theorems is
direct regarding this paper. In the context of
distance metrics and metric learning, there is no
strategy that outperforms others in all problems.
To put it more explicitly, universal distance metrics
or metric learning algorithms are impossible. Then,
we can remark on each distance metric is only
successful over its own domain set. Moreover, all
discussions to do are to revolve around this
remarkable conclusion.

4. Experimental Process

We have used 49 datasets to measure empirically
the competitiveness and performance of the
distance metrics. The descriptive information
regarding the datasets is shown in Table 1. We
tested all the metrics on 49 datasets from The UCI
Machine Learning Repository (Int. Ref. 1), mlbench
(Int. Ref. 2), and MATLAB Sample Data Sets (Int.
Ref. 3).

The experiments done have been delimited by the
classification problems. The k-Nearest Neighbors
(k-NN) algorithm has been employed as a classifier.
The distance metrics used in the experiments are:
the baseline metric, the IG (d;;) (Aydin 2022), the
IGR (d;gR), the City Block (the Manhattan distance),
the Chebyshev, the correlation (Székely et al. 2007),
the cosine (Korenius et al. 2007), the Euclidean, the
Hamming (Norouzi et al. 2012), the Jaccard
(Hancock 2004), the Mahalanobis (De Maesschalck
et al. 2000), and the Spearman (Monjardet 1998). A
10-fold cross-validation technique has been run to
assess the k-NN algorithm on the datasets. In the
k of the k-NN

algorithm has been chosen as 1. Thus, to compare

experiments, the parameter
the performances of the metrics independently
from the other parameters of the k-NN algorithm;
we set the values of the remaining parameters
likewise. The k-NN algorithm has been operated on
each dataset five times. Thereby, more accurate
results have been tried to obtain by testing the
distance metrics on five different cross-validated
training sets derived from each dataset. The
average rank values of the metrics are quantified
coefficient

by Spearman's rank correlation

(Spearman 1904).
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Table 1. The benchmark datasets used in the experiments (The imbalance ratio specifies the ratio of the number of

samples in the majority and minority classes).

# Dataset Sample size #Feature #Class Imbalance ratio
1 Arrhythmia 452 280 13 122.50
2 Auditrisk 776 27 2 1.54
3 Avila 20867 11 12 857.20
4 BanknoteAuthentication 1372 5 2 1.27
5 BloodTransfusion 748 5 2 3.20
6 BostonHousing2 506 19 92 30.00
7 BreastCancer 699 10 2 1.90
8 BreastTissue 106 10 6 1.57
9 Cardiotocography3 2126 22 3 9.40
10  Cardiotocographyl0 2126 22 10 10.92
11  ClimateModel 540 19 2 10.73
12 ConnectionistBench 208 61 2 1.14
13 DiabeticRetinopathy 1151 20 2 1.13
14 DNA 3186 181 3 2.16
15 Ecoli 336 8 8 71.50
16  Fisherlris 150 5 3 1.00
17 FrogsMFCCs_Families 7195 23 4 65.00
18  FrogsMFCCs_Genus 7195 23 8 61.03
19  FrogsMFCCs_RecordID 7195 23 60 458.00
20 FrogsMFCCs_Species 7195 23 10 51.15
21  Glass 214 10 6 8.44
22 Haberman 306 4 2 2.78
23 HTRU2 17898 9 2 9.92
24 lonosphere 351 35 2 1.78
25 Leaf 340 15 30 2.00
26 LetterRecognition 20000 17 26 1.10
27 LibrasMovement 360 91 15 1.00
28 LSVTvoiceRehabilitation 126 311 2 2.00
29  Madelon 2000 501 2 1.00
30 MAGICGammaTelescope 19020 11 2 1.84
31  MEU_MobileKSD 2856 72 56 1.00
32 OpticalRecognition 3823 65 10 1.03
33 Ovariancancer 216 4001 2 1.27
34  PageBlocks 5473 11 5 175.46
35 ParkinsonSpeech 1040 27 2 1.00
36  QSARBiodegradation 1055 42 2 1.96
37  Satellite 6435 37 6 2.44
38  Seeds 210 8 3 1.00
39  Sonar 208 61 2 1.14
40 Vehicle 846 19 4 1.10
41  VertebralColumn 310 7 2 2.10
42 Vowel 990 11 11 1.00
43 WallFollowingRobotNavigation2 5456 3 4 6.72
44  WallFollowingRobotNavigation4 5456 5 4 6.72
45 WallFollowingRobotNavigation24 5456 25 4 6.72
46  Winequalityred 1599 12 6 68.10
47  Winequalitywhite 4898 12 7 439.60
48  Yeast 1484 9 10 92.60
49  Zoo 101 17 7 10.25

5. Results and Discussion

In the machine learning field, any reasonable
classifier is supposed to be a higher performance
than a random predictor on any dataset. Thus, it
can be said that the predictions of the classifiers
are acceptable. In that case, a random predictor
can be used as a baseline to measure the

performance of classifiers. In this respect, we can
measure the performances of the metrics likewise.
First, we need to define a random distance metric.
The random distance metric measures the distance
between two points as follows: d(p,q) =
Y Ipi — q;13%t where X; ~ U([0, 1]). Namely, a
vector X consists of random variables uniformly
distributed on [0, 1]. Now, let us analyze the
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average performance of the metrics used in the
experiments using the random distance metric. We
have compared 12 distance metrics on 49
benchmark datasets. The task was posed as a
classification problem. Besides, all the detailed
experimental results are shown in Table 2.

and the Mahalanobis metrics have been found to
be 79.6705%, 81.9371%, 82.3231%, 80.1956%,
81.3542%, and 79.9944%, respectively. The City
Block, the IG, and the Euclidean distance metrics
have the first three highest average classification
accuracy rates on the benchmark datasets in turn.

The average classification accuracy rates of the
Baseline, the IG, the City Block, cosine, Euclidean,

Table 2. The average classification accuracy rates with their standard deviations of the k-NN algorithm in terms of the
metrics.

# Baseline 1G IGR City Block Chebyshev correlation cosine Euclidean Hamming Jaccard Mahalanobis Spearman
1 56.90+0.7 57.08+0.1 54.20+0.0  56.86+0.3 56.33+0.2 57.21#0.2  57.26%0.2 57.43+0.4  54.51%0.2 55.58+0.1 — 57.520.3
2 97.50+0.1 94.41+0.3 60.70+0.0  97.47£0.2 96.34+0.2 96.91+0.2  96.60+0.2  97.04+0.1  93.09+0.2 93.250.1 — 96.24+0.3
3 85.09+0.1 99.83+0.0  99.87+0.0  87.39+0.0 73.17+0.1 74.33+0.1  78.15+0.2 79.54+0.1  99.89+0.0  99.89:0.0 76.04+0.1 65.65+0.1
4 99.71+0.1 97.94+0.2 86.34+0.4  99.93+0.0 100£0.0 93.43+0.3  99.93+0.0  99.93+*0.0  53.88+0.5 53.88+0.5 100£0.0 59.56+0.1
5 72.03+0.9 71.90+0.9 71.82+0.9 72.27+0.4 73.48+0.6 73.31+0.3 73.85+0.7 72.21+0.5 75.77+0.4 75.77+0.4 — 76.20%0.0
6 81.14+0.9 96.08+0.1 96.08+0.1 95.17+0.1 93.75+0.2 87.35+0.1 87.98+0.2 94.9440.1 84.38+0.3 84.38+0.3 82.05+0.6 52.05+0.4
7 95.67+0.4 96.36+0.2 96.48+0.3 96.02+0.2 92.64+0.4 90.3840.6 90.70+0.4 95.3640.2 94.02+0.2 94.02+0.2 94.13+0.6 89.27+0.4
8 60.37+1.3 64.71+1.3 69.81+1.3 60.00+£2.0 55.28+2.4 56.03+1.0 56.60+0.8 56.60+2.0 31.69+0.8 31.69+0.8 63.01+1.5 32.64+0.8
9 89.02+0.5 91.360.2 90.92+0.2 90.83+0.3 89.89+0.1 88.46+0.1 88.47+0.2 90.2340.3 90.79+0.1 90.37+0.2 — 87.25+0.2
10 70.28+0.5 74.02+0.4 75.16%0.3 74.51+0.3 71.39+0.3 71.89+0.6 71.59+0.5 73.80+0.4 70.89+0.4 71.16+0.5 — 67.69+0.4
11 88.51+0.7 91.40+0.4 90.70+0.8 88.59+0.1 88.18+0.4 87.33+0.4 86.92+0.5 88.37+0.2 16.81+0.1 16.81+0.1 88.81+0.2 86.07+0.4
12 84.51+1.5 83.46+1.3 77.50+1.0 83.94+0.8 78.84+0.8 85.09+0.6 82.88+0.4 82.11+0.7 49.23+2.1 49.23+2.1 78.46+1.6 85.760.9
13 62.29+0.9 62.13+0.5 61.85+0.7 61.660.5 65.03+0.3 66.34+0.5  65.80+0.5 62.17+0.2  61.59+0.3 61.77+0.4 63.47+0.7 61.300.4
14 73.72¢0.3  73.75£0.2  73.75#0.2  73.45+0.3 28.88+0.1 73.72+0.3  73.53#0.3 73.45+0.3  73.45%0.3 73.49+0.4 52.48+0.3 73.70%0.3
15 76.13+1.3  81.78+0.9  71.42+1.0  80.83+0.6 80.41+0.5 80.59+0.3  79.64+0.4  81.42+0.6  56.13+0.4  56.13+0.4 - 76.48+0.6
16 94.26%1.2 94.40+0.8  90.93+0.3 95.46+0.3 96.80+0.3 93.60+0.3  96.13+0.3  96.00+0.0  80.00+1.4  80.00+1.4 90.66+0.9 66.66+0.0
17 98.55+0.1 98.93+0.0  98.52+0.0  98.88+0.0 98.68+0.0 99.04+0.0  99.03+0.0  98.97+0.0  57.67+0.0  57.67%0.0 97.87+0.0 98.03+0.0
18 98.00+0.1 98.56+0.0  98.19+0.0  98.93+0.0 98.65+0.0 99.04+0.0  99.02+0.0  98.94+0.0  57.67+0.0  57.67%0.0 97.87+0.0 98.01+0.0
19 74.52+0.4  85.28+0.2 84.42+0.2 86.860.0 85.41+0.0 88.14+0.1  87.62+0.1  87.24+0.0 0.82+0.0 0.82+0.0 78.3210.1 77.96%0.0
20 97.79+0.1 98.61+0.0  98.12+0.0  98.74+0.0 98.42+0.0 98.87+0.0  98.86+0.0  98.77+0.0 9.77+0.0 9.77+0.0 97.46+0.0 97.92+0.0
21 69.34+2.7  74.48+0.8  73.17+1.2 73.64+2.1 72.05+1.7 71.02+1.3  72.52#1.2 74.11+1.4  47.66£1.0  49.25+0.8 66.63+0.8 51.02+0.5
22 65.22+1.1 66.53+1.3 65.94+0.6 64.90+0.5 65.68+0.5 65.88+0.4 66.92+0.1 67.841+0.8 64.90+0.4 63.92+0.7 63.98+0.8 67.18+0.4
23 96.29+0.1 96.75+0.0 96.82+0.0 96.38+0.0 96.07+0.1 96.08+0.1 96.12+0.1 96.24+0.0 91.44+0.0 91.44+0.0 97.23+0.0 93.99+0.0
24 89.17+0.8 92.3610.4 64.10+0.0 90.54+0.5 88.60+0.4 88.20+0.3 88.60+0.7 86.55+0.2 42.27+0.2 43.76%0.2 — 87.40+0.1
25 61.47+1.1 60.41+0.7 68.35+1.0 65.23+0.3 54.29+0.5 61.52+0.3 61.88+0.4 59.70+0.7 6.23+0.5 6.23+0.5 78.94+0.4 44.58+0.9
26 94.96+0.1 95.06+0.1 92.32+0.0 95.35+0.1 80.37+0.1 95.08+0.1 95.76+0.1 95.87+0.1 87.70+0.1 87.67+0.1 94.52+0.0 90.72+0.1
27 84.05+1.7 85.22+0.8 82.50+0.6 85.72+0.5 84.33+0.5 86.61+0.8 84.88+0.8 86.22+0.6 42.660.8 42.660.8 47.05+1.7 79.94+0.8
28 56.50%2.2 69.202.5 65.39+3.9 57.61+3.1 56.03+1.9 63.17+1.6  62.53*x1.7  52.69+1.9  36.03+0.6  36.03+0.6 — 70.00£2.2
29 55.52+1.1 52.59+0.4 52.48+0.4 65.98+0.6 58.17+0.2 66.10+0.5 64.44+0.5 64.34+0.3 50.87+0.4 50.87+0.4 51.42+0.4 59.10+0.4
30 75.62+0.3 78.150.1 71.27+0.1 78.61+0.1 77.72+0.1 74.77+0.1  74.72+0.1 78.38t0.1  65.63+0.0  65.62+0.0 81.83+0.1 67.53+0.0
31 35.96+0.9  44.88+0.5  66.66+0.2  55.88+1.8 34.74+2.7 41.12+2.4  41.04+2.4  4549+2.1  23.244#3.0  23.24#3.0 - 45.79+2.4
32 94.83+0.2 97.58+0.1 10.15£0.0  98.21+0.0 97.89+0.0 98.62+0.0  98.58+t0.0  98.56+0.0  88.56%0.1 84.19+0.1 - 98.03+0.1
33 91.38+1.2  93.70£0.7  93.70+0.4  92.12+0.6 81.29+1.0 92.77+0.4  92.87+0.4  91.20+0.8  57.87+0.0  57.87+0.0 - 89.62+0.9
34 94.86+0.1 95.40+0.1 95.26+0.0  95.73+0.1 95.70+0.1 96.68+0.1  96.64+0.1  95.71#0.1  92.790.1 92.79+0.1 96.37+0.1 93.64+0.1
35 59.44+1.5 56.73t0.4  56.01#0.3  65.13+0.9 58.80+0.4 57.21+0.4  56.76%0.2 63.07¢0.7  51.36+0.7  51.17+0.8 64.21+0.9 57.00%0.9
36 80.58+0.5 80.09+0.7 79.62+0.6  80.62+0.3 74.63+0.5 81.27+0.5  81.25%0.3 79.39+0.5  75.58+0.6  76.72+0.4 84.37+0.3 81.08+0.4
37 88.71+0.3 90.66+0.2 88.80+0.1  90.77+0.1 86.80+0.1 78.63+0.1  79.88+0.2  90.66x0.1  84.75+0.1 84.750.1 67.26%0.2 71.39+0.2
38 89.71%1.2 92.19+0.8  89.61+0.4  90.66+0.5 89.61+0.8 93.52+0.5  92.38+0.8  90.47#0.9  56.951.1 56.95+1.1 91.90+0.6 50.00+0.0
39 84.13+1.1 84.23+1.2 77.40+1.5 84.23+0.6 78.94+1.1 85.28+1.2 83.55+0.4 82.59+0.5 49.80+1.7 49.80+1.7 79.71£2.0 86.05+0.8
40 62.81+1.0 66.76+0.9 68.20+0.4 67.96+0.4 60.14+0.7 68.46+0.5 67.21+0.5 65.36+0.5 63.14+0.2 63.21+0.2 77.25%0.4 53.97+0.6
41 75.87+2.3 77.03+0.8 73.03+1.1 82.64+1.0 82.83+1.0 76.12+1.0 79.54+1.2 83.35+1.1 65.35+0.5 65.35+0.5 — 68.12+0.1
42 98.20+0.2 98.06+0.2 95.65+0.4 98.82+0.1 98.66+0.2 98.04+0.4 98.42+0.4 98.84+0.2 13.11+0.4 13.21+0.4 98.32+0.4 68.98+0.4
43 96.19+0.2 98.10+0.0  98.39+0.1 98.80+0.0 98.760.0 26.03+0.2  65.36x0.2  98.82+0.1  66.96+0.2 66.96+0.2 98.97+0.0 23.60+0.0
44 93.04+0.3 94.78+0.1 93.71+0.1 97.29+0.1 97.17+0.0 84.52+0.2 95.80+0.1 97.30+0.1 65.17+0.3 65.17+0.3 97.51+0.0 41.92+0.1
45 90.74+0.2 95.00+0.1 94.53+0.1 92.71+0.1 82.19+0.2 88.3840.1 88.73+0.1 88.59+0.1 80.75+0.1 80.75+0.1 87.18+0.1 91.69+0.2
46 59.33+0.9 62.52+0.2 61.700.1 60.4610.4 58.88+0.2 61.7620.6  61.76+0.6  60.08+0.5  57.73+0.3 57.99+0.4 64.05+0.4 17.08+0.2
47 60.44+0.4  61.82+0.2 61.53+0.3 60.21+0.3 58.68+0.3 59.72+0.3  60.09+0.3 59.68+0.4  56.59+0.3 56.57+0.3 65.13+0.4 4.74+0.1
48 45.86+0.8 44.44+0.5 41.42+0.4 53.59+0.4 52.16+0.2 53.45+0.4 53.57+0.5 52.53+0.4 34.74+0.3 34.60+0.3 52.50+0.4 43.20+0.5
49 97.42+0.5 98.01+0.0 96.03+0.0 96.03+0.0 79.00+1.0 96.03+0.0 97.02+0.0 98.0110.0 96.03+0.0 96.03+0.0 92.67+1.3 95.04+0.0
Avg. 79.67+16 81.93+16 77.97+18 82.32115 77.99+18 78.92+17 80.19+15 81.35+16 59.75+25 59.76+25 79.99+16 69.35+22

distance metric has been found to be 6.2857. The
average rank values of the abovementioned

The average rank values of the metrics are shown
in Figure 1(b). In light of the result, the /G, the IGR,

the City Block, the correlation, the cosine, the
Euclidean, and the Mahalanobis metrics have
obtained higher average rank values than the
Baseline distance metric on the benchmark

datasets. The average rank value of the Baseline

metrics have been found to be 8.3878, 6.6531,
8.7347, 7.6837, 7.8878, 8.1531, and 7.0946,
respectively. The City Block, the /G, and the
Euclidean distance metrics have the first three
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highest rank values on the benchmark datasets in
turn.

Concerning the number of datasets on which the
metrics have the highest classification accuracy
rates, the experimental results are shown in Figure
1(c). As seen clearly from those results; the first
three metrics are the /G, the correlation, and the
Mahalanobis.

Regarding the number of datasets on which the
metrics have higher classification accuracy rates
than the Baseline, the experimental results are
shown in Figure 1(d). In light of the results, the City
Block, the IG, and the Euclidean distance metrics
have the greatest number of datasets in turn.

As a consequence, we can state that the IG
distance metric is a measurement system that
yields acceptable and successful results on a
considerable number of datasets. Moreover, the
performance of the /G is better compared to other
metrics used in the experiments, on average.

In the machine learning area, one of the important
theorems is the “No Free Lunch” theorem, as well.
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Figure 1. (a) the average classification accuracy rates of
the metrics (b) the average rank values of the metrics (c)
the number of the datasets on which the metrics have
the highest classification accuracy rates (d) the number
of the datasets on which the metrics have higher
classification accuracy rates than the Baseline metric.

MNumber of Dataset

The NFL
algorithms, search algorithms, and optimization

theorems deal with classification
algorithms. According to the consequences of
these theorems, there is no universal approach
that has the best performance on all possible
datasets since the domains are partially different,
in which each algorithm is successful. Furthermore,
the average performances of the algorithms
converge with each other as the number of

benchmark datasets increases. In some works done
concerning metric learning, the process of defining
the different metrics is regarded as an optimization
problem.

Therefore, the NFL
optimization problems involves metric learning

theorem defined for

problems. Depending on the increment in the
number of datasets, the change in the average
classification accuracy rates of the metrics is shown
in Figure 2. According to those results, the final
of the
Hamming and the Jaccard metrics are quite

average classification accuracy rates
different from the others, excluding the Spearman
metric. The final average classification accuracy
rates of the Homming and the Jaccard metrics have
been found to be 59.7573% and 59.7610%,
The final average
accuracy rate of the Spearman metric has been
found to be 69.3592%. The reason for so much

deviation of the average classification accuracy

respectively. classification

rates of the Hamming and the Jaccard metrics from
the others is that the domains of most of the
benchmark datasets are very different from those
of the Hamming and the Jaccard metrics.
Accordingly, as the number of datasets
corresponding to the domains of the Hamming and
the Jaccard metrics increases, the average
classification accuracy rates of all the metrics

approach each other.
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Figure 2. The change of the average classification
accuracy rates of the metrics as the number of the
datasets increases.
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We used the Kruskal-Wallis test to measure the

significance  level between the average
classification accuracy rates of the metrics. Thus,
we can show that all the metrics exclusive of the
Hamming and the Jaccard metrics come from the
same population.

The Kruskal-Wallis test is a nonparametric test, i.e.,
a distribution-free test, and contrasts the medians
of the groups of data to detect whether the
samples come from the same population (or
distribution). The Kruskal-Wallis test uses the ranks
of the data to calculate the test statistics.
Additionally, the Kruskal-Wallis test uses a chi-
square statistic, and the p-value measures the
significance level of the chi-square statistic.
Regarding the medians of the groups of the data
and the ranks of the data, the statistics are shown
in Figure 3. According to the experimental results,
the value of p was measured as 2.46558e-10, and
the p-value points out that the Kruskal-Wallis test
refuses the null hypothesis that the whole data
come from the similar distribution at the 1%

significance level.
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Figure 3. (a) the medians and other statistics of the
groups of the data regarding the classification accuracy
rates on the benchmark datasets, according to the
metrics (b) according to the classification accuracy rates
on the benchmark datasets of the metrics, and the
statistics of their ranks. The central mark points to the
median and the bottom and top edges of the box point
to the first quartile and third quartile, respectively. The
whiskers lengthen to the farthest data points regardless
of outliers, and the outliers are marked separately by
the ‘+’ symbol.
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Additionally, we conducted a follow-up test known
as the Multiple Comparison Procedures to detect

which data comes from a different distribution. In
other words, we carried out a multiple comparison
test to identify information about which data
averages are crucially different or not. The Multiple
Comparison Procedures are devised to ensure an
upper limit on the possibility that any comparison
will be mistakenly found significant.

The related test results are shown in Figure 4. In
light of these results, the Haomming and the Jaccard
metrics have mean ranks significantly different
from all the metrics excluding the Spearman
metric. Besides, no metrics have mean ranks
significantly different from the Spearman metrics.
As a

performances of all the metrics used in the

result, we can state that the average

experiments are the same. Notice that most of the
benchmark datasets are quite different from types
of datasets on which the Hamming and the Jaccard
metrics outperform.

Finally, we would like to underline that there exist
datasets on which each metric is successful as well
as unsuccessful.

Baseline _——
IG

IGR
cityblock
chebyshev
comelation
cosine
euclidean
hamming =3
jaccard =
mahalanobis

spearman

100 150 200 250 300 350 400 450
The Estimated Values of the Means

Figure 4. The estimated values of the means and
comparison intervals, according to a multiple
comparison test. The mean of the Baseline distance
metric is highlighted, and the comparison interval is in
blue. Because the comparison intervals for those of the
Hamming and the Jaccard metrics do not intersect with
the intervals for that of the Baseline distance metric,
they are highlighted in red.

Now, let us compare the /G distance metric with
the second-best performance metric on some
datasets. According to the first two features with
the highest-information gain of the ClimateModel
dataset, the results of the two nearest neighbor
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searches of the /G and the Mahalanobis metrics at
ten random query points are shown in Figure 5.
The values of the first two features with the
highest-information gain of the ClimateModel
dataset have been found to be 0.0867 and 0.0859,
respectively. Additionally, the value of the feature
with the lowest information gain was found to be
0.0008. The average classification accuracy rates of
the IG and the Mahalanobis metrics on the
ClimateModel dataset have been found to be
91.4074% and 88.8148%, respectively. In other
words, the IG distance metric has the highest
average classification accuracy rate in comparison
to the other metrics on the ClimateModel dataset.
The Mahalanobis metric, except the other metrics
based on the information gain (ratio), has the
second-highest average classification accuracy rate
on the ClimateModel dataset.

According to the results in Figure 5, at least half of
the two nearest neighbor searches of the /G and
the Mahalanobis metrics at ten random query
points are the same. For the rest of them, the
nearest neighbor searches of the /G metric to the
guery points are more distant in comparison to
those of the Mahalanobis metric.
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Figure 5. The results of the two nearest neighbor
searches of the IG and the Mahalanobis metrics at 10
qguery points, according to the first two features with the
highest-information gain of the ClimateModel dataset

According to the first two features with the highest
information gain of the ClimateModel dataset, the
of two k-NN
applying to the IG and the Mahalanobis metrics are

decision boundaries classifiers
shown in Figure 6. Decision boundaries are defined
as lines in which a data point is equally likely to
exist in any class. Smoothing decision boundaries is

the key to avoiding overfitting. According to the
results in Figure 6, we can remark that the /G and
the Mahalanobis metrics form smooth decision
boundaries. However, the decision boundary of a
k-NN with the
resembles the decision boundary of a decision tree.

classifier IG distance metric
The reason is that the decision boundary of such a
model is decided by the overlap of the orthogonal
half-planes, representing the results of each
decision. Moreover, the IG distance metric builds a
more scattered and straight decision border
compared to that of the Mahalanobis metric on
the ClimateModel dataset. The decision border of a
k-NN classifier with the Mahalanobis distance
metric resembles the decision boundary of the
Support Vector Machine classifier with the kernel.
The reason is that its decision border is smoother
compared to one with the /G distance metric. To
put it short, the decision boundary of the k-NN
classifier with the Mahalanobis metric is smoother
in comparison with the /G distance metric.
However, the generalization performance of the k-
NN classifier with the /G distance metric is better in
comparison to one with the Mahalanobis metric,
for just the ClimateModel dataset. We want to
indicate that it is not possible to comprehend the
idea of how the IG and the Mahalanobis metrics
work on the ClimateModel dataset through just
two features. However, we can generally remark
that the Mahalanobis metric measures the
distance between a distribution and a point and
focuses on how many standard deviations a point
deviates from the mean of a distribution. As a point
approaches the mean of the distribution, the
Mahalanobis  distance converges to zero;
otherwise, it goes away from zero. The /G distance
metric measures the distance between two points
according to the sum of the powers of the absolute
differences between the axes of two points, and
in the

calculation of the powers. Accordingly, we can say

the information gain method is used

that a dimension with high-information changes
the IG distance more in comparison to ones with
less information. Furthermore, the locations of the
points around a query point are critical, as well.
The reason is that the other dimensions can
become crucial if the values of two points on a
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dimension with the highest information are equal
to each other. Moreover, a k-NN classifier with the
IG distance metric carries out searches along all the
axes of a query point, but not around it.

According to the first two features (i.e., Feature 69
and Feature 16) with the highest information gain
ratio of the MEU_MobileKSD dataset, the decision
boundaries of two k-NN classifiers applying to the
IGR and the City Block metrics are shown in Figure
7. Accordingly, we can remark that the /GR and the
City Block metrics form smooth decision
boundaries. The values of the first two features
with the highest-information gain ratio of the
MEU_MobileKSD dataset have been found to be

0.5345 and 0.5193, respectively.

success failure
IG Mahalanobis
0.8 0.8
0.6 0.6
0.4 0.4
0.2 0.2
02 04 06 08 02 04 06 08

Figure 6. The decision boundaries of two different k-NN
classifiers applied to the IG and the Mahalanobis
metrics, according to the first two features with the
highest-information gain of the ClimateModel dataset.

cityblock

60 80 100 120 140 60 80 100 120 140

Figure 7. The decision boundaries of two k-NN classifiers
applying to the IGR and the City Block metrics, according
to the first two features with the highest-information
gain ratio of the MEU_MobileKSD dataset (the values of
the feature 16 are restricted to values between 118 and
1210).

Additionally, the value of the feature with the
lowest-information gain ratio has been found to be
0.1525. The average classification accuracy rates of
the IGR and the City Block metrics on the

MEU_MobileKSD dataset have been found to be
66.6667% and 55.8894%, respectively. In other
words, the IGR distance metric has the highest
average classification accuracy rate on the
MEU_MobileKSD dataset. The City Block distance
metric except the other metrics based on the
information gain (ratio) has the second-highest
average classification rate on the
MEU_MobileKSD dataset.

The pairwise distances between 50 instances

accuracy

selected randomly on the BostonHousing2 dataset
are shown in Figure 8. Four distance metrics such
as the IG, the IGR, the City Block, and the Euclidean
were used in the comparison. According to the
results, the other three distance metrics except for
the /G distance metric resemble each other. These
four-distance metrics are the metrics giving the
highest classification accuracy rates, respectively.
The classification accuracy rates of these four-
distance metrics are 96.0870%, 960870%,
95.1779%, and 94.9407%, respectively.
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Figure 8. The pairwise distances between 50 instances
that are selected randomly on the BostonHousing2
dataset, according to the IG, the IGR, the Euclidean, and
the City Block distance metrics.

10 20 30 40 50

Putting the /G and the IGR distance metrics on both
mathematical and intuitional bases, let us explain
how they work. First, the information gain value of
a feature tells us how far the classes diverge from
each other. If so, we can say that as the
information gain values of the features are large,
the classes are separated so much from each other.
Given the dimension with the highest information
gain for a query point, the /IG and I/GR distance
metrics move a query point much closer to the
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class which is the least of the difference between
the query point and the other points. However, as
the number of features rises, it is required to
consider the state of each feature together. For
instance, in computing the distance between two
points, the effect of a dimension having the lowest
information gain can be much greater. The reason
is that the difference between the related values of
two points in a dimension having the highest
information gain is less than the difference in a
dimension having the lowest information gain. This
situation can be a disadvantage for some datasets.

Briefly, on all the benchmark datasets, the IG
distance metric ranks second in terms of the
rate. The IGR
distance metric ranks eighth in terms of the

average classification accuracy
average classification accuracy rate. Additionally,
the /G and the IGR distance metrics rank second
and seventh, respectively, in terms of the average
rank values. Furthermore, the /G distance metric is
highest
classification accuracy rate on ten datasets. The

a distance function to have the
IGR distance metric has the highest classification
accuracy rate on seven datasets. Thus, the /G and
the IGR distance metrics rank first and second,
respectively, in terms of the number of datasets
where the metrics have the highest classification
accuracy rate. Finally, the /G and the IGR distance
metrics rank second and sixth, respectively, in
terms of the number of datasets on which the
metrics have higher classification accuracy rates
than the Baseline metric.

6. Conclusions

In this empirical study, we have compared the
performance of the distance metrics on 49 real-
world datasets for the task of classification.

Each metric makes an assumption while
quantifying the distance between any two points,
and the measurement without the assumption is a
measurement at random. Besides, there is a
drawback coming along with every assumption.
Therefore, we can remark that each metric is
successful on datasets corresponding to its own
domain. In other words, each metric is
advantageous on datasets overlapping its own
assumption. The experimental results verify this
situation, as well. Accordingly, we can indicate that

there exists incompleteness in classification tasks
for metrics, too, just like there is for learning
algorithms.

The information gain value of a feature gives

information about how far the classes are
separated from each other, and the classes split in
so much that from each other as the information
gain values of the features are large. Given a
feature with the highest information gain for a
guery point, the /G and IGR distance metrics move
a query point closer to the class which is the least
of the difference between the query point and
other points. However, as the number of features
rises, it is necessary to consider each feature
altogether. This approach to the aforementioned
distance metrics can induce poor performance on
datasets. This

incompleteness of these two metrics, as well.

some naturally shows the
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Abstract

Image hashing methods transform high-dimensional image features into low-dimensional binary codes
Keywords while preserving semantic similarity. Among image hashing techniques, supervised image hashing

. . approaches outperform unsupervised and semisupervised methods. However, labelling image data
Unsupervised Learning;

Deep Learning; Encoder-
Decoder; Hash Codes.

requires extra time and expert effort. In this study, we proposed a deep learning-based unsupervised
image hashing method for unlabeled image data. The proposed hashing method is built in an end-to-end
fashion. It consists of an encoder-decoder model. As a novel idea, we used a supervised pre-trained
network as an encoder model, which provides fast convergence in the training phase and efficient image
features. Hash codes are extracted by optimizing those intermediate features. Experiments performed on
two benchmark image datasets demonstrate the competitive results compared to unsupervised image
hashing methods.

Derin Konvoliisyonel Kodlayici-Kod Coziicii ile Goriintii Hash Kodlarinin
Cikartilarak Hizli Goriintii Erisiminin Gergeklestirilmesi

Oz

Goriintd hash kodlarini elde eden metotlar, yliksek boyutlu ve sayisal olan goérintli 6zniteliklerini,
gorintiler arasindaki anlamsal iliskileri koruyacak sekilde daha disik boyutlu ikili kodlara dénstarrler.
Anahtar Kelimeler ~ Hash teknikleri arasinda denetimli 6grenmeye dayali yéntemler, denetimsiz ve yari denetimli 6grenme
metotlarina gore daha verimlidirler. Ancak denetimli 6grenmeye dayali yontemler gorintiilerin anlamsal
Denetimsiz Ogrenme;  etiketlerini kullanirlar ve bu da ilave bir ¢alisma ve uzman emegi gerektirir. Bu ¢alismada etiketsiz
Derin Ogrenme; Kodlayici- ggrintiler icin denetimsiz 6grenmeye dayali bir yontem sunulmustur. Bu ydntem ugtan uca kesintisiz
Kod C6zlict; Hash Kodlar. entegre bir yéntemdir. Yontem kodlayici-kod ¢éziicii tabanlidir. Yeni bir 6neri olarak, kodlayici kisminda
onceden denetimli olarak egitilmis bir derin agin bloklarini kullanmamiz, egitim asamasinda hizli
yakinsamayi ve gorintl ozniteliklerinin verimli olmasini saglamistir. Hash kodlari ise bu 0Ozniteliklerin
optimize edilmesi ile gikarilmistir. iki bilinen gériintii veri seti ile gerceklestirilen deney sonuglari énerilen

yontemin diger denetimsiz 6grenme yontemlerine kiyasla rekabetgi sonuglar verdigini gostermistir.
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fast retrieval is

methods allow quick retrieval as a simple XOR

image indispensable. Hashing
operation can calculate the Hamming distance
faster. On the other hand, deep learning-based
image features are more efficient. That is why deep
learning-based image hashing methods have
recently been prevalent (Wang et al. 2022, Singh

and Gufta 2022, Patel and Kasat 2017).

Hashing methods are divided into three main
label
Supervised image hashing methods require labelled

groups based on image information.
images in the training phase (Qin et al. 2022,
Passalis and Tefas 2021, Mojoo and Kurita 2021).
However, image labelling is an extra process that
requires additional time and expert effort. Especially
for large-scale datasets, it is cumbersome. Those
methods are generally more efficient than those
unsupervised and semisupervised methods.
Unsupervised methods do not need labelled image
data (Wang et al. 2021, Yu et al. 2021, Zhang et al.
2021). The ground truth of the data is the image
data

learning-based and unsupervised hashing methods.

itself. This is a significant advantage for

However, their efficiency is generally lower than the
supervised methods (Patel and Kasat 2017). On the
hand,
labelling information partially (Tang et al. 2019, Shi
et al. 2020, Tian et al. 2020).

other semisupervised methods require

We have proposed an unsupervised method in this
study. It consists of an encoder-decoder model.
Hash codes are generated by transforming image
features extracted from an intermediate layer
between the encoder and the decoder blocks.
Encode-decoder models are also called
autoencoders. An encoder block encodes high-
dimensional image features into low-dimensional
features, also called intermediate features. The
decoder block reconstructs images by using those
features. A loss function should compute the error
between the original and rebuilt image features at
the decoder's end. The output of that loss is used
for the back-propagation during the training phase.
The typical loss functions used at the end of the

decoder models are mean square error (MSE) (Int.

Ref. 1), also called L2 loss, or binary cross entropy
loss (Int. Ref. 2).

The most common usage area of autoencoders is
image denoising (Keerthi et al. 2021, Qiu et al.
2020) and image segmentation (Myronenko A.
2019, Baur et al. 2021). In the proposed method, we
used a part of the Resnet50 pre-trained network
(Int. Ref. 3). Since it is trained on the ImageNet
dataset (Int. Ref. 4) in a supervised way, it generates
efficient features for the decoder side. That is,
convergency becomes fast during training. This is a
significant idea for implementing transfer learning
from a supervised domain to an unsupervised one.
The highlights of this study can be summarized in
the following.

e The
independent of the training phase's image

proposed method is unsupervised,
label. However, efficient supervised features
are transferred and then trained unsupervised.
This is a significant domain adaptation idea.

e A
between encoder and decoder block optimizes

loss function in an intermediate layer
hash codes and balances the distribution of
binary values in the hash codes.

e Experiments performed on MS Coco (Int. Ref.
5) multilabel benchmark and Retinamnist (Int.
Ref. 6) datasets demonstrate the competitive
results in the unsupervised image hashing

category.

The rest of the study consists of the following
chapters. The detail of the proposed method, hash
code extraction, and retrieval are presented in
section Il. Performance metrics and datasets used
for the experiments are given in section Ill. Section
IV provides experimental results performed on two
image datasets. Finally, section V is the result and
discussion section.

2. Material and Method

The proposed method mainly consists of training
and retrieval phases. In the training phase, whole
In the
retrieval phase, a prediction is performed, and

layers are trained, including ResNet50.

image features are extracted from the hash layer.
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Figure 1. An overview of the proposed method.
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Those predictions are consist of the real number.
Features are then converted into hash codes by a
quantization process.

2.1 Training phase

The training phase consists of encoder-decoder
blocks and custom layers placed between those
blocks for the hash code extraction. An overview of
the training phase is illustrated in Figure 1.

The encoder block is constructed by ResNet50. It is
trained for the ImagetNet dataset having 1000
categories. Resnet has residual connections that
reduce the vanishing gradient descent effect and
increase classification accuracy. We only removed
the
classification layer from ResNet50. In that way,
ResNet50 functions like encoder. Using
ResNet50 as an encoder is a wise idea that provides
adaptation and
unsupervised domains.

The standard output shape of the ResNet50 is
(8,8,2048). A flattened layer is added next to it to
convert that shape into a one-dimensional tensor.

last fully connected (FC) layers and the

an

domain between supervised

An encoder should encode high-dimensional inputs
into low-dimensional data for compression. Hence,
we used two low-dimensional FC layers next to the
flattening layer. Their sizes are 2048 and 256,
respectively.

Those sizes provide a soft transition for dimension
reduction. We prepared a custom layer called the
hash layer placed next to those FC layers. The hash
layer has a tangent hyperbolic (tanh) activation.
Given an input x, tanh is defined as follows,

Sinh(x) _ e*—e™*
Cosh(x) T eXtex

tanh(x) = (1)

z asuag
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Full architecture is trained in the training phase.

Tanh is a scaled version of the sigmoid function. Its
depiction is given in Figure 2. Its mean is zero. That
provides fast convergence. Figure 2 shows that
outputs are constrained in the (-,1, 1) interval,
whatever its input. This property is necessary for
converting image features into hash (binary) codes
in the quantization process in the retrieval phase.

0.5

tanh(x)
o

-0.5

-5 0 5
X

Figure 2. An illustration of the tanh function.

Hamming distance in image hashing methods is
indispensable since XOR operation is high-speed,
which offers fast retrieval. Hamming distance
between two binary codes is the number of
different reciprocal bits. An ideal image hashing
algorithm should be unbiased for the number of
zeros and ones. In other words, the number of
zeros and ones should be close. This property is
called the bit-balance property. Bit-balance has a
pleasant characteristic for providing unbiased
Hamming distances. We have defined a loss
function over the hash layer that provides bit-
balance property.

Let K XX*L € R represent the hash layer's input
data, where K is the number of outputs of the FC
layer before the hash layer, and L represents the
number of inputs of the hash layer. Since the

activation function of the hash layer is tanh, its
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is Y = tanh(X) .
information, a bit-balance loss is defined as follows,

output data Based on this

Loss; = Y, Y; >0 (2)

In equation 2, Y varies in the (-1,1) interval.
Minimizing the loss function during training will
force the mean value of the outputs (Y) to be zero.

Output Shape

input 1 (InputLaye

[ (None, 256, 256, 3)] 0

resnet50 (Functional) (None, 8, 8, 2048) 23587712
flatten (Flatten) (None, 131072) 0
dense (Dense) (None, 2048) 268437504
dense 1 (Dense)  (None, 256) 524544
hashLayer (Dense)  (None, 128) 3289
dense 2 (Dense)  (Nome, 256) 3324
reshape (Reshape) (None, 16, 16, 1) [¢]
conv2d (Conv2D) (None, 16, 16, 1) 10
up_sampling2d (UpSampling2D) (None, 32, 32, 1)
conv2d 1 (Conv2D) (None, 32, 32, 8)
up_sampling2d 1 (UpSampling2 (None, 64, 64, 8)
conv2d 2 (Conv2D) (None, 64, 64, 16)
up_sampling2d 2 (UpSampling2 (None, 128, 128, 16)
conv2d 3 (Conv2D) (None, 128, 128, 3)

256782567 3)

292,617,373

Trainable params: 292,564,253
Non-trainable params: 53,120

Figure 3. The layer shapes of the proposed method.

The loss in equation 2 is minimized with the
regression loss, defined at the end of the decoder
during the training phase. That provides bit-balance
property. The Dense layer next to the hash gives
the decoder’s output identical to the original image
sizes.

The decoder model starts with a reshape layer. This
layer converts one-dimensional image features into
two-dimensional image-like tensors. The rest of the
layers consist of convolution and upsampling layers.
Upsampling layers gradually increase the size of
tensors. Finally, the Ilast upsampling layer
reconstructs images as identical size to the original
images. The hierarchical structure and the shape of

the layers are presented in Figure 3.

A regression loss is placed at the decoder's end to

reduce the error between original and

reconstructed images. This loss is called the mean
square error (MSE) in literature (Wang Z et al. 2009).

Let N represent the number of images, Ziye
represent the input images, and Z,,,..4 be the
output images taken from the output of the

decoder. MSE error between them is given by,
1
Loss, = Nzliv=1(ztruei - Zpredi)z (3)

The overall loss function to be minimized during
the training phase is as follows,

Loss = aLoss; + BLoss, (4)

We investigate the optimum a and B weights by
assigning values between zero and one. However,
we did not observe any impact of those weights on
the loss value and retrieval result. For this reason,
we assign identical values to each loss.

2.2 Retrieval phase

Hash codes are generated after the network is fully
trained. Then a snapshot of the weights and the
model are taken. As seen in Figure 4, We do not use
the loss functions and decoder module. They are
only used in the training phase to optimize the
issued by
performing predictions from the hash layer and

network parameters. Extraction is
quantizing them. Since the activation function of
the hash layer is a tanh, predictions are between (-
1, 1) intervals.

Suppose that the prediction taken from the hash
layer is represented by y,,.q. Image hash codes
can be extracted by the following quantization
process,

szpred > 0. (5)

As seen in Figure 4, retrieval can now be performed
by finding Hamming distance between a query and
the whole dataset items. We chose the number of
outputs of the hash layer as 32,48, 64 for the
Retinamnist dataset and 64,128,256 for the Coco
dataset. That is, corresponding hash codes are
generated.
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Figure 4. The retrieval phase of the proposed method.

3. Performance Metrics and Datasets

3.1 Performance metrics

Precision (P), Average Precision (AP), and Mean
Average Precision (MAP) scores are used for the
evaluations. They are calculated as follows. A
retrieved image is evaluated as true-positive (tp),
relevant, if it holds all the labels presented in the
query; Otherwise, false negative (fn), irrelevant.

The precision scores for k retrieved images are
obtained as follows.

tp@k

P@k = tp@k+fp@k

(6)

where tp@k denotes the number of relevant items
among and fp@k denotes
irrelevant items. Then, an AP score for each query

retrieved items,

set is obtained as follows.

AP = iZPS‘ZS (7)
Ry

where Ry, is the number of relevant items among k
retrieved items, P is a precision score for each item
retrieved, and a, is an indicator factor. It equals
one if the r-th retrieved sample is tp. Otherwise, it
is set to zero.

MAP scores are obtained by calculating the mean
values of the average precision scores obtained for
top k returned images for a single query. For Q
queries, a MAP score is obtained as follows,
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MAP@Q = %z?ﬂ(AP)i (8)

3.2 Datasets

Coco 2017 (Int. Ref. 5) is a multi-label image
recognition dataset. There are 80 categories in the
dataset. Each image contains at least one class.
78220 images are used as the training set and 5000
for the test set.

The Retinamnist (Int. Ref. 6) consists of 1600
images. An image presents one of the 5-level
gradings of diabetic severity. The size of images is
28x28 RGB. There are 1080 train images, 120
validation and 400 test.

4.Experimental Results

The proposed encoder-decoder model has been
implemented in Tensorflow's Keras library (Int. Ref.
7). The training part of the datasets is used during
training. Since this is an unsupervised method, the
ground truths are also the training images. The
network is trained by Adam optimizer (Int. Ref. 8)
with 100 epochs. The learning rate is set to 0.01,
and the batch size to 32. The training phase is
repeated for the various size of the hash layer, such
as 16, 32, 64, 128, and 256. During training, MSE
loss reduced the error between the ground truths
and predicted images. Another loss defined over
the hash layer provides bit-balance property.
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Loading the whole dataset into the memory
consumes the computer's resources. If you use a
large-scale dataset, this is inevitable. To overcome
that issue, we prepared custom Python generators.
Although there are ready to use Keras generators,
we designed our own. This provides us with more
control, customizations, and easy error detection.
Thanks to the Python generators, only the current
batches of images are loaded into the memory
during training.

Hash codes should be extracted via the best-
trained sample of the network. So after training,
the snapshot of the network model and network
parameters are saved. Each time snapshots are
taken for the various sizes of the hash layer. Hash
codes are extracted by performing predictions
using train and test images. The location of the
prediction is the hash layer.

Retrieval metrics used for the top returned images
in Hamming radius r. A Hamming distance vector is
created between a query and the whole items in
the dataset. What we mean by r is that only those
returned images retrieved whose Hamming
distance to the query is less or equal to the
Hamming radius r. For evaluations, we randomly
chose 500 queries from the test split of the Coco

and 150 queries from Retinamnist datasets.

Suppose that 20 images are retrieved. For each
retrieved image, a precision score, and for 20
images, an average precision score is calculated.
For the whole query images, a mean average
precision score is obtained. Evaluations are
repeated for 16, 32, and 64-bit hash codes for
Retinamnis; for Coco, it is 64,128 and 256-bit. We
use different hash code sizes for datasets because
of varying dataset sizes. High-dimensional hash
codes should always be used in large-scale
datasets. The map scores for those hash codes and
various Hamming radii are presented in Tables 1-2.
There is no recent hashing study using the
Retinamnist dataset. However, the most recent
unsupervised studies using Coco dataset compared
with the proposed method and presented in Table
3.

Table 1. MAP scores of top retrieved images in specific
Hamming radius. Results are obtained by using
Coco dataset.

Size (Bits) map@5 map@10 map@15 map@20
64 0.7454 0.7444 0.7406 0.7364
128 0.8351 0.8306 0.8254 0.8103
256 0.8417 0.8402 0.8369 0.8323

Table 2. MAP scores of top retrieved images in specific
Hamming radius. Results are obtained by using
the Retinamnist dataset.

Size (Bits) map@5 map@10 map@15 map@20
16 0.4250 0.4071 0.3802 0.3671
32 0.7415 0.6443 0.5422 0.4602
64 0.8360 0.7576 0.6982 0.6354

Table 3. Comparison of the proposed method with the
most recent studies using the Coco dataset (the
mAP score for different hash code lengths are

reported).
Size (Bits) Yu, Y. Zhanagll e Zhang H. Ours
etal. 2021 2021 etal. 2020
16 0.507 0.745 0.661 0.514
32 0.630 0.753 0.694 0.685
64 0.689 0.763 0.712 0.734

As seen in Table 3, the results are competitive. The
related codes of this study, such as training, hash
code extractions, hash codes, and evaluations, are
publicly available (Int. Ref. 9).

Figure 5. Retrieval results are obtained from Coco and
Retinamnist datasets, respectively. The left column
presents query images. The query image from
Retinamnist is a level-1 diabetic severity.

5 Result and Discussion

Supervised image hashing methods generally

outperform unsupervised and semisupervised
methods in terms of retrieval efficiency. However,
supervised methods use label information which is

an extra job. In this study, we propose a solution for
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improving the retrieval efficiency of unsupervised
image hashing. The novel idea is to implement a
domain adaptation between the supervised and
ResNet50, a
supervised pre-trained network, is used as an

unsupervised domains. known

encoder model. However, thanks to the decoder
label
provides fast

model, images are trained without

information.  This  adaption
convergence and efficient hash codes. Experiment
results confirm that idea. As an example, two
retrieval results performed for both datasets are
presented in Figure 5. As can be seen, the retrieval
results are visually similar to the query to a large

extent.

The proposed method has transferred the accuracy
and fast convergence of supervised methods to
unsupervised ones. This way, supervised-level
results are obtained without wusing label
information.

The idea obtained from that study can apply to
video hashing. We plan to prepare the same or
similar domain adaptation approach for video
hashing.
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0z

Bu calismada Afyonkarahisar Organize Sanayi Bolgesi'nde yer alan biyiikbas hayvan kesimi yapilan bir

kesimhanenin Yasam Dongusu Analizi (YDA) ile cevresel etkileri ortaya konmus ve gevresel etkilerin
azaltilmasina yonelik alternatif senaryolar degerlendirilmistir. Fonksiyonel birim olarak 1 kg karkas et
alinmistir. Sistem siniri igerisinde canli hayvanin transferi, karkas et tretimi ve et Ureticisine transfer yer
almaktadir. Calismada; abiyotik tlketim potansiyeli (ATP), abiyotik tiketim potansiyeli-fosil yakitlar
(ATP-fosil), kiiresel 1sinma potansiyeli (KIP), ozon tabakasi incelmesi potansiyeli (OTiP), insana toksisite
potansiyeli (ITP), tath su canlilarina ekotoksisite potansiyeli (TSCEP), deniz canlilarina ekotoksisite
potansiyeli (DCEP), kara canlilarina ekotoksisite potansiyeli (KCEP), fotokimyasal oksidan olusumu
potansiyeli (FOP), asidifikasyon potansiyeli (AP) ve 6trofikasyon potansiyeli (OP) etki kategorileri
SimaPro 9.1.1 yazilimi ve CML-IA hesaplama metodu ile belirlenmistir. Cevresel etkilerin azaltilmasina

Anahtar kelimeler
Cevresel etki;
Kesimhane; CML-IA

metodu: SimaPRo: yonelik enerji ve transfer asamasi igin alternatif senaryo gelistirilerek mevcut durum ile

Yasam Déngisi Analizi karsilastiriimistir. Sebeke elektrigine alternatif olarak jeotermal eneriji, rizgar enerjisi, glines enerjisi ve
biyogaz enerijisi ile senaryolar ve Ureticiye transfer asamasinda kullanilan arag tipine alternatif senaryo
olusturulmustur. Mevcut tesisin gevresel etkileri incelendiginde ATP-fosil ve OTIP disindaki tim etki
kategorilerinde en yiksek katkinin kesimhaneye transfer asamasindan (%94,72-%99,94) kaynaklandigi
gorilmistir. Kesimhaneye transfer asamasinin ATP-fosil’e katkisi %62,97, OTiP’ye %83,11 iken temizlik
asamasinin ATP-fosil'e katkisi %33,95; OTiP’ye %15,69'dur. Karkas et {retimi asamasi icin dnerilen
alternatif enerji senaryolari AS-1, AS-2 ve AS-3; ATP etki kategorisi digindaki 10 etki kategorisinde %95
civarinda azalma saglamistir. Biyogaz enerjisinin ele alindigi AS-4 senaryosu, FOP ve AP etki
kategorilerinde sirasiyla %34,78 ve %0,46 oraninda artisa neden olmustur. Ureticiye transfer asamasi
icin dnerilen AS-5 senaryosu bitln etki kategorilerini %33,57-%76,31 oraninda azaltmistir.

Determination of Environmental Effects of Carcass Meat Production by
Life Cycle Analysis

Abstract

In this study, the environmental effects of a slaughterhouse for cattle located in Afyonkarahisar
Organized Industrial Zone were revealed by Life Cycle Analysis (LCA) and alternative scenarios were
evaluated for reducing the environmental impacts. The functional unit for the analysis was 1 kg of

Keywords carcass meat produced by the slaughterhouse. Transportation of the live cattle, production of carcass
meat and its transfer to the meat producer are inside the system boundary. The impact categories,
which included abiotic depletion potential (ADP), abiotic depletion potential-fossil fuels (ADP-fuels),
global warming potential (GWP), ozone layer depletion potential (ODP), human toxicity potential (HTP),
ecotoxicity potential to freshwater organisms (FAETP), ecotoxicity potential to marine organisms
(MAETP), ecotoxicity potential to terrestrial organisms (TETP), photochemical oxidant formation
potential (PhOP), acidification potential (AP), and eutrophication potential (EP) were evaluated by

SimaPro version 9.1.1 software using the CML 2001 method. Alternative scenarios were developed for

Environmental impact;

Slaughterhouse; CML-

IA method; SimaPRO;
Life Cycle Analysis.

the energy and transfer stages to reduce environmental impacts and compared with the current
situation. Scenarios were created using geothermal, wind, solar, and biogas energy as alternatives to
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grid electricity, and the vehicle type used during the transfer stage to the meat manufacturer was
chosen as an alternative scenario. The results showed that the transfer to the slaughterhouse stage had
the highest contribution to all impact categories except for ADP-fuels and ODP, with a range of
94.72% to 99.94%. The transfer to the slaughterhouse stage had a 62.97% contribution to ADP-fuels
and 83.11% contribution to ODP, while the cleaning stage had a 33.95% contribution to ADP-fuels
and 15.69% contribution to ODP. The alternative energy scenarios proposed for the carcass meat
production stage (AS-1, AS-2, and AS-3) provided a 95% reduction in 10 impact categories, except for
the ADP impact category.The AS-4 scenario, which deals with biogas energy, resulted in an increase
of 34.78% and 0.46% in the PhOP and AP impact categories, respectively. AS-5 scenario proposed for
the transfer to the meat producer stage reduced all impact categories by 33.57%-76.31%.

1. Giris

Gida uretiminin strduardlebilirligi son yillarda biyutk
ilgi gormektedir. Ulkemizde gida sektéri icerisinde
yer alan et ve et {Urlnleri dretimi, sektor
siniflandirmasina gore ‘imalat Sanayi Gida Sektéri’
icerisinde ‘Mezbaha Uriinleri Sanayi’ alt ayirminda
degerlendirilmektedir. Et entegre tesislerinde,
mezbahalarda ve sarkiiteri Uretim birimlerinde
yapilan blytkbas (sigir, manda gibi) ve kigclkbas
(koyun, keci gibi) hayvanlarin kesimi sonucu elde
edilen ya tamamen et Grlini olarak ya da agirlikh
olarak et iceren sucuk, salam, sosis, kavurma, et
konservesi ve iskembe gibi Griinler et mamulleri
olarak isimlendirilmektedir. Modern
kesimhanelerde insan gidasi olarak kullanilmayan
sindirimdeki besin ve diski haricindeki artik Griinler
(kemik,

degerlendirilmek Uzere rendering isletmesine sevk

kikirdak, kan gibi) yem sanayiinde

edilmektedir. Hayvanlarin kesim isleminden sonra
boébrek gibi
bolimleri yan tGrinlerdir. Bu Grlinler “yenilebilenler

govdeden ayrilan deri, bagirsak,
ve endistride hammadde olarak kullanilanlar”
olmak Uzere iki grupta incelenmektedir. Bobrek,
ylrek, karaciger gibi Grlnler yenilebilen yan Grlnler
Endustride
kullanilan yan drinler ise deri, bagirsak, yaglar, kan,

kapsamindadir. hammadde olarak

et-kemik unu ve rendering yaglari, tirnak-boynuz
unu seklinde siniflandiriimaktadir (ORAN 2020).

Gida zinciri igerisinde et, en degerli hayvancilik
Urnt olup protein, aminoasitler, mineraller,
yaglar, yag asitleri, vitaminler ve az miktarda
karbonhidrattan olusmaktadir. Besin agisindan
bakildiginda etin 6nemi, tim gerekli aminoasitleri
iceren yiksek kaliteli proteinden elde edilmesi ve
oranda mineral ve vitamin

yuksek faydali

icermesidir.  Dlnya et Uretiminin  blyuk

¢ogunlugunun, gelismekte olan lkelerde 2050

© Afyon Kocatepe Universitesi

yilina kadar iki katina c¢ikmasi beklenmektedir.
Blyliyen et pazari, bu ulkelerdeki hayvan ciftcileri
ve et isletmecileri icin 6Gnemli bir firsat sunmaktadir
(Int Kyn. 1).

Diinya ntfusunun artmasi, ticaretin serbestlesmesi,
gida sistemlerinin  kiiresellesmesi, kentlesme,
tuketicinin hayvansal protein icerigi oldukga yiksek
gidalari tercih etmesi, bunun sonucunda artan et
tiketimine neden olan (Kanta
2019).

Diinya et tiiketimi, dlinya nifusunun blylimesi ve

sebeplerdendir

kisi basina et tliketiminin artmasi sonucunda
toplam tiketimin artmasi olarak iki énemli artis
gostermektedir. Et, gida zinciri boyunca en biyik
cevresel etkiye sahip gida Grind olarak kabul
etkiler  hayvancilik

(Djekic and

edilirken, en blylik
ciftliklerinden  kaynaklanmaktadir
Tomasevic 2016).

Et Granleri igerisinde sigir eti, besleyici ve besin
degeri yliksek bir gida Urinidir. Ayni zamanda
domuz eti ve pili¢c gibi diger et Urlnlerine kiyasla
sigir etinin yiksek cevresel etkiye sahip oldugu
distnilmektedir (Weber and Matthews 2008,
Eshel et al. 2014).

Kirmizi et Uretim ve akim semasi Sekil 1'de
verilmistir (Int Kyn. 2). Kirmizi et Uretim sireci,
Ureticiden canli hayvan alimi ile baslamaktadir.
Veteriner kontroli ile hayvanin saglikli ve etinin
Uretim i¢cin  uygun oldugunun anlasiimasinin
ardindan karkas et Uretimi icin kesimhanelerde
canh hayvan kesimi gerceklesmektedir. Bas, boyun
ve ayaklarindan ayrilarak hayvanin kani akitilmakta,
ardindan derisi yuzilen karkas et 4-6 °C'de
dretim

depolanarak amacina gore

degerlendirilmektedir. Kirmizi et {retiminde
temizleme asamasinda atiksu ve kan gibi sivi

atiklar, deri, kullanilmayan hayvan pargalari ile CO,,
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sogutucu gazlar gibi gaz atiklar olusmaktadir.
Yasam Dongisli Analizi (YDA), surdirilebilirligi
Olgmek ve nicel olarak ortaya koymak igin kullanilan
bir cevresel etki degerlendirme yéntemidir. Uriin
veya prosesin tim yasam dongusiini dikkate alarak
Urlnlerin gevresel performansini 6lgmek igin bir
ara¢ olarak kullaniimakta olup dort asamadan
olusmaktadir: (i) Amag¢ ve kapsam (ii) Envanter
analizi (iii) Etki degerlendirme (iv) Yorumlama (ISO
14040:2006 Uluslararasi Standartlar Orgiitii). Bir
prosesin, Urlinlin veya sistemin cevresel etkilerini
ortaya koymak veya alternatifleri ile karsilastirmak
icin yapilan YDA c¢alismalarinda amag¢ kapsam
asamasi gerek envanter analizinin detaylandirilmasi

gerek etki degerlendirmenin uygun sekilde
yapilmasi ve yorumlamanin sorulan soruyu
cevaplamasi agisindan dnemlidir.

Girdiler Ciktilar

Canlihayvan — » Hayvan kabulii —— Siviatik:
Temizleme

asamasinda cikan
| Veteriner kontroll |

atiksu, kan
Su _.l Hayvanin kesimi |

——1 Deri
Enerji (Elektrik & Kati atik:

Buhar) > > Kullaniimayan
hayvan parcalari
ﬂ Gaz atik: COz

emisyonu,

. Soguk depolama .
Sofutucular j— 5 (46 °C) »! sogutucu gazlar

Sekil 1. Kirmizi et Uretim sureci akis semasi (Int Kyn. 2).

Envanter analizi asamasindaki veri sayisi, veri
siresi ve veri kalitesi
belirler. Etki

stk kullanilan

toplama ¢alismanin

dogrulugunu degerlendirme
asamasinda en cevresel etki
kategorileri sunlardir: Abiyotik tiiketim potansiyeli
(ATP), abiyotik tuketim potansiyeli-fosil yakitlar
(ATP-fosil), kiresel 1sinma potansiyeli (KIP), ozon
tabakasi (OTiP),

toksisite potansiyeli  (ITP), tath su canllarina

incelmesi  potansiyeli insana

ekotoksisite potansiyeli (TSCEP), deniz canlilarina
ekotoksisite potansiyeli (DCEP), kara canlilarina
ekotoksisite (KCEP),

potansiyeli fotokimyasal

oksidan olusumu potansiyeli (FOP), asidifikasyon
potansiyeli (AP) ve 6trofikasyon potansiyeli (OP).

Dinyada et ve et drlnleri sektord ilgili YDA
¢alismalari ¢ogunlukla domuz eti ve tavuk eti
Urlnlerine yogunlasmistir (De Vries and De Boer
2010, Bava et al. 2015, Cesari et al. 2016, Kalhor et
al. 2016, Skunca et al. 2018, Dorca-Preda et al.
2021, Qalase and Harding 2022). Ulkemizin et
sektori ile ilgili olarak sadece bir YDA ¢alismasi
literatlirde yer almaktadir. Bu ¢alismada Gep et al.
(2022)
Portekiz, Slovenya, ispanya ve Tirkiye) koyun eti

Avrupa lkelerindeki (Almanya, italya,
Uretiminin yasam doénglisii boyunca cevresel etki ve
birlikte,

literatlirde blyiikbas hayvancilik (inek, dana gibi)

maliyetlerini  arastirmistir.  Bununla

tesisleri ile ilgili sinirh sayida YDA calismasi
bulunmaktadir (Nguyen et al. 2010, Pelletier et al.
2010, Asem-Hiablie et al. 2019, Kanta 2019).

Kanta (2019) tez calismasinda Yunanistan'in Selanik
bolgesindeki bir sit sigirn Uretim ciftliginde et
UrGnlerinin  ¢evresel etki degerlendirmesini
arastirmistir. YDA calismasinda SimaPro 7 yazilimi
ve “CML 2 Baseline 2000” etki degerlendirme
metodu kullanilmistir. incelenen ciftlikteki mevcut
durum, hayvansal yan trtnlerin degerlendirilmesini
kapsayan alternatif bir senaryo ile karsilastiriimistir.
Etki degerlendirme sonucunda hayvansal yan
Granlerin kullanildigi senaryonun cevresel etkisi
daha distk bulunmustur. Bu senaryo; biyogaz
Uretimi (elektrik, 1s1) icin siit sigir glbresinin
anaerobik parcalanmasinin yani sira, sindirilmis
glbrenin yem ve mahsul Gretimi igin kullanilan Azot
(N) ve Fosfor (P) yerine organik gibre olarak
kullanilmasini kapsamaktadir.

Asem-Hiablie vd. (2019)’nin yaptigi ¢calismada, sigir
eti sisteminin slrdurilebilirliginin ¢iftlikten-kapiya
Olcimleri de dahil olmak Uzere Amerika Birlesik
Devletleri (ABD) sigir eti Uretim zincirinin gevresel
etki degerlendirmesi, YDA kullanilarak yapilmistir.
Fonksiyonel birim olarak 1 kg kemiksiz, yenilebilir
sigir eti kullanildig1 calismada c¢evresel etkiler BASF
Corporation Eko-Verimlilik Analizi metodolojisi

kullanillarak  yapilmistir.  Etki  degerlendirme
(7005 L
seyreltilmis su esd.), enerji kullanimi (1110 MJ),
arazi kullanimi (47.4 m?), AP (726 g SO, esd.), FOP

(146.5 g C,Hy-esd.), KIP (48.4 kg CO, esd.) ve OTIP

¢alismasi kapsaminda su emisyonlari
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(1686 pg CFC-11 esd.) etki
arastirilmistir. ABD sigir eti Gretim zinciri sisteminin

kategorileri

bu cevresel degerlendirmesinde, incelenen etki
kategorilerinin cogunda en blyik etki yem ve sigir
Uretiminden kaynaklanmaktadir.

Nguyen vd. (2010) tarafindan yapilan bir ¢alismada,
Avrupa Birligi'nde farkh sigir eti {retim
sistemlerinin (buzagi ve siit veren inekler) cevresel
sonuglari, YDA kullanilarak arastirilmistir.
Fonksiyonel birim olarak 1 kg karkas et secilmistir.
Calismada degerlendirilen bes etki kategorisinin
(KIP, AP, OP, arazi kullanim potansiyeli (AKP) ve
yenilenemeyen enerji potansiyeli (YEP)
hesaplarinda EDIP ve IMPACT 2002+ metotlari
kullanilmistir. Avrupa Birligi’'nde bir ciftlikten ¢ikan
1 kg si1gir eti icin cevresel etkiler sdyle bulunmustur:
KIP: 16,0-27,3 kg CO, esd., AP: 101-210 g SO; esd.,
OP: 622-1651 g NO; esd., YEP: 41.3-59.2 MJ, AKP:
16.5-42.9 m?yil. Sonug olarak buzagilardan et
eldesinin cevresel yukinin daha yiksek oldugu
ortaya konan calismada siri vyetistiriimesinden
kaynaklanan arazi kullaniminin strdurulebilirligine
de dikkat ¢ekilmistir.

De Vries ve De Boer (2010), hayvancilik Grinlerinin
(domuz eti, tavuk, sigir eti, stit ve yumurta Gretimi)
cevresel etkilerinin YDA ile degerlendirildigi 16
calismayi karsilastirdiklari bir derleme yayinlamistir.
Uretiminin  arazi

Calisma sonucunda sigir eti

kullanimi, enerji kullanimi ve iklim degisikligi

kategorisinde en yiksek etkiye sebep oldugunu
ikinci sirada

raporlamislardir. domuz eti vyer

almistir.  SGt Uretiminin en distk ¢evresel etkiye
sahip oldugu belirtilmistir. Pelletier vd. (2010)
ABD'de

bulunan sigir eti Uretimi yapilan 3 tesis igin YDA

yaptiklari calismada Yukari Orta Bati
galismasi ylritmustir. Fonksiyonel birim 1 kg sigir
eti olarak alinmistir. Calismada enerji kullanimi,
ekolojik ayak izi, sera gazi emisyonlari ve

otrofikasyon emisyonlarini  karsilastirmak igin

SimaPro 7.1 YDA vyaziim paketi kullaniimistir.
Ekolojik ayak izi Ecoinvent 2.0 yontemi ile

hesaplanmistir.  Otrofikasyon emisyonlari (PO,
esdegeri birimleri olarak ifade edilen azot ve fosfor
iceren bilesiklerin tiim emisyonlari), CML 2001
yontemine gore hesaplanmistir. Etki analizi, sigir eti
Gretimi icin yem kullanim oranina goére (%30, %60

ve %90 oranlarinda) yapilmistir. %30 oraninda yem

kullaniminda enerji kullanimi: 63.8 MJ, sera gazl
emisyonu: 21.5 kg CO, esd., OP: 169 g PO, esd. ve
ekolojik ayak izi: 150 m?® olarak bulunmustur. %60
oraninda yem kullaniminda enerji kullanimi: 48.4
MJ, sera gazi emisyonu: 19.2 kg CO, esd., OP: 142 g
PO, esd. ve ekolojik ayak izi: 120 m? olarak
hesaplanmistir. %90 oraninda yem kullaniminda ise
enerji kullanimi: 43.3 MJ, sera gazi emisyonu: 18.4
kg CO, esd., OP: 133 g PO, esd. ve ekolojik ayak izi:
110 m? olarak saptanmistir.

Et ve et Urlnleri endistrisinin ¢evresel etkilerinin
degerlendirildigi bu calismalar AB ve ABD agirlikh
olup sektorin olduk¢a yaygin oldugu llkemizde
bolge kosullarini igeren detayli bir ¢calisma, bilgimiz
dahilinde yoktur.

Bu calismada, Afyonkarahisar ili Organize Sanayi
Bblgesi (OSB)’'nde yer alan biiyikbas hayvan kesimi
yapilan bir kesimhane tesisinin karkas et Gretiminin
cevresel etkileri YDA ile ortaya konmustur. Bu
yoniyle bu calismanin yapilacak bélgeye 6zgl bir
¢alisma Calismada
kesimhanenin ortaya

olacagi  o6ngorialmektedir.

cevresel etkilerinin
konmasinin  yani  sira  alternatif
olusturularak bu

surdirdilebilirlik hedeflenmistir.

senaryolar
etkilerin azaltilabilmesi ve

Afyonkarahisar  bolgesinde jeotermal enerji
santralleri, rlizgar enerji santralleri ve biyogaz
Uretim tesisleri yer almaktadir. Bu cercevede
¢alisma kapsaminda tesiste mevcutta kullanilan
sebeke alternatif

elektrigine senaryo olarak

yenilenebilir enerji (jeotermal enerji, rizgar
enerjisi, glines enerjisi ve biyogaz enerjisi) kullanimi
senaryolari olusturularak  degerlendirilmistir.
Transfer asamasinda ise alternatif senaryo olarak
Euro 4 arag tipine alternatif daha disik emisyon

yayan Euro 6 arag kullanimi ¢alisiimistir.

2. Materyal ve Metot

Bu YDA calismasinda PRé Sustainability adh bir
“9.1.1.7
Education” strimi SimaPro yazilimi kullanilmistir.

Hollanda sirketi tarafindan gelistirilen

Kullanim amaglarindan biri de sdrdarilebilirligi
O0lcmek olan bu yazilim paketi, hammaddelerin
¢ikarilmasindan (retim silirecine, kullanimina ve
nihai bertarafina kadar yasam donglisii boyunca
etkilerin

cevresel Olglilmesini ve etki
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degerlendirilmesini saglamaktadir. YDA calismasi
ISO Standardina
ylritilmus olup bu adimlar asagida anlatiimistir.
2.1. Amag ve kapsam

uygun olarak dort adimda

Calismanin amaci (1) buyikbas hayvan (sigir) kesimi
yapilan bir kesimhane tesisinin cevresel etkilerini
ortaya koymak ve (2) cevresel etkinin yliksek ¢iktig
prosesler icin olusturulan alternatif senaryolar ile
mevcut durumu karsilastirarak cevresel etkide
olusacak degisikligi ortaya koymaktir.  Calisma
Merkez ilcesi,

Bolgesi'nde blyilkbas hayvan

kapsaminda Afyonkarahisar ili
Organize Sanayi
kesimi yapilan bir kesimhane tesisi incelenmistir.
Tesisin ana faaliyeti et kesimi ve karkas et
Uretimidir. Hayvanlarin ortalama agirligi 500 kg
olarak kabul edilmis olup kesim prosesi kitle
dengesi Cizelge 1'de verilmistir. Calisma, tesisten
toplanan 1 senelik veri ile gergeklestirilmistir.
Kesimhane tesisinin cevresel etkilerinin
belirlenmesi icin Simapro 9.1.1 yazihmi kullanilarak
Cevresel  etki

degerlendirme icin CML-IA hesaplama metodu

YDA  c¢alismasi  yapilmistir.

kullanilmistir.

Cizelge 1. Kesim prosesi-kltle dengesi*.

Uriinler Yiizde (%) Miktar (kg)
Karkas et 60 300
Sakatat 2.55 12.75
Deri 8.27 41.35
Kafa 3.23 16.15
Kan 6.68 33.40
Bos bagirsak 1.74 8.7
Bog iskembe 2.49 12.45
Diger 15.04 75.2
TOPLAM 100 500
*Yildinm 1998.

Calismada fonksiyonel birim 1 kg karkas et olarak

belirlenmistir. Sistem sinirlari, bliytkbas canli
hayvanin Ureticiden alinarak kesimhanede kesilip
sonrasinda elde edilen karkas etlerin alinmasi ve
Ureticiye tasinmasi asamasi dahil fabrika kapisina
kadar olan sireci kapsamaktadir. Ayni zamanda
temizlik maddesi olarak deterjan kullanimi da
sistem sinirina dahil edilmistir. Kesimhane tesisi
sistem siniri Sekil 2'de verilmistir.

Canli hayvanin transferi, karkas et Uretimi (kesim
islemi), deterjan kullanimi ve dUreticiye transferi
YDA'nin

olusturmaktadir.

asamalari sistem sinirlarini

Sistem girdileri canh hayvan,

elektrik enerjisi, dizel yakit, su ve deterjan (temizlik

amacl kullanim) iken ciktilar karkas et, atik su, kan
ve yan Urdnlerdir. Atik su, kan ve diger yan Grinler
sistem sinirlari disarisinda birakilmistir. Kesimhane
tesisinde (Uretim asamasi (enerji kullanimi) ve
transfer asamasi (transfer araglari) icin olusturulan
alternatif senaryolar Cizelge 2’de verilmistir.

SIgIr I
I -
g :
I t_-;n,- i
! !
) | N .
Dize| | 1
8 ;
; |
R A :
Kesimhane .

Elektrik
enerjisi

Ceterjan

e 1
I Sistem sinir |

Sekil 2. Kesimhane tesisi sistem siniri.

Enerji kullanimindaki degisiklikler ile olusturulan
alternatif enerji senaryolari, bolgede yer alan
yenilenebilir enerji kaynaklari (jeotermal enerji,
rlizgar enerjisi, giines enerijisi ve biyogaz) dikkate
ahinarak olusturulmustur. Afyonkarahisar'da
bulunan Afjet Afjes Jeotermal Santrali (JES); 2,76
MWe (megawatt elektrik) kurulu glici ile ortalama
5.400 kisiye disen tim elektrik enerjisi ihtiyacini
karsilamaktadir (Int Kyn. 3). Afyonkarahisar’da
ayrica 4 adet kurulu riizgar santrali mevcuttur ve
toplam kurulu giic 351 Mwe’tir (Int Kyn. 4). Ulkemiz
1500-1750

kWh/m?yil arasinda giines enerjisi radyasyonuna

glines haritasina gore Ege bolgesi

sahip olup Ege bolgesinde, i¢ kesiminde yer alan
Afyonkarahisar ili ise 1550-1650 kWh/m?>-yil giines
sahiptir (Int Kyn. 5).
Afyonkarahisar’da 8,40 MW kurulu giict ile Afyon

enerjisi  radyasyonuna
Hayvansal Atik Biyogaz Santrali ve 4,02 MW kurulu
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glicli Afyon Biyogaz Enerji Santrali bulunmaktadir

(Int  Kyn. 6). Uretim sektdriinde gerek

Cizelge 2. Kesimhane tesisi alternatif senaryolar.

hammaddelerin fabrikaya/tesise gerekse urtinlerin
tuketiciye ulastirilmasi sirasinda cesitli ulasim

Senaryo.

Senaryo adi Kisaltma Agiklama

Enerji senaryosu 1 AS-1 Karkas et tUretiminde jeotermal enerjinin kullanildigi senaryo

Enerji senaryosu 2 AS-2 Karkas et Uretiminde riizgar enerjisinin kullanildigi senaryo

Enerji senaryosu 3 AS-3 Karkas et Uretiminde glines enerjisinin kullanildigi senaryo

Enerji senaryosu 4 AS-4 Karkas et tretiminde biyogaz enerjisinin kullanildigi senaryo

Transfer senaryosu AS-5 Et Grunleri Ureticisine transfer asamasinda kullanilan “Euro 4” sogutucu/donduruculu

araglarin yerine “Euro 6” modeli transfer araglarinin kullanildigi senaryo
AS=Alternatif

yollarinin kullanilmasi ile cogunlukla temizlik maddesi kullanimi verileri tesisten alinan
yenilenemeyen enerji kaynakh yakitlarin birincil verilerdir. Ayrica tesise ait yillik su kullanimi

kullanilmasi sonucunda 6nemli miktarda emisyon
aciga cikmaktadir. Agiga cikan bu emisyonlar hava
kalitesine ve insan saghgina olumsuz etkiler
olusturmaktadir. Bu calismada alternatif senaryolar
ile mevcut Gretimin gevresel etkilerinin azaltiimasi
amagclanmistir. Karayolu tasimaciliginda Avrupa
emisyon standartlari, cevre acisindan dikkate alinan
bir diger noktadir. Avrupa Emisyon standartlari
(Euro normlari), kullanilan yakittan bagimsiz olarak
bir aracin aciga cikarabilecegi emisyon limitlerini
ifade etmektedir. Euro-4 standarti bir arag icin
emisyon limitleri; petrol NOx (azot oksitler) 0,08
g/km, dizel NOx 0,25 g/km, dizel PM (partikdl
madde) 0,025 g/km iken Euro-6 standardi bir arag
icin bu degerler; petrol NOx 0,06 g/km, dizel NOx
0,08 g/km, dizel PM 0,0045 g/km dir (Int Kyn. 7). Bu
kapsamda transfer

olusturulan alternatif

senaryosunda kesimhaneye hammadde
transferinde Euro 4 arag tipine gore daha dislik
NOx ve PM emisyonlarina sahip Euro 6 araclarin
kullaniimasi ile ¢evresel etki degerlerinde meydana

gelebilecek degisimler degerlendirilmistir.

2.2. Envanter analizi

Yasam donglsli envanter analizi safhasinda,
verilerin toplanmasi ve (rin sistemlerinin igindeki
akislarin modellenmesi yapilmaktadir (Bjgrn et al.
2018). Kesimhane tesisinden 1 yil (2019-2020 yili)
veri toplanmistir. Alinan veriler dogrultusunda yillik
ortalama kesilen bliylikbas hayvan sayisi, elektrik
tiketimi, su tuketimi ve temizlik maddesi tiiketimi
ile ortalama tasima mesafeleri envanter toplama
asamasinda sistem girdileri olarak alinmistir. Yillik

ortalama hayvan kesimi, transfer mesafeleri ve

ve elektrik tlketimi verileri Afyonkarahisar

Organize Sanayi Bolgesi (OSB) Midurlagi ile
yapilan gérismelerden elde edilmistir.

Toplanan envanter bilgisi, SimaPro yaziliminda
Ecoinvent 3 ve Agri-footprint 5 veritabanlari

kullanilarak modellenmistir.

2.3. Etki analizi

Etki analizi asamasinda envanter analizi sirasinda
tanimlanan olasi gevresel salimlarin insan saghgi ve
cevresel degerler ve ayni zamanda dogal kaynak
tiketimi tzerindeki etkileri SimaPro 9.1.1.7 yazilimi
kullanilarak CML-IA hesaplama metoduna gore
karakterize edilmistir. CML-IA, Hollanda'daki Leiden
(CML)
tarafindan gelistirilen bir YDA metodolojisidir (Int

Universitesi Cevre Bilimleri Merkezi
Kyn. 8). Sistem girdileri olarak kesim icin canli
hayvan girdisi ve deterjan girdisi olarak kiresel
Olcekte veriler; elektrik girdisi olarak Tirkiye orta
voltaj verisi; transfer verisi olarak kiresel Euro 4
tipi sogutucu-donduruculu arag verisi kullaniimistir.
Calisma kapsaminda on bir etki kategorisi ele
alinmistir. Bunlar: ATP, ATP-fosil, KIP, OTIP, iTP,

TSCEP, DCEP, KCEP, FOP, AP ve OP.

2.4. Yorumlama

CML-IA hesaplama metoduna gore SimaPro 9.1.1.7
yazihm programinda hesaplanan karakterizasyon
degerleri hem sayisal olarak hem de toplam ylzde
katki Cikan  sonuglar
fonksiyonel birim (1 kg karkas et) icin on bir adet

olarak hesaplanmistir.

etki kategorisine gore degerlendirilerek yorumlama
yapilmistir.
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3. Bulgular
Cizelge 3. Kesimhane tesisinden elde edilen veriler.

Afyonkarahisar ili OSB’de yer alan kesimhane Kesimhane verileri* Miktar
tesisine ait 2020 yil verileri, tesis ile kisisel iletisime Vil toplam kesiten hayvan sayie 2986 adet
gecilerek elde edilmis birincil verilerdir. Tesiste

s .. .. . . Yillik elektrik tiketimi 19889,6 kWh
calisanlarin isinma ihtiyaci icin yakit tiketim verileri
girdi envanterine dahil edilmemistir. Kesimhane Yillik su tiiketimi 4992 m’
tesisinden elde edilen gercek verilere ait bilgiler Villik deterjan kullanimi 960 kg

Cizelge 3’'te verilmektedir. Mogensen vd. (2016)

. *Kesimhane tesisinden elde edilen birincil verilerdir.
hayvan basina harcanan elektrik kullanimini 32-47

kWsa olarak vermistir.

Cizelge 4. Kesimhaneye ait ¢evresel etki degerlendirme sonuglari.

Etki kategorisi*  Birim Kesimhaneye Karkas et Temizlik Ureticiye TOPLAM
transfer lretimi transfer
ATP kg Sb esd. 7,26E-05 1,40E-07 3,90E-06 7,27E-10 7,66E-05
ATP-fosil Ml 1,83E+01 8,60E-01 9,86E+00 3,47E-02 2,91E+01
KIP kg CO, esd. 2,74E+01 7,96E-02 2,83E-01 2,62E-03 2,77E+01
oTiP kg CFC-11 esd. 1,74E-07 1,94E-09 3,29E-08 5,60E-10 2,10E-07
iTp kg 1,4-DB esd. 3,01E+01 3,46E-02 1,38E-01 4,48E-04 3,03E+01
TSCEP kg 1,4-DB esd. 2,15E+01 4,72E-02 9,30E-02 6,47E-05 2,16E+01
DCEP kg 1,4-DB esd. 8,13E+03 1,46E+02 2,75E+02 2,02E-01 8,55E+03
KCEP kg 1,4-DB esd. 3,33E+00 9,02E-05 1,94E-03 1,29E-06 3,33E+00
FOP kg C,Hsesd. 4,30E-03 1,61E-05 9,92E-05 2,33E-07 4,41E-03
AP kg SO, esd. 1,02E-01 4,39E-04 1,76E-03 8,09E-06 1,04E-01
op kg PO, esd. 1,18E-01 2,84E-04 3,60E-04 1,60E-06 1,18E-01

* Abiyotik tiketim potansiyeli (ATP), abiyotik tiketim potansiyeli-fosil yakitlar (ATP-fosil), kiiresel 1sinma potansiyeli (KIP), ozon tabakasi incelmesi
potansiyeli (OTiP), insana toksisite potansiyeli (iTP), tatli su canlilarina ekotoksisite potansiyeli (TSCEP), deniz canlilarina ekotoksisite potansiyeli
(DCEP), kara canlilarina ekotoksisite potansiyeli (KCEP), fotokimyasal oksidan olusumu potansiyeli (FOP), asidifikasyon potansiyeli (AP) ve
otrofikasyon potansiyeli (OP).

100 - — ] ] - B [ | _— T
20
80
70
60
=
®
g 50
ES
40
30
20
10
0 . . . -
ATP ATP-fosil KIP aTIP ITP TSCEP DCEP KCEP FOP AP OoP
= Temizlik 5,09 33,95 1,02 15,69 0,45 043 3,22 0,06 2,25 1,70 0,30
m Ureticiye transfer 0,00 0,12 0,01 0,27 0,00 0,00 0,00 0,00 0,01 0,01 0,00
= Karkas et Uretimi 0,18 2,96 0,29 0,92 0,11 0,22 1,71 0,00 0,36 0,42 0,24
» Kesimhaneye transfer 94,72 62,97 98,68 83,11 99,43 99,35 95,07 99,94 97,38 97,87 99,45

Sekil 3. Kesimhaneye ait cevresel etkilerin yiizde katkilari.
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Bu tesiste ise 39-44 kWsa/hayvan’dir. Tesiste
tiketilen su yaklasik 1000 L/hayvan olup suyun
yaklasik %45’i kesim asamasi ve transfer araclarinin
%25’
cikariimasi, %25’i temizlik ve %10’u diger isler icin
(2016)
¢calismasinda sadece kesim ve temizlik icin 686

temizligi icin  kullanilirken organlarin

kullaniimaktadir. Mogensen vd.
L/hayvan su tuketildigi belirtilmistir.

Canli hayvan Ureticisinden kesimhaneye mesafe, en
250 km ve
kesimhaneden et Ureticisine transfer mesafesi ise 3

uzak Ureticinin  mesafesi olan

km, tesisten birincil veri olarak alinmistir.
Calismada ele alinan kesimhane tesisinin mevcut
kosullarinda isletilmesinde kesimhaneye transfer,
Uretim (karkas et Uretimi), deterjan kullanimi ve et
Urlnleri Ureticisine transfer asamalarinin cevresel
etkileri ve cevresel etkilerin ylizde katkilari Cizelge

4 ve Sekil 3'te verilmistir.
3.1. Abiyotik tiiketim potansiyeli (ATP)

ATP dogal kaynaklarin tiikkenmesini ifade eden bir
etki kategorisidir ve kg Sb (antimon) esdegeri (esd.)
cinsinden belirtiimekte olup kullanilan mineral ve
miktarini ifade etmektedir (Pre-

2022). ATP kategorisi toplam
cevresel etki degeri 7,66E-05 kg Sb esd. olup bunun
biyik bir kismini 7,26E-05 kg Sb esd. (%94,72) ile
kesimhaneye transfer asamasi

fosil yakit
sustainability,

olusturmaktadir.
Kesimhaneye transfer asamasindaki etkinin de
blylk  bir
olusturmaktadir. Tarim makineleri

kismini  canli  hayvan  girdisi
kullaniminda
ginko kaplama, kursun-ginko Uretiminden kaynakli
sulfirik asit ile fosfath glibre kullanimi gibi zirai
katkisini
olusturmaktadir. Temizlik asamasinin etki degeri
3,90E-06 kg Sb esd. olup %5,09 oraninda katki

saglamaktadir. Temizlikte kullanilan alkilbenzen

faaliyetler bu etkinin sirec

stlfonat kimyasalinin kullanimina bagh olarak bu
kimyasalin Uretiminde ihtiya¢ duyulan aliminyum,
hidrojen florir ve silftr gibi mineraller bu etkinin
sureg katkisini olusturmaktadir.

3.2. Abiyotik tiiketim potansiyeli-fosil yakitlar
(ATP-fosil)

ATP-fosil etki
kaynaklarinin tikenmesinin gostergesidir ve MJ

kategorisi ise dogal fosil yakit

olarak ifade edilmektedir (SimaPro Database
manual, 2022). Toplam g¢evresel etki 2,91E+01 MJ
olup 1,83E+01 MJ ile buyuk bir kismini (%62,97)
kesimhaneye transfer asamasi olusturmaktadir.
9,86E+00 MJ olup
%33,95 oraninda katki saglamaktadir. Ayrica karkas

Temizlik asamasindaki etki

et Gretiminden %2,96 katki gelmistir. Kesimhaneye
ATP-fosil etkisi %94,27
oraninda canl hayvan girdisinden kaynaklanirken
%5,96
kaynaklanmaktadir.

transfer asamasinda

oraninda da transfer aracindan

Canli hayvanin beslenmesi
asamas! ve azotlu gibre kullanimi ile transferde
dizel yakit Uretiminde petrol ve gaz kullanimi bu
etkinin sidrec¢ katkisini olusturmaktadir. Temizlikte
kullanilan  alkilbenzen silfonat  kimyasalinin
kullanimina baglh olarak bu kimyasalin Gretiminde
ihtiyac duyulan petrol tirevleri (benzen ve parafin
gibi) bu etkinin sitre¢ katkisini olusturmaktadir.
Tirkiye’'nin 2019 vyili elektrik enerjisi sebeke
elektrigi kaynak dagihmi %21,7 koémir, %29,2
hidroelektrik, %18,8 dogalgaz, %15,4 linyit, %7
rizgar, %3 jeotermal, %3 gilnes enerjisi
olusturmaktadir (Int Kyn. 9). Envanter analizine
gore karkas et Uretiminden kaynakli ATP-fosil etkisi
agirhkli olarak orta voltaj TR elektriginin Gretilmesi
icin taskdmurl, linyit ve dogalgaz karisimindan
elektrik

olusmaktadir.

enerjisi  elde edilmesi asamasindan

3.3. Kiiresel isinma potansiyeli (KIP)

KIP, iklim degisikligi sebebiyle atmosferin isinmasini
ifade etmektedir. Klresel isinmaya en fazla neden
olan insan faaliyetlerinden biri de petrol, kémir ve
dogalgaz gibi fosil kaynaklarin yakilmasidir. YDA
¢alismalarinda KIP, kg CO, esd. cinsinden ifade
edilmektedir (SimaPro Database manual, 2022).
KIP’ye dahil olan ana kirleticiler metan, karbon
dioksit ve diazot monoksittir (Angerer et al. 2021).
Toplam c¢evresel etki 2,77E+01 kg CO, esd. olup
2,74E+01 kg CO, esd. ile kesimhaneye transfer
(%98,68) katkiyi
olusturmaktadir.

asamasl neredeyse  tim

Kesimhaneye transfer asamasinda ana etkinin
blyiik bir kismini canli hayvan girdisi olusturmakta
olup hayvanin beslenmesi asamasinda havaya

%65,33 CH,
1473
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(biyojenik metan), %25,55 N,0 (diazot monoksit) ve

%9,12 Cco, (karbondioksit) emisyonlari
olusturmaktadir. Mogensen et al. (2016)
calismasinda kesimhaneye transfer ve (retim

asamalarinda toplam KIP degeri 40-50 kg CO, esd.
olarak hesaplanmistir. 391-655 kg ortalama agirhg
olan sigirlarin kesimhaneye transferinde (100 km)
KIP etki kategorisinde net 12,5-21,5 kg CO, esd.
rapor edilmistir. Bu calismada ortalama 500 kg
agirhktaki canli hayvanin 250 km mesafedeki
kesimhaneye transferinde bulunan KIP; 27,4 kg CO,
esd. olup, transfer mesafesi daha uzun oldugu igin

daha yiiksek bir sonug ciktigi diisinilmektedir.

3.4. Ozon tabakasi incelmesi potansiyeli (OTIP)

oTipP
(kloroflorokarbon,

insan faaliyetleri kaynakli emisyonlar
hidrokloroflorokarbon, klor,
brom vb.) tarafindan stratosferdeki ozon miktarinin
azalmasini ve ozon deligi olarak adlandirilan ozon
ifade etmektedir. YDA

calismalarinda OTIP, kg CFC-11 esd. cinsinden ifade

tabakasinin incelmesini
edilmektedir. (SimaPro Database manual, 2022).
Toplam cevresel etki 2,10E-07 kg CFC-11 esd. olup
OTIP etki kategorisine en yiiksek katkinin %83,11 ile
kesimhaneye transfer asamasindan kaynaklandigi
gorilmektedir. Ayni zamanda 3,29E-08 CFC-11 esd.
(%15,69) ile temizlik asamasinin da kayda deger bir
katkisinin  oldugu goérilmektedir. Kesimhaneye
transfer asamasinda yiksek miktarda havaya halon
1301 (bromotriflorometan), halon 1211 (bromo
klorodiflorometan), CFC-114 (diklorotetrafloroetan)
ve  HCFC-22

olusmaktadir. Kesimhaneye transfer asamasinda

(klorodiflorometan)  salinimlari
etkinin yaklasik %90’in1 kesim igin canl hayvan
girdisi olustururken yaklasik %10’unu ise transfer
araci olusturmaktadir.

Canli hayvanin beslenmesinde yem yetistiriimesi
kullanilan

asamasinda azotlu glibre ve zirai

faaliyetler ile transfer aracinin dizel yakit
kullanimlari icin petrol ve gaz Uretimi bu etkinin
surec¢ katkilarini olusturmaktadir. Temizlik asamasi
alkilbenzen siilfonat kimyasalinin kullanimindan
kaynakh %40,84’G Halon 1301, %31,06’s1 HCFC-22,
%23,49'u 1211 ve %4,61'i CFC-114

emisyonlari bu etkinin slreg katkisini

Halon

olusturmaktadir.

3.5. insana toksisite potansiyeli (ITP)

iTP, YDA calismalarinda cesitli kimyasallarin cevreye
salinimi sonucu insan saghg tzerinde olusturdugu
toksik etkiyi ifade etmektedir. Agir metaller gibi
insan saghgina toksik etkide bulunan kimyasallarin
olup YDA
¢alismalarinda kg 1,4-DB (diklorobenzen) esdegeri

cevresel etkisi olarak bilinmekte
cinsinden ifade edilmektedir (SimaPro Database
manual, 2022). Toplam gevresel etki 3,03E+01 kg
1,4-DB esd. olup 3,01E+01 kg 1,4-DB esd. ile
kesimhaneye transfer asamasi (%99,43) neredeyse
tim katkiyr olusturmaktadir. Kesimhaneye transfer
asamasindan kaynaklanan ana etkinin tamamini
kesim icin canli hayvan girdisi olusturmakta olup
canl hayvanin beslendigi sistemin tamami bu
etkinin siireg katkisini olusturmaktadir. Bu asamada
bakir

elementlerinin zirai faaliyetler sonucu topraga

nikel, kursun, kadmiyum, c¢inko ve

emisyonlari bu etkinin alt kaynagini

olusturmaktadir.

3.6. Tath su canhlarina ekotoksisite potansiyeli
(TSCEP)

TSCEP etki kategorisi, toksik maddelerin havaya,
suya veya topraga karisimi sonucu tath su
ekosistemine olan etkilerini icermektedir. TSCEP, kg
1,4-DB esd. cinsinden ifade edilmektedir (SimaPro
Database manual, 2022). TSCEP etki kategorisinde
toplam gevresel etki 2,16E+01 kg 1,4-DB esd. olup
2,15E+01 kg 1,4-DB esd. ile kesimhaneye transfer
(%99,35) neredeyse tiim katkiyi olusturmaktadir.
Kesimhaneye transfer asamasindan kaynaklanan
ana etkinin tamamini kesim igin canli hayvan girdisi
olusturmaktadir. Canh hayvanin beslendigi sistemin
tamami bu etkinin siireg katkisini olusturmaktadir.
Bu asamada bakir, nikel ve ¢inko gibi elementlerin
zirai faaliyetler sonucu topraga emisyonlari bu
etkinin alt kaynagini olusturmaktadir.

3.7. Deniz canlilarina ekotoksisite potansiyeli
(DCEP)

toksik maddelerin deniz ekosisteminde
ifade etmekte olup YDA
ifade
edilmektedir (SimaPro Database manual, 2022).

DCEP,
olusturdugu etkileri
calismalarinda kg 1,4-DB esd. cinsinden
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DCEP toplam cevresel etki degeri 8,55E+03 kg 1,4-
DB esd. olup 8,13E+03 kg 1,4-DB esd. ile
kesimhaneye transfer (%95,07) en biylk katkiyi
olusturmaktadir. Ayni zamanda 2,75E+02 kg 1,4-DB
esd. (%3,22) ile temizlik asamasinin da belirgin bir
katkisinin  oldugu goérilmektedir. Kesimhaneye
transfer asamasindan kaynaklanan ana etkinin
tamamini  kesim icin canh hayvan girdisi
olusturmaktadir. Cinko, nikel ve bakir elementleri
gibi topraga emisyonlar; hidrojen florir gibi havaya
ve berilyum gibi suya emisyonlar bu etkinin alt

kaynagini olusturmaktadir.

3.8. Kara canhlarina ekotoksisite potansiyeli
(KCEP)

KCEP, cevreye salinan toksik maddelerin karasal
ifade
etmektedir. KCEP, kg 1,4-DB esdegeri cinsinden

ekosistem (zerinde olusturdugu etkileri

ifade edilmektedir (SimaPro Database manual,
2022). KCEP etki kategorisinde toplam cevresel etki
3,33E+00 kg 1,4-DB esd. olup ile kesimhaneye
(%99,94)  tim katkiy!
Kesimhaneye transfer

transfer  asamasi
olusturmaktadir.
asamasindan kaynaklanan ana etkinin tamamini
kesim icin canli hayvan girdisi olusturmaktadir.
Canli hayvanin beslendigi sistemin tamami bu
etkinin sureg katkisini olusturmaktadir. Bu asamada
zirai faaliyetlerden kaynakli bakir, nikel ve ¢inko gibi
elementlerin topraga emisyonlari bu etkinin alt

kaynagini olusturmaktadir.

3.9. Fotokimyasal oksidan olusumu potansiyeli
(FOP)

insan
reaktif
olusumunu aglklayan bir etki kategorisidir. YDA

FOP tarimsal
ekosisteme

dranlere, saghgina ve

zarar veren maddelerin
calismalarinda FOP, kg C,H, esd. cinsinden ifade
edilmektedir (SimaPro Database manual, 2022).
FOP etki kategorisinde toplam cevresel etki degeri
4,41E-03 kg C,H, esd. olup 4,30E-03 kg C,H, esd. ile
kesimhaneye transfer (%97,38) neredeyse tim
katkiyr olusturmaktadir. Ayni zamanda 9,92E-05 kg
C,Hsesd. (%2,25) ile temizlik asamasinin da belirgin
bir katkisinin oldugu gorilmektedir.

Kesimhaneye transfer asamasinda ana etkinin
blyiik bir kismini canli hayvan girdisi olusturmakta
olup hayvanin beslenmesi asamasinda havaya
salinan emisyonlar (%95,73 CH, - biyojenik metan,
%2,61 SO, ve %1,66 C,H, ) kaynakhdir. Temizlik
asamasinda stilfonat

kullanilan alkilbenzen

kimyasalinin Uretiminden kaynakli emisyonlarin

%98,97’sini SO, olusturmaktadir.
3.10. Asidifikasyon potansiyeli (AP)
AP, asitlestirici maddelerin toprak, yeralti suyu,

ylzey
malzemeler Uzerinde olusturdugu toksik etkiyi

suyu, organizmalar, ekosistemler ve
ifade eden etki kategorisidir. YDA calismalarinda
AP, kg SO, esd. cinsinden ifade edilmektedir
(SimaPro Database manual, 2022). En 6nemli

antropojenik AP kaynaklari elektrik ve Isitma
Uretimindeki yanma siirecleri ve transferdir, ancak
et Uretimi ile ilgili olarak amonyak emisyonlari
(NHs) da 6nemlidir (Mogensen et al. 2016). AP etki
kategorisinde toplam cevresel etki degeri 1,04E-01
kg SO, esd. olup etkinin blylk bir kismini ortaya
koyan asama 1,02E-01 kg SO, esd. ile (%97,87)
kesimhaneye transfer asamasidir. Ayni zamanda
1,76E-03 kg SO, esd. (%1,70)

asamasinin da bir katkisinin oldugu gorilmektedir.

ile temizlik

Kesimhaneye transfer asamasindan kaynaklanan
ana etkinin tamamini kesim igin canli hayvan girdisi
beslendigi

olusturmakta olup canli hayvanin

sistemin tamami bu etkinin sire¢ katkisini
olusturmaktadir. Bu asamada havaya salinan NHs,
NOx ve SO, emisyonlari bu etkinin alt kaynagini

olusturmaktadir.
3.11. Otrofikasyon potansiyeli (OP)

OP, havaya, suya ve topraga besi maddelerinin asiri
salinimi nedeniyle olusan makro besi maddelerinin
artisinin sebep oldugu etkileri ifade eden etki
kategorilerindendir. YDA ¢alismalarinda OP, kg PO,
esd. cinsinden ifade edilmektedir (SimaPro
Database manual, 2022). OP etki kategorisinde
toplam cevresel etki degeri 1,18E-01kg PO, esd.
(%99,45)
olusturmaktadir.

olup kesimhaneye transfer
katkiy!
Kesimhaneye transfer asamasindan kaynaklanan

asamasl
neredeyse tiim
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ana etkinin tamamini kesim icin canli hayvan girdisi

olusturmakta olup canli hayvanin beslendigi

sistemin tamami bu etkinin sire¢ katkisini
olusturmaktadir.

Bu asamada suya salinan NO; (%70,60) ve P
(%5,21) ile havaya salinan NH; (%17,18), N,O
(%5,95) ve NOx (%1,06) emisyonlari bu etkinin alt
kaynagini olusturmaktadir.

etkileri
katkinin

kesimhaneye transfer asamasindan (%62,97-99,94)

Sonu¢ olarak; kesimhanenin c¢evresel

degerlendirildiginde en blyuk
kaynaklandigi gorilmektedir. Temizlik asamasinin
da ATP-fosil ve OTIP etki kategorilerine orta
derecede (%33,95 ve %15,69) olmak lizere diger
etki kategorilerine dusik katkisi (%0,06-5,09) s6z
konusudur. Elektrik tiketiminin yogun oldugu
ATP-fosil etki

kategorisine katkisi dikkat cekmistir. Kesimhaneye

karkas et Uretimi asamasinin

transfer asamasinin katkisinin yiksek c¢ikmasinin

nedeni canli hayvan girdisi ve dizel yakitl arag ile
transferdir. Tesisin cevresel etkilerini azaltmak ve

slirdrdlebilir  kilmak icin  mevcut durumda

yapilabilecek iyilestirmeler degerlendirildiginde
hammadde  olarak  canli hayvan  girdisi
degistirilemeyecegi icin karkas et (retiminde

yenilenebilir enerji kullanimini ve transfer asamasi
icin dlstk emisyonlu ara¢ kullanimini
senaryolar
kullanilan eneriji girdisine alternatif olarak bolgede

iceren

alternatif olusturulmustur. Tesiste

kullanilabilecek yenilenebilir enerji kaynaklari ile

olusturulmus alternatif enerji senaryolarina ait

cevresel etkiler Cizelge 5'te verilmistir.

Karkas et Uretiminde alternatif  enerji
etki

kategorilerinde elde edilen azalmalar Cizelge 6'da

senaryolarinin  uygulanmasi ile cevresel

verilmistir.

Cizelge 5. Kesimhanede karkas et liretiminin alternatif enerji senaryolarina gore cevresel etki degerleri.

Etki kategorisi Birim AS-1 AS-2 AS-3 AS-4 MD*

ATP kg Sb esd. 4,88E-08 4,91E-08 4,88E-08 5,22E-08 1,40E-07
ATP-fosil M) 3,18E-02 3,20E-02 3,17E-02 1,08E-01 8,60E-01
KIP kg CO, esd. 2,83E-03 2,84E-03 2,83E-03 3,69E-02 7,96E-02
oTip kg CFC-11 egd. 1,85E-10 1,88E-10 1,85E-10 4,34E-10 1,94E-09
iTP kg 1,4-DB egd. 1,92E-03 1,15E-03 1,15E-03 3,69E-03 3,46E-02
TSCEP kg 1,4-DB egsd. 1,27E-03 1,27E-03 1,27E-03 3,47E-03 4,72E-02
DCEP kg 1,4-DB egd. 4,22E+00 4,23E+00 4,22E+00 1,33E+01 1,46E+02
KCEP kg 1,4-DB egd. 3,32E-06 3,33E-06 3,32E-06 1,04E-05 9,02E-05
FOP kg CoHsesd. 6,20E-07 5,33E-07 5,32E-07 2,17E-05 1,61E-05
AP kg SO, esd. 1,21E-05 1,21E-05 1,21E-05 4,41E-04 4,39E-04
op kg PO, esd. 6,50E-06 6,51E-06 6,51E-06 1,05E-04 2,84E-04

*MD=Mevcut Durum, karkas et tiretiminde enerji kaynagi olarak sebeke enerjisinin kullaniimasi.

Cizelge 6. Karkas et Gretiminde alternatif enerji senaryolari ile gcevresel etki kategorilerinde elde edilen degisim.

Etki kategorisi* AS1 AS2 Degﬁ;\r:_s ASA

ATP % 65,14 azalma % 64,93 azalma % 65,14 azalma % 62,71 azalma
ATP-fosil % 96,30 azalma % 96,28 azalma % 96,31 azalma % 87,44 azalma
KIP % 96,44 azalma % 96,43 azalma % 96,44 azalma % 53,64 azalma
oTiP % 90,46 azalma % 90,31 azalma % 90,46 azalma % 77,63 azalma
iTp % 94,45 azalma % 96,68 azalma % 96,68 azalma % 89,34 azalma
TSCEP % 97,31 azalma % 97,31 azalma % 97,31 azalma % 92,65 azalma
DCEP % 97,11 azalma % 97,10 azalma % 97,11 azalma % 90,89 azalma
KCEP % 96,32 azalma % 96,31 azalma % 96,32 azalma % 88,47 azalma
FOP % 96,15 azalma % 96,69 azalma % 96,70 azalma % 34,78 artma
AP % 97,24 azalma % 97,24 azalma % 97,24 azalma % 0,46 artma
op % 97,71 azalma % 97,71 azalma % 97,71 azalma % 63,03 azalma

Karkas et (retimi asamasinda MD’ye alternatif
olarak olusturulan yenilenebilir enerji senaryolari
incelendiginde en yliksek cevresel etki degerlerini

tim etki kategorilerinde biyogaz enerijisinin ele
alindigi AS-4 vermistir. Biyogaz enerijisi ile enerji
eldesinde i1sitma ve besi malzemelerinin depolanma
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ve degradasyon asamalarinin dzellikle KiP, OP ve AP

cevresel etkilerine katkisinin diger alternatif
enerjilere gére ve hatta sebeke elektrigine gore
daha fazla oldugu cesitli calismalarda ortaya
konmustur (Fusi et al. 2016, Hijazi et al. 2016).
Ayrica, tarim UrUnleri kullanildiginda hayvan
glbresine oranla daha yiksek cevresel etkilerin

olustugu rapor edilmistir (Hijazi et al. 2016).

AS-1, AS-2 ve AS-3 icin tiim etki kategorilerinde
birbirlerine yakin degerler elde edilmistir. Yedi
cevresel etki kategorisinde (ATP, KIP, OTIiP, TSCEP,
DCEP, KCEP ve AP) AS-1 ve AS-3 icin esit degerler
elde edilmistir. Birbirine yakin degerler olmakla
birlikte; Ui¢ etki kategorisinde (ATP-fosil, iTP ve FOP)
AS-3 ve bir etki kategorisinde (OP) AS-1 en diisiik
cevresel etki degerlerini vermistir. Jeotermal
enerjinin riizgar enerjisi ve hidroelektrik ener;ji ile
(2016)’in

Turkiye’deki yenilenebilir enerji kaynaklarini YDA

karsilastirildigi  Atilgan ve Azapagic
metoduyla degerlendirildigi calismada da benzer
sekilde jeotermal enerjide OP, OTIP ve ekotoksisite
cevresel etki kategorilerinde (TSCEP, DCEP, KCEP)

en disik cevresel etki degerleri elde etmistir.

Karkas et Uretimi asamasinda alternatif olarak
olusturulan yenilenebilir enerji senaryolarina ait
cevresel etkiler ile MD’ye ait ¢evresel etki degerleri
karsilastirildiginda 6nemli oranda azalmalar oldugu
gorlilmastir (Cizelge 5).

AS-1, AS-2 ve AS-3 senaryolari ile karkas et liretimi
asamasinda en az azalma ATP cevresel etki
kategorisinde (yaklasik %65) elde edilirken OTIP
etki kategorisinde %90 civarinda ve diger dokuz etki

kategorisinde  %95-98 gibi olduk¢a yuksek
oranlarda azalma hesaplanmistir. Sebeke
elektrigine alternatif olarak riizgar enerijisinin

kullanildigi Bahadiroglu (2021) ve Sanal (2020)'in
calismalarinda da AS-2 senaryosunda da goruldugi
gibi tlim c¢evresel etki kategorilerinde azalma
gozlendigi rapor edilmistir.  Sebeke elektrigine
alternatif olarak glines enerjisinin kullanildigi bazi
calismalarda ATP ve OTIP etki kategorilerinde artis
gbzlenmistir (Bahadiroglu 2021) ancak AS-3 de tiim
etki kategorilerinde azalma gorilmiustir. Biyogaz
enerjisinin alternatif enerji olarak ele alindigi AS-4

senaryosunda dokuz etki kategorisinde AS-1, AS-2

ve AS-3 senaryolarina gore daha diisik azalmalar
%53-93) elde edilirken AP etki
kategorisinde %0,46 ve FOP etki kategorisinde

(yaklasik

%34,78 artis gozlenmistir. AP etki kategorisinde
MD’de elektrik Gretiminde linyit kullanimindan %66
oraninda bir etki hesaplanmigken AS-4’te bu etkinin
%82’si
degradasyonu asamasindan kaynaklanmistir. Sonug

biyogaz eldesinde glibrenin anaerobik

olarak toplam AP etki degeri farkli proseslerden
(AS-4) ile
azaltilamamis, aksine bir miktar artmistir. FOP etki

kaynaklansa dahi biyogaz enerjisi

kategorisinde MD’de elektrik Uretiminde linyit
kullanimindan kaynaklanan SO, emisyonlari etkinin
%86’sina sebep olurken AS-4’te bu etkinin %65’
Isitma ve biyogaz eldesinde gilibrenin anaerobik
kaynaklanan
%18'i
biyojenik metan emisyonlarindan olusmaktadir.

degradasyonu asamalarindan

karbonmonoksit (fosil ve biyojenik) ve

Sonuc olarak FOP etki degeri farkli proseslerden
(AS-4) ile
azaltilamamis, aksine %34,78 gibi 6nemli bir oranda

kaynaklansa dahi biyogaz enerjisi

artmistir.Yenilenebilir enerji alternatifleri;
jeotermal enerji, rizgar enerjisi ve glines enerjisi
(AS-1, AS-2 ve AS-3) cevresel etki

agisindan birbirine yakin sonuglar vermis ve sebeke

degerleri

enerjisinin kullanildigi MD’ye goére yaklasik ayni

miktarlarda azalma saglamislardir. Diger
yenilenebilir enerji kaynaklarina kiyasla, jeotermal
enerjinin dustk atik dretiminin yani sira daha
istikrarh ve tutarl elektrik Uretimi potansiyeline
sahip oldugu bilinmektedir (Li vd. 2023). Ayrica
onceki arastirmalar, jeotermal enerji ile elektrik
eldesinde daha dusiik isletme maliyetlerinin so6z
konusu oldugunu goéstermistir (Int Kyn. 10). Bu
bilgiler 1siginda ve Afyonkarahisar ili cevresinde
mevcut jeotermal enerji kapasitesi de gz oniline
alindiginda MD’deki sebeke elektrigine alternatif
olarak jeotermal enerjinin kullanimi 6nerilmektedir.
Ureticiye transfer asamasinda alternatif besinci
senaryo olarak olusturulan transfer senaryosunun
(AS-5) uygulanmasi ile cevresel etki kategorilerinde
elde edilen

degisimler Cizelge 7'de

gosterilmektedir.

Ureticiye transfer asamasinda alternatif transfer
senaryosu olarak olusturulan besinci senaryonun %
azalma oranlar incelendiginde en fazla degisim
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%76,31 ile OP ve %67,74 ile AP etki kategorilerinde
gorilmastar.

Gizelge 7. Ureticiye transfer asamasinda alternatif
transfer senaryosu ile gevresel etki kategorilerinde elde
edilen degisim.

Etki

Kategorisi Birim AS-5 Degisim

ATP kg Sb esd. 4,37E-10 % 39,89 azalma
ATP-fosil MJ 2,15E-02 % 38,04 azalma
KIP kg CO, esd. 1,60E-03 % 38,93 azalma
oTipP kg CFC-11 esd. 3,23E-10 % 42,32 azalma
iTP kg 1,4-DB esd. 2,96E-04 % 33,93 azalma
TSCEP kg 1,4-DB esd. 4,06E-05 % 37,25 azalma
DCEP kg 1,4-DB esd. 1,28E-01 % 36,63 azalma
KCEP kg 1,4-DB esd. 8,57E-07 % 33,57 azalma
FOP kg C;Hsesd. 1,23E-07 % 47,21 azalma
AP kg SO, esd. 2,61E-06 % 67,74 azalma
op kg PO, esd. 3,79-07 % 76,31 azalma

Envanter verilerine gére OP’ye neden olan suya
salinan PO,* (fosfat) emisyonlarinda %38 oraninda
ve havaya salinan NOx emisyonlarinda toplamda
%87,06 oraninda azalma gorilmektedir. AP’ye
neden olan havaya salinan toplam NOx ve SO,
%87,06, SO,
oraninda

emisyonlarinda NOx miktarinda
%37,93
Euro 6 standardindaki transfer

miktarinda  ise azalma
gorulmektedir.
araglarinin NOx ve PM emisyonlarinin daha diistk
olmasinin bu iki etki kategorisine dogrudan
yansidig1 soylenebilir. Diger dokuz etki kategorisine
bakildiginda %33,57 ile %47,32 oranlarinda azalma
gorilmektedir.

Senaryolar ile kesimhane tesisinin toplam ¢evresel
etkisinde gerceklesen degisimler incelendiginde
tiim alternatif enerji senaryolari icin kayda deger
azalmalar ATP-fosil etki kategorisinde %2,74-%3;
DCEP etki kategorisinde %1,58-%1,69 ve OTIP etki
kategorisinde ise %0,84-%0,96 olarak belirlenmistir.
Alternatif transfer senaryosu, sadece ATP-fosil ve
OTIP etki kategorilerinde diisiik miktarda (%0,2) bir

azalma saglamistir.

4. Tartisma ve Sonug

Bu calismada, ilk asamada Afyonkarahisar Iili
OSB’de yer alan bir kesimhane tesisinin 2019-2020
yili blylikbas hayvan kesimi igin tesisten veriler
alinarak 1 kg karkas et Uretiminin cevresel etkileri
belirlenmistir. Kesimhane tesisinin c¢evresel
etkilerinin arastirildig bu YDA ¢alismasi sonucunda

tim etki kategorilerinde kesimhaneye transfer

asamasinin en yilksek cevresel etkiyi verdigi
belirlenmistir. Kesimhaneye transfer asamasinin
katkisinin ylksek ¢ikmasinin nedeni canli hayvan
girdisi ve dizel vyakith ara¢ ile transfer
gerceklestirilmesidir. Temizlik asamasinin ATP-fosil
ve OTIP etki kategorilerine orta derecede katkisi
s6z konusudur. Elektrik tUketiminin yogun oldugu
karkas et (Uretimi asamasinin ATP-fosil etki
katkisi  dikkat

cevresel etkilerini azaltmak ve slrdirilebilir kilmak

kategorisine ¢ekmistir.  Tesisin

icin karkas et (retiminde vyenilenebilir enerji
kullanimi ve transfer asamalari igin alternatif
senaryolar olusturulmustur. Karkas et lretiminde
ozellikle bolgede yenilenebilir enerji kaynagi olarak
kullanilabilecek olan jeotermal enerji, rizgar
enerjisi ve glines enerjisinin sebeke elektrigine
kiyasla bitin etki kategorilerinde yiliksek oranda
azalma sagladig saptanmistir. Ozellikle bélgenin
jeolojik yapisindan kaynakh jeotermal eneriji
kullanimi hem distik cevresel etki degerleri hem de
duslik isletme maliyeti ile cevre dostu olarak 6ne
¢ikmaktadir. Bolgede elektrik tretiminde jeotermal
enerjinin katkisinin  Tlrkiye geneli olan %3’Un
Uzerine c¢ikarilmasi 6nemlidir. Biyogaz enerjisi

dokuz  etki
kategorisinde daha diisiik oranda iyilesmeler elde
FOP ve AP etki

kotlilesme gorilmistar.

kullaniimasi durumunda ise

edilmis; kategorilerinde ise
Kesim yapildiktan sonra
Ureticiye transfer asamasinda sogutucu-dondurucu
araclarin  kullanimi, cevresel etkiyi ve karbon
emisyonunu artirmaktadir. Transfer icin olusturulan
AS-5 senaryosunda, dizel araglar igin izin verilen
0,25 g/km’den 0,08 g/km’ye

diistiren arag tipi tercih edildiginde OP ve AP

NOx seviyesini

cevresel etki kategorilerinde belirgin bir iyilesme
gorilmastir.

Bu calisma, et sektori icin Yasam Donglisi Analizi
ile kiutlesel olarak karkas et Uretiminin cevresel

yuklerini belirlemeye yardimci olmakla birlikte
Uretim asamasinda harcanan enerji
distnildugiinde, Tlrkiye’nin daha fazla

yenilenebilir enerji kaynaklarina ydnelmesinin

onemini desteklemektedir. Ayrica, karkas et

Uretiminde canh hayvanin transferi ve kesim

sonrasi karkas etin et (Ureticisine transferi

asamalarinda karayolu tasimacihigi, en c¢ok

kullanilan oldugundan ozellikle
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emisyon azaltici sogutucu-dondurucu araclarin

tercih edilmesi cevresel agcidan (NOx ve PM igin)
bliyik 6nem arz etmektedir. Transfer asamasinda

karayolu tasimaciligina alternatif olarak rayl

sistemlerin  kullanimi da arastiriimasi gerekli

konulardan biridir.
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Bu calismanin amaci, bitkisel bir atik olan ayva kabugunun diyet lifi kaynagi olarak degerlendirilerek

kurabiyelerin Gretiminde kullaniimasi ve retilen kurabiyelerin temel kalite 6zelliklerinin arastirilmasidir.
Lifce zengin katkinin Uretilmesi igin Esme ayvasi (Cydonia oblonga Mill.) kabuklari kullaniimistir. %5 ve

Anahtar kelimeler
Ayva; %10 oraninda lif katkili olarak Uretilen kurabiyeler 20 giin sireyle depolanmis ve fiziksel, kimyasal
Diyet Lifi; analizleri gerceklestirerek sonuglar kontrol 6rnekleriyle kiyaslanmistir. Elde edilen sonuglara gore, diyet
Kurabiye; lifi ile zenginlestirilmis kurabiyelerin % 3.05- 5.62 oraninda toplam lif igerdikleri tespit edilmistir. Diyet
Kalite. lifi katkisi kurabiyelerin yayllma oraninda dislise, sertlik kirilganlik ve L* degerlerinde ise artisa neden

olmustur. Duyusal analiz sonuglarina gore lif katkisi, duyusal kriterlerde olumsuz bir etki yaratmamigtir.
Depolama siireci basinda meyvemsi koku ve tadin daha fazla algilanmasi sonucunda lif katkih
kurabiyeler daha yiiksek begeni skoru alirken, depolama siireci sonunda kurabiyelerin genel begeni
skorlari arasinda anlamli bir fark tespit edilmemistir.

Use of Quince Peel for the Production of Cookie Enriched with Dietary

Fibre
Abstract
The aim of this study is to evaluate the quince peel, which is a plant waste, as a source of dietary fiber,
in the production of cookies and to investigate the basic quality characteristics of the cookies. Esme
quince (Cydonia oblonga Mill.) peels were used to produce the fiber-rich additive. Cookies produced
Keywords with 5% and 10% fiber additives were stored for 20 day, physical and chemical analyzes were
Quince; performed and the results were compared with the control samples. According to the results obtained,
Dietary Fibre, it was determined that dietary fiber enriched cookies contain 3.05-5.62% of total fiber. Dietary fiber
Cookie; additive resulted a decrease in the spread ratio of the cookies, and an increase in hardness, fragility and
Quality. L* values. According to the results of the sensory analysis, the fiber addition did not have a negative
effect on the sensory criteria. As a result of the perception of fruity odor and taste at the beginning of
the storage period, the fiber-added cookies received higher acceptance scores, while at the end of the
storage period, no significant difference was found between the general acceptance scores of the
cookies.
© Afyon Kocatepe Universitesi
olup her iki tir diyet lifi de bu bitkisel gidalar
1. Girig icerisinde bulunmaktadir.

Diyet lifleri sindirim enzimlerine direncli gida ~ Gunumuzde yasam kosullariyla ilgili ~ olarak
bilesenleridir (Ramirez-Santiago et al. 2010).  bedensel etkinliklerinin azalmasi ve vyanls
Genellikle suda ¢éziiniir ve suda ¢oziinir olmayan ~ beslenme aligkanliklari sonucu; kalp damar ve
diyet lifleri seklinde ikiye ayrilmaktadirlar (Michael sindirim sistemi hastaliklari gibi bircok hastaliklar
et al. 2019). Bitkisel dokular diyet liflerince zengin ~ sonucunda saglikli beslenmenin 6nemi bir kat daha
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artmistir. Bu kapsamda diyet lifleri, viicuda enerji

saglamayan bilesenler olmalarina ragmen, ozellikle
saglikli bir gastrointestinal sistem igin gereklidir. Bu
sebeple siklikla gida formilasyonlarinda oOzellikle
fonksiyonel ozellikleri gelismis gidalar Uretiminde
kullanilmaktadirlar. Yapilan ¢alismalara gore; diyet
lifince zengin besinler kandaki lipid ve kolesterol
diizeyini azaltmakta dolayisiyla kalp rahatsizliklari,
obezite, kan problemleri, diyabet, kanser tirleri
Gzerinde tedaviyi destekleyici etkileri rapor
edilmektedir (Bakht et al. 2020, Shuxin et al. 2022,
Makki et al. 2018, Smith and Tucker 2017). Bunun
yaninda diyet lifince zengin gidalarla beslenen
kisilerde lifler, sindirim esnasinda hacim artisl
saglayarak vicutta tokluk hissi olusturmakta ve
dolayisiyla enerji diizeyini dengelemektedir. Bunun
yani sira diyet lifleri gidalara teknolojik a¢idan da
olumlu katkilar saglamaktadir. Bu nedenle diyet
lifin kimyasal ve besleyici 6zelliklerinin iyi bilinmesi,
kullanim olanaklarinin arttirilmasi ve yeni gida
olanaklarinin

formilasyonlarinda kullanilma

arastirilmasi bliyik 6nem arz etmektedir.

Diyet lifleri, gida sanayiinin farkh alanlarinda ¢ok
cesitli amaclar icin kullaniimaktadir. Diyet liflerinin
gidalardaki en ideal kullanimini  belirleyen
fonksiyonel ozellikleri su tutma kapasitesi, su
baglama kapasitesi, sisme, ¢ozlnurlik gibi

hidrasyon o6zellikleridir (Michael et al. 2019). Bu

sebeple diyet lifleri;  gidanin  yapisinda
stabilizasyonu  saglama, gidalarin  tekstiirel
Ozellikleri agisindan kivami iyilestirme, kaloriyi

azaltmaya yardimci olma ve hacim saglama gibi
olumlu oOzellikleri nedeniyle ilave edilmektedir
(Shuxin et al. 2022, Ramirez-Santiago et al. 2010).
GuUnumuizde diyet lifleri ile zenginlestirilen gida
Grlnleri popliler olarak tiiketilmektedir.

Diyet lifleri 6zellikle biskivi ve kurabiye gibi unlu
mamul Uretiminde yaygin kullaniimaktadirlar. Kisa
kesme  biskiivi sinifina  giren  kurabiyeler,
atistirmaliklara nazaran daha uzun raf Omriine
onlar  gibi  kolay

sahip  olmalar, yine

tiiketilebilmeleri ve tuketicilere farkh lezzetler
sunabilmeleri gibi nedenlerden dolayi tiketiciler
acisindan fazlaca tercih edilen driinlerden haline
gelmistir. Kurabiyenin en temel bilesenleri arasinda

un, yag ve seker yer almaktadir. Bu Urinlere

fonksiyonellik  katmak amaciyla diyet lifleri

eklenebilir. Bunlar firin {riinlerinin besleyicilik
degerini arttirmasinin yaninda diger bilesenlerle
beraber Uriinin fiziksel ve organoleptik 6zelliklerini
Fakat

zenginlestirilen ve gelistirilen bu Grlnler renk,

gelistirmektedirler. diyet lifleri ile
tekstlr ve lezzet kalitesi bakimindan tiketicilerin
beklentilerini karsilamalidir (Dhingra et al. 2012,

Smith and Tucker 2017).

Bu calismanin amaci kurabiye (retiminde bitkisel

bir atik olan ayva kabugunun kullanilarak
kurabiyelerin diyet lifi bakimindan
zenginlestirilmesi ve ayva kabugu ilavesinin
kurabiyelerin  kalite  ozelliklerine  etkilerinin

arastirilmasidir. Yapilan bu calisma ile her yastan
tiketiciye hitap edecek, daha saglikli ve fonksiyonel
Ozellikleri arttirilmis bir Griin gelistirilmistir. Yan
Grin olan ayva kabugunun fonksiyonel gida
Uretiminde degerlendirilmesiyle, ilgili sektére de
anlamda katki

ekonomik saglayacagi

duslintlmektedir.

2. Materyal ve Metot

Deneysel calismada (¢ farkh kurabiye Gretimi
diyet  Ilifli
icermeyen kontrol grubu “K”, hamurun agirhgina

gerceklestirilmistir.  Bu  ornekler;
gore kitlece %5 ve %10 diyet lifi ilaveli 6rnekler
IID5II Ve llDlOII
kodlanmistir. Orneklerin hazirlanmasi ve analizler

olarak sirasiyla seklinde

asagida belirtilmistir.
2.1 Orneklerin Hazirlanmasi

Kurabiye Gretimi igin Altindag (2011) tarafindan
recete edilen formiilasyon modifiye edilmistir.
Uretimde temel olarak un, pudra sekeri, yag,
kabartma tozu ve su kullaniimistir. Bilesenler
(kutlesel oranti carpani”X”: 100X un, 45X margarin,
45X pudra sekeri, tuz 1X, 1.5X karbonat) mikserde 1
dk homojen hale getirilmis, sonrasinda agirliklarinin
%25 i kadar su ilave edilerek homojen bigimde
hamur haline getirilmis ve 5 dk streyle iki kere alt
Ust edilerek elle yogrulmustur. Hamur merdane ile
hamur agma tahtasi Gizerinde 0.9 cm kalinliga kadar
inceltilmistir. inceltilen hamur standart 7 cm

captaki bir silindir kalip ile kesilerek elde edilen
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dairesel kurabiye hamurlari 06nceden isitilmis
firnda 180 °C'de 25 dk pisirilmistir. Elde edilen
kurabiye ornekleri, oda sartlarina gelene kadar
yaklasik 60 dakika dinlendirilmistir. Daha sonra
LDPE (dustik yogunluklu polietilen) kaplara konarak
oda kosullarinda (giines almayan ortamda) analiz
sirecine kadar muhafaza edilmistir.

Bitkisel diyet lifleri kaynag hazirhg icin Ayva
kabuklari
kabuklarindan diyet lifi preparati elde etmek igin

kullanilmistir. Ayva meyvesinin

Figuerola et al.(2005) tarafindan belirtilen yéntem

modifiye edilerek uygulanmistir. Yerel bir

marketten temin edilen Esme ayvasi (Cydonia

oblonga Mill.) o6nce vyikanmis daha sonra
meyvelerinin kabuklari yaklasik 2 mm kalinhginda
soyulmustur. Kabuklar blender (Waring, ABD)

kullanilarak pargalanmis ve etlivde (Nive) 75°C'de
8 saat slireyle kurutulmustur. Daha sonra 6rnekler
tekrar 6gutilerek toz halinde kapaklh cam siselerde

+4°C'de kullanim zamanina kadar muhafaza
edilmistir.

Kurabiye ornekleri icin yapilan ©6n duyusal
denemeler sonucunda, 20 giin depolamanin

Ozellikle sertlik ve genel begeni anlaminda daha
uygun bir depolama sireci oldugu tespit edilmis ve
20 giin depolamanin sonunda 6rneklerin analizleri
yapilmistir. Her deneme 2 paralel ve 3 tekrar olacak
sekilde  gergeklestirilmis,  veriler  sonuglarin
ortalamasi alinarak verilmistir. K, D5 ve D10 kodlu

orneklere asagidaki analizler uygulanmistir.

2.2 Analizler
Orneklerin  Su aktivitesi &lctimleri Higrolab 2
(Rotronik, isvicre) su aktivitesi cihazi ile

gerceklestirilmistir.

Orneklerin nem igerigi tayini gravimetrik yéntemle,
AACC metot No0:44.19'a gore (AACC 2002)
gerceklestirilmistir.  Pisirildikten  sonra  oda
sicakligina kadar sogumus kurabiye oOrneklerinin
¢ap (mm) ve kalinlik (mm) degerleri 5 farkh kesitten
dijital kumpas yardimiyla belirlenmistir. Yayilma
capin  kalinlik
oranlanmasiyla hesaplanmistir.

orani ise bulunan degerine

doku
amaciyla

Uretim

Orneklerin

(tekstdr)
tekstir

sonrasl
degisimlerinin  belirlenmesi
analizleri TPA cihazi (TAXi Texture Analyser, Stable
MicroSystems, Godalming, Surrey,UK) kullanilarak
gerceklestirilmistir. Test hizi 0,2 mm/s ve test
0.5 mm/s

Kurabiyelerin sertlik ve kirilganhk degerleri Newton

sonrasi  hizi olarak ayarlanmistir.

(N) cinsinden belirlenmistir.
Orneklerin L* (parlaklk), a* (kirmizihk) ve b*

(sarihk) Minolta CR-400
(Osaka, Japonya) renk tayin cihazi kullanilarak

degerlerinin  dlgimi
yapilmistir. Her 6rnek igin 3 farkli noktadan 3 6l¢lim
yapilarak L*, a*, b* degerleri belirlenmistir.

Kurabiye 6rnekleri icin toplam lif tayini AACC Metot
No: 32.07 (AACC 1990)’a gore yapilmistir.

Orneklerin duyusal kriterleri; renk, gevreklik/agizda
dagilma, tat, ve koku ve genel begeni durumlari
acisindan  6n  egitim verilmis panelistler ile
degerlendirilmistir. Ornekler beyaz florasan 1sik
altinda, beyaz plastik tabaklarda rastgele 3 haneli
rakamlarla kodlanarak servis edilmistir.
Degerlendirme icin hedonik tip skala kullaniimis
olup her bir ozellik 1 ile 5 arasinda puanlanmistir

(5: ¢cok begendim - 1: hi¢ begenmedim)

istatistiksel analiz icin IBM SPSS Statistic (SPSS Inc.
Chicago, IL, ABD) siirim 23 kullanilmistir. Verilere
varyans analizi uygulanmis ve gruplar arasindaki
farkhliklarin
karsilastirma testi kullaniimistir.

ifade edilmesi icin Dunken c¢oklu

3. Bulgular ve Tartisma

U¢ farkl uretilen

orneklerinin cap, kalinlik ve yayillma orani sonuglari

formilasyonla kurabiye
Cizelge 1'de verilmistir. Kurabiyeler ve biskivilerde
kalite degerlendirmesinde cap degeri 6nemli bir
kriterdir ve sayisal olarak bu degerin yliksek olmasi
istenmektedir (Rogers et al. 1993). Cap, kalinlik ve
yayllma orani gibi degerler tekstiirel gelisim igin
onemli olup birlikte bugday unundaki proteinlerden
gluten aglarinin gelisimiyle agiklanabilir (Avcioglu
2014). Yayilma orani ¢apin kalinliga oranidir. Elde
edilen sonuclara gore diyet lifi ilavesiyle yayilma
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orani azalmistir.

Benzer sekilde literatiirde de

portakal kabugu ve ilaveli
katki

bisktvilerin kalinhgi artarken, genislikleri ve yayilma

portakal posasi

biskivilerde oraninin ylkselmesiyle

oranlarinda azalma rapor edilmistir (Nassar et al.
2008).

Cizelge 1. Cap, kalinlk ve yayilma orani sonuglari

Analizler Kontrol D5 D10
Cap (W; 7.65+0.04" 7.69+0.05" 7.56+0.05°
cm)
Kalinlk (T;  1.30+0.05" 1.39+0.02° 1.45+0.03°
cm)
Yayilma 5.85+0.06" 5.55+0.04° 5.23+0.03°
Orani
(W/T)

(*)Bir analize ait; ayni satirdaki blyuk harflerin farklihgi, istatistiksel
olarak ortalamalar arasindaki ©6nemli farkhliklari gostermektedir
(P<0.05). (tdeger: standart hata).

Orneklerin su aktivitesi degerleri Cizelge 2’de
verilmistir. Elde edilen verilere gore en yiksek su
aktivitesi en yuksek lif receteli Girlinde elde edilmis
ve zamanla su aktivitelerinde disls tespit
edilmistir. Orneklerin aw degerleri 0.201 ile 0.239
arasinda degismektedir. Kurabiye orneklerinin en
yliksek aw degeri 0.239 olarak belirlenmistir. Bu
deger, mikrobiyolojik ¢ogalmayla ilgili esik kriter
drunlerde

olan 0.6 degerinin altinda olup

mikrobiyolojik  gelismenin  olmayacaginin  bir
gostergesidir. Nitekim literatlirde de benzer sekilde
kurabiyeler igin su aktivitesi analizlerinde 0.04-0.23

arasinda degerler rapor edilmistir (Yakici 2012).

Orneklerin nem degerlerinde lif ilavesiyle degisme

olmamis, depolama sirecinde ise istatistiksel

olarak anlamli (p<0.05) bir azalma tespit edilmistir.

Ayvanin pektin (suda ¢o6zlndr), seliloz ve
hemiseliiloz (suda ¢6ziinmez) gibi bilesenlerce
zengin olmasi onu iyi bir diyet lifi kaynagi
yapmaktadir (Pereira et al. 2023). Beklendigi

sekilde artan oranda lif ilavesiyle toplam Iif
iceriklerinde de artislar tespit edilmistir. Lifli katki
hazirhgl sirasinda sulu fazin kullanilmamasi; suda
¢6zlinlr pektin gibi bilesenlerin kaybini engellemis,
dolayisiyla ayva lifi ilavesiyle %5.62'ye varan lif
icerikli kurabiyeler elde edilmistir. Literatlirde ayva
kabuklarinin  lif iceriklerinin incelendigi  bir
arastirmada ekstraksiyon sonucu ortaya ¢ikan kati
fazin ekstraksiyon kosullarina bagh olarak % 52.46-
65.55 oraninda ¢ozinir

olmayan lif icerdigi,

ekstraksiyonun sonucu elde edilen ¢ozelti fazina ise
pektinin bliyik oranda gectigi rapor edilmistir
(Pereira et al. 2023).

Cizelge 2. Su aktivitesi(aw), toplam diyet lifi ve nem
tayini sonuglari

Analizler Ornekler 0.giin 20.giin
aw Kontrol 0.22620.002% 0.201+0.001"
D5 0.239:0.003" 0.218+0.004%®
D10 0.233+0.001** 0.217+0.003%®
Nem(%) Kontrol 7.841.5% 7.1£1.7"
D5 8.2+0.9™ 7.4+2.0%®
D10 8.4+2.1%" 7.4+1.4%
Toplam Kontrol 0.81+0.04 0.94+0.07°®
Diyet D5 3.05:0.3" 3.12:0.2"
Lifi(%)
D10 5.49+0.3% 5.62+0.4%®

(*)Bir analize ait; ayni satirdaki biyik harflerin ve ayni stitundaki kuigtik
harflerin farkhhgi, istatistiksel olarak ortalamalar arasindaki 6nemli
farkhhklar gostermektedir (P<0.05). (tdeger: standart hata).

Cizelge 3. Sertlik ve kirilganlik 6lgimi sonuglar

Analizler Ornekler 0.giin 20.giin
Sertlik(N) Kontrol 22.324¢1.7 31.23+3.2°®
D5 28.13+1.1" 34.38+1.3"
D10 32.25+¢1.2°4 36.13x0.7°®
Kinlganlk(N)  Kontrol 20.83:0.9"" 27.09+0.8
D5 21.87+2.1° 24.51+1.1%®
D10 25.01+0.9% 25.91+0.6™

(*)Bir analize ait; ayni satirdaki biiyik harflerin ve ayni stitundaki kuigtik
harflerin farkhhgi, istatistiksel olarak ortalamalar arasindaki 6nemli
farkhhklar gostermektedir (P<0.05). (tdeger: standart hata).

Orneklere ait sertlik ve kirilganlik degeri sonuglari
Cizelge 3’de verilmistir. 20 ginlik depolama
suresinin orneklerin sertlik ve kirilganlik degerleri
Uzerinde istatistiksel olarak anlamh (p<0.05) bir
etkisi oldugu tespit edilmistir. Baslangica gore tim
orneklerin daha yuksek

degerine sahip olduklari

sertlik ve kirilganhk
belirlenmistir. Bunun
sebebinin; kurabiyelerin depolama siireci boyunca
bir miktar nem kaybetmesinden kaynaklandigi
disinilmektedir. Literatlirde farkh un
formilasyonlariyla tretilen kurabiyelerin sertlik ve
kirilganlik degerleri Gizerine yapilan bir ¢alismada da
benzer bir durum rapor edilmistir (Altindag 2011).
Elde edilen bulgulara gore diyet lifi ilavesinin de
ozellikle sertlik degerlerini arttirdigl tespit
edilmistir. Bu artisin lifli yapinin hamur dokusuna
etkisi

disinilmektedir. Literatiirde de benzer sekilde

ve gluten aglarina sonucu oldugu

elma lifi ilave edilerek Uretilmis bisktvilerin sertlik

1484



degerlerinde, artan elma lifi ilavesi ile artis rapor
edilmistir (Seker 2005).

Cizelge 4. Renk 6lgimi sonuglari

Analizler Ornekler 0.giin 20.giin

L* Kontrol 73.2+1.34 70.3+1.1®
D5 63.5+1.3" 61.8+0.9°8
D10 51.941.1* 50.7+0.7°*

ax Kontrol 8.4+1.9% 9.2+0.9°A
D5 12.7+1.1% 11.1+1.4%A
D10 16.81+1.9™ 17.3+1.3%

b* Kontrol 34+]1 2% 32.4+0.4°8
D5 39.4+1.5% 37.9+1.8%A
D10 45.6+1.8" 42.7.3+1.4A

(*)Bir analize ait; ayni satirdaki biiyuk harflerin ve ayni stitundaki kiiguik
harflerin farkhhgi, istatistiksel olarak ortalamalar arasindaki 6nemli
farkliliklari géstermektedir (P<0.05). (tdeger: standart hata).

Kurabiyelerin renk 6lcimi sonuclari Cizelge 4’de
verilmistir. L* degerleri renklerde olusan koyulasma
ile ilgilidir. Kurabiyelerin pisme sonrasi renklerinde
esmerlesme(koyulasma) meydana gelmektedir.
Bunun sebebinin, icerdikleri yliksek seker miktarina
bagh olarak gerceklesen karemelizasyon ve
yapidaki

meydana

amino asitler ve sekerler arasinda
gelen Maillard
kaynaklandigi belirtilmistir (Alobo 2001) Dolayisiyla
Maillard

bisktvi gibi bir cok hububat Grliniiniin lezzetine

reaksiyonundan

reaksiyonlari, ekmek, kek, kurabiye,
etkilidir. Bu calismada ayva kaynakli diyet lifli katki

ilavesiyle L* parlaklik  degerinin  azalmasi,
kurabiyelerin pisirilmesiyle beraber ayva kaynakh
bitkisel ilavenin de esmerlesmede etkili oldugunu
gostermektedir. Benzer sekilde diyet lifi ilavesiyle
orneklerin +a* degerleri (kirmizilik) ve +b* degerleri
(sarilik) de kontrol 6rneklerine gbére daha yliksek
bulunmustur. Literatirde de elma lifi ilaveli
biskuvilerde benzer sekilde a* ve b* degerlerinde

artis rapor edilmistir (Seker 2005).

Orneklerin duyusal analiz sonuglari Cizelge 5’te
verilmistir. Genel olarak skorlar incelendiginde
daha
depolama siireci sonunda tim skorlarda diisme

baslangicta 6rnekler ¢ok begenilirken,

gozlemlenmistir. Lif katkili kurabiyelerde pisme

sonrasl kontrol orneklerine nazaran L*

degerlerindeki sonuclar agisindan daha fazla
esmerlesme olmaktadir. Bu veri duyusal analizlerde
renk kriteri ile beraber irdelendiginde ozellikle

depolama siireci sonrasinda bu esmerlesmenin

diyet lifi katkili 6rneklerde daha olumsuz yansidigi
ve skorlarin 3.45-3.61 arasinda degistigi tespit
edilmistir. Kontrol 6rneklerinde ise bu deger 3.94
olarak daha yiiksek bulunmustur.

Cizelge 5. Duyusal analiz sonuglari

Analizler Ornekler 0.giin 20.giin
Renk Kontrol 4.17+0.3"~ 3.94+0.1°4
D5 4.44+0.2" 3.61+0.1°8
D10 3.93+0.2% 3.45+0.2°
Gevreklik Kontrol 4.26+0.4°4 2.25+0.9%B
D5 4.29+0.2°A 2.38+0.4°®
D10 421405 2.32+0.9®
Koku Kontrol 3.23+0.3% 3.42+0.4°A
D5 4.31+0.3" 4.10+0.8°*
D10 4.42+40.1" 4.12+0.3%A
Tat Kontrol 4.23+0.2" 3.91+0.3
D5 4.37+0.2% 3.9240.2*A
D10 4.66+0.2°" 4.01+0.3*
Genel Begeni Kontrol 4.02+0.1°* 3.46+0.4°
D5 4.44+0.2% 3.55+0.2°8
D10 4.38+0.1*" 3.50+0.3%

(*)Bir analize ait; ayni satirdaki biyuk harflerin ve ayni situndaki ktigtik
harflerin farkhhgi, istatistiksel olarak ortalamalar arasindaki Gnemli
farkhhklar gostermektedir (P<0.05). (tdeger: standart hata).

Gevreklik acisindan orneklerde baslangic degerleri
daha yilksek olmakla birlikte, depolama sonucu
gevreklik degerlerinde muhtemel nem kaybina
bagh olarak anlamli bir disme tespit edilmistir
(p<0.05). Diyet lifli 6rnekler ile kontrol ornekleri
arasinda istatistiksel olarak anlamli bir fark tespit
Panelistler [if katkil
meyvemsi koku algiladiklarini belirtmis ve bu da

edilememistir. orneklerde
skorlarda kontrol 6rneklerine gore lifli drneklerin
daha yiksek begeni almalarina neden olmustur.
Literatlrde farkli olarak bugday ve bugday kepegi,
elma ve limondan elde edilen liflerle Uretilmis
biskiivilerde benzer bir c¢alisma yapilmistir. Bu
¢alismadaki duyusal analiz sonuglarinda lif
miktarinin artmasiyla biskivinin duyusal kalitesinin
azaldigr goralmistir (Uysal 2005). Bu calismaya
gore ise baslangicta tadi en begenilen 6rnek ise
yuksek lif katkih 6rnek olmus, 4.66 skoruyla en
yliksek begeniyi almistir. Burada Uretim sonrasi
tadin

duslintlmektedir.

begenilen meyvemsi kokuyla beraber

etkili
Genel begeni skorlari incelendiginde tim 6rnekler

algilanmasinin oldugu

icin genel begeni depolama sireci sonunda

dismustiir.  Baslangic  analizlerinde  6zellikle

muhtemel renk kriterinin ve meyvemsi kokunun

etkisiyle kismen esmerlesmis diyet lifi katkil
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ornekler begenilirken, depolama siireci sonunda

meyvemsi kokunun da uzaklagsmasinin da etkisiyle
genel
istatistiksel olarak anlamli bir fark olmamistir.

orneklerin begeni skorlari  arasinda

4. Sonug

Gergeklestirilen bu calismada, bitkisel kaynakl bir
atik olan ayva kabuklarinin fonksiyonel 6zellikleri
gelistirilmis kurabiye Gretiminde basarili bir sekilde
kullanilabilecegi ortaya konulmustur. Elde edilen
sonuclara gore diyet lifi ilavesi kurabiyelerin temel
kalite kriterlerinde olumsuz bir etkiye neden
ozellikle duyusal analizler

olmamis, acgisindan

Uretim sonrasi kismen algilanabilen meyvemsi
aromalari sebebiyle daha c¢ok tercih edilen drin
haline gelmislerdir. Bu ve benzeri c¢alismalarin,
bitkisel

atiklarin degerlendirilerek fonksiyonel (riinlerin

biyoaktif bilesenler agisindan zengin

Uretilmesine ve katma degeri ylksek drinlere
dontsmesine isik tutacagi disliniilmektedir.
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B-trikalsiyum fosfat (B-TCP), ortopedi uygulamalarinda siklikla kullaniimakta olan kalsiyum fosfat (CaP)
esasl biyoseramik malzemelerden biri olup biyoemilebilir karakterdedir ve implantasyon alanina bagli

olarak macun, kaplama, toz, granll vb. formlarda uygulanabilmektedir. B-TCP Uretimi igin genellikle
tercih edilen yas kimyasal yontemlerde, Uretim sirelerinin uzun ve ¢ok adimli olmasi ve proses
parametrelerinin kontrol edilmesinde gulglikler yasanmasi nedeniyle farkli sentez yollarinin
gelistirilmesi yonlinde arastirmalar agirlik kazanmistir. Bu ¢alismada, B-TCP tozlari deneysel siirecin ¢ok

Ana'htar’ kelimeler daha kisa ve pratik olmasi yonleriyle 6n plana ¢ikan mikrodalga destekli sentez teknigi ile elde edilmistir.
B-Trikalsiyum fosfat

tozu: Hazirlanan Ca ve P kaynak ¢ozeltileri reaksiyona sokulduktan sonra mikrodalga isimasina tabi tutulmus,

Mikrodalga destekli 1Isima sonrasi Urinlin santrifij edilmesiyle agiga ¢ikan yas ¢okelti kurutulmus ve nihai olarak 900°C’de 1sil

sentez; islem gormesi saglanmistir. Boylelikle antibakteriyellik ve kemik gelisimini destekleme ozellikleri

iyon katkilama; sergilemesi beklenen ce” ve SeO3‘2 katkili B-TCP tozlan (retilmistir. Tozlarin karakterizasyonu

Biyoaktivite davranisi; ~ kapsaminda; X-Isini Difraksiyonu (XRD) ile kimyasal faz analizi, Taramal Elektron Mikroskobu (SEM) ve

Antibakteriyel 6zellikler ~ Enerji Dagilim Spektrometresi (EDS) ile mikroyapi ve elementel haritalama incelemeleri, viicut benzeri
sivi (Simulated Body Fluid, SBF) igerisinde 37°C’'de 14 giin tutma suretiyle biyoaktivite davranisinin
belirlenmesi ve Staphylococcus aureus (S. aureus, ATCC 25923) kullanilarak yapilan bakteri etkilesim
testleri dogrultusunda antibakteriyellik 6zelliklerinin tayin edilmesi gergeklestirilmistir. Sentezlenen
tozlar, ylzeylerinde 1X SBF ¢ozeltisinde 14 giin bekletiime sonucunda CaP esasli birikintiler
olugturmustur ve bu durum o6rneklerin biyoaktif karakterde oldugunu gostermektedir. Ayrica, iyon
katkisina bagli olarak bakteri koloni sayisinda azalma tespit edilmesi de tozlarin antibakteriyellik
Ozelligine isaret etmektedir.

Investigation of Antibacterial Properties of lon-Doped B-Tri-calcium
Phosphate Powders Produced via Microwave-Assisted Synthesis
Technique

Keywords
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phosphate powders; CaP-based bioceramic materials are widely used in orthopedic applications. B-tri-calcium phosphate (-
Microwave-assisted TCP) is a bioresorbable member of the CaP-based compounds and can be implemented as putty,
synthesis;
lon-doping;
Bioactivity behavior;
Antibacterial

coating, powders, granules, etc. depending on the implantation area. B-TCP is usually produced with
wet chemical synthesis systems. However, long synthesis durations, processes with multiple steps, and
difficulties in controlling the process parameters yield the researches to develop novel production
methods. Recently, the microwave-assisted synthesis technique has drawn attention due to its

properties
advantages such as being a shorter and more practical experimental procedure. In this study, B-TCP
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powders were fabricated via the microwave-assisted synthesis method. Ca and P source solutions were

prepared, and following their reaction microwave radiation was applied. The obtained product was
centrifuged to separate the precipitate, and then this wet part was dried, and finally calcined at 900°C.

In this way, ce* and Se03'2 doped B-TCP powders, which may show antibacterial properties and induce

bone regeneration were achieved. Chemical phase analysis with X-Ray Diffraction (XRD), Scanning
Electron Microscope (SEM), and Energy Dispersive Spectroscopy (EDS) observations to investigate the

microstructure and elemental mapping, immersion in the Simulated Body Fluid (SBF) for 14 days at 37°C

to determine the bioactivity behavior, and bacteria interaction studies by using Staphylococcus aureus
(S. aureus, ATCC 25923) to evaluate the antibacterial activity of the synthesized powders were done

within characterization. Formation of the CaP-based precipitates on the surfaces of the powders

depending on immersion in 1X SBF solution showed the bioactive character of the products. Moreover,
a reduction in the number of bacterial colonies proved that the ion-doped powders exhibited

antibacterial properties.

1. Giris

Kalsiyum fosfat (CaP) esasli malzemeler, kemik,
cene, yluz ve dis cerrahisinde kullanilan
implantlarda ve kemik doku mihendisligi

calismalarinda yogun olarak tercih edilmektedir. B-
trikalsiyum fosfat (B-TCP, B-Ca;(PO,),) bilesigi de en
stk kullanilan apatit ailesi Gyelerinden biridir. CaP
bilesiginin viicut sivisindaki ¢6zinurlagi (Ca/P)
molar oranina bagh olarak degismektedir. Bu oran,
B-TCP icin 1,5 olup malzemenin vicut sivilari ile
gectiginde daha hizlh  emilim
saglamaktadir.  Nitekim  B-TCP
biyobozunur doku iskelesi uygulamalari icin ideal

temas haline

gostermesini

bir biyoseramik malzeme olarak tanimlanmaktadir.
B-TCP partikdlleri viicut sivilari ile gok hizli tepki
verme Ozelligine sahip oldugu icin hasarl bolgede
kemik doku indiikleyerek hastanin
iyilesme sirecini kisaltmaktadir (Hench 1991,
Hench 1998, Orvloskii vd. 2002, Ratner vd. 2004).
B-TCP partikulleri,
icerisinde farkh

gelisimini

klinik uygulamalarda kemik
sebeplerle olusan bosluk ve
catlaklari iyilestirebilmek icin greft (dolgu
malzemesi) olarak kullaniimakta olup yas kimyasal
¢Oktlirme, sol-jel metodu, kati-hal reaksiyonlari,
hidrotermal sentez gibi c¢esitli yontemlerle
Uretilebilmektedir (Hench 1998, Kumta vd. 2005,

Chaair vd. 2017, Yelten ve Yilmaz 2018, Bohner vd.

2020). Ancak bahsedilen yontemler; uzun ve
kompleks proses asamalari, Ozellikle vyas
metotlarda dikkate alinmasi gereken proses

parametrelerinin c¢oklugu ve bu parametrelerin
kontrolli noktasinda karsilasilan zorluklar, partikil
boyutlarinda heterojenlik ve aglomerasyon olusma
riski gibi Uretimi kisitlayici yonlere sahiptir. Ote
sentez

taraftan mikrodalga destekli yontemi,

© Afyon Kocatepe Universitesi
geleneksel metotlarin aksine daha kisa proses
sureleri, saf, homojen ve mikron alti boyutlu
partikillerin Gretimi, daha diisik enerji sarfiyati ve
daha
edilebilirligi gibi 6nemli avantajlar tasimaktadir (Sha
vd. 2011, Nazir vd. 2013, Shavandi vd. 2015).
Mikrodalga destekli
bilesiklerin Uretilmesinde yaygin olarak kullanilan

Uretim parametrelerinin rahat kontrol

sentez islemi, CaP esash
geleneksel yas kimyasal sentez proseslerine gore
¢ok daha kisa siire icerisinde uniform partikdllerin
elde edilmesine firsat tanimaktadir. Mikrodalga
destekli hedef

sicakhigina dakikalar icerisinde ulasilarak reaksiyon

sentez teknigi ile reaksiyon
tamamlanmakta olup uriin eldesi saglanmaktadir.
S6z konusu yontemde 1si, mikrodalgaya maruz
kalan malzemenin

blinyesinde olustugu igin

malzemenin kendisi bir 1s1  kaynagl haline
gelmektedir. Boylelikle, 1s1 tim malzeme hacmine
seri ve homojen bir sekilde ulasmaktadir. Prosesin
¢ok kisa bir zaman diliminde gergeklesmesi
sayesinde tane blylimesine ya da kabalasmasina
firsat taninmadan mikron alti boyutlu partikillerin
sentezlenmesi mimkin olmaktadir (Kalita ve
Verma 2010, Sha vd. 2011, Shavandi vd. 2015, Zhou
ve Bhaduri 2012, Sabu vd. 2019). Mikron alti
boyutlu B-TCP partikilleri, implant operasyonu
kapsaminda enfeksiyon meydana gelme riskini en
aza indirebilmek ve ayni zamanda kemik
olusumunu da hizlandirmak adina gesitli elementler
ile katkilandirilabilir. Seryum (Ce) iceren bilesiklerin
bakteriyostatik  ozellikleri

sayesinde implant

uygulamalarinda meydana gelebilecek olasi
enfeksiyonlarin 6nline ge¢mesi beklenmektedir
(Ciobanu vd. 2015, Gopi vd. 2014, Ciobanu vd.

2016). Selenyum (Se) ise viicutta kansere karsi
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koruyucu, antioksidan ve antibakteriyel ozellikler
gostermekte olup c¢ift yonli bir biyolojik etki
sunmaktadir. Hem kanser tedavisinde timaoriin
tekrar olusumunu engelleme etkisi hem de
antibakteriyel olmasi sebebiyle (Wei vd. 2017, Sun
vd. 2017, Uskokovic vd. 2017) Se katkisina yonelik
arastirmalar  son

zamanlarda artarak devam

etmektedir. Bu c¢alismada, mikrodalga destekli
sentez yontemi kullanilarak seryum (Ce*®) ve selenit

(Se05?) iyonlari ile katkilandirilmis mikron alti

boyutlu B-TCP partikilleri Uretilmistir.
Antibakteriyel 6zellikler kazandirmasi sebebiyle s6z
konusu iyonlar ile katkilandirnlan  B-TCP
partikiillerine  kimyasal faz ve  mikroyapi
analizlerinin  yanisira in vitro (vicut disl)
biyoaktivite ve bakteri etkilesim testleri de
yapilmistir.

2. Materyal ve Metot

B-TCP (B-Cas(P0O,);) tozu dretimi mikrodalga

destekli sentez yontemiyle gergeklestirilmistir. Bu
amagla, ev tipi bir mikrodalga firin modifiye
edilmistir. Mikrodalga firinin st kisminda bir delik
acilarak reaksiyon sirasinda kaybedilen suyun geri
akisi (refluxing) icin bullu sogutucu kullaniimis olup
¢alisma boyunca su
sirkiilasyonu ile desteklenmistir. Kalsiyum (Ca)
kaynagi kalsiyum nitrat tetrahidrat (Ca(NOs),.4H,0,
Sigma-Aldrich, ACS Reagent, 99%) ve fosfor (P)
kaynag ise  diamonyum  hidrojen  fosfat
((NH4),HPO,, Sigma-Aldrich, ACS Reagent, >98%)
¢Ozeltileridir. Mikrodalga destekli sentez teknigi ile

mikrodalga firin, suresi

B-TCP tozu uretimi igin kullanilan deney diizenegine
ait fotograf Sekil 1'de yer almaktadir. Deneyin ilk
etabinda, Ca ve P kaynag c¢ozeltilerinden olusan
karisim, B-TCP fazinin sitokiyometrisi ile uyumlu
olarak (Ca/P) molar orami 1,5 olacak sekilde

hazirlanmistir.  Uygun miktarda sulu amonyak
(Isolab, NH,OH, 25%) ilavesi yapilarak karisimin pH
degerinin 8 seviyesinde tutulmasi saglanmistir.
Katkilama islemi Ce* iyonlarinin (molce %1) Ca** ve
selenit (Se0s™) iyonlarinin (molce %1) ise fosfat
(PO,)? iyonlariyla yer degistirmesi dogrultusunda
gerceklestiriimektedir (Gopi vd. 2014, Wang vd.
2012). Bunun igin Ce™ kaynag olan seryum (lll)

nitrat hekzahidrat (Ce(NO;);.6H,0, Aldrich, 99%

trace metals basis) Ca kaynagi ¢ozeltisine; (Se03?)
kaynagl olan sodyum selenit (Na,(SeOs), Sigma,
99%) ise P kaynagl cozeltisine ilave edilmektedir.
Boylelikle ¢ozelti konsantrasyonlari; (Ca+Ce)/P ve
Ca/(P+Se) B-TCP
sitokiyometrisi ile uyumlu olarak 1,5’i koruyacak

molar orani yine fazinin
sekilde hazirlanmistir. Elde edilen ¢ozelti karisimi
mikrodalga firina alinmis ve 5 dakika 800 W
mikrodalga glici uygulanmistir. Klasik yas kimyasal
¢Oktlirme prosesleri ¢ekirdeklenme-agregatlasma-
aglomerasyon-biiyiime mekanizmasina

dayanmaktadir (Mostafa 2005).

Bu bakimdan her ne kadar c¢oktirme prosesi
sicakhk etkisi altinda gerceklestirilebilir olsa da
sureleri  diftizyon

reaksiyon ve olgunlastirma

sirecinden 6tlri  ¢ok uzun olabilmekte ve

aglomerasyon, anormal tane biylimesi gibi
durumlara yol acabilmektedir (Yelten ve Yilmaz,
2018, Gungor Koc ve Ahmed, 2019, Samanta vd.
2019). Partikiler yapidaki bir malzemeye absorbe
olan mikrodalga enerijisi ise malzeme sicakhgini cok
kisa bir zaman diliminde ylikseltmektedir. Isinin
malzemenin tim hacmine hizlica vyayilmasi
sayesinde partikil sentezi de oldukg¢a seri bir
sekilde gerceklesmektedir (Kalita ve Verma 2010,

Pasand vd. 2012, Hassan vd. 2016).
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Sekil 1. Mikrodalga destekli sentez teknigi ile B-TCP tozu
Gretimi icin kullanilan deney diizenegi.

Bu baglamda, ev tipi mikrodalga firin,
uygulayabilecegi maksimum giigte (800 W) ve daha
evvel vyapilmis ©6n denemeler dogrultusunda
belirlenen en kisa sire (5 dakika) calistirilarak

sentez islemi gergeklestirilmistir.
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Mikrodalga destekli sentez sonrasinda reaksiyonun
gerceklestirildigi cam balon firin disina alinmis ve
oda sicakliginda sogumaya birakilmistir. Santrifij ile
kati/sivi kisim ayirma ve vorteks uygulayarak saf su
ile yikama adimlarindan sonra elde edilen macun

70-80°C'de
fazinin  elde

etlivde
B-TCP
edilebilmesi icin ham durumdaki malzeme, havan

kivamindaki 1slak  Grin,

kurutulmustur.  Kristalin
ve tokmak yardimiyla manuel olarak 6gitiildiikten
sonra 900°C’de 1 saat kalsine edilmistir. Calismanin
hedefinde mikrodalga destekli sentez teknigi ile
mumkiin olan en kisa siirede kiclk ve uniform B-
TCP partikdllerini
Dolayisiyla

Uretebilmek yer almaktadir.

kalsinasyon prosesinin neden

olabilecegi  tane  blylimesi/kabalasmasi  ve
sinterlemenin baslamasi gibi durumlarin Oniline
gecebilmek icin kristalin B-TCP’nin tek faz olarak
eldesine imkan taniyan disik kalsinasyon sicakhgi
ve kisa kalsinasyon siresi parametreleri ile
cahsiimistir (Oliveira vd. 2009, Othman vd. 2017,

Simsek ve Avci 2019, Bohner vd. 2020).

Isil islem neticesinde agiga ¢ikan kristalin yapidaki
toz orneklerin faz icerigini tayin edebilmek igin 10-
70° difraksiyon acisi araliginda ve 2°/dk cekim hizi
(XRD) analizleri
gerceklestirilmistir. Bu sayede mikrodalga destekli

kosulunda X-Isini Difraksiyonu

sentez prosesi sonucunda olusan CaP esasl

bilesikler tespit edilmistir. Uretilmis olan toz

orneklerin mikroyapi ve elementel haritalama
analizleri Taramal Elektron Mikroskobu (SEM) ve
Enerji Dagilim Spektrometresi (EDS) kullanilarak
yapilmistir. Toz Orneklerin ylizeyi analiz 6ncesinde
ince bir altin tabakasi ile kaplanarak iletkenlik

saglanmistir.

Tozlarin  in  vitro  biyoaktivite  davranisini

belirleyebilmek igin Prof. Tadashi Kokubo’nun
(Kokubo ve Takadama 2006) protokoliine bagl
kalinarak vicut benzeri sivi (Simulated Body Fluid,
SBF) ¢ozeltisi hazirlanmistir. Bu ¢ozeltinin pH degeri
7,4 olup vicut sivilari ile uyumludur. Toz 6rnekler
SBF ¢ozeltisinde viicut sicakhgl olan 37°C'de 14 gilin
bekletilmistir (Baino ve Yamaguchi 2020, Tabak
2023). Orneklerin SBF c¢ozeltisindeki davranisi
7-14-21 gln
degerlendirilmekte olup ¢alisma baglaminda ilk 14

literatlirde genellikle zarfinda

glinde malzeme ylizeyinde biriken CaP esasli yapilar
SEM ile
Alshemary vd. 2022). Dis atmosfer ile temasi

incelenmistir (Rattanachan vd. 2018,

onlemek icin kapaklari kapal sekilde 15 ml’lik
tiplere  konulan toz Orneklerin icerisinde
bekletildigi SBF periyodik
degistirilmis olup o6rneklerin ylzeylerinde apatit

da yine SEM ile

cOzeltileri olarak

tabakasi birikme durumu
gbzlemlenmistir.

hakkinda fikir
edinebilmek icin Staphylococcus aureus (S. aureus,
ATCC 25923) bakteri

¢alismalari Zira S.
(surgical site

Tozlarin antibakteriyellik 6zelligi
kullanilarak etkilesim
gerceklestirilmistir. aureus,
cerrahi alan enfeksiyonlarina
infections, SSIs) neden olan en yaygin bakteridir.
Klinik ortamda en sik karsilasilan bakteri olan S.
aureus ortopedik ekipman enfeksiyonlarinin ve
enfeksiyona bagli primer cerrahide basarisizligin en
onemli sebebidir (Saadatian-Elahi vd. 2008, Chen
vd. 2013, Hardststock vd. 2020). Bu kapsamda,
katkisiz ve iyon katkii B-TCP partikillerinin S.

aureus kolonileri lGzerindeki etkisi agarli besiyerleri

Uzerinde  koloni  sayimi  yapmak suretiyle
degerlendirilmistir.

3. Bulgular ve Tartisma

Sekil 2(a)’da verilen XRD sonug¢ grafigine

bakildiginda katkisiz 6rnek icin yalnizca B-TCP fazina
(Whitlockite, syn. JCPDS Card No: 09-0169) ait
pikler gortlmektedir (Ebrahimi vd. 2012). Soz
Miller
indislemeleri de grafik tzerinde yapilmistir. Katkisiz

konusu fazin piklerine karsilik gelen
ornekte herhangi bir ikincil faz bulunmamaktadir.
Yeniden Uretimler gergeklestirilerek Grin eldesinin
tekrar edilebilirligi test edilmis ve parametre
optimizasyonunun uygunlugu dogrultusunda her
denemede B-TCP’nin ana faz oldugu toz drinlerin
Uretimi saglanmistir. iyon katkili érneklerin yine
Sekil 2’de yer alan XRD sonug grafiginde ise her iki
ornek icin de hakim faz B-TCP’dir. Ce™ iyonu ile
katkilandirilmis 6rnek (2b) kalsiyum seryum fosfat
(Ca-Ce-(POy), #01-087-1161, #00-057-0028)
kimyasal faz yapisinda olmakla birlikte Ce(PO,)
(#01-084-0247) gibi vyan
belirlenmistir. SeO5™ katkili 6rnek (2c) icin de yine

fazlarin da wvarhg

B-TCP fazinin karakteristik pikleri tespit edilmistir.
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Sekil 2. Mikrodalga destekli sentez teknigi ile Uretilen (a)
katkisiz, (b) Ce® katkill ve (c) SeOs;” katkili B-TCP
tozlarina ait XRD analizi sonucu.

Mikrodalga destekli sentez ile Uretilen katkisiz ve
iyon katkili B-TCP tozlarina ait SEM (FEI Nova Nano
430) goriantaleri  Sekil
Goriuntilerde 6rneklerin hem ham yani isil islem
hem de 900°C'de kalsine edilmis
mikroyapi Ozellikleri dikkat cekmektedir. Katkisiz

3'te yer almaktadir.
goérmemis,

ham B-TCP tozlarinin plaka ya da pul olarak
tanimlanabilecek bir partikil sekline sahip oldugu

gorilmektedir. 900°C'de 1 saat siresince
gerceklestirilen  kalsinasyon islemi sonrasinda
olgunlasmaya (kristallenme) bagli olarak

partikillerin kiiresele yakin bir morfoloji kazandigi
gozlemlenmektedir. Katkisiz B-TCP tozlarina benzer
sekilde Ce™ ve SeO;” katkili drneklerde de ham
tozlar ile kalsine olan tozlar partikiil sekli, boyutu ve
topaklanma durumu bakimindan birbirinden
belirgin bir sekilde ayrilmaktadir. Ham tozlarin
partikiil  sekli plaka ya da pul olarak
tanimlanabilirken kalsine tozlarin partikiil sekli ise
kiiresele yakindir. Katkili B-TCP tozlarinda katki
elementinin (Ce ve Se) dagihmini inceleyebilmek
icin SEM-EDS (Hitachi SU3500-Oxford Instruments
x-act) analizi kullanilarak elementel haritalama
yapilmistir ve sonuglari Sekil 4'te sunulmustur. EDS
katki
homojen sekilde dagildigini ortaya koymaktadir
(Abdulaah vd. 2023, Tao vd. 2023). Mikrodalga
destekli sentez teknigi ile Ulretilen katkisiz, Ce™
katkili ve SeO5 katkili B-TCP tozlarinin SBF ¢ozeltisi

icerisinde 37°C’'de 14 giin bekletilme sonrasinda

haritalamasi iyonlarinin  B-TCP yapisinda

ylzeyleri (zerinde zamana bagli olarak biriken
¢cOkeltilerin SEM goriuntileri Sekil 5'te verilmistir.
Gozlemlere gore katkisiz ve iyon katkili 6rnek
gruplarinin her birinde CaP esasli ¢okelti biriktirme

egilimi yakin seviyelerdedir. Aglomere tabakalar
seklinde biriken bu yapilarin toz ylizeyini kaplamis
oldugu gorilmektedir ki bu durum, O6rneklerin
biyoaktif karakterine isaret etmektedir.

p 3um - ek 3pm A K © 5 pimiag
L Wa g =

Sekil 3. Mikrodalga destekli sentez teknigi ile Uretilen
(a,b) katkisiz B-TCP tozlarina, (c,d) ce™ katkili ve (e,f)
SeO_a,'2 katkil tozlara ait SEM goruntdleri. (a, c, e: ham
tozlar; b, d, f: kalsine tozlar)

(a) (b)

Sekil 4. Mikrodalga destekli sentez teknigi ile tretilen (a)
Ce™ katkili ve (b) SeO5” katkili B-TCP tozlarina ait SEM-
EDS elementel haritalama analizi.
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(b)

Sekil 5. Mikrodalga destekli sentez teknigi ile Uretilen (a)
katkisiz, (b) ce™ katkili ve (c) Se0;” katkili B-TCP
tozlarinin SBF ¢Ozeltisi igerisinde 37°C'de 14 giin
bekletilmesi sonrasinda ylzeyleri tizerinde zamana bagli
olarak biriken ¢okeltiler.

Bakteri etkilesim test sonuclari (Sekil 6) ise Ce™
katkili ve SeO5 katkili tozlarin antibakteriyel 6zellik
gosterdigini
destekli sentez teknigi ile Uretilen Ce** katkili ve
Se05” katkili tozlarin koloni sayilari katkisiz B-TCP
tozlarinin koloni sayilarina gore ¢ok daha dusuktir.

dogrulamaktadir. Zira mikrodalga

Ce® katkili 6rnekler bakteri gelisimini neredeyse
yari yariya azaltmisken, SeO;? katkili numuneler
bir etki Dolayisiyla Ce
katkisinin koloni olusumunu azaltma noktasinda

daha az gostermistir.
daha etkili oldugu acik¢a fark edilmektedir. Bu
noktada katki iyonlarinin B-TCP’deki iyonlar ile
yapisal benzerlige sahip olma/olmama durumu,
farkli katki iyonlarinin farkli antibakteriyel etki
mekanizmalari gdstermesi ve malzemenin emilim
kinetigi Gzerindeki davranislari gibi faktorler etkili
olmaktadir (Albulescu vd. 2019, Magbool vd. 2021,
Kamphof vd. 2023). Orneklerin antibakteriyellik
ozellikleri, katki iyonlarini birbirleri ile
kiyaslamaktan ziyade katkilama yapilmis B-TCP
ornegini kendi test grubundaki kontrol 6rnegi ile
karsilastirilarak degerlendirilmistir. Kontrol
numuneleri, bakterinin besi yeri icerisinde katkisiz
B-TCP veya antibakteriyel ajan katkili B-TCP tozu
olmadan biyludigu orneklerdir (Duan vd. 2021,
2022).

zaman katkisiz B-TCP 6rneklerinin

Stipniece vd. Kontrol numuneleri ile
kiyaslandigi
herhangi bir antibakteriyel ajan icermedigi halde de
kontrol grubuna gbre benzer ya da daha iyi bir
antibakteriyellik

davranisi gosterdigi

anlasiimaktadir.

25
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Sekil 6. Mikrodalga destekli sentez teknigi ile Uretilen
katkisiz B-TCP, (a) Ce* katkili ve (b) SeO;” katkili tozlarin
koloni saylari. (0,01 g/ml konsantrasyon) (CFU: colony
forming unit)

4. Tartisma ve Sonug

malzeme  olan B-TCP,

antibakteriyel oOzellikler sergilemesi hedeflenerek

Biyoemilebilir  bir

Ce"™ ve Se0;? iyonlari ile katkilandirilmistir. Katkili
B-TCP partikillerinin Gretimi icin proses parametre
kontrolii daha pratik bir metot olan mikrodalga
destekli sentez yontemi kullaniimistir.

Mikrodalga destekli sentez prosesi diger geleneksel
yas kimyasal Uretim metotlarina nazaran daha az
asamali olma, mikron alti boyutlu ve uniform
avantajlariyla ilgi

partikiil  elde etme gibi

¢ekmektedir.

Calisma kapsaminda, katkisiz, Ce** katkili ve SeO;”
katkili B-TCP partikilleri mikrodalga destekli sentez
teknigi kullanilarak dakikalar igerisinde Uretilmistir.

XRD sonucglari  katkisiz ve iyon katkih toz
orneklerdeki ana fazin B-TCP (Whitlockite)
oldugunu gostermistir.

Mikroyapl analizlerinden kalsine B-TCP

partikiillerinin kiresele yakin bir sekle sahip oldugu
gorilmustir.

EDS elementel haritalama analizleri dogrultusunda
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katki iyonlarinin B-TCP yapisinda homojen bir
sekilde dagildig belirlenmistir.

Katkisiz ve iyon katkili 6rnek gruplarinin her biri,
biyoaktif karakterleri dogrultusunda viicut benzeri
sivi icerisinde 14 giin bekletmeye bagli olarak CaP
esasli ¢okelti biriktirme egilimi sergilemistir.

bakteri
etkilesim calismalari sonucunda Ce™ katkili ve
Se05” katkili 6rneklerin katkisiz B-TCP’ye gére daha
disik koloni sayilarina sahip olmasi iyon katkil
isaret

S. aureus kullanilarak gergeklestirilen

numunelerin antibakteriyel 6zelliklerine

etmektedir.
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Bu calismada, tetraetilen ortosilikat (TEOS) 6ncilinden sol-jel reaksiyonu ile sentezlenen silika

aerojelleri (SA) igeren, elektroegirme yontemiyle Uretilmis hidrofobik polistiren (PS) bazlh nanoliflerin
yapisal, morfolojik, islanabilirlik ve termal ozellikleri sirasiyla FTIR, SEM, su temas agisi, DSC ve TGA
analizleriyle incelenmistir. FTIR analizi, SA'nin fiziksel baglarla PS matrise dagildigini, polimerin
molekiler yapisini degistirmedigini gostermistir. SEM goriintilerinde SA miktarinin artmasiyla birlikte
Anahtar kelimeler nanolif caplarinda azalma, buna karsin topak olusumunda ve yiizey pirizliilugiinde artis gorilmiistir.
Polistiren; Silika Ayrica, yapisindaki Si—OH gruplari nedeniyle artan SA miktarina bagl olarak hidrofobik PS nanoliflerin su
Aerojel; Elektroegirme;  temas agilarinda azalma meydana gelmistir. Termal 6zelliklere bakildiginda, SA miktarinin artmasiyla
Nanolif beraber PS bazli nanoliflerin camsi gegis sicakliklarinda azalma meydana gelmistir. Bu durum SA’larin
plastiklestirici gibi davranarak polimer zincirleri arasindaki serbest hacmi arttirmasindan ve zincir
hareketlerini kolaylastirmasindan kaynaklanmistir. Diger taraftan SA miktari arttikga nanoliflerin termal
dayanimlari artmis, maksimum bozunma sicakliklari 33°C 6telenmistir. Sonucta SA katkisi, PS bazli
nanoliflerin hidrofobik 6zelligini dusirse de plastiklestirici etkisiyle PS’nin islenebilme sicakhigini
azaltmis, termal kararliligini arttirmis ve daha genis ylizey alanina sahip daha ince nanoliflerin eldesine

imkan vermistir.

Effect of Silica Aerogel on Thermal Properties of Hydrophobic
Polystyrene Nanofibers
Abstract

In this study, the structural, morphological, wettability and thermal properties of hydrophobic
polystyrene (PS) based electrospun nanofibers, which contains the silica aerogels (SA) synthesized from

tetraethylene orthosilicate (TEOS) precursor by sol-gel reaction, were investigated by FTIR, SEM, water
contact angle, DSC and TGA analyzes, respectively. FTIR analysis showed that the SA dispersed into the
PS matrix by physical bonds and did not change the molecular structure of the polymer. The SEM

Keywords images displayed that the nanofiber diameters decreased with increasing SA amount, while
Polystyrene; Silica agglomeration and surface roughness increased. In addition, the water contact angle of the
Aerogel; hydrophobic PS nanofibers decreased due to the increased amount of SA containing the Si—OH groups
Electrospinning; in its structure. Considering the thermal properties, the glass transition temperature of PS based
Nanofiber nanofibers decreased with the increase of SA amount. This is due to the fact that the SA act as

plasticizers, increasing the free volume between polymer chains and facilitating the chain movements.
On the other hand, as the amount of SA increased, the thermal stability of the nanofibers increased,
and the maximum decomposition temperature was shifted by 33°C. As a result, the SA additives
facilitated the processability of the PS matrix thanks to their plasticizing effect, and increased the
thermal stability of the nanofibers. Even though the additives reduced the hydrophobic properties of
the nanofibers, provided the formation of thinner fibers with larger surface areas.
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Silika Aerojelin Hidrofobik Polistiren Nanoliflerin Termal Ozellikleri Uzerine Etkisi, ARAT

1. Giris
Bir kaza sonucu veya dogrudan
okyanuslara/denizlere karisan petrol tilrevleri,

cevresel sorunlara neden oldugu kadar okyanus
canhlilarina ve dolayli olarak insan sagligina karsi
ciddi bir tehdit olusturmaktadir (Peterson vd. 2003,
Allan vd. 2012). Bunun yaninda gerekli aritma
yapilmadan cevreye birakilan enddstriyel ve evsel
atik sulari, temiz su kaynaklari igin ayri bir tehdit
unsurudur (Kujawinski vd. 2011, Bidgoli vd. 2019).
Yagh atik sularin aritilmasinda fiziksel absorpsiyon,
kimyasal reaktiflerin kullanimi, biyolojik aritma,
elektrokimyasal yontemler, hibrit teknolojiler vb.
geleneksel  yontemler yaygin  bir  sekilde
kullanilmaktadir (Du vd. 2019, Liu vd. 2020).
Hidrofobik emici membranlar, basit ve cevreye
ikincil kirlilik riski olusturmamasi nedeniyle fiziksel
absorpsiyon yonteminde en c¢ok tercih edilen
malzemelerdendir (Ye vd. 2021, Kang vd. 2021).
Poliakrilonitril (PAN), poliviniliden florir (PVDF),
poliimid (PI), politretan (PU), polistilfon (PSF) ve
polistiren (PS) gibi cesitli polimer tiirleri atik sularin
aritilmasinda membran malzemeleri olarak genis
bir kullanim alanina sahiptir (Saleh vd. 2016, Gao
vd. 2016, Ma vd. 2017, Zhang vd. 2017, Modi vd.
2019, Moatmed vd. 2019).

Polimer membranlarin performansini  artirmak
amaciyla kimyasal modifikasyon, ylizey isleme veya
nanopartikil (NP) ilavesi gibi cesitli yontemler
kullanilmaktadir (Cao vd. 2013, Wang vd. 2015,
Esfahani vd. 2019). Son

galismalar, silika NP, ZnO NP ve manyetik NP gibi

zamanlarda vyapilan

nanokatkilarin polimerik matriste karistiriimasiyla

elde edilen nanokompozit membranlarin

gozenekliliginde,  gegirgenlig§inde ve ayirma
verimliliginde artis oldugunu gostermistir (Kamgar
vd. 2018, Zhang vd. 2014, Huang vd. 2017, Ge vd.
2015). Membranin kimyasal bilesiminin yani sira,
Uretim slreci de mekanik 6zellikler, gbzeneklilik ve
gecirgenlik dahil olmak lzere membran ozellikleri
Uzerinde o6nemli bir etkiye sahiptir (Padaki vd.
2015). Daha 6nce yapilan bazi ¢alismalarda, yag/su
basit

hazirlanmis ince film membranlar ve sprey kaplama

ayirma islemi icin dokiim ybntemiyle
yontemiyle kaplanmis pamuklu kumaslar ya da

paslanmaz gelik ve bakir aglar kullaniimistir (Lee vd.

2013, Yang vd. 2013, Zhou vd. 2013). Ancak bu
membranlar istenilen ayirma kapasitesine sahip

olmamakla birlikte yeniden kullanilabilirlikten
uzaktir.
Bunlarin disinda elektroegirilmis nanolif

membranlar, iyi esneklik 6zellikleri, yiksek spesifik
ylzey alani ve dizglin gozenekli yapisi sayesinde
yag, agir metal iyonlari ve boyalar gibi organik ve
inorganik Kkirleticilerin giderilmesinde yaygin bir
sekilde kullanilmaktadir. (Ramakrishna vd. 2006,
Wang vd. 2019). Ornegin Lee vd (2013) tarafindan
calismada, yag/su

elektroegirilmis PS nanoliflerle

yapilan ayiriminda
kaplanmis
paslanmaz celik aglar kullanilmistir. Ding vd (2019)
ise yaptiklari calismada, ticari olarak satin aldiklari
nanosilika partiklllerini PS matriste karistirmis,
elektroegirme  yontemiyle gozenekli yapida
superhidrofobik mikro/nano lifler hazirlamislardir.
Morfolojik, 1slanabilirlik ve yag emilim kapasitesi
ozellikleri  incelenen  nanolif  membranlarin
viskozitesi yliksek yaglara karsi ylksek emilim
gosterdigi vurgulanmistir. Yakin zamanda yapilan
diger bir calismada ise Dogan vd. (2022), PS
matriste ZnO, MoQOs;, NiO, SiO,, ve TiO, katkilarini
karistirarak elektroegirme yontemiyle kompozit
nanolifler Gretmislerdir. Katki tlirline gére su temas
acilarinda degiskenlik gbzlenen PS bazli nanoliflerin
yag emilim kapasiteleri g6z o6nine alindiginda,
MoOs; ve SiO, katkilarini igeren nanoliflerin aygigek
yagini emme kapasitelerinin saf PS nanoliflere gére
sirasiyla %35 ile %46 daha fazla oldugu
bildirilmistir.

Bu calismada yukarida belirtilen g¢alismalardan
farkh olarak ticari bir trtin kullanmak yerine TEOS
oncili Gzerinden sol-jel reaksiyonuyla silika aerojel
DMAC:THF  (1:1, v/v)
karisiminda hazirlanan PS c¢o6zeltisine, polimer
miktarinin %5, %15 ve %30 oranlarinda silika

aerojel katilmis, bu c¢ozeltilerden elektroegirme

sentezlenmistir. ¢Ozlcu

yontemiyle kompozit nanolifler elde edilmistir.
Onceki calismalarda da vurgulandigi gibi yag emilim
kapasitelerinin yiksek olmasi beklenen PS bazli
yapisal,
islanabilirlik 6zelliklerinin yani sira termal 6zellikleri

hidrofobik nanoliflerin; morfolojik ve

incelenmis, silika aerojel katkisinin PS matrisin
termal davranisi lizerine etkisi arastiriimistir.
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2. Materyal ve Metot

Silika aerojel sentezi icin gerekli olan; tetraetilen
ortosilikat (Si(OC,Hs)s; reagent grade, %98; 208,33
g/mol; TEOS), n-hekzan (CgHis; Emplura, 86,18
g/mol), hidroklorik asit (HCl; ACS reagent, %37,
36,46 g/mol), amonyum hidroksit ¢6zeltisi (NH,OH;
ISO reagent, ~%25 amonyak igerigi; 35,05 g/mol),
mutlak etil alkol (C,HsOH; ACS reagent; 46,07
g/mol;  EtOH) Merck
firmasindan temin edilmistir. Yiksek molekdl

¢Ozeltileri Milipore

agirhkli granil halindeki polistiren (PS; Griin kodu

3450, 1,04 g/cm3) Total France firmasindan
alinmistir.  Elektroegirme  ybntemiye nanolif
Uretmek icin PS c¢oOzeltileri, Sigma-Aldrich

firmasindan temin edilen N,N-Dimetil asetamit
(CH3CON(CHj3),; susuz, %99,8; 87,12 g/mol; DMAC)
ve tetrahidrofuran (C;HgO; ReagentPlus®, >299.0%;
72,11 g/mol; THF) ¢6zeltileriyle hazirlanmistir.

2.1 Silika aerojel sentezi

TEOS
kullanilarak silika aerojel (SA) sentezi
gerceklestirilmistir (Li vd. 2016). Buna gore TEOS,
EtOH, H,0 ve 0,1M HCI oda sicakhginda 10dk
karistirilmis; ardindan 12 saat boyunca 45°C su
bekletilerek ~ TEOS’un  hidrolizi
saglanmistir. Stire sonunda reaksiyona 0,5M NH,OH
eklenmis ve 10dk daha
edilmistir. Olusan alkosol bir behere aktariimis ve

oncili  Gzerinden sol-jel reaksiyonu

banyosunda
karistirmaya devam

Uzerine mutlak etanol ilave edilerek oda
sicakliginda agzi kapali halde 24 saat bekletilerek
alkojel olusumu saglanmistir. Dekante edilen etanol
yerine n-hekzan ¢ozeltisi ilave edilerek oda
sicakliginda bir 24 saat daha beklenmis, bdylece
¢Ozlcl degisimi (solvent exchange) yapilmistir.
Vakum filtrasyonuyla ayrilan alkojelin 80°C etiivde
gece boyunca kurutulmasiyla silika aerojel elde
edilmistir. Bu reaksiyonda kullanilan reaktantlarin
mol  oranlari:  TEOS:EtOH:H,O:HCI:NH,OH =
1:9,6:2,16:1,6x10°:9,7x10°  seklindedir (Li vd.

2016).
2.2 PS/SA nanoliflerin iiretilmesi

Nanolif  dretimi  elektroegirme  yontemiyle

gerceklestirilmistir. Bu amacgla ilk once agirlikca
%15’lik PS ¢oOzeltisi, hacimce 1:1 oranda alinan

DMACc ve THF ¢ozlict karisiminda oda sicakliginda
bir gece karistirilarak hazirlanmistir (Nitanan vd.
2012). 3 ayri behere alinan 10’ar mL PS ¢ozeltisine
siraslyla polimer miktarinin %5, %15 ve %30'u
oraninda sentezlenen SA ilave edilmistir. Ardindan
oda sicakliginda 2 saat ylksek hizda karigtirma
yapilarak aerojelin polimer ¢ozeltisinde homojen
dagiimasi saglanmistir. Hazirlanan PS/SA-5, PS/SA-
15 ve PS/SA-30 cozeltileri; 2mL/saat akis hizinda,
17kV 120dk
elektroegirilmistir. ~ Elektroegirme,

gerilim  uygulanarak boyunca
Optosense
OPT100 system marka cihazda yapilmistir. Kontrol
grubu olarak saf PS c¢ozeltisi de ayni parametreler

kullanilarak elektroegirilmistir.

2.3 SA ve PS/SA nanoliflerin karakterizasyonu

Sentezlenen silika aerojellerin karakterizasyonunda
Fourier transform infrared spektroskopi (FTIR),
termal gravimetrik analiz (TGA) ve dinamik isik
sacilmasi (dynamic light scattering, DLS) yontemleri
kullanilmistir. FTIR analizleri, 4000 — 650 cm™ dalga
sayisi araliginda ve 4 cm™ ¢oziintrlikte Shimadzu
IRAffinity-1S marka spektrometrede yapilmistir.
TGA analizi ise Netzsch TG209 Tarsus cihazi ile
yapilmistir. Analiz, oda sicakhgindan 900°C’ye,
10°C/dk i1sitma hizinda, 50mL/dk akis hizindaki azot
atmosferinde gerceklestirilmistir. Partikil boyutu
Olgiimleri Malvern NanoZS90 Particle Sizer marka
DLS cihazinda
aerojellerin

silika
dispersiyonu  izo-propil  alkolde
yapilmistir. Ayrica, Brunauer—-Emmett—Teller (BET)

yapilmistir. Bu analizde

ve Barrett—-Joyner—Halenda (BJH) yodntemleriyle
sentezlenen silika aerojellerin spesifik ylizey alani,
gbzenek boyutu dagilimi (PSD) ve ortalama gézenek
cap! ile N, adsorpsiyon-desorpsiyon izotermleri
belirlenmistir. ASAP 2020 Micromeritics (USA)
cihaziyla yapilan bu olgiimler, 77 K’'de birkag farkh
kismi (0,05-0,3)

basing araliginda

gerceklestirilmistir.

PS/SA nanoliflerin yapisal karakterizasyonu FTIR

analizi ile vyapimistir. Termal o6zellikleri ise
diferansiyel taramali kalorimetre (DSC) ve TGA
analizi ile belirlenmistir. DSC analizleri, TA Ins.
DSC25 marka cihazda 30°C ile 120°C sicaklik
araliginda 10°C/dk isitma ve sogutma hizlarinda
azot atmosferinde  gergeklestirilmistir.  DSC
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Olgimleri 2 tekrarh yapilmis, ikinci
alindan datalar ¢alismada verilmistir. TGA analizleri
ise oda sicakligindan 600°C’ye 10°C/dk isitma

hizinda, 50mL/dk akis hizindaki azot atmosferinde

dongliden

gerceklestirilmistir. Nanoliflerin morfolojileri
taramali elektron mikroskobu (FEG, HR-SEM)
kullanilarak incelenmistir.  Ayrica  nanoliflerin

Islanma davranisi, BS EN 828:2013 standardina
gore Theta Lite Optik Tansiyometre TL 101
kullanilarak su damlasi ile ylizey arasindaki temas
acisinin  Olgllmesiyle  degerlendirilmistir.  Her
numune igin, numune ytlizeyinde farkli konumlarda
6 ul hacme sahip bes damla su birakiimis ve
damlaciklarin her iki tarafi, Sessile Drop yontemi
kullanilarak bes saniye icinde olctlmistir. Temas
actlarinin ortalama degerleri standart sapmalarla

rapor edilmistir.

3. Bulgular
3.1. Sentezlenen SA’nin karakterizasyonu

Sol-jel reaksiyonuyla TEOS 6nciiliinden sentezlenen
silika aerojellerin FTIR, TGA, DLS ve BET analizleri
yapilmis, elde edilen sonuglar Sekil 1’de verilmistir.
Sekil 1a’da gorilen FTIR spektrumunda silika
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aerojelin Si—-OH gerilimleri, 3393 ve 1638 cm™de
gorilmektedir (Nadargi vd. 2009, Li vd. 2016).
Siloksan baglarinin (Si—0-Si) simetrik gerilmeleri ise
1060 cm™de goriilmektedir (Rao vd. 2003). Sekil
1b’ de silika aerojelin TGA egrisi gorilmektedir.
Buna gore silika aerojelin yizeyinde kalan su
molekulleri ve organik ¢6ziiciiler, 200°C’ye kadar
agirhkca 5%  kitle kaybiyla  buharlasarak
uzaklagsmaktadir (Shafi ve Zhao 2020). Sicakhgin
yikselmesiyle 900°C'ye kadar devam eden %5,5
kitle Si—CH3
gruplarinin oksidasyonundan kaynaklanmaktadir (Li
vd. 2014, Lei vd. 2018). 900°C’'de olusan
komirlesme miktari ise agirlikga %89,5 olarak
gbre  yapisinda
safsizliklarin bulunmasina ragmen, termal olarak
kararl

kaybi ise aerojel ylzeyindeki

belirlenmistir.  Buna bazi

silika aerojelin basariyla sentezlendigi

gorilmektedir. Sekil 1c’de izo-propil alkol igerisinde
dispers edilen silika aerojellerin DLS yontemiyle

elde  edilen partikal boyutu
gore alkolde

hareketiyle dagilmis silika partikdllerinin ortalama

dagihmlar

gorilmektedir. Buna Brownian

hidrodinamik ¢api 235 nm olarak belirlenmistir
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Sekil 1. Sol-jel reaksiyonuyla TEOS 6nciliinden sentezlenen silika aerojelin; a) FTIR spektrumu, b) TGA egrisi,

c) DLS

analiziyle partikil boyutu dagilimi, d) N, gazi adsorpsiyon-desorpsiyon izotermi ve gézenek boyutu dagilhimi
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Sekil 1d’'de silika aerojelin BET analizinden elde
edilen N, gazl adsorpsiyon-desporpsiyon
izotermleri ve goézenek boyutu dagihmlari (PSD)
gore aerojel, IUPAC

siniflandirmasina goére yarik/kesik sekilli gbzenekler

gorilmektedir.  Buna
olusturan plaka benzeri partikll kimelerine karsilk
gelen H3 histerezis donglisiine sahip,
tip-1vV

gostermektedir (Li vd. 2016). Ayrica aerojel, Cizelge

mezo-

gozenekli malzemelere ait izotermi
1'de verildigi gibi ortalama ¢api 32,3 nm olan genis
bir gbézenek boyutu dagilimina sahiptir. Ancak
yliksek gozenek capina sahip olmasina ragmen,
aerojelin BET ylizey alani ve gozenek hacmi sirasiyla
101,8 m%*/g ve 0,74 cm’/g gibi nispeten diisiik
degerlerde kalmistir.

Cizelge 1. Silika aerojelin ylzey-gozenek 6zellikleri.

- Ortalama Gozenek
" BET yiizey alani N A
Ornek (m?/g) gozenek ¢api hacmi
(nm) (cm*/g)
Silika 101,7619,84 32,29+1,4 0,74+0,21
Aerojel (SA) e O e

3.2. PS/SA nanoliflerin karakterizasyonu

Sekil 2’de elektroegirme yontemiyle elde edilen saf
PS nanolifleri ile silika aerojel igeren PS nanoliflerin
FTIR spektrumlari verilmistir. Saf PS’nin  FTIR
spektrumunda 3026 ve 2923 cm™de asimetrik C-H
ve CH, gerilmeleri, fenil halkasinin C—C gerilmeleri
1493 ve 1453 cm™de, C—H gerilmeleri ise 756 ve
697 cm™de gérilmektedir (Nitanan vd. 2012).
Silika
spektrumlarinda ise PS’nin fonksiyonel gruplarina
ek olarak, silika aerojelin 1602 cm™deki Si—OH
gerilmeleri ve 1115 cm™deki simetrik Si-O-Si
gerilmeleri gorilmektedir. Silika aerojel miktari
aerojelin  Si-OH ve siloksan bag
titresimlerinin siddeti artmistir (Dai vd. 2020, Arat
vd. 2022).

DSC analizleri 30°C — 120°C sicakhk araliginda,
10°C/dk isitma ve sogutma hizinda iki isitma-

aerojel iceren PS nanoliflerin  FTIR

arttikca

sogutma dongisl olacak sekilde yapilmis saf PS ve
PS/SA nanoliflerin DSC egrileri ve bu egrilerden

elde edilen camsi gegis sicakliklari (T,) Sekil 3’te
verilmistir. Buna gore saf PS nanoliflerin T, degeri
98°C olarak belirlenmistir. PS nanoliflerin yapisinda
silika aerojel miktarinin artmasiyla beraber T,
degerlerinde disits goérilmektedir. Silika aerojel
icerigi en yulksek olan PS nanoliflerin camsi gegis
sicakligr saf PS’ye gore 5°C azalmistir (93°C). Bu
sonug, polimer zincirleri arasinda dagilan silika
arasindaki  serbest hacmi

aerojelin,  zincirler

arttirdigint  ve plastiklestirici gibi davrandigini

gostermektedir. Boylece polimer zincirlerinin

hareketi kolaylasmis ve camsi gegis sicakliklari
azalmistir (Halim vd. 2017).
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Sekil 2. Nanoliflerin FTIR spektrumlari.
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Sekil 3. Nanoliflerin DSC egrileri.

Sekil 4’te saf PS ve PS/SA nanoliflerin TGA egrileri
verilmistir. Cizelge 2’de ise bu egrilerden elde
edilen nanoliflerin termal bozunmaya basladig %10
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kiitle kaybi sicakligi (Tyo) ile maksimum bozunma
(Tmax) ve 600°C’deki kalinti miktarlari
TGA analiz sonuglarindan saf PS
nanoliflerin tek basamakta termal olarak tamamen

sicakhg
verilmigtir.

bozunmaya ugradigi, termal bozunmanin basladig
%10 kutle kaybi sicakhginin (T1o) 385°C, maksimum
(Tmax)  412°C  oldugu
belirlenmistir. Bu sonug, Fayed vd (2021) tarafindan

bozunma  sicakliginin

sunulan saf PS nanoliflerin TGA analiziyle uyum
gostermektedir.
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Sekil 4. Nanoliflerin TGA egrileri.

Cizelge 2. PS nanoliflerin termal 6zellikleri

Nanolif Ty (°C) Trmax (°C) Golfaﬁnfkl
PS 385 412 0,5
PS/SA-5 408 442 5,0
PS/SA-15 420 445 7,3
PS/SA-30 400 445 11,2

Silika aerojel iceren PS nanoliflerin termal 6zellikleri
incelendiginde, silika aerojel miktarinin artmasiyla
beraber PS nanoliflerin  maksimum bozunma
sicakliklarinin 33°C kadar 6telenerek 412°C’den
445°C'ye
bozunma baslangic sicakliklari (Ty) g6z ©nilne

yukseldigi  gorilmektedir.  Termal
alindiginda, silika aerojel iceren PS nanoliflerin
bozunma baslangig sicakliklarinin, saf PS nanoliflere
gbre (385°C) daha yiksek sicakliklara otelendigi
gorilmektedir. Bu sonug, disuk isi iletkenligine ve
mikemmel termal kararliiga sahip silika aerojelin,
polipropilen (PP) (Motahari vd. 2015), epoksi
(Maghsoudi ve Motahari 2018) ve PAN (Arat vd.
2022) gibi polimer kompozitlerinde oldugu gibi PS
termal  stabilitesini

matrisin  de arttirdigini

gostermektedir. Bozunma baslangi¢c sicakhgl en
fazla 6telenen nanolif, yapisinda %15 silika aerojel
(PS/SA-15) olmustur. Bu
420°C'ye kadar
otelenmistir. %5 ve %30 silika aerojel iceren PS
nanoliflerin (PS/SA-5 ve PS/SA-30) termal bozunma
400°C'ye
otelenmistir. Buna gore silika aerojel miktarlari

iceren PS nanolifler

ornegin termal bozunmasi

baslangiglari  ise sirasiyla 408 ve
arasinda PS/SA nanoliflerin termal dayanimlarini
gelistiren optimum oran %15 olmustur. Bu oran, PS
nanoliflerin hem termal bozunma baslangig
sicakhigini hem de maksimum bozunma sicakligini
en c¢ok ylkselten miktar olmustur. 600°C’deki
kalinti

silika aerojel miktarinin artmasiyla beraber PS

miktarlarina bakildiginda beklendigi gibi

nanoliflerin kalinti miktarlari da artmistir.

Nanoliflerin morfolojileri SEM analiziyle incelenmis,
elde edilen goriintiler ve bu gorintilerden
rastgele secilen en az 50 nanolifin Imagel yazilimi
ile belirlenen lif capi dagilimlari ve ortalama cap
degerleri Sekil 5’te verilmistir. Buna gore saf PS
nanoliflerin ortalama capi 260,82+79,64 nm olarak
(Sekil 5a).

parametreleri herbir 6rnek icin sabit oldugundan,

belirlenmistir Elektroegirme
silika aerojel katkisinin PS nanoliflerin kalinliklari
Uzerine etkisi agik¢a gorilmektedir. %5 oraninda
silika aerojel iceren PS liflere (PS/SA-5) bakildiginda
ortalama lif capinin saf PS ile neredeyse ayni
oldugu soylenebilir (261,08452,48 nm).
yaninda silika aerojel partikillerinin, bir taraftan

Bunun

tek bir lif ylzeyinde kiimelenerek 686 nm ¢apinda
bir topak olusturdugu; diger
ylizeyine homojen dagilarak lif capini 659 nm’ye
arttirdigi goriilmektedir (Sekil 5b). Katki miktarinin
diisik olmasina bagh olarak silika aerojelin bu

taraftan ise Iif

ornekte ortalama lif ¢apina etkisi sinirli olmustur.
Diger taraftan katki miktarinin %15’e ¢ikmasiyla
beraber (PS/SA-15 6rneginde) ortalama lif capinin
238,28+80,10 nm’ye distigl gorilmektedir (Sekil
5c). Histogramdan da gorilecegi (lzere secilen
liflerin neredeyse yaridan fazlasi 250 nm altinda
kahnhga  sahiptir.  Buradan silika  aerojel
partikillerinin, PS c¢ozeltisinin fiziksel 6zelliklerini
degistirerek polimer zincirleri arasinda elektrostatik
itme kuvvetlerine neden oldugu ve sonucunda

elektroegirme sirasinda polimer zincir dolasikhigini

1502



Silika Aerojelin Hidrofobik Polistiren Nanoliflerin Termal Ozellikleri Uzerine Etkisi, ARAT

azaltarak daha ince liflerin elde edilmesine neden
oldugu soylenebilir (Yanilmaz vd. 2016). Bunun
disinda, artan silika aerojel miktarina bagl olarak
partikillerin nanolif ylizeylerinin farkh bolgelerinde

cesitli blyukliklerde topaklar halinde biriktigi

gorilmektedir.

Ortalama lif cap:
260.82 +79.64 nm|

200 300 400 5
Diameter (nm)

201 Ortalama lif cap PS/SA-5

18261.08 + 52.48 nm

100 200 300 400
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oONDdO®

A
100 200 300 400
Diameter (nm)

| | PSISA-30

Ortalama lif capt
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Sekil 5. Nanoliflerin SEM goruntileri ve nanolif cap dagilimlari; a) PS, b) PS/SA-5, c) PS/SA-15 ve d) PS/SA-30.

Benzer durum PS/SA-30 oOrneginde de soz
konusudur. SEM

gorintilerinden de acikca gorilecegi Uzere, SA

Ayni  bliyitmelerde verilen
miktarinin artmasiyla beraber elektroegirilmis PS
nanoliflerin gaplari, saf PS'ne gore azalmis, topak

olusumu artmistir.
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Sekil 6. Nanoliflerin; a) Su damlasi temas gorantdleri,
b) Ortalama su temas agilari.

Nanoliflerin 1slanma 6zellikleri, su damlasinin lifler
Uzerindeki temas agilar Olgllerek incelenmistir.
Sekil 6’da nanoliflerin su damlasi temas goruntuleri
ve ortalama temas acilari verilmistir. Buna goére saf
PS nanolifler en yiksek temas agisiyla (142°) en
yliksek hidrofobiklige
Nanoliflere

sahip 6rnek olmustur.

katilan silika aerojel miktarinin
artmasiyla beraber nanoliflerin temas acilarinda
azalma (veya hidrofobik 6zelligin azalip hidrofilik
karakterin artmasi) meydana gelmistir. Bu durum
silika aerojel yapisinda bulunan Si—OH gruplarindan
PS/SA
miktarinin artmasiyla beraber yilzeyde

artan Si—-OH gruplari,

kaynaklanmaktadir. nanoliflerde silika
aerojel
suyun —OH gruplariyla
benzerlik gostermis ve vyizeyin hidrofoblugunu

azaltmistir.

4, Tartisma ve Sonug

Bu c¢alismada TEOS oncili  kullanilarak sol-jel
reaksiyonuyla silika aerojel sentezlenmis; ve bu
aerojelin, DMAC:THF (1:1, v/v) ¢ozlich karisiminda
hazirlanan PS

agirhk¢ca %15 konsantrasyonda

¢Ozeltisine farkh oranlarda katilmasiyla hazirlanan
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PS/SA c¢oOzeltilerinden elektroegirme yontemiyle

nanolifler Uretilmistir. Fizikokimyasal ozellikleri
incelenen silika aerojelin, gozenek c¢api bilylk

ancak

ylzey alani kiicik mezo-gozenekli yapida oldugu

anlasilmistir. Bunun yaninda sentezlenen
aerojelden %5, %15 ve %30 oranlarinda iceren PS
bazli nanoliflerin yapisal, termal, morfolojik ve
islanabilme o6zellikleri arastirilmistir. Yapisal analiz
sonucuna gore silika aerojelin PS matrise fiziksel
baglandigl, polimerin molekiler yapisini bozmadigi
gortlmustir. Nanoliflerin termal 06zelliklerinden
cams! gegcis sicakhginin, silika aerojel miktarinin
artmasiyla beraber azaldigl gbzlenmistir. Bu durum,
polimer zincirleri arasinda dagilan silika aerojelin,
zincirler arasindaki serbest hacmi arttirarak zincir
hareketini kolaylastirdigini ve plastiklestirici gibi
davrandigini gostermektedir. Diger taraftan silika
aerojel miktari arttikca nanoliflerin  termal
dayanimlari artmis, maksimum bozunma sicakhklar
Ek olarak, katki

artmasina bagli olarak nanolif ¢aplarinda azalma;

33°C 6telenmistir. miktarinin
topak olusumunda ve ylizey plrizlGligliinde ise
artis gozlenmistir. Son olarak yapisindaki Si—OH
gruplari nedeniyle silika aerojelin, PS nanoliflerin
hidrofobik oOzelligini azalttigi goérilmistir. Her ne
kadar katkiss  PS  matrisin
hidrofoblugunu disirse de plastiklestirici etkisi

silika  aerojel
sayesinde polimerin islenebilme sicakhgini azaltmis,
termal dayanimini arttirmis, daha kiglk c¢apta
dolayisiyla daha genis ylizey alanina sahip liflerin
eldesine olanak saglamistir. Gelecekte, silika
aerojelin PS matrisin termal stabilitesini arttirdig
gibi hidrofobikligini de gelistirici yonde etki etmesi
amaclyla uygun ajanlarla ylzey modifikasyonu

Uzerine galismalar yapilabilir.

5. Kaynaklar

Allan, S.E., Smith, B.W., and Anderson, K.A., 2012.
Impact of the deepwater horizon oil spill on
bioavailable polycyclic aromatic hydrocarbons in gulf
of Mexico coastal waters. Environmental Science &
Technology, 46(4), 2033-2039.

Arat, R., Baskan, H., Ozcan, G., Altay, P., 2022.

Hydrophobic silica-aerogel integrated

polyacrylonitrile nanofibers. Journal of Industrial
Textiles. 51(3_suppl), 4740S-4756S.

Bidgoli, H., Khodadadi, A.A., Mortazavi, Y., 2019. A

hydrophobic/oleophilic  chitosan-based  sorbent:
Toward an effective oil spill remediation technology.
Journal of Environmental Chemical Engineering, 7, 5,

103340.

Cao, Y., Zhang, X., Tao, L., Li, K., Xue, Z., Feng, L., and,
Wei, Y., 2013.
Michael addition reaction for efficient oil/water

Mussel-inspired chemistry and

separation. ACS Applied Materials & Interfaces,
5(10), 4438-4442.

Dai, Z., Yan, F., Qin, M., and Yan, X., 2020. Fabrication of
flexible SiO, nanofibrous yarn via a conjugate
electrospinning process. e-Polymers, 20(1), 600-605.

Ding, Y., Xu, D., Shao, H., Cong, T., Hong, X., Zhao, H.,
2019.
SiO,/Polystyrene

Superhydrophobic-superoleophilic
porous micro/nanofibers  for
efficient oil-water separation. Fibers and Polymers,

20(10), 2017-2024.

Dogan, K., Hussaini, A.A., Erdal, M.O., Yildirm, M., 2022.

Examining the hydrophobic  properties of
electrospun oxide-induced polystyrene nanofibers
for application in oil-water separation. International
Advanced Researches and Engineering Journal,

06(02), 100-105.

Du, Y., Si, P., Wei, L., Wang, Y., Tu, Y., Zuo, G., Yu, B.,
Zhang, X., Ye, S., 2019. Demulsification of acidic oil-
in-water emulsions driven by chitosan loaded Ti;C,T,.
Applied Surface Science, 476, 878-885.

Esfahani, M.R., Aktij, S.A., Dadaghian, Z., Firouzjaei,
M.D., Rahimpour, A., Eke, J., Escobar, IC,
Abolhassani, M., Greenlee, L.F.,, Esfahani, A.R.,
Sadmani, A., Koutahzadeh, N., 2019. Nanocomposite
membranes for water separation and purification:
Fabrication, modification, and applications.

Separation and Purification Technology, 213, 465-

499.

Fayed, A.S., Abu-Hasel, K.A., Mahdy, S.M., Ali, A.A,,
2021.
characterization of electrospun three-dimensional

Morphological, mechanical, and thermal
graphite nanoplatelets/polystyrene ultra-fine fibril
composite fabrics. Polymer Composites, 42, 1462—

1472.

Gao, Q.L.,, Fang, F., Chen, C., Zhu, X.Y,, Li, J., Tang, H.Y.,
Zhang, Z.B., Huang, X.J., 2016. A facile approach to
silica-modified

polysulfone microfiltration

1504



Silika Aerojelin Hidrofobik Polistiren Nanoliflerin Termal Ozellikleri Uzerine Etkisi, ARAT

membranes for oil-in-water emulsion separation.
RSC Advances, 6, 41323-41330.

Ge, B., Zhu, X., Li, Y., Men, X, Li, P., Zhang, Z., 2015.
Versatile fabrication of magnetic superhydrophobic
foams and application for oil-water separation.
Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 482, 687-692.

Halim, Z.A.A., Yajid, M.A.M., Idris, M.H., Hamdan, H.,
2017.
particles in

Dispersion of polymeric-coated aerogel

unsaturated polyester composites:
Effects on thermal-mechanical properties. Journal of
Dispersion Science and Technology, 39(8), 1093-

1101.

Huang, Q., Liu, M., Mao, L., Xu, D., Zeng, G., Huang, H.,
Jiang, R., Deng, F., Zhang, X., Wei, Y., 2017. Surface
functionalized SiO, nanoparticles with cationic

polymers via the combination of mussel inspired

chemistry and surface initiated atom transfer radical
polymerization: Characterization and enhanced
removal of organic dye. Journal of Colloid and

Interface Science, 499, 170-179.

Kamgar, A., Hassanajili, S., Karimipourfard, G., 2018.
Fe;0,@Si0,@MPS core/shell nanocomposites: The
effect of the core weight on their magnetic
properties and oil separation performance. Journal
of Environmental Chemical Engineering, 6(2), 3034-
3040.

Kang, L., Shi, L., Zeng, Q., Liao, B., Wang, B., Guo X.,
2021. Melamine resin-coated lignocellulose fibers
with robust superhydrophobicity for highly effective
oil/water separation. Separation and Purification
Technology, 279, 119737.

Kujawinski, E.B., Soule, M.C.K., Valentine, D.L., Boysen,
A.K., Longnecker, K., and Redmond, M.C., 2011. Fate
of dispersants associated with the deepwater
horizon oil spill.  Environmental Science &

Technology, 45(4), 1298-1306.

Lee, M.W., An, S., Latthe, S.S., Lee, C., Hong, S., Yoon,
S.S., 2013.
membrane with

Electrospun polystyrene nanofiber
superhydrophobicity and
superoleophilicity for selective separation of water
and low viscous oil. ACS Applied Materials &

Interfaces, 5(21), 10597-10604.

Lei, C., Hu, Z., Zhang, Y., Yang, H., Li, J.,, Hu, S., 2018.

Tailoring structural and physical properties of

polymethylsilsesquioxane aerogels by adjusting
NHs-H,O concentration. Microporous Mesoporous

Materials, 258, 236-243.

Li, Z., Cheng, X., He, S., Huang, D., Bi, H., Yang, H., 2014.
Preparation of ambient pressure dried MTMS/TEOS
co-precursor silica aerogel by adjusting NH,OH
concentration. Materials Letters, 129, 12—-15.

Li, Z., Cheng, X., He, S., Shi, X., Gong, L., Zhang, H., 2016.
Aramid fibers reinforced silica aerogel composites
with low thermal conductivity and improved

mechanical performance. Composites: Part A, 84,

316-325.

Liu, X., Tian, F., Zhao, X., Du, R., Xu, S., Wang, Y.Z., 2020.
Recycling waste epoxy resin as hydrophobic coating
of melamine foam for high-efficiency oil absorption.
Applied Surface Science, 529, 147151.

Ma, W., Guo, Z., Zhao, J., Yu, Q., Wang, F., Han, J., Pan,

H., Yao, J., Zhang, Q., Samal, S.K., De Smedt, S.C,,
C., 2017.
core/shell electrospun fibrous membranes for oil-

Huang, Polyimide/cellulose acetate

water separation. Separation
Technology, 177, 71-85.

and Purification

Maghsoudi, K., & Motahari, S., 2018. Mechanical,
thermal, and hydrophobic properties of silica
aerogel-epoxy composites. Journal of Applied

Polymer Science, 135(3), 45706.

Moatmed, S.M., Khedr, M.H., El-dek, S.I., Kim, H.Y., El-
Deen, A.G., 2019. Highly efficient and reusable
superhydrophobic/superoleophilic polystyrene@
Fe;0, nanofiber membrane for high-performance
oil/water separation. Journal of Environmental
Chemical Engineering, 7(6), 103508.

Modi, A., and Bellare, J., 2019. Efficiently improved
oil/water separation using high flux and superior
antifouling polysulfone hollow fiber membranes
modified with

nanotubes/graphene oxide nanohybrid. Journal of

functionalized carbon

Environmental Chemical Engineering, 7(2), 102944.

Motahari, S., Motlagh, G.H., & Moharramzadeh, A,
2015. Thermal
Polypropylene/Silica Aerogel Composites. Journal of
Macromolecular Science, Part B, 54:9, 1081-1091.

and Flammability Properties of

Nadargi, D.Y., Kalesh, R.R., Rao, A.V., 2009. Rapid
reduction in gelation time and impregnation of
hydrophobic property in the tetraethoxysilane

(TEOS) based silica aerogels using NH,F catalyzed

single step sol-gel process. Journal of Alloys and

Compounds, 480(2), 689-95.

Nitanan, T., Opanasopit, P., Akkaramongkolporn, P.,
Rojanarata, T., Ngawhirunpat, T., Supaphol, Pitt.,

2012. Effects of processing parameters on

1505



Silika Aerojelin Hidrofobik Polistiren Nanoliflerin Termal Ozellikleri Uzerine Etkisi, ARAT

morphology of electrospun polystyrene nanofibers.
Korean Journal of Chemical Engineering, 29(2), 173-
181.

Padaki, M., Murali, R.S., Abdullah, M.S., Misdan, N.,
Moslehyani, A., Kassim, M.A., Hilal, N., Ismail, A.F.,
2015. Membrane technology enhancement in oil-
water separation. A review. Desalination, 357, 197-
207.

Peterson, C.H., Rice, S.D., Short, J.W., Esler, D., Bodkin,
J.L., Ballachey, B.E., and Irons, D.B., 2003. Long-term
ecosystem response to the Exxon Valdez oil spill.
Science, 302, 5653, 2082-2086.

Ramakrishna, S., Fujihara, K., Teo, W.E., Yong, T., Ma, Z.,
2006.
solving global issues. Materials Today, 9(3), 40-50.

Ramaseshan, R., Electrospun nanofibers:

Rao, A.V., Kulkarni, M.M., Amalnerkar, D.P., Seth, T.,
2003. Surface chemical modification of silica aerogels
using various alkyl-alkoxy/chloro silanes. Applied
Surface Science, 206(1-4), 262-270.

Saleh, T.A., and Gupta, V.K.,, 2016. Nanomaterial and
Polymer Membranes, Chapter 1 - An Overview of
Membrane Science and Technology. Editor(s): Tawfik
Abdo Saleh, Vinod Kumar Gupta, Elsevier, 1-23.

Shafi, S., & Zhao, Y., 2020. Superhydrophobic, enhanced
strength and thermal insulation silica aerogel/glass
fiber felt based on methyltrimethoxysilane precursor
and silica gel impregnation. Journal of Porous
Materials, 27, 495-502.

Wang, J.C., Lou, H., Cui, Z.H., Hou, Y., Li, Y., Zhang, Y.,
Jiang, K., Shi, W., Qu, L., 2019. Fabrication of porous
polyacrylamide/polystyrene fibrous membranes for
efficient oil-water separation. Separation and
Purification Technology, 222, 278-283.

Wang, Z., Jiang, X., Cheng, X., Lau, C.H., Shao, Lu, 2015.

Mussel-inspired hybrid coatings that transform
membrane hydrophobicity into high hydrophilicity
and underwater superoleophobicity for oil-in-water
emulsion separation. ACS Applied Materials &

Interfaces, 7(18), 9534-9545.

Yang, Y., Ding, Z., Liu, L., 2013. Fabrication of super-
hydrophobic and super-oleophlic membranes and
their separation of oil-water mixture. Beijing

Huagong Daxue Xuebao (Ziran Kexueban)/Journal of

Beijing University of Chemical Technology (Nat. Sci.

Ed.), 40, 21-25.

Yanilmaz, M., Lu, Y., Zhu, J., Zhang, X., 2016.
Silica/polyacrylonitrile hybrid nanofiber membrane

separators via sol-gel and electrospinning techniques
for lithium-ion batteries. Journal of Power Sources,
313, 205-212.

Ye, S., Wang, B., Pu, Z, Liu, T., Feng, Y., Han, W,, Liu, C,,
Shen, C., 2021.
thermoplastic polyurethane/reduced graphene oxide

Flexible and robust porous
monolith with special wettability for continuous
harsh

Separation and Purification Technology, 266, 118553.

oil/water separation in environment.

Zhang, X., Huang, Q., Deng, F., Huang, H., Wan, Q., Liu,
M., Wei, Y., 2017. Mussel-inspired fabrication of
functional

materials and their environmental

applications: Progress and prospects. Applied

Materials Today, 7, 222-238.

Zhang, X., Wang, Y., Liu, Y., Xu, J., Han, Y., Xu, X., 2014.
performances of PVDF/ZnO hybrid
membranes and their applications in the removal of

Preparation,

copper ions. Applied Surface Science, 316, 333-340.

Zhou, X., Zhang, Z., Xu, X., Guo, F., Zhu, X., Men, X., Ge,
B., 2013. Robust and durable superhydrophobic
cotton fabrics for oil/water separation. ACS Applied
Materials & Interfaces, 5(15), 7208-7214.

1506



Afyon Kocatepe Universitesi Fen ve Miihendislik Bilimleri Dergisi

Afyon Kocatepe University Journal of Science and Engineering

AKU FEMUBID 23 (2023) 065703 (1507-1515) AKU J. Sci. Eng. 23 (2023) 065703 (1507-1515)
DOI: 10.35414/akufemubid.1281106

Arastirma Makalesi / Research Article
Isil islem Parametrelerinin Lityum Disilikat-Wollastonit Esasli Cam-
Seramiklerin Kristallenme Davranisi ve Ozellikleri Uzerine Olan Etkisinin
incelenmesi

Berk HASIRCI, Bahadir AYDIN®", Hiiseyin Ozkan TOPLAN®, Nil TOPLAN*
1Sakarya Universitesi, Miihendislik Fakiiltesi, Metalurji ve Malzeme Miihendisligi Béliimii, Sakarya.
% jstanbul Universitesi-Cerrahpasa, Miihendislik Fakiiltesi, Miihendislik Bilimleri Bélimdi, istanbul.

Sorumlu yazar e-posta*: bahadiraydin@sakarya.edu.tr ORCID ID: http://orcid.org/0000-0003-3414-4224
berk.hasirci@ogr.sakarya.edu.tr  ORCID ID: http://orcid.org/0000-0001-7694-8664
toplano@sakarya.edu.tr ORCID ID: http://orcid.org//0000-0002-3928-2733

toplan@sakarya.edu.tr ORCID ID: http://orcid.org/0000-0003-4130-0002

Gelig Tarihi: 11 Nisan 2023 ; Kabul Tarihi: 6 Kasim 2023

0z
Bu calismanin temel amaci, uygulanan isil islem parametrelerinin Li,0-SiO,-CaO-K,0-Al,03-P,05

sisteminden dokiim yoluyla elde edilen lityum disilikat-wollastonit esasli cam-seramiklerin kristallenme
davranisi, mikroyapisi, fiziksel ve mekanik ozellikleri Gzerine olan etkilerini degerlendirmektir. Cam

Anahtar kelimeler seramik numunelerin faz igerigi ve mikroyapisi, X-isini difraktometresi (XRD), taramali elektron
Lityum-disilikat; mikroskobu (SEM) ve EDS analizleri ile karakterize edilmistir. Numunelerin bulk yogunluklari Arsimet
Wollastonit; prensibi ile belirlenirken mekanik 6zellikler bir Vickers mikrosertlik test cihazi kullanilarak dlgtlmustur.

XRD analizleri 850°C’'de 5 saat siireyle gergeklestirilen isil islemler neticesinde lityum disilikat (Li,Si,Os )
ve wollastonit (CaSiO; ) fazlarinin camlarin kristalizasyon isleminden sonra yapida gelisen temel kristal
fazlar oldugunu gostermistir. SEM analizleri ayrica cam-seramiklerin mikroyapilarinin ylizeyden merkeze
dogru blyime egilimi gosteren cubuksu lityum disilikat ve lamelar wollastonit kristallerinden
olustugunu ve kristalit boyutunun artan isil islem sicakhig ve sireleri ile artma egiliminde oldugunu
ortaya koymustur. Isil islem sicakliklari ve sirelerinin artmasi ayrica kristalinitenin gelismesi ile
sonuglanirken, 800°C’'de 5 saatlik 1sil islem parametresinde optimum mekanik 6zellikler ve yogunluk
degerleri elde edilmisgtir.

Cam-seramik;
Mekanik 6zellikler;
Mikroyapi;

Effect of Heat-treatment Parameters on Crystallization Behavior and
Properties of Lithium Disilicate-Wollastonite Glass-Ceramics

Abstract

The main purpose of this study is to evaluate the effect of heat-treatment parameters on the
crystallization behavior, microstructure, physical and mechanical properties of lithium disilicate-
wollastonite glass-ceramics obtained by melting method from the Li,0-SiO,-Ca0-K,0-Al,03-P,05 system.

Keywords The phase content and microstructure of the glass-ceramic samples were characterized by an X-ray
Lithium disilicate; diffractometer (XRD), scanning electron microscope (SEM), and EDS analysis. The bulk densities of
Wollastonite; samples were determined via the Archimedes principle, while mechanical properties were measured
Glass-ceramic; using a Vickers microhardness tester. XRD analyses showed that lithium disilicate (Li,Si,Os) and

wollastonite (CaSiO;) were the main crystalline phases developed in the glass structure after heat
treatment at 850°C for 5 hours. SEM analyses also revealed that the microstructure of glass-ceramics
consisted of lamellar wollastonite crystals and rod-like lithium disilicate crystals that tended to grow
from the surface to the bulk, and the crystallite size increased with increasing heat-treatment
temperature and times. Increasing the heat treatment temperatures and durations also resulted in the
improvement of crystallinity and optimum mechanical properties and density values were obtained in
the heat treatment parameter performed at 800°C for 5 hours.

Mechanical properties;
Microstructure
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Isil islem Parametrelerinin LSW Cam-Seramiklerine Etkisinin Incelenmesi, Aydin vd.

1. Giris

Cam-seramikler uygun bilesime sahip cam

kompozisyonlarinin  kontrolli sl islem prosesi
sonrasinda elde edilen ¢ok kristalli malzemeler
olup, S. D. Stokey tarafindan kesfedilmesinden bu
yana binyesinde c¢okelen fazlara 0zgl sahip
olduklari benzersiz 6zellikler sayesinde genis bir
kullanim alanina sahip olmuslardir (Abo-Mosallam ve
Mahdy 2019). Elde edilen nihai malzeme camsi
matris icerisinde gdomili bir ya da daha c¢ok
kristalin fazdan meydana gelirken, bu sayede ana
cam bilesimine kiyasla gelismis asinma dayanimi,
kimyasal direng, sertlik, egme dayanimi ve
biyoaktivite gibi 6zellikler saglanabilmektedir (Li vd.

2018).

Sahip olduklari biyouyumluluk ve dogal dise yakin
estetik ozellikleri ile lityum disilikat, 16sit, florapatit
ve feldspatik cam-seramikler dental restoratif
malzemeler olarak son yillarda éne ¢ikmaktadir (El-
Meliegy ve Van Noort 2011).

kullanim alani bulan diger cam-seramik sistemleri

Dental alanda
ile karsilastinildiginda lityum disilikat esasli cam-
seramikler Gstliin mekanik o6zellikleri, islenebilirlik
kabiliyeti, kimyasal direnci, 151k gecirgenligi vb.
dzellikleri ile énemli avantajlara sahiptir. Ozellikle,
gerceklestirilen nihai isil islemler sonrasinda camsi
matriste lityum metasilikat (Li,SiO3) fazindan kati
hal donltsimi ile uygun en-boy oraninda elde
edilebilen birbirine kenetli yapidaki lityum disilikat
(Li,Si,Os) kristalleri, bu sistemde dentinden daha
yuksek mertebedeki 400 MPa seviyelerinde egme
dayanimlarina ulasilmasini imkanh kilmaktadir. Bu
sistemdeki cam-seramiklerde Uretildikleri baslangig
kompozisyonuna ve kullanilan g¢ekirdeklendirici
ajanlara bagh olarak ylizey ve hacim kristalizasyon
mekanizmasi baskin gelmektedir. Cekirdeklendirici
olarak kullanilabilen “P,05” bilesigi lityum disilikat
(LisPO,)
olusturarak heterojen c¢ekirdeklenme

cam-seramiklerinde lityum ortofosfat
¢Okeltileri
bolgeleri meydana getirir ve disik sicakhklarda
lityum disilikat kristallerinin olusumunu tesvik eder.
Literatlirde yer alan c¢alismalar bu sistem cam-
seramiklerinde uygun cekirdeklendirici ylizdesinin
molce 1 ila 2.5 araliginda olmasi gerektigini ortaya
koyarken, daha yiksek P,0s yizdelerinin olusan

lityum disilikat kristallerinin kiiresel morfolojide

¢Okelmesine vyol actigint ve bu durumun ise
mekanik Ozellikleri 6nemli olglide duslrdiglni
ortaya koymustur (Holand vd. 2006, Zheng vd.

2008).

Wollastonit (CaSiO;) molce 1:1- Ca0:SiO, oranina
sahip bir kalsiyum-inosilikat minerali olup; sahip
oldugu biyo-bozunurluk, mikemmel biyoaktivite,
non-toksisite ve biyouyumlulugu sayesinde yapay
kemik implanti ve doku yenilenmesinde ortopedi
alaninda son vyillarda olduk¢a ilgi ¢cekmektedir.
Yapay vicut sivisi, agiz ortami, hiicre kiiltlr ortami
ve in vivo ortamlarda ylizeylerinde kolay bir sekilde
apatit tabakasi olusturmasi sebebiyle wollastonit
seramikler implant-konakgl
doku baglanmada
Ustlenmektedirler (Hossain vd. 2020).

ve cam-seramikler,

arasindaki siki onemli rol

Mevcut calismanin amaci, wollastonit kristallerinin
lityum disilikat kristalleri ile birlikte camsi matris
icerisinde c¢okeltilmesiyle iki fazli lityum disilikat-
cam-seramiklerinin

wollastonit Uretilebilirliginin

arastirilmasi ve camsi yapidan cam-seramige
dontsim icin uygulanan 1sil islem kosullarinin bu
sistem cam-seramiklerinin nihai Ozellikleri Uzerine
olan etkisinin detayli bir sekilde incelenmesidir.

Normal kosullarda biyoinert yapida olan lityum

disilikat cam-seramiklerine bu sistemde
¢Okeltilebilecek wollastonit kristallerinin katkisiyla
biyoaktif ozellik kazandirilabilecegi
ongorilmektedir. Dolayisiyla mevcut ¢alisma
gelecekte canli  dokularla  biyolojik  olarak
baglanabilecek lityum disilikat esash biyoaktif

dental restoratif malzemelerin Uretilebilmesi igin
on ¢alismalar niteligindedir.

2. Materyal ve Metot

Mevcut ¢alismada, lityum disilikat-wollastonit
(LSW) kodlu camlarin (retilmesinde analitik
safliktaki kimyasallardan CaCO; (Merck, CAS-

No:471-34-1), Al,0; (Merck, CAS-No0:1344-28-1),
K,CO; (Carlo Erba, CAS-N0:584-08-7), Li,CO;
(Tekkim, CAS-No:554-13-2) ve SiO, (Nanokar, CAS-
No:7631-86-9) kullanilirken, cekirdeklendirici
katkisi olarak molce %1 oraninda P,Os (ABCR, CAS-
No:1314-56-3) kullaniimistir.
Li,0-Si0,-Ca0-K,0-Al,05-P,05

Baslangic bilesimi
sisteminden
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turetilerek lityum disilikat (Li,Si,Os)-wollastonit
(CaSiO3) 1:1 molce faz oranini karsilayacak sekilde
kompozisyonda K,O

ise Uretilen camin

Hazirlanan
|(_;|n A|203
kararlihginin  arttiriimasi

hazirlanmustir.
ergitici  Ozelligi
amaciyla kullaniimistir.
Homojenizasyonun saglanabilmesi icin hassas bir
sekilde tartimi gerceklestirilen baslangic tozlar
dokiim islemi 6ncesinde 200 dev/dk hizda 24 saat
kuru olarak bilyali bir degirmen araciligiyla
o0gltmeye tabi tutulmustur. Belirtilen siire sonunda

bilyali degirmenden alinan toz karisimlari platin

pota kullanilarak asansérlii bir firinda (MSE-
Furnace) ergitme islemine tabi tutulmustur.
Ergitme islemleri 10°C/dk isitma  hizinda

gerceklestirilmis olup, ilk asamada karbonatl
bilesiklerde bulunan karbondioksitin ucurulmasi
900°C'de 1 saat slreyle

kalsinasyona tabi tutulmus, sonrasinda ise 1450°C

icin toz karisimlari
sicakliga yine ayni isitma hizinda ¢ikilarak ergimenin
tamamlanmasi icin 2 saat beklenilmistir. Belirtilen
sire sonunda ergiyik camin hizli bir sekilde grafit
kalba dokim islemleri gerceklestirilmis ve ardindan
sekillendirilen LSW cami 600°C'ye on isitilmis tav
firnina yerlestirilerek i¢ gerilmelerin giderilmesi
saglanmistir. Uretilen LSW kodlu cam bilesiminin
1sil islem parametrelerinin belirlenebilmesi igin
Diferansiyel Termal Analiz (DTA, Netzsch STA 449)
gerceklestirilmis olup, bu calismada referans
malzeme olarak alimina kullanilmis ve oda
sicakligindan 1100°C sicakhga kadar 10°C/dk i1sitma
analiz tamamlanmustir.

hizinda cikilarak

Sekillendirilen ilk cam  6rneginden  uygun
boyutlarda kesilerek Uretilen cam numunelere, DTA
analizinde tespit edilen endotermik ve ekzotermik
5°C/dk

islem ¢evrimi

piklerin  verileri dogrultusunda Isitma

hizinda G¢ kademeli bir sl
uygulanmistir. Bu amacla ilk asamada cam matriste
uygun cekirdeklerin olusturulabilmesi icin oda
sicakligindan camsi gegis sicakhgl bolgesine tekabdl
eden 500°C sicakhga cikilarak 1 saat slreyle
beklenilmis, siire sonunda ara verilmeden birinci
ekzotermik pik referans alinarak lityum disilikat
fazinin 6nci fazi olan lityum metasilikat fazinin
yapida c¢okeltilebilmesi icin 600°C sicakhga ¢ikilmis
ve bu sicaklikta yine 1 saat sireyle beklenilmistir.
Ardindan numuneler, hedeflenen lityum disilikat ve

wollastonit fazlarinin yapida elde edilebilmesi igin

ikinci ekzotermik pik sicakhgi dikkate alinarak ve
belirlenen parametrelere de bagl olarak 750, 800
ve 850°C sicakliklarda 1 ve 5 saatlik nihai sil
islemlere tabi tutularak LSW kodlu cam-seramikler
900°C’de

endotermik pik hazirlanan

Uretilmistir. gozlemlenen ikinci
kompozisyona ait
ergime sicakliginin gostergesi oldugundan LSW
cam-seramikleri icin 850°C maksimum 1sil islem
sicakhgl olarak belirlenmistir. Cam-seramiklerin

icin 500°C ve 600°C

gerceklestirilen isil islemler Gretilen bitin 6rnekler

Uretilmesi sicakliklarda
icin ortak parametre oldugundan, lityum disilikat ve
wollastonit fazlarinin yapida c¢okeltilebilmesi igin
uygulanan dgilnct ¢evrim (750°, 800°C ve 850°C
sicakliklarda 1 ve 5 saat silire) bu asamadan sonra
nihai 1sil islem parametresi olarak makalede
bahsedilecektir.

ve takip eden isil islemler neticesinde elde edilen

Uretilen baslangic cam yapisinin

cam-seramiklerin faz vyapilari X-isinlari  kirinim
analizi (XRD, RIGAKU D/Max/2200/PC) kullanilarak
tanimlanmistir. Taramal  elektron mikroskobu
(SEM, Jeol 6060LV) ve enerji dagilim spektroskopisi
(EDS) Uretilen cam-seramiklerin mikroyapisinin,
olusan kristallerin morfolojisinin ve cam matris
icinde dagilimin incelenmesi amaciyla kullaniimistir.
Bu amag¢ icin numuneler metalografik olarak
hazirlanarak, %5’lik HF ¢ozeltisi ile 30 s daglanmis
ve goriantilemeler parlatiimis-daglanmis
ylzeylerden gergeklestirilmistir. LSW kodlu cam-
seramiklerin mekanik ozellikleri  bir  Vickers
mikrosertlik cihazi (Leica Vmht Mot) kullanilarak 50
g yik altinda 10 s bekleme siiresinde elde edilen 5
Olciimiln ortalamasi alinarak o6lglilmustir. Fiziksel
ozelliklerden kitle (bulk) yogunluk olgimleri ise
ortaminda

Arsimet  prensibi ile saf su

gerceklestirilmistir.
3. Bulgular
3.1 Diferansiyel Termal Analiz (DTA)

Sekil 1'de 45 um altindaki LSW kodlu cam
tozlarindan 10°C/dk isitma hizinda gerceklestirilen
DTA analizi Sekilden de
gorilebilecegi lGzere cam tozuna ait DTA egrisi

sonucu verilmistir.
camsi gegis sicakligini (T,) ve ergime sicakhgini (T,)

temsil eden iki endotermik pik sergilerken,

kristallenme sicakliklarina (T,) isaret eden iki ayri
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ekzotermik pik gostermektedir. Uretilen LSW cami

gecis sicakligi 510°C olarak tespit
645°C'de gorilebilecek olan
ekzotermik pik lityum metasilikat (Li,SiOs) onci
fazinin kristallenme pikidir. Yaklasik 775°C sicaklikta
tespit edilen ikinci ekzotermik pik lityum disilikat

icin camsi

edilirken, birinci

(Li,Si,05) ve wollastonit (CaSiO;) kristalin fazinin
olusumu ile ilgilidir. LSW cam kompozisyonuna ait
DTA analizinde 900°C’'de tespit edilen
endotermik pik ise bu kompozisyon icin ergime

ikinci

sicakligini temsil etmektedir.

L SW-100C/dk nsc

(<]
1

645°C
510°C

DTA (mW/mg)
>~

900°C
rExo.

400 500 600 700 800 900

Sicaklik (°C)
Sekil 1. LSW cam tozlarinin 10°C/dk 1sitma hizinda elde

edilen DTA analizi sonuglari.

Literatlirde yer alan calismalarda dretilen lityum
disilikat sistemi cam-seramikleri i¢in hazirlanan
kompozisyona da bagh olarak camsi gegis
sicakliklari 450-485°C sicakhk arahginda, lityum
metasilikat fazinin kristallenme pik sicakliklari ise
603-740°C araliginda rapor
disilikat fazina ait kristallenme pik sicakliklari ise

edilmigtir.  Lityum
gerceklestirilen diger calismalarda yaklasik 734-
895°C araliginda degisim gostermistir (Holand vd.
2006, Zhao vd. 2019).

3.2 X-isin1 Kirinim Analizi (XRD)

Sekil 2’de LSW kodlu cama ve isil islem sonrasi elde
edilen nihai cam-seramiklere ait XRD analizi
sonuglari verilmistir. XRD analizlerinden doékim
yontemiyle elde edilen baslangic cam numunesinin
yaklasik 26=25%lerde silikat

yapinin bir gostergesi olarak tanimlanan genis bir

camlarda amorf

pik sergiledigi gozlemlenmektedir. 750°C'de 1 ve 5
saat slreyle gergeklestirilen isil islem sonrasinda

cam-seramik blinyesinde tespit edilen baslica fazlar
lityum metasilikat (Li,SiOs-ICDD no. 00-029-0829),
lityum disilikat (Li,Si,Os — ICDD no. 01-040-0376),
wollastonit-1A (CaSiOs- ICDD no. 96-900-8152) ve
az miktarda kuvars (SiO,-ICDD no.01-046-1045)’dir.
800°C'de 1
¢ikartilmasiyla birlikte, lityum metasilikattan lityum

Isil  islem  sicakhginin saate
disilikata donisiim reaksiyonu hizlanmis ve artan
isil islem sicaklik ve sureleriyle birlikte lityum
metasilikat fazina ait pik siddetleri kademeli olarak
azalrken, 850°C'de gercgeklestirilen 5 saatlik 1sil
islemler sonrasinda lityum metasilikatin difraksiyon

pikleri artik gbzlemlenememistir.

= Lityum disilikat { Li,Si,O; )
st o Lityum metasilikat { Li,Si0, )
_f o Wollastonit { CaSiO, )

= # Quartz( Si0,)
[}
I_B o a"s o 85
c . ssom|
[
=
o
) 800-5h
by PORESIVN
Q 800-1h
- Aot
S
T . o v.b(}:h
owr

750-1h

Cam
L} L} L}
20 40 60 80

26 (Derece)
Sekil 2. LSW kodlu cama ve cam numunelerin farkh
sicakhk ve sirelerde isil islemi sonrasinda elde edilen
LSW kodlu cam-seramiklere ait XRD analizleri

Lityum metasilikat fazi lityum disilikat fazinin 6nci
fazi olup asagida verilen reaksiyon ile lityum
disilikata dontsmektedir (Ye vd. 2019):

Li,SiOs(kristal) + SiO, (amorf) = Li,Si,Os (kristal) (1)

26=20.6°, 21.6°
acilarinda tespit edilen kuvars fazina ait difraksiyon

XRD analizlerinde vyaklasik

piklerinin siddetinin isil islem sicakliginin  ve
birlikte

edilirken, 850°C'de gergeklestirilen 1 saatlik 1sil

siresinin  artmasiyla azaldigl  tespit
islem sonrasinda yapidan tamamen kaybolmustur.
Lityum disilikat esasli cam-seramiklerde kuvars
fazinin ¢okelmesine literatlirde yer alan daha
onceki calismalarda (Héland vd. 2006, Zheng vd.
2008) da rastlaniimis olup, bu durum yapida olusan
kristalin ~ fazlarinin

oncli lityum metasilikat

heterojen c¢ekirdeklenme boélgeleri saglayarak,

kuvars fazinin cekirdeklenmesini tetiklemesi ile
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actklanmistir (Zhao vd. 2019). Artan sinterleme
ile birlikte bu fazin yap! igerisinde
LSW kodlu cam-

genel

sicakhg
¢6zlindugli disinlilmektedir.
olarak

seramiklerin ~ XRD  sonuglari

degerlendirildiginde,  bilesimlerin ~ tamaminda
ulasiimasi hedeflenen lityum disilikat ve wollastonit

kristalin fazlari elde edilebilmistir.

Uretilen cam-seramik numunelerin kristallenme
ylzdesi  (KY), XRD
piklerindeki kristalin bolgenin alaninin (Ag) toplam

analizlerinde difraksiyon
alana (A=kristal boélgenin alani + amorf bdlgenin
alani) oranlanmasiyla asagida verilen formiile gore
hesaplanmistir (Daguano vd. 2019):

KY% = (Ax/A7)x100 (2)

Gerceklestirilen 1sil islemler sonrasinda cam-
seramik bilinyelerde tespit edilen kristalin fazlar,
ile birlikte Cizelge 1'de

verilmistir. LSW kodlu cam-seramiklerde 750°C’'de 1

kristallenme ylzdesi

saat slireyle gerceklestirilen 1sil islem sonrasinda %

35.71 degerinde kristallenme ylzdesi tespit

edilirken, artan 1sil islem sicaklik ve sireleri ile
kristalinite kademeli bir artis gostererek 850°C’de 5
saatlik 1sil islem sonrasinda % 57.56’lik en yiiksek

degere ulasmistir. Bu durum LSW cam-
seramiklerinin ~ XRD  analizleri ile  beraber
degerlendirildiginde uyumlu bir goruntu

cizmektedir. Dislik 1sil islem sicakliklarinda yapida
¢Okelmis olan lityum metasilikat kristalleri, 1sil islem
sicakhiginin artmasi ve kati hal reaksiyonunun

tamamlanmasi  i¢cin  yeterli stre verilmesi
sonucunda, camsi matristeki amorf ve kristalin SiO,
ile reaksiyona girerek bu yapilari tiketmekte ve
lityum disilikat kristallerini meydana getirmektedir.
Artan sicaklik ve siire ile birlikte XRD analizlerinde
lityum disilikat fazina ait difraksiyon piklerinin
siddeti ve yogunluklarinda gorilen artis bu durumu
desteklemektedir. Ayni zamanda yeni wollastonit
kristallerinin olusumu ve biliyimesi icin de bu
durumda sicaklik ve stre elverisli  kosullar
yaratmakta, dolayisiyla da kristalinite degerleri

gelismektedir.

Cizelge 1. Farkh sicaklik ve sirelerde isil islem sonrasi elde edilen cam ve cam-seramik yapilarda tespit edilen fazlar,

kristallik ylzdesi, bulk yogunluk degerleri ve Vickers sertlik degerleri

. . Kristallik  Bulk Yogunluk Vickers Sertlik
Numune Tespit Edilen Fazlar . . L. 3 L.
Yiizdesi  Degeri (g/cm®) Degeri (HVgs)
Cam Amorf Amorf 2.565 -
750°C-1h Li,Si,Os, Li,SiOs3, CaSiOs, SiO, 35.71 2.573 540 £+ 21.56
750°C-5h Li,Si,0s, Li,Si0O3, CaSiOg, SiO, 45.52 2.586 575 +19.02
800°C-1h Li,Si,0s, Li,Si0O3, CaSiOg, SiO, 47.15 2.585 565+ 32.56
800°C-5h Li,Si,Os, Li,SiOs3, CaSiOs, SiO, 48.63 2.602 590 + 34.58
850°C-1h Li,Si,Os, Li,SiO3, CaSiO3 52.32 2.582 570+ 27.22
850°C-5h Li,Si, 05, CaSiOs 57.56 2.556 560+41.11
3.3 Taramali Elektron Mikroskobu (SEM) sirelerinin ylkseltilmesi lityum disilikat

LSW kodlu cam-seramiklerin taramali elektron
(SEM)
kesitinden gerceklestirilmis olup Sekil 3'te 1000X

mikroskobu analizleri numunelerin
blylitmede karsilastirmali olarak verilmistir. SEM
LSW  kodlu
camsl matriste gdmili halde cubuksu bir formda
(bulk)

blylyen uzamis lityum disilikat kristal morfolojisi

gorintilerinden cam-seramiklerin,

tercihli olarak yilzeyden hacme dogru

sergiledigi gorilmektedir. Isil islem sicaklik ve

kristallerinin boyutlarinin artmasiyla sonuglanirken,
literatlrde yer alan ¢ogu calismanin aksine dokiim
yoluyla dretilen LSW kodlu cam-seramiklerde
birbirine kenetli olarak bilinen
kristal
edilememistir. Bu durumun malzemenin olasi zayif
(dustk
sergilemesine sebep olabilecegi distnilmektedir.

lityum disilikat

mikroyapisi tam anlamiyla elde

mekanik  6zellikler egme dayanimi)

Gergeklestirilen 1sil islemler neticesinde cam-

seramik binyelerde elde edilmesi amaglanan diger
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bir kristalin faz olan wollastonit fazinin ayirt
edilebilmesi amaciyla, Sekil 4’te 850°C’'de 5 saat
sureyle nihai 1sil islem uygulanan LSW kodlu cam-
seramik numunenin 500X biylitmedeki geri sacilan
elektron (BES) goruntisl, 1000X buylitmedeki BES
gorlntlsl ve noktasal EDS analizleri ile birlikte
verilmistir. Analizlerden ¢ubuksu formdaki lityum
disilikat kristallerinin arasinda acik renkli olarak
gorintilenebilen lamelar yapidaki diizenli dagilmis
kristaller wollastonit fazini temsil etmektedir. EDS
analizlerinde “1” numara ile isaretlenen bolgenin

yiksek “Si” ve “O” elementlerini icerdigi tespit

edilirken, “2” numarali agik renkli bélgeden alinan
EDS analizlerinde ise yiksek “Ca”, “Si” ve “O”
elementleri tespit edilmistir. Bilindigi Uzere “Li”
elementi EDS analizleri ile tespit edilememektedir.
Bu sebeple vyiksek silisyum ve oksijen
elementlerinin varhigl bu bolge igin lityum disilikat
ifade ederken, “2”

numarali bolgede tespit edilen yiksek kalsiyum

kristallerinin  olusumunu

elementinin varligi molce 1:1 oraninda CaO:SiO
oranina sahip wollastonit (Hossain vd. 2020)
kristalinin etmektedir.

olusumuna isaret

Sekil 3. Farkli sicaklk ve sirelerde isil isleme tabi tutulan LSW kodlu cam-seramik numunelerin SEM gorintileri, (a)
750°C-1h, (b) 750°C-5h, (c) 800°C-1h, (d) 800°C-5h, (e) 850°C-1h, (f) 850°C-5h

Si

KV 50 KV,

Sekil 4. 850°C’de 5 saat slreyle isil isleme tabi tutulan LSW kodlu cam-seramigin a) 500X biyutmedeki BES goriintisa,

b) 1000X bliytitmedeki BES goriintiisi ve belirlenen noktalarin EDS analizleri
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3.4 Yogunluk Olgiimleri

Uretilen LSW kodlu camlarin ve nihai cam-seramik
numunelerin yogunluk olgiimleri saf su ortaminda
Arsimet prensibi kullanilarak esitlik (3) yardimiyla
hesaplanmistir (Zheng et al. 2021):

Myury

p N (Mkuru_Myas)x psu (3)
Bu esitlikte p (g/cm®) numunenin bulk yogunlugu,
s (g/cm®) dlciilen sicaklikta saf suyun yogunlugu
iken, My Ve My, sirasiyla numunenin havada ve
sudaki agirhgidir. Sekil 5’te ve Cizelge 1’de LSW
kodlu camlarin ve sil islemler sonrasinda elde
edilen cam-seramik numunelerin bulk yogunluk
degerleri verilmistir. Isil islem Oncesi cam
numunede 2.56 g/cm¥Iik yogunluk degeri elde
edilirken, camsi yapidan cam-seramige donisim
sonrasinda yogunluk degerlerinde 800°C-5 saatlik
1sil islem parametresine kadar kademeli bir artis
gozlemlenmis ve 2.60 g/cm¥lik maksimum
yogunluk degerine ulasilmistir. Daha fazla artan isil
islem sicakliklarinda (850°C’de 1 saat ve 5 saat)

yogunluk degerleri yine kademeli olarak azalmistir.

2,65

2,60 -

2,55 4

Bulk Yogunluk (gicm?)

LSW

2,50

CAM 750.1h 750.-5h 800-th 800-57 850-1h 850-5h
Isil iglem Parametreleri

Sekil 5. LSW kodlu cam ve isil islem sonrasi cam-seramik
numunelerin bulk yogunluk degerleri

Cam-seramiklerde yogunluktaki gelisim camsi

matriste meydana gelen kristalizasyon ile

iliskilendirilir. Bu durum cam-seramiklerde mekanik

ozeliklerin gelisimi ile de paralellik gosterir.

Kristalizasyon  islemi  sirasinda  cam-seramik

yapilarda yer alan camsi faz ile kristallerin

kenetlenerek yogunlasmasi temel olarak viskoz akis

mekanizmasi ile meydana gelmektedir. Bu durum
da aslinda yapida yer alan camsi fazin miktariyla
dogrudan alakalidir. Camdan cam-seramik yapiya
donlisim sirasinda camsi matriste c¢okelen ve

sicakligin  etkisiyle biylyen kristalin  fazlar
yogunlasmanin tam olarak saglanmasinda bazi
durumlarda negatif etkiye sahiptir. Bu etkiler; a)
cam-seramik dénislimi sirasinda yapidaki SiO,'nin
tiuketilerek camsi faz miktarinin azalmasi ve b)
camsi  fazin  viskozitesini  artirmasi  olarak
Ozetlenebilir (Kraipok vd. 2021). LSW kodlu cam-
seramiklerde isil islem sicakliginin ve siiresinin
artmasiyla yogunlukta belirli bir seviyeye kadar
meydana gelen gelisim camsi matriste kristalin
fazlarin cokelmesi ve bunlarin siireye ve sicakliga
bagh olarak biyimesi ile ilgilidir. Bununla birlikte
isil islem sicakliginin daha fazla arttirilmasi LSW
kodlu cam-seramiklerde olasi asiri tane biylimesi,
yapidaki camsi faz miktarinin azalmasi ve
viskozitenin artmasi sebebiyle camsi matris ile
bliylyen kristaller arasinda tam anlamiyla bir
kenetlenme saglanamamasi sebebiyle yogunluk

degerlerinde azalmayla sonucglanmistir.
3.5 Vickers Mikrosertlik Olgiimleri

Cizelge 1’de LSW kodlu camlarin farkli sicaklik ve
strelerdeki 1sil islemi ile Uretilen LSW kodlu cam-
seramiklerin 6lclilen Vickers mikrosertlik degerleri,
Sekil 6’'da ise bu degerlerin karsilastirmali gdsterimi
verilmistir. Sonuglar goz onilinde
bulunduruldugunda LSW kodlu cam-seramikler igin
mikrosertlik degerleri isil islem sicaklik ve siresine
bagimh olarak 540 ila 590 HV, s araliginda degisim
gostermektedir. LSW kodlu bilesimler icerisinde
800°C’de 5 saat siireyle isil isleme tabi tutulan cam-
seramik numune en yiksek sertlik degerini (590
HV(.05)

mikrosertlik

LSW cam-seramiklerindeki
belirli  bir
parametresine kadar (800°C-5h) artarken daha

sergilemistir.
degerleri sinterleme
sonrasinda ise kademeli olarak azalma egilimi
gostermektedir. Literatirde gerceklestirilen cesitli
¢alismalar lityum disilikat cam-seramiklerinde artan
1sil islem sicakliklari ile sertlik degerlerinin artis
gosterdigini ortaya koymaktadir (Kraipok vd. 2021).
Bu durum aslinda artan 1sil islem sicakliklari ile
birlikte kristal

dayandirilmaktadir. Klglk yapidaki kristaller ideal

boyutlarinin bliylimesine
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boyuttaki cubuksu lityum disilikat kristallerine
kiyasla daha zayif mekanik ozellikler gosterirler.
Bununla birlikte cam-seramiklerde sertlik degerleri
Gzerinde etkin olan ikinci bir faktor ise porozite
miktaridir. Optimum sonuglarin elde edilebilmesi
icin minimum porozite ve uygun/yeterli kristal
boyutlarina sahip homojen birbirine kenetli
mikroyapilara ulasiimasi gerekmektedir. Yetersiz
yogunlasma ve  vyiksek porozite, sertlik
degerlerinde 6nemli olgide diisise sebep olur
(Monteiro vd. 2022). Bir onceki bolimde yer alan
LSW kodlu cam-seramiklere ait bulk yogunluk
degerleri ile karsilastirmali olarak degerlendirilecek
olursa, Ozellikle LSW kodlu cam-seramikler igin
maksimum yogunluk degerlerine 800°C’de 5 saatlik
1sil islem sonucunda ulasildigl gortlmektedir. Bahsi
gecen cam-seramik ornekleri icin en ylksek sertlik
degeri de yine ayni isil islem parametresinde elde
edilebilmistir. Mevcut ¢alismada Uretilen cam-

seramikler icin sertlik degerlerinin porozite
miktarindan 6nemli Olglde etkilendigi sonucuna

varilmaktadir.

800

700 +
600
500
400 4
300 +

200 -+

Vickers Sertlik Degeri (HV, o5)

100 4

7501h  750.5h  800-1h  800-5h
Isil islem Parametreleri

850-1h  850-5h

Sekil 6. LSW
mikrosertlik degerleri

cam-seramik numunelerin  Vickers

Literatlirde yer alan c¢alismalarda; Zhao ve
reaktif

lityum  disilikat

arkadaslarinin sinterleme  yontemiyle

Urettikleri cam-seramiklerinin
kristallenme davranisini ve mekanik o6zelliklerini
inceledikleri calismalarinda, hazirlanan bilesime
gore mikrosertlik degerlerini 5.48-5.92 GPa (558.8-
603.7 HV) araliginda tespit etmisler ve dislk sertlik
degerlerine yapidaki

porozite mevcudiyetinin

sebep oldugunu ortaya koymuslardir (Zhao vd.

2014). Sun ve ark.
seramiklerinin

lityum disilikat cam-

mikroyapisal ve mekanik
Ozelliklerine 1sil-islem parametrelerinin ve siiresinin
etkisini inceledigi bir diger calismada ise sertlik
degerlerini 6.60-7.21 GPa (673-735.2 HV) araliginda
tespit ederlerken, artan sinterleme sicaklik ve
slrelerinin sertlik degerleri Gzerinde sinirlh  bir
etkiye sahip oldugunu belirtmislerdir (Sun vd.
2021). Literatirde bahsi gecen ayni sistemdeki
cam-seramikler ile karsilastirildiginda dretilen LSW
kodlu cam-seramikler benzer/uyumlu mikrosertlik

degerleri gostermektedir.
4, Tartisma ve Sonug

Mevcut c¢alismada analitik saflikta kimyasallar
Li,0-Si0,-Ca0-K,0-Al,05-P,05
sisteminden lityum disilikat-wollastonit esasli cam-

kullanilarak

seramikler basarili  bir sekilde Uretilmigtir.
Gergeklestirilen XRD analizlerinde dretilen cam-
seramik o6rneklerin  tamaminda
(Li;Si,0s) ve

ulasilabilirken,

lityum disilikat
(CaSios)
islem sicakliklari ve

wollastonit fazlarina
disak sl
slrelerinde bahsedilen bu fazlarin yani sira lityum
metasilikat (Li,SiO3;) ve kuvars (SiO,) fazlarina ait
850°C'de 5 saat

olarak gergeklestirilen isil islemler neticesinde ise

minor piklere de rastlaniimistir.

cam-seramik yapilarin XRD analizlerinde sadece
lityum disilikat (Li,Si,Os) ve wollastonit (CaSiO3)
fazlarina ait pikler tespit edilirken, en yilksek
kristalinite miktari yine 850°C’'de 5 saatlik 1sil
islemler neticesinde elde edilebilmistir. 750°C’de 1
saat olarak gergeklestirilen baslangic 1sil islem
parametresinden 800°C’'de 5 saatlik 1sil islem
parametresine kadar bulk yogunluk ve mikrosertlik
degerlerinde kademeli bir artis not edilirken, isil
islem sicakliginin ve siiresinin daha fazla arttirilmasi
cam-seramik biinyelerde meydana gelen porozite
miktarini ve boyutlarini artirarak, mekanik ve
fiziksel 6zelliklerde diisme egilimine yol agmistir.
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Abstract

In this study, it is aimed to prepare a 1:1 ratio PLA blend with PEG-b-PCL diblock copolymer, which is
intended to be used as a drug release and biomaterial, and to obtain a biocomposite film with
M.neglecta extract in different ratios. The obtained biocomposite films were first characterized by the
ATR-IR spectrum and the characteristic functional group signals of the polymers were determined. The
thermal analysis results show that the plant extract reduces the thermal stability of the polymer blend.
Calorimetric measurements can be interpreted as plant-doped biocomposite films decrease the T,
temperature of the polymer blend, that is, increase the interchain free volume of the polymers. It was
observed that swelling degree and moisture content of the plant treated polymer blend biocomposite
films decreased with increasing plant percentage, while water solubility increased. It was observed that
the plant extract slightly improved this feature of the PEG-b-PCL/PLA blend film, which showed shape
memory. Due to the phenolic compounds in the structure of M. neglecta, it increased the antioxidant
activities of the biocomposite films by adding it to the polymer blend.

Malva neglecta Yaprak Ozii / Biyobozunur Diblock Kopolimer Karisim
Biyokompozitleri: Fizikokimyasal ve Antioksidan Ozellikler

Anahtar kelimeler
M.neglecta; poli &-
kaprolakton; sekil
hatirlamali polimer;
biyokompozit; sisme
derecesi; antioksidant
aktivite

1. Introduction

Malva neglecta

herbaceous plant from the Malvaceae family. It is
widely used both medicinally and as food (Glider
2008; Ingole et al. 2020). This traditionally used

Oz

Bu ¢alisma ilag salinimi ve biyomalzeme olarak kullaniimasi hedeflenen PEG-b-PCL diblok kopolimeri ile
1:1 oraninda PLA blendinin hazirlanarak farkli oranlarda M.neglecta ekstraktiyla biyokompozit film
eldesini hedeflenmektedir. Elde edilen biyokompozit filmleri 6ncelikle ATR-IR spektrumu ile karekterize
edilmis ve polimerlerin karekteristik fonksiyonel grup sinyalleri belirlenmistir. Termal analiz sonuglari,
bitki ekstraktinin polimer blendin termal kararlihigini azalttigini gostermektedir. Kalorimetrik dlgimler
ise bitki katkili biyokompozit filmlerin, polimer blendin T, sicakhgini dlstirdigl yani polimerlerin
zincirler arasi serbest hacmini arttirmasi seklinde yorumlanabilir. Bitki ile etkilestirilmis polimer blend
biyokompozit filmlerinin sisme derecesi ve nem igeriginin artan bitki ylizdesiyle azaldigi gorilirken,
sudaki ¢ozUndrluginin ise arttig goruldu. Sekil hatirlama 6zelligi gbésteren PEG-b-PCL/PLA blend
filminin bu ozelligini bitki ekstraktinin da az da olsa iyilestirdigi gorilmistir. M. neglecta yapisinda
bulunan fenolik bilesiklerden dolayi, biyokompozit filmlerin

polimer blende katkilanmasiyla,

antioksidant aktivitelerinin artmasini saglamistir.

© Afyon Kocatepe Universitesi

herb alkaloids,
hydroxycinnamic acids, phenolics, organic acids,
protein, fats and (Hassanpour Amnieh et al. 2018;
Pinela et al. 2016). Roots, stems, leaves, flowers
and seeds are used medicinally (Aziz et al. 2016).
Due to its rich content, it is especially beneficial as

contains tannins, saponins,

a self-growing perennial


mailto:sibelselcuk85@gmail.com
http://orcid.org/https:/orcid.org/0000-0002-8643-7590

Malva Neglecta Leaves Extract / Biodegradable Diblock Copolymer Blend Biocomposites..., Pekdemir.

soothing plants in inflammation, wound healing,
urinary, digestive and respiratory systems (Al-Snafi
2019).

Biodegradable polyesters such as poly lactic acid
(PLA) and poly e-caprolactone (PCL) have received
great attention over the past two decades
2021). PLA is
biodegradable polymer derived from renewable

(Mennati et al. a versatile
resources such as corn and sugar beet (Lipinsky and
Sinclair 1986; Pekdemir, S. et al. 2022). The very
good shape memory behavior of PLA is one of the
reasons why it was preferred in this study (Leonés
et al. 2019; Yilmaz et al. 2023). PCL is a linear chain
polyester with  hydrophobic properties, s
biocompatible and has low immunogenicity. Due to
these properties, it has been preferred in many
recent studies. Approved by the Foods and Drugs
Administration (FDA), PCL is a highly advantageous
polymer in drug delivery systems (Brandt et al.
2019; Labet and Thielemans 2009; Sinha et al.
2004). Especially in studies such as drug delivery
systems, situations where lipophilic property is a
disadvantage may occur. In this case, the presence
of hydrophilic molecules is needed to maintain the
hydrophilic and hydrophobic ratio balance. Thus, a
promising method has been developed that can
change the physical and chemical properties by
giving the polymer structure an amphiphilic
property by the interaction of PCL and hydrophilic
molecules (Li and Tan 2014; Piazza et al. 2018).

Polyethylene glycol (PEG), which has hydrophilic
properties, is among the most preferred polymers
due to its biological compatibility, water solubility
and non-toxicity (Grossen et al. 2017; Ozer et al.
2017). At the same time, another reason why PEG
is preferred is that it is a very good plasticizer
(Pekdemir et al. 2023). For this reason, it has been
widely used in food, pharmaceutical and medical
sectors, cosmetic products and many areas of
industry for many years (Pekdemir et al. 2023).
PCL-b-PEG copolymer is produced by adding PEG
chains to PCL with suitable solvents (Du et al. 2007;
Fairley et al. 2008). Since the hydrophilic part of
the amphiphilic block copolymers is PEG and the
hydrophobic part is PCL, it is possible to show the
medical

targeted effect in applications and

especially in drug release studies (Huang et al.

2015). In this way, the curative effect of the drugs
can be increased and the toxicity to normal cells
can be reduced (Dash and Konkimalla 2012;
Woodruff and Hutmacher 2010).

This study aimed to produce an innovative material
for drug release and medical applications, which is
compatible with the environment and health, with
the interaction of biodegradable polymers with
PCL-b-PEG/PLA
biocomposite films treated with Malva neglecta

plant extract. For this reason,
plant extract were prepared. The films were
characterized by ATR-IR, TGA, DSC. In addition,
shape memory effects and physical properties of
biofilms doped with blend and plant extract were
also investigated.

2. Material and Method
2.1 Material

The e-caprolactone monomer, stannous octate
[Sn(oct),] catalyst and poly ethylene glycol (PEG)
initiator were purchased from Sigma-Aldrich. High
molecular weight poly lactic acid (PLA) was
obtained from ABG filament, Ankara, Turkey.
Toluene, hexane and chloroform (purity>99.9)
solvents were purchased from Merck and used as
received. In addition, the ultrasonic homogenizer
that ensures the homogeneity of the composites
was supplied from Fytronix company, Turkey.

2.2 Preperation of Malva neglecta ethanolic
extract

Firstly, the collected plant was dried in a place out
of the sun and ground into powder with the help of
a blender. 10 g powdered plant was placed in 100
mL absolute ethanol and mixed for a while in a
magnetic stirrer and then put in a shaker incubator
at 35 °C for 24 hours (Pekdemir et al. 2020). After
the incubation, the plant solution was filtered with
Whatman filter paper no. 1 and the process was
continued until the solvents were completely
removed in the vacuum evaporator at 40 °C. The
plant extract obtained with ethanol solvent was
kept at -20 °C until experimental studies to be
used.

2.3 Synthesis of PEG-b-PCL copolymer
Synthesis of PEG-b-PCL diblock copolymer was
carried out by ring-opening polymerization under
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conditions previously mentioned in the literature
(Angarita et al. 2020; Arias et al. 2021). During the
synthesis, e-caprolactone was used as monomer,
Sn(oct) as catalyst and PEG as initiator. 10 mmol &-
caprolactone was placed in a round bottom flask
and stirred in 12 mL of toluene on a magnetic
stirrer. Then, 0.25 mmol PEG and 2 drops Sn(oct),
were added to the reaction flask, respectively. The

reaction was carried out under magnetic stirring
and an inert atmosphere at 110 °C for 24 hours.
The block copolymer was precipitated in ice-cold
hexane and dissolved in chloroform. The solution
precipitation process was repeated 3 times,
thereby unreacted monomers and

catalyst residues.

removing

2.4 Preperation of (PCL-b-PEG)/PLA Blends

1:1 ratio by weight (PCL-b-PEG)-PLA blend was
obtained by solvent casting method. For this
purpose, 0.25 g (PCL-b-PEG) was dissolved in 5 mL
chloroform by mixing in a magnetic stirrer. Then,
0.25 g of PLA was added and the mixing of the
polymer blend was continued for 3 hours. The
polymer blend solution, which was carefully
poured into the Petri dish, was dried in a vacuum

oven at 40 °C for 24 h.

2.5 Preperation of (PCL-b-PEG)-PLA blend / Malva
neglecta composites

(PCL-b-PEG)-PLA blend composites were prepared
by using different ratios of M.neglecta extract. To
prepare the polymer blend
containing 10% M.neglecta plant extract initially,

composite film

0.05 g was weighed and mixed in 5 mL of
chloroform in a magnetic stirrer. 1:1 ratio (PCL-b-
PEG)-PLA blend solution was prepared
separate beaker and added to the plant extract

in a

solution. The polymer blend / plant extract
composite solution, which was stirred for 2 hours
on a magnetic stirrer, was briefly dispersed in the
ultrasonic homogenizer and poured into the petri
dish.
M.neglecta extract using the same method. The

Composites were prepared with 25%
composite solutions poured into the Petri dish
were dried in a vacuum oven at 35 °C for 24 h, and
thus (PCL-b-PEG)-PLA blend
containing M. neglecta were obtained (Figure 1).

composite films

Blend 10% plant

25% plant

Fig 1. (PCL-b-PEG)/PLA blends with different ratios of
M.neglecta extract

2.6 Moisture content, swelling degree, and water
solubility

The initial weight (W,) of the 2x2 cm cut film
samples was taken to determine the moisture
content (M,) of the biocomposite membranes.
Afterwards, it was dried to a constant weight at
100 °C and weighed again (W,) (Zhang et al. 2019)
and then the following equation was applied:

M:(%) = (Wo — We)/Wo x 100 D

Studies to determine the water solubility and
swelling degree were carried out simultaneously.
The initial weights (W;) of the 2x2 c¢cm cut film
samples were taken. The samples were then placed
in containers filled with distilled water and shaken
for 24 hours. After that, the samples were removed
from the water, dried with clean filter paper and
weighed (W;;). Swelling degrees were calculated
(EI-Hefian et al. 2010).
Afterwards, the samples were dried to a constant
weight at 100 °C and re-weighted (W,). Water
solubility was also calculated using Equation 3 (Liu
et al. 2017)

using Equation 2

Swelling degree (%) = (Wq — Wy)/W,; X 100 (2)
Water solubility (%) = (W — W;) /Wy x 100 (3)

2.7 Antioxidant Activity

It is important to investigate the antioxidant
properties of biocomposites prepared with organic
materials (Akhtar et al. 2012; Vieira et al. 2022).
Therefore, the antioxidant activity of plant-based
biocomposite membranes was tested according to
the method of Yang and co-workers (Yang, J. et al.
2019). According to this method, samples were
transferred into tubes containing 4.0 ml of
methanolic 2,2-Diphenyl-1-picrylhydrazyl (DPPH)
(0.1 M) solution and incubated for 60 minutes at 25
oC in the dark. The absorbance of the samples was
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then recorded at 517 nm by a UV
spectrophotometer. All analyzes were performed
in 3 repetitions. The following equation 4 was used
to calculate the antioxidant activity.

Ac—Ap

Antioxidant activity (%) = [ "

] x 100 (4)

A, is the absorbance of the DPPH solution without
sample added, and A, is the absorbance of the
DPPH solution remaining in the sample tube.

3. Results

3.1 ATR-IR Results

blend and
composites prepared with plant extract are shown

ATR-IR spectra of pure polymer

in the figure 2. The signals occurring at 2881 cm™
and 2948 cm™ belong to —CH symmetrical and
asymmetric stretching vibrations, respectively
(Pekdemir et al. 2023). The very sharp and strong
signal seen at 1750 cm™ is attributed to the
characteristic C=0 stretching vibration of PLA
(Niksarhoglu et al. 2023; Yang et al. 2023). The
signal belonging to the C=0 stretching vibration of
the PCL seen in the shoulder shape was seen at
1720 cm™ (Tasgin et al. 2023). The absorption
peaks at 1357, 1182, 1086 and 1045 cm™ show —CH
C-0-C
asymmetrical stretching vibration of ester groups

bending vibration, symmetrical and
and O-H bending vibrations, respectively (Ghafouri
et al. 2022; Yang et al. 2020). For composites
prepared with the M.neglecta extract, the spectra
are similar to that of the blend and show
characteristic bands of PLA and PCL. Unlike these
signals, it was observed that the signal at 1622 cm™
increased with increasing plant extract ratio, which
can be attributed to the presence of a deformed
aromatic ring, amino acids and flavonodes in the
structure of the plant (Mabasa et al. 2021).

3.2 Thermal Analysis

In Figure 3, calorimetric measurements of pure
(PCL-b-PEG)-PLA blend and composites containing
M. neglecta extract in different ratios were
performed with Perkin Elmer Differential Scanning
Calorimetry (DSC) under N, gas at a flow rate of 10

°C/min. DSC curves showed a very strong signal

around 60°C. It is known that this signal belongs to
the melting temperature (T,,) of PCL and PEG and
the glass transition temperature (7,) of PLA, and
they are all in the same region (Gurler et al. 2023;
Pekdemir et al. 2023; Yilmaz et al. 2023). In
composites, the decrease of this signal from 57.7 °C
to 55.7 °C as the plant ratio increases can be
interpreted as the increase in the distance between
the polymer chains of the plant extract, that is, the
free volume Pekdemir et al. 2023). The signal that
appeared at 180 °C belongs to the T,, temperature
of PLA and it was seen that the plant did not affect
this temperature much (Bijarimi et al. 2016).

=0 (PLA
—25% plant C-H e=0/( ) c-0-C
——

I S L
: 10% plant : /W\/\/
] b /W

“Blend

R

]PEG-b-PCL

Transmittance (%)

| e

<

1 C=0 (PCL)

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Fig 2. ATR-IR spectra of (PCL-b-PEG)-PLA blend/M.
neglecta composites

o

50 100 150 200 250

2506 plan] T T T

1
—— 10% plant|
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ﬁ

50 100 150 200 250

o

Temperature (°C)

Fig 3. DSC curves of (PCL-b-PEG)-PLA blend/ M. neglecta
composites
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blend
composites was investigated with Schimadzu TG-50

The change in mass loss of polymer
under N, gas with a flow rate of 10 °C/min and The
blended

composites was investigated with Shimadzu TGA-

change in mass loss of polymer
50 under N, gas at a flow rate of 10 °C/min and the
obtained TGA curves were shown in Figure 4. In
the TGA curve of the (PCL-b-PEG)-PLA blend, it was
observed that the

temperature (T;) was 172 °C and the degradation

initial  decomposition
took place in a single step. After the M.neglecta
extract was added, it was observed that the
composites underwent a two-stage degradation
and the T; values decreased. This situation can be
interpreted as the plant lowering the thermal
stability of the polymer (Pekdemir et al. 2021;
Pekdemir et al. 2022). Residue amounts of pure
polymer blend and composites containing 10% and
25% plant extract at 500 °C were determined from
the TGA curves as 4.5, 5.7 and 9.3, respectively.

100

80

S 60
@ ——Blend
< —— 10% plant
= —— 25% plant

40

20

0 T T T T T T T T T T
0 100 200 300 400 500

Temperature (°C)

Fig 4. TGA curves of (PCL-b-PEG)-PLA blend/M. neglecta
composites

3.3 Moisture content, swelling degree, and water
solubility

Moisture content, water solubility, and swelling
degrees of polymer blends and biocomposites with
plant extract are shown in Figure 5. While the
moisture content of the polymer blend film was
higher, the moisture content of the films decreased
with the addition of plant extract. The fact that the
presence of OH and amino groups in the plant
content can reduce the bonding presence of water

molecules by interacting with the polymer, which
explains the result we obtained (Souza et al. 2017).
By looking at the water solubility and swelling
of the their
resistance and stability in water were determined.

degrees biocomposites, water
As shown in Figure 5, an increase in the water
solubility of the films was observed with the
addition of plant extract. It is seen that the water
solubility of the biocomposite containing 10% plant
is equivalent to the blend, while there is a
significant increase in the water solubility of the
biocomposite containing 25% plant extract. This is
thought to be due to the weak interaction between
the functional groups of the polymer blend and the
plant extracts. In addition, in terms of swelling
degree, it is seen that polymer blend film exhibits
higher swelling values than films containing plant
extracts (El Mouzahim et al. 2023). Similar results
were found in studies with chitosan combined with
plant extract (Souza et al. 2017).

Swelling Degree

Water Solubility
Moistrue Content|

40 — -

50 A

% 30

Blend 10% plant

25% plant

Fig 5. Moisture content, water solubility and swelling
degree of (PCL-b-PEG)-PLA  blend/M. neglecta
composites

3.4 Shape memory Property

After doping the plant extract on the blend
prepared with shape recovery polymers PLA and
PCL-b-PEG, it was examined how it affected these
properties (Figure 6). Pure blend and composite
materials containing 20% plant extract were cut
into a straight strip. The cut strip samples were
spiralized at a temperature above their T,. It was
observed that they kept this temporary shape
left to
determined that the samples, which were brought

when room conditions. Then, it was
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to a temperature above T, kept their old strip
shape and returned to this shape. One of the
remarkable features was that the plant extract
improved the shape memory property of the
polymer blend (Pekdemir et al. 2022).

Fig 6. Shape memory cycle of (PCL-b-PEG)-PLA blend/M.
neglecta composites

3.5 Antioxidant Activity

The antioxidant abilities of the samples were
tested with the DPPH radical capture method, and
the DPPH
biocomposite membranes containing M.neglecta

radical scavenging activity of
plant extract is shown in Figure 7. It is thought that
the good antioxidant activity of M.neglecta is
caused by the phenolic components in its content,
and this is due to the electron transfer or hydrogen
donation of the hydroxyl groups in its structure to
free radicals (DEVECI et al. 2016; Khalid and Saleem
2018). As seen in figure 7, it was determined that
the DPPH radical scavenging activity of the blend
without the plant extract was significantly low,
whereas the biocomposite membranes gained a
certain DPPH radical scavenging capacity with the
inclusion of the plant extract, and even this
antioxidant activity increased with the increase of
the plant content. BHT was used as a positive
control. It was observed that the biocomposite
containing 25% extract had a

plant good

antioxidant activity compared to the control.

4. Conclusion

PEG-b-PCL/PLA blend biocomposite films prepared
by using M.neglecta extract at different ratios were
prepared by solution casting method. When the

ATR-IR spectra of the prepared biocomposite films
were examined, the C=0 stretching vibration,
which is the characteristic signal of PLA and PCL,
was seen at 1750 cm™. It was seen in the DSC
curves that the decrease of the signal belonging to
the T, of PLA at 57.7 °Cand T,, of PCL to 55.7 °C can
be interpreted as the increase in the free volume
between the polymer chains of the plant extract.
The fact that M.neglecta extract reduces the
thermal stability of the polymer blend can be
explained by the decrease in T; value.

Blend 3—« 4,23
10% ﬂ—« 42,29
25% i«sz,ee

BHT 194,87

Scavenging activity (%)

Fig 7. DPPH radical scavenging acitivty of (PCL-b-PEG)-
PLA blend / M.neglecta composites

Since the presence of hydroxy and amine groups in
the structure of the plant would not allow the
bonding of water molecules, the plant extract
reduced the moisture content of the polymer
blend. Likewise, it was observed that the swelling
degrees of polymer blend films doped with plant
extract were lower. However, due to the weak
interaction between the functional groups of the
polymer and plant molecules, it was determined
that the water solubility of the polymer blend
increased with the increasing percentage of the
plant and reached up to 46 %. It was concluded
that when the plant extract was added to the
blend, which consists of polymers with shape
memory properties, this property was slightly
improved. Finally, when the DPPH antioxidant
capacities of biocomposites are examined, the fact
that the biocomposite film containing 25%
62.66 %
scavenging activity can be interpreted as showing

M.neglecta extract contains radical

an antioxidant activity close to BHT control.
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0z
Bu g¢alismada, tibbi ve biyomalzeme olarak kullaniimak Ulzere biyouyumluluk oranlari iyi olan farkh
Anahtar kelimeler Ozelliklere sahip titanyum dioksit (TiO,), hidroksi apatit (HA) ve polilaktik asit (PLA) kullanilarak farkli
Elektrogekim; Nanolif;  konsantrasyon ve karisim oranlarinda farkli ¢ézeltiler hazirlanmis ve bu farkli ¢ozeltilerden sabit proses

Polilaktik asit; parametrelerinde elektro cekim yontemi kullanilarak nanolifli yiizeyler uretildi. Uretilen nanolif
Hidroksiapatit; drtilerin karakteristik 6zellikleri, Taramali Elektron Mikroskobu (SEM) ve EDX analizleri ile belirlendi.
Titanyum dioksit. Deney sonuglarindan, HA veya TiO, miktarindaki artisinin boncuk olusumunu ve lif ¢aplarini arttirdigi

tespit edilmistir. FT-IR analiz sonuglari incelendiginde tim deney sonuglarinda olagandisi bir farkliliga
rastlanmamustir.

Microstructure Investigations on PLA-Based Nanofiber Surfaces
Containing Biocompatible Additives Produced by Electrospinning
Method

Abstract
In this study, different solutions with different concentrations and mixing ratios were prepared using
Keywords titanium dioxide (TiO2), hydroxyapatite (HA) and polylactic acid (PLA) with good biocompatibility rates
Electrospinning; for use as medical and biomaterials, and nanofibrous surfaces were produced from these different

Nanofiber; Polylactic solutions using electrospinning method in fixed process parameters. The characteristic properties of the
acid; Hydroxyapatite; nanofiber surfaces produced were determined by Scanning Electron Microscopy (SEM) and EDX
analysis. From experimental results, it was determined that the increase in the amount of HA or TiO,
increased the bead formation and fiber diameters. When the FT-IR analysis results were examined, no
unusual difference was found in all test results.

Titanium dioxide.

© Afyon Kocatepe Universitesi

1. Giris Nanoliflerin, geleneksel liflere kiyasla ¢ok daha
Nanoteknoloji; atomlarin ve molekdllerin en kigulk kiiglik cap, son derece yiksek yizey alani/hacim

birimlerini ifade etmek ve maddeyi atom boyutu ile orani, disik yogunluk, yuksek gozenek hacmi,

kontrol etmek amaci ile kullanilmaktadir. kiigiik gdzenek boyutu, Ustin sertlik ve cekme

Nanoteknolojik calismalarda, nano boyutlara dayanimi gibi benzersiz 6zelliklerinden dolayi,

inildikce yiizey alani/hacim orani artmakta ve nanolif kullanim alanlar da gitgide artmakta ve

malzemelere essiz 6zellikler kazandirilmaktadir. vayginlasmaktadir. Kullanilan - polimerin - cesidine

. . bagh olarak, Uustin Ozelliklere sahip olan bu
Nanoteknoloji ve nanolifler, hem arastirmacilarin & ! P

hem de ticari firmalarin ginimizde oldukca ilgi nanoliflerden (retilen ylzeylerin membran, doku

gosterdigi  alanlar arasinda  yerini  almigtir. miihendisligi, dis hekimligi uygulamalari, kompozit

yvapilar, koruyucu giysiler, tibbi tekstiller,
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Elektrogekim Yontemiyle Uretilen Biyouyumlu Katkilar iceren PLA Bazli Nanolifli Yiizeyler, Tosun vd.

antimikrobiyal maskeler biyosensoérler ve ses

yalitimli paneller, hava ve arag filtreleri gibi birgok
yaygin
gerceklesmis ve gelistirilmeye devam etmektedir
(Callioglu 2013).

uygulama alaninda kullanimi olarak

Nanolifler, sablon sentezi, faz ayrimi, kendinden
dizenleme, eriyik plskirtme, elektro lif ¢ekme
(elektro-egirme) gibi yontemlerle Uretilmektedir.
Elektro
kompozitler ve

polimerler,
cesitli
malzemelerden c¢aplari 3 nm ila 1 um araliginda
kalinhklarda
edilebilen en etkili bir Gretim yontemidir (Huang
vd. 2003, Andrady 2008). Elektro ¢ekim yontemi ile
Uretilen nanoliflerle ilgili Gzerine en ¢ok arastirma

lif cekme (Elektro-egirme)

seramikler gibi
surekli

degisen nanoelyaf elde

yapilan konu, biyomedikal uygulama alanlaridir.
Ozellikle umut vaat eden arastirma konulari ise;
doku mihendisliginde kullanilan nanolif bazh (g
boyutlu doku iskeleleri (scaffold), kontrollii ilag
salinimi icin nanolif araclarin tasarimi ve nanolifli
yara Orti malzemeleridir. Yapilan arastirmalarda,
nanolifli ylzeylerin, insan cildinde olusan yara ve
yaniklarin tedavisinde kullaniminin mimkin oldugu
gortlmustir. Elektro cekim ile dretilen nanolifli
yuzeyler, gozenekli vyapi ve kiicik gobzenek
boyutlari, cok genis ylizey alani, yara lzerinde etkin
bir kapama, iyi oksijen gecirgenligi ve bakteriyel
ajanlara karsi bariyer olma oOzelligi sergilemistir
(Huang vd. 2003, Li ve Younan 2004, Ustiindag ve

Karaca 2009).

Biyomalzeme ylzeyinde yapilacak nanotopografik
kontrol
2006).
yeniden insa

desenlemeyle, hicresel davranislar

edilebilinmektedir  (Badamia et al.
Biyomuhendislik canh  dokulan
edilirken, uygun hicre kaynagi, biyobozunur iskele
ve uygun hiicre kultirt gibi temel elemanlara
2003).

Biyobozunur polimerlerden hazirlanmis, ti¢ boyutlu

ihtiyac  duyulur (Yoshimoto et al.
gozenekli yapiya ve blylk ylzey alanina sahip
birbiri doku

miihendisligi, ila¢ gelistiriimesi, ilag salim sistemleri,

ile baglantili nanolifli iskelelerin,
yara iyilestirici Ozellikteki yara ortlleri ve gen
terapisi gibi bircok  alanda uygulamasi
bulunmaktadir (Jiang et al. 2005, Arslan 2007).
Doku miuhendisliginde poliglikolik asit, polil-

kaprolakton, PLGA (polilaktik glikoloik asit), kollajen

ve polilaktik asit gibi polimerler yaygin olarak

kullanilmaktadir. Dogal dokularin olusturulmasi
sirecinde, hiicre disi matrisin yerine gecebilecek
gecici  doku

kullanilmaktadir. Bu

destekleri olarak nanolifler

nanoliflerden olusturulan

destekler, dogal hiicre digi matrisin bilegsimindeki
makromolekdllerin  boyutlariyla olan benzerligi
nedeniyle doku gelisimine yardimci olmaktadir

(Arslan 2007).

Yapilan literatlir  arastirmasi

genis  ¢apli

incelendiginde; cesitli arastirmacilar tarafindan

elektro ¢ekim yontemi kullanilarak birtakim
yapildig

calismalarda, basarili bir elektro cekimi yontemi

arastirmalar gorilmektedir.  Yapilan
icin viskozite, ¢ozelti konsantrasyonu, voltaj ve
besleyici toplayici arasi mesafe gibi farkli elektro
¢cekim parametrelerinin (Doshi and Reneker 1995,
Deitzel vd. 2001, Kleinmeyer vd. 2002, Frenot and
Chronakis 2003, Van der Schueren vd. 2011,
Callioglu 2013, Swain vd. 2013, Cakmak 2014,
Duygulu 2020, Uslu 2020, Yildiz vd. 2021), siringa
sayisinin (Dosunmu vd. 2006, Krucinska vd. 2010,
Ozmen ve Aksoy 2020), toplayici tipinin (Miilazim
ve Canpolat 2017), kutuplama yontemi (Kil¢ vd.,
2008), puskirtme sekillerinin (Badilli ve Tarimci
2009), iletkenlik ve besleme hizinin (Wu vd. 2009)
lif morfolojisine etkilerini incelemislerdir. Ustiindag
ve Karaca (2009) tarafindan yapilan ¢alismada,
kullanilarak PVA/NaAlg
kanisimiyla Urettikleri liflerin yara ortiisu olarak

elektro cekim yontemi

kullanilabilirligi arastinlmistir. Yara Ortlsi olarak

kullanilmak istenen bu lifli ylzeylere oksijen
gegirgenligi, su emicilik testi, kalinlik gibi testler
uygulanmistir. Uretilen lifli yiizeyler tavsan yaralari
Uzerine denemistir ve tavsanlardan alinan doku
¢alismada,

ortlilerin yara ki¢liltme ¢api bakimindan énemli bir

ornekleri  degerlendirilmistir.  Bu
etki yarattigi kanisina varilmistir. Caglayan (2019)
tarafindan yapilan c¢alismada ise, polikaprolakton
(PCL) , ipek fibroin (iF) ve yara iyilestirme dzelligiyle
taninan kurkumin (KR) kimyasallari kullanilarak,
elektro ¢ekim yontemiyle elde edilen nanoliflerin
olusturdugu yara ortilerinin ilag salim sisteminde
kullanilabilirligi arastiriimuistir.

Yapilan literatlr incelemeleri sonucunda, PLA

(Polylactic Acid), HA (hidroxy apatit) ve Titanyum
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dioksit  (TiO,)  higbir birlikte
kullanilmadigi ve bu kimyasallarin kullanilarak tibbi

arastirmada

tekstil malzemesi olarak herhangi bir ¢alismanin
yapilmadigi tespit edilmistir. Bu ¢alismada, PLA, HA
ve TiO, iceren farkli kompozisyonlarda c¢ozeltiler
hazirlanip  elektro ¢ekim yodntemiyle ({retilen
nanolifli yizeylerin &zellikleri incelendi. Uretilen
nanoliflerin olusturdugu ortiler, yara ortlsi veya

tibbi malzeme olarak kullanilmasi amaglanmustir.

2. Materyal ve Metot

2.1. Materyal

Bu calismada, biyouyumluluk oranlari iyi olan
titanyum dioksit (TiO,), hidroksi apatit (HA) ve
polilaktik asit (PLA) belirli oranlarda karistirilmistir.
oranlardaki

Bu kimyasallarin  farkh karisim

kompozisyonlari ile elde edilen ¢ozeltiler
kullanilarak elektro ¢ekim ydntemiyle nanolifli
Ortllerin Gretimi yapildi. Deneysel calismalarda
polimer olarak Purapol LX175 marka granil PLA
kullanildi. Kumru Kimya/Turkiye firmasindan temin
edilen PLA’'nin kimyasal formuli (C3H;0,), olup

ozellikleri Tablo 1'de verilmistir.

Cizelge 1. PLA'nin oOzellikleri

Yogunluk 1,24 g/cm®
Erime akis indeksi (210°C) 8 g/10 dak
Erime akis indeksi (190°C) 3 g/10 dak

Stereokimyasal saflik 96 (% L-izomer)

GOriinim Kristal beyaz peletler
Artik monomer maks. %0,3

Su/nem maks. 400 ppm
Erime sicakhgi 155 °C

Cam gegis sicaklig 55-60 °C

Hem dogal vyollarla hem de sentetik olarak
Uretilebilen HA, kemiklerde ve dis minesinde
bulunan bir mineraldir. Glinimizde siklikla kemik
yerine kullanilmaktadir. Biyouyumlulugu yiksek
olan bir mineral olmasindan otlirii deneysel
¢alismada kullanilmistir. Kullanilan HA'nin 6zellikleri
Tablo 2’de verilmistir.

TiO, (Titanyum dioksit) biyouyumlulugu ve
korozyon direnci yiksek, antibakteriyel 06zellige
sahip ve kolay sekillendirilebilen bir malzemedir.
Deneysel calismalarda kullanilan TiO, ozellikleri

Tablo 3’te verilmistir. TiO2 ve HA tozlarn
Nanografi/Turkiye firmasindan temin edilmistir.

Cizelge 2. HA'nin 6zellikleri

Ortalama partikll boyutu 50 nm

Renk Beyaz

Saflik %99,95

Kurutma kaybi %2,21

PH (%1 sulu g¢ozelti) 6,95

Agir metaller <%0,001

Cozunarluk Ca/P:1,68

Kalsiyum %27,4

Fosfor %12,5

Sodyum %0,3
Aliminyum %0,035

Demir %0,05

Silfat %0,048

Erime noktasi 1650 °C

Agirhik 3,16 g/cm

Formiil [Cas(OH)(PO4);lx
Cizelge 3. TiO,'nin ozellikleri

Pargacik boyutu 200 nm
CAS 13463-67-7
Saflik %99,5
Ozgil agirhk 4,1g/cm’
Kutle yogunlugu 1,1 g/cm’
105°C’'de kayip %0,6
Yag sogurmasi 18/100 cm’/g
Su gereksinimi 25/100 cm’/g

2.2. Metot

Yapilan deneysel calismalarda 0.01 g hassasiyete
sahip Lante Mh Hassas cep terazisi, Velp Arex
marka siticih  manyetik karistirict  kullaniimistir.
Cozeltiler 1sitma vyapilmadan 800 rpm devir
sayisinda hazirlandi. ilk énce agirlikca %8 PLA
¢Ozeltisinin hazirlanmasi icin gerekli PLA tartildi ve
¢Ozlcu olarak kloroform eklendi. Cozdirme islemi
laboratuvar sartlarinda 4 saat boyunca manyetik
karistiricida karistirilarak yapilmistir. Agirlikca %4
HA c¢ozeltisinin olusturulmasi icin HA tartildi ve
Uzerine ¢Ozicl olarak DMF (Dimetil Formamid)
eklendi ve karistirildi. Agirlikga %4 TiO, ¢ozeltisini
olusturmak icin gerekli TiO, tartildi ve ¢o6ziici
olarak DMF eklenerek karistirildi. PLA icerisine
sonradan eklenen karisimlardan sonra en az 1 saat
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boyunca karistirma islemine devam edilmistir.
Nanolifler Uretilirken farkli ¢ozeltiler hazirlandi. Bu
¢Ozeltiler Cizelge 4’te gorilmektedir. Bu calismada
kullanilan ¢6zucller Life Biotek Medikal/Turkiye

firmasindan temin edilmistir.

Cizelge 4. Hazirlanan ¢ozelti kompozisyonlari

Deney Cozelti Parametreleri

No. %8 PLA %4 Ti02 %4 HA
1 10 - -

2 9,8 0,2 -

3 9,8 - 0,2

4 9,6 0,2 0,2

5 9,4 0,2 0,4

6 9,4 0,4 0,2

Cizelge 4’teki ¢ozeltiler kullanilarak, Fytronix marka
elektrospinning (elektrogekim) cihazinda yizeylerin
Cihazda gl¢ kaynagl,
besleme Unitesi ve topraklanmis silindir toplayici

Uretimi gerceklestirildi.

mesafesi ayarlanabilir igne dizesi ve (lretim
asamasinin canli izlenebildigi bir kamera sistemi

bulunmaktadir.

Deneysel ¢alismada besleme (nitesinde besleme
yapmak icin 10 ml kapasitede plastik siringalar
kullanildi. Silindir toplayici Gzerine altlik malzemesi
olarak aliiminyum folyo yerlestirilmis ve olusan
nanolif ortileri, bu altlik aliminyum folyo (zerine
toplanmasi saglanmistir. Yapilan 6n denemelerde
iyi bir lif olusumu toplayici tambur devri 10 rpm, 12
cm igne-diize arasi mesafe, 15 kV voltaj ve 50
pl/dak ¢ozelti besleme hizinda elde edilmistir. Bu
nedenle bu parametreler tim deneylerde sabit
tutulmustur.

3. Bulgular ve Tartisma

Tablo 1'teki ¢ozeltiler kullanilarak belirtilen deney
sartlarinda Uretilen polimer yilizeylerinin SEM ile
mikroyapi incelemeleri, EDX ve FT-IR (Fourier
Transform Infrared Spektrofotometre) analizleri
yapildi. Merkez
Laboratuvarinda vyapildi. 12 cm igne-dize arasi
mesafe, 15 kV voltaj ve 50 ul/dak ¢ozelti besleme
nanolifli orti Sekil 1'de

Bu analizler Firat Universitesi

hizinda dretilen bir
gorilmektedir.

Sekil 1. Elektro ¢cekim yontemi ile Gretilen nanolifli orti

%100 PLA (%8 PLA) kullanilarak Gretilen D1 nolu
numuneye ait SEM goriintist  Sekil 2'de
gorilmektedir. %100 PLA kullanilan Sekil 2’deki
gorintilerde, lif olusumunun gergeklestigi, fakat
bu parametreler ve konsantrasyon ile liflerdeki
boncuk olusumunun meydana gelmedigi
gorilmektedir. Sekil 2’deki gorsellenmis olan SEM
gorintlisi %100 PLA igeren D1 nolu numuneye

aittir.

%98 PLA ve %2 TiO, karisimin ¢ozeltisinden igne—
diize arasi mesafe 12 cm, 15 kV voltaj ve 50 pl/dak
¢Ozelti besleme hizinda tretilen D2 numunesine ait
SEM gorintisi Sekil 3'te gorilmektedir. Sekil 3'te
100X ve 5KX blylitmede TiO,'in homojen bir
sekilde dagildigi ve lifler tzerinde boncuklanmaya
sebep olmadigl gorildi. Bu deneydeki asil amag,
TiO,’in  PLA ile birlikte homojen dagiimasini
saglamaktir. bunun
gorilmektedir.

Gorsellerde saglandigi

2um EHT = 10.00 kV
WD = 8.0mm

Signal A = SE1
Mag= 5.00KX

Date :18 Apr 2022
Time :10:28:03

Sekil 2. D1 nolu numunenin SEM gorintisi
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arttirilmasiyla tretilen numunedeki liflerde boncuk
olusumu artmistir. Bu deney numunelerinde
istenilmeyen bir durum oldugu igin TiO, oraninin
%2 olarak kalmasinin lif ortileri icin daha saghkli
sonuglar doguracagi anlasiimistir. Sekil 8'deki EDX
analizinde boncuklar Gzerinden alinan 6rnekten C,
O, Ti ve Ca piklerine rastlaniimistir.

2pm EHT = 10.00 kv Signal A= SE1 Date 12 Apr 2022 w

WD =10.5mm Mag= S500KX Time :10:31:53

Sekil 3. D2 nolu numunenin SEM gériintusu

D3 numunesi igin %98 PLA ya %2 HA karistiriimistir.
Cihaz parametreleri sabit tutulmustur. Sekil 4’teki

SEM analizi sonuglari incelendiginde, HA’nin PLA ile

homojen dagihimli lifler olusturdugu M Worws e KA Teeioai
gozlemlenmistir. HA, lifler {zerinde kalinti a)
cps/eV
birakmayarak tniform lifler olusmasini saglamistir. : E1___ [wt.%] [at.%]
c 79.54 B5.09
HA’nin PLA ile birlikte homojen lifler olusmasi 7 o 17.31 13.90
] Ca 3.15 1.01
istenilen sonuca ulasildigini gostermektedir. Sekil 63 Total: 100,00 106.00
4’teki D3 numunesine ait malzemenin igyapisinda s
hangi elementlerin oldugunu gorintiileme olanagi ajcaj,
saglayan EDX analizinde, lif Uzerinden alinan 3"-‘3 Ca
ormekten C, O ve Ca pikleri goriintilenmistir.
2_
Numuneler, analiz i¢in hazirlanirken paladyum (Pd), 1
Silisyum (Si) ve Altin (Au) tozlariyla kaplanmis !
oldugu i¢in analiz sonuglarinda bu piklere de - - I‘ 1
1 2 3 4 5 &
rastlanilmistir.  Ayrica EDX analizlerindeki Al Enerji (keV)
piklerinin sebebi, althk olarak kullanilan Al folyodan b)

kaynakli bir durumdur. Sekil 4. D3 nolu numunenin a) SEM goérintiisi ve b) EDX

analizi
Cozeltide %96 PLA, %2 HA ve %2 TiO, kullanilip

cihaz parametreleri sabit tutularak Uretilen D4
numunesine ait SEM gorintileri  Sekil 5'te
gosterilmistir. Sekil 5te gorlindigia gibi PLA ile
birlikte HA ve TiO, nin homojen bir sekilde dagildigi
ve Uniform lifler elde edildigi gbrilmektedir. HA ve
TiO,'in lifler (izerinde hi¢bir olumsuz etkisi olmadigi
gozlemlenmistir.

D6 numunesi icin %94 PLA, %4 TiO, ve %2 HA
kullanilmistir. Cihaz parametreleri sabit tutularak

-«

tretilen D6 numunesine ait SEM gériintiisii ve EDX £ LN T
analizi Sekil 7’de verilmistir. Sekil 7 incelendiginde, sekil 5. D4 nolu numunenin SEM gériintlsu

cihaz parametreleri sabit tutularak TiO, miktarinin
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2um EHT = 10.00 kv
WD =110 mm

Signal A = SE1
Mag= 500KX

Date :12 Apr 2022
Time :11:39:40

Sekil 6. D5 nolu numunenin SEM gériintisu

D5 numunesi icin %94 PLA, %4 HA ve %2 TiO,
kullanilmistir. Cihaz parametreleri sabit tutularak
Uretilmis olan D5 numunesinin SEM gorintdleri
icin HA
miktarinin arttirilmasi boncuk olusumuna sebep

Sekil 6’da verilmistir. D5 numunesi

olmustur.

FT-IR analizinde, numunenin molekiler yapisinda
olusan fonksiyonel gruplar tespit edilir. Kimyasal

yapilarinda olusan degisimin veya olusan
etkilesimin  incelemesi yapilir. Bu sebeple
numunelerin  FT-IR analizleri yapilmistir. FT-IR

spektrumlari  4000-550 cm™  bant
genisliginde ele alinmistir. %100 PLA iceren D1 nolu
numuneye ait ve %96 PLA, %2 HA ve %2 TiO, iceren
D4 nolu numuneye icin alinmis olan FT-IR spektrum

analizi

sonuglari Sekil 8’deki grafiklerde gosterilmistir.

FT-IR analiz sonuglari incelendiginde tiim deney

sonuglarinda olagandisi bir farkliliga
rastlanmamistir.  3100-3400 cm™  bandinda
karsilagilan piklerin N-H veya —OH (hidroksil)

gerilmesine ait oldugu séylenebilir (Uslu,2020).

Fakat Uretilen numunelerin analizlerinde boyle bir
pik araligina rastlanmamistir. 2993-2997 cm™ bant
araligindaki piklerin ise C-H (alkil) gerilmelerinden
kaynaklandigi séylenebilir. 650-1550 cm™ gerilme
bandi araliginda olusmus piklerin ise sirasiyla C-O,
C-N, C-C ve oldugu
bilinmektedir. Farkhlik olarak olusan piklerde bazi

N=0 gerilmelerine ait

2000-2500 cm™ bant araliginda pik olusmamasi ve
bunun acgiga c¢ikan karbonil grubu olmadiginin
gostergesidir. Birbirinden oldukca farkl piklerin

olusmamasinin sebebi, analizi yapilan deney

numunelerinin molekiler yapisini korudugunu ve
numuneyi olusturmus bilesenlerde yalnizca fiziksel
bir reaksiyon gerceklestigi seklinde agiklanabilir.

P i aa, Seeess N
a)
_cps/eV
1 El [wt.%] [at.%)
12_' c 75.63 82.8
] ] 18.80 15.46
Ti 3.40 .93
197 Ca______ 2.17___0. Ly
. Total:100.00 100.0
B—C'EI Ur. o L
110
&6C Ca Ti
4_
24 L
1 2 3 4 5 6
Enerji (keV)
b)

Sekil 7. D6 nolu numunenin a) SEM gériintisl ve b) EDX
analizi

110

100
ao
a0

70

% Gecirgenlik

G0
—D4
—D1

50

40
3500 3000 2500 2000 1500 1000 500
Dalga sayisi {(cm-1)

Sekil 8. D1 ve D4 nolu numunelerin FT-IR spektrumu
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4. Sonug

Bu calismada elektro ¢ekim yontemiyle nano
boyutta liflerin Uretilmesi ile ilgili deneysel bir
¢alisma yapilmistir. Yapilan deneysel galismalarda,
biyouyumlulugu yiksek olan TiO, ve HA gibi katkilar
Farkli
kombinasyonlarda ¢ozeltiler hazirlanarak elektro

PLA polimeri icerisine ilave edilmistir.

cekim yontemiyle nanolifli yilzeyler (6rtiler)

Uretilmistir. Elde edilen ylzeylerin mikroyapi
karakterizasyonu SEM ve EDX analizi yapilmistir.
Deneysel ¢calismalar neticesinde SEM analizine gbre
PLA ile birlikte kullanilan HA ve TiO, katkilari ile
homojen bir sekilde lif olustugu goézlemlenmistir.
HA ve TiO,

yaratmadigi aksine biyouyumluluk bakimindan iyi

katkilarinin liflerde olumsuz etki
sonuclar doguracagl ongorilmustiir. HA veya TiO,
miktarindaki artisinin boncuk olusumunu ve lif
caplarini arttirdigi tespit edilmistir. FT-IR analiz
sonuglari incelendiginde tiim deney sonuglarinda
olagandisi bir farkliiga rastlanmamistir.

Tesekkiir
Bu tez calismasi, Firat Universitesi Bilimsel Arastirma
Projeleri Koordinasyon Birimi (FUBAP) tarafindan

MF.20.34 protokol numarali proje ile desteklenmistir.
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Abstract

The North Anatolian Fault Zone (NAFZ), which forms the plate boundary between Anatolian Plate and
Eurasian Plate, is one of the most active transform fault zones in the world. Following two consecutive
magnitude M>7 earthquakes in 1999, an intensified monitoring of western portion of NAF is
commenced. Dense networks of onshore/offshore seismic, acoustic, geodetic sensors and surface creep
and strain sensors were installed. A single seismic sensor among these, which is located at the midpoint
of 1999 ruptures, near Lake Sapanca, exhibits some unusual seismic activity. On a fault segment where
creep is known to be present, a series of minor seismic events was observed with identical locations
and a recurrence time of three years. These events are quite short in duration and highly similar in their
waveforms. Using a single station approach, their angle of incidence and back azimuth were found to
coincide with the location of two M2.3 and M2.1 events. At this stage, it is not clear whether these
events reflect fault creep at seismogenic depth. Nevertheless, these initial observations emphasize the
necessity of monitoring this segment more densely, where recurrent minor earthquakes are likely to be
observed.

Sapanca Golii Yakininda Tek Bir Sismik istasyonda Tekrarlayan Deprem

Gozlemleri

Anahtar kelimeler
Sapanca Goli; Kuzey
Anadolu Fayi; Krip;
Tekrarlayan Depremler;
Tek Bir Sismik istasyon

1. Introduction

Oz

Kuzey Anadolu Fay Zonu (KAFZ), Anadolu ve Avrasya plakalar arasindaki levha sinirini olusturur ve
diinya Uzerindeki en aktif transform faylarindan biridir. 1999'da meydana gelen iki M>7 depremin
ardindan, KAF'In bati kismi yogun bir sekilde izlenmeye baslanmistir. Karada/denizde yogun aglarla
sismik, akustik, jeodezik, ylizey kripi ve gerinimi Olgen sensorler kurulmustur. Bu sensorler arasinda,
1999 kirilmalarinin merkezinde, Sapanca Géll yakinlarinda bulunan tek bir sismik sensor, bazi olagandisi
sismik aktiviteler kaydetmistir. Krip gozlemlenen bir fay segmentinde, ayni konumlarda, g yilhk
tekrarlama siresi ile kiiglik sismik olaylar gozlemlenmistir. Bu olaylar oldukga kisa stirelidir ve dalga
formlar agisindan oldukga benzerdir. Tek istasyon yaklasimi kullanilarak, bu olaylarin gikis agisi ve geri
azimut agisinin M2.3 ve M2.1 buyukligindeki depremlerin konumuna denk geldigi bulunmustur. Bu
asamada, bu olaylarin sismojenik derinlikte krip yansitip yansitmadigi belirsizdir. Bununla birlikte, bu ilk
gozlemler, tekrarlayan depremler goézlenen bu segmentin daha yogun bir sekilde izlenmesinin
gerekliligini vurgulamaktadir.

© Afyon Kocatepe Universitesi
reliable seismic hazard assessments as key input

The sudden release of accumulated tectonic stress
along locked segments of major plate boundaries,
resulting in large earthquakes and subsequent
seismic hazard and risk, is the main interest of
seismic studies. Recently, identifying creeping
zones based on the observation of repeating
earthquakes and episodic tremor and slip, attract
considerable

interest in order to derive more

for risk mitigation and reduction strategies.

The North Anatolian Fault Zone (NAFZ), which
accommodates the westward motion of Anatolian
Plate with respect to stable Eurasia, is one of the
most active bounding strike-slip faults in the world.
Following the 1912 Ganos earthquake in the
western Marmara region, this 1600 km long right
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lateral strike slip fault has first ruptured in 1939
near Erzincan marking the beginning of a series of
M >7 events migrating towards the Sea of Marmara
in the west. In 1999, two large earthquakes
occurred in Izmit-Golclik (M7.4) and Diizce (M7.1),
three months apart. The Izmit rupture is 140 km
long and subdivided in four segments. The Dizce
earthquake rupture is 40 km long, extending the
(Barka 2002).
Subsequent to these two devastating earthquakes,

rupture towards east et al.
the number of onshore and offshore sensors was
increased around Sea of Marmara to better
estimate the risk associated with the expected
future major earthquake. As a result, many striking
observations are made. On the western portion of
the NAF propagating in Sea of Marmara, the Main
Marmara Fault, repeating earthquakes were
observed between the years 2008 and 2015
(Schmittbuhl et al. 2016). Later, spanning the years
between 2006 and 2010, repeating earthquakes
located in Central Basin were observed (Bohnhoff
et al. 2017) (Figure 1a, yellow star). At the
intersection of Izmit and Dizce earthquake
ruptures, Uchida et al. (2019) observed repeating
earthquakes in 2007 and 2013. Utilizing three
in the
similar

ocean bottom seismometers deployed
high, Tekirdag,
observations were made (Yamamoto et al. 2019).

Western offshore
Observations on the Main Marmara Fault are
limited due to the sparseness of geodetic data and
seismic activity. Yet the depth of seismogenic zone
is determined to be approximately 18 km (Wollin et
al. 2018). The last major earthquake along the
Marmara section of the NAFZ including the Princes’
Islands Segment south of Istanbul occurred in
1766. The absence of microseismicity (Bohnhoff et
al. 2013) and geodetic studies there indicate a
locked status (Ergintav et al. 2014) with the locking
depth being located at ~10 km. This segment alone
is able to produce an M~7 earthquake (Hergert and
Heidbach 2010, Bohnhoff et al. 2013). Recently,
employing borehole strain sensors, an ultra-slow
earthquake (equivalent to a M~5.8 earthquake)
was observed offshore Yalova (Martinez-Garzon et
al. 2019), (see also Figure 1a, red star). In INSAR
(Interferometric Synthetic Aperture Radar) studies,
shallow aseismic creep is observed in the eastern

of the Marmara section of the NAFZ, in the lzmit
Cakir et al. (2012)
observed aseismic creep at the surface rupture

and Ismetpasa segments.

between the lzmit and Akyazi fault sections based
on InSAR analysis of Envisat satellite images
between the vyears 2003-2009. This
interpreted as post-seismic fault creep since no

result is

similar observation exists prior to the earthquake.
Aslan et al. (2019) report that this segment still
exhibits aseismic creep at a decaying rate 19 years
after the earthquake. A month-long creep event is
reported in December 2016 with an amplitude of
approximately 10 mm, which indicates an irregular
aseismic creep behavior (Aslan et al. 2019). The
eastern part of Izmit rupture attracted less
attention whilst the west (Sea of Marmara, e.g.,
Main Marmara Fault, Princes’ Islands Segment) is
sampled densely with variety of sensors. We
recognized a salient behavior in one seismic sensor
while searching for a correlation between the
observed shallow creep and seismic activity. The
seismic instrument employed in this study is
located at the northeast of Lake Sapanca in
Serdivan, in the close proximity of 1999 Izmit
rupture. Lake is a pull-apart basin formed as a
result of the dextral strike-slip character of NAF.
Observed seismic activity is framing two micro
earthquakes occurred to the south of lake. In this
study, we investigate the reasons due to this
seismic activity. One of the Event-clusters (Event-2-
cluster in 2015) observed in this study coincides
with one of these bursts (see Figurel3a in Aslan et
al. 2019). However, there is no creep data available
for the other Event-cluster occurred in 2018. Both
activities are not correlated with any other
triggering source such as environmental anomalies
or nearby power plants. Our results are limited
since these observations are made only in one
station.

2. Data and Analysis

Data analyzed in this study are recorded at a single
seismic instrument, SAUV, which is located at the
NE of Lake Sapanca, at 40.7401°N 30.3271°E
(Figure 1b).
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41°

Figure 1. a) Hypocenters of 1999 Izmit-Golcik and Diizce earthquakes are shown in yellow starts with red frames.

Slow earthquake, magnitude M5.8, observed offshore Yalova and repeating earthquakes observed in Central

Basin on the Main Marmara Fault and on Diizce segment are shown in red and yellow stars, respectively. b)

The blue triangle stands for the seismic sensor, SAUV, green triangles for the meteorological stations, and

pink circle for the observed creep event. (NAFZ: North Anatolian Fault Zone, CB: Central Basin). As seen

above, the seismic station SAUV is located on the 1999 Izmit rupture. Black squares represent the locations of

GPS stations SMAS and SISL.

The seismic instrument is equipped with a Guralp
CMG-6T sensor. Data are sampled at 100 Hz.
Seismic activity observed in continuous waveform
recordings allowed to identify two seismic
sequences that occurred three years apart, but on
the exact same location. The first cluster occurred
on 23.11.2015 (hereafter Event 1), framing a period
before and after an earthquake of M2.1 that was
located at 40.7067°N/30.2685°E, according to the
catalogue provided by Kandilli Observatory and
Earthquake Research Institute (KOERI). The second
cluster, occurred on 10.08.2018 (hereafter Event
2), again related to an earthquake at 40.62865°N
30.2995°E of M2.3, according to KOERI (Figure 1b,
red stars framed in yellow). Both hypocenters are
located in the south of Lake Sapanca. Raw data
recorded on the vertical component can be seen in
Figure 2, with respective frequency-time plots.
Most of the energy is focused at frequency range 5-
20 Hz. Event 2 occurred at 00:10:11 UTC on

10.08.2018, at a depth of 5.7 km. Two events were

detected preceding the main event and 15 more
events occurred after.
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Figure 2. Two events observed at seismic station SAUV
are shown. a) Upper panel: raw data recorded
at SAUV on 23.11.2015. The waveforms are
normalized. Lower panel: time-frequency plot.
b) Same as a) for second event occurred on
10.08.2018.

The first event is detected two hours before the
main event and the activity lasted for two hours.
The Event 1 occurred at 03:47:20 UTC on
23.11.2015, at a depth of 5.7 km. The total number
of events detected in the vicinity, on this day is 37
in total, 15 of them were preceding the main event.
The sequence starts 20 minutes before and lasts
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one hour after the occurrence of the main event.
The length of the waveforms is in average 4
long and S-P differential
approximately 1.5 seconds. Figure 3 shows the

seconds time s

waveforms exhibiting good correlation.
Interestingly, the main event —Event 1- is not
among these waveforms, since the waveform
cross-correlation coefficient calculated with the
other waveforms is small, reflecting that the

waveforms are not identical. Waveforms are
detected manually. Such activity is only observed if
the main event occurred close to station SAUV, in
and around Lake Sapanca. The observed events
occurred at nighttime. Since there are several
small-scale hydroelectric power plants in the near
vicinity, along Sakarya River, signal to noise ratio of
waveforms is comparatively low during daytime. It
is an acknowledged fact that quarries are active
during daytime and out of the area of observed
(Townsend 2014). To better

similarity of waveforms,

seismic activity
the
calculated the coherence between the 3-second-

determine we
long signals framing the P- and S-wave onsets. An
unfiltered waveform is divided into six segments
with a 50% overlap and magnitude squared
coherence is calculated,
(coh(w) = |Pxy(w)|?/Pxx(w)Pyy(w)),
Pxy is the cross power spectral density, Pxx and Pyy

where

are power spectral densities of two time series (x
and y) at frequency ®. The coherence of Event 1

a)

with the cluster on the same day and Event-2-
cluster is calculated (Figure 4a, b). The coherence
of Event 2 with the cluster on the same day and the
Event-1-cluster is calculated (Figure 4c, d).

Within the frequency band of 2-10 Hz, the
waveforms in the clusters exhibit high similarity
with the corresponding main events. The two main
M2.3 and M2.1 events might have triggered the
same patch producing waveforms with high
coherency (0.8-0.9) in the frequency band of 2-10
Hz. Another method to investigate the similarity
the
(Uchida and Bilirgmann 2019). The correlation
coefficients (C(t) = lefx(t)fy(t+T); where fx
and fy are two waveforms, N number of samples
lag
approximately 3-second-long waveform filtered
between 2-10 Hz. As seen in Figure 5, the
preceding exhibit  high
coefficients with the main event. As the occurrence

between waveforms is cross-correlation

and 1 time.) are calculated between

events correlation
time increases the correlation coefficient between
the main event and the waveform decreases. In
Event-1 cluster, one preceding event has a CC
(cross-correlation) coefficient of 0.62 and the final
8 events have CC coefficients varying between 0.58
and 0.75. In Event-2 cluster the CC coefficients are
varying between 0.7 and 0.9, only the last one is
0.56.

b)
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Figure 3. The two observed cluster of events. Data are band-pass filtered between 1-25 Hz. a) Upper panel: Event-1-
cluster, Lower panel: Stack of events before the main event (in black) and after the main event (in red), b)

Same as a) but for Event-2-cluster.
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Figure 4. Coherency plots. Coherence between Event 1 and a) each event in Event-1-cluster and b) Event-2-cluster.
Coherence between Event 2 and c) each event in Event-2-cluster and d) Event-1-cluster. Waveforms are
unfiltered. Each colored solid line represents the coherence between a pair.

3. Correlation with environmental data

Environmental anomalies such as temperature
variations, atmospheric pressure changes may
produce additional unwanted transient/noise in
data. It is essential to avoid temperature variations
long period

techniques. Seismic instrument SAUV is equipped

in seismometers using isolation
with a Giralp CMG-6T sensor in which thermal
which
Especially,
pressure changes are difficult to avoid since they
2014). To

determine whether the observed events are

isolation is important, there is no

information on that. atmospheric

are indistinguishable (Townsend
associated with an environmental anomaly, we
investigate temperature, rainfall and pressure data
during the month October in 2015 and the month
August in 2018. Two close meteorological stations
are considered (Figure 1b, M1 and M2). The total
pressure, rainfall and temperature data per day
recorded at stations M1 and M2 are shown in
Figure 6. The earthquakes are indicated with a red
arrow. Since the meteorological data are sampled
with lower rate (hourly), it is difficult to state a
correlation. Amount of rain exhibits an increase on
the previous and same day with Event 2. On the
day of Event 1, there is no variation in rainfall and
temperature trend. On the other hand, it can be
clearly seen that there is a variation in atmospheric
pressure in both stations. Especially, a sharp
variation in pressure data is observed in the closest
this
information is not enough to draw a conclusion on

station (M1) on Event 2-day. However,

the correlation between atmospheric pressure and
seismic observations.
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Figure 5. Cross-correlation coefficients calculated for
each waveform a) in Event-1 cluster with Event 1 (black
star) and b) in Event-2 cluster with Event-2 (black star).
Events within each cluster is sorted according to their
occurrence time. Waveforms are band-pass filtered
between 2-10 Hz.

4. Epicenter estimation using single-station data

In seismology, usually seismic phase observations
from several, well-distributed stations are needed
to locate earthquakes. Since, our observations are
limited to only one station, we perform a basic
implementation of one three-component sensor to
determine epicenters (the surface projection of the
hypocenter which is the ‘real’ location at depth). P-
wave particle motion is polarized in vertical plane
containing the station and earthquake epicenter.
The back azimuth of an event, the direction angle
from epicenter to station, can be calculated using
the amplitude ratio, atan(Agsw/Axs), of E-W and N-S
1988,
Lockmann and Allen 2005). To get the correct back

horizontal components (Nakamura
azimuth, the first motion polarity of the P wave on
the vertical component is also determined since

there is an ambiguity of 180°.
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Figure 6. Temperature, rain and atmospheric pressure data recorded in M1 and M2 stations shown in Figure 1b. Red

arrow indicates the day of the main events in 2015 and 2018.

Similarly, the apparent angle of incidence can be
calculated, atan(Ag/A;), where AR=\/AE\,\,2+ANS2 and
A; is the amplitude of the vertical component
(Havskov and Ottemdller 2010). With the known
locations of Event 2 and station SAUV, the azimuth
can be calculated as 203°. Using this single station
approach, a value of 189° is found.

The particle motions of the small events observed
in this study are not stable since they are recorded
at a station located on a tectonically complex
region. Therefore, this technique is applied to a
stack of clusters. For Event-2-cluster, the two small
events before the main event and the ones
following are stacked. The back azimuth direction
estimates of 203° (approximately, 40.6407N
30.2717E) and 206° (approximately, 40.6495N
30.2688E) are found, respectively. In case of Event
1, with known locations of the event and station,
the azimuth is calculated to be 213°. In Event-1-
cluster, the sum of the events preceding the main
event and the ones following are stacked and 190°
(approximately, 40.6400N 30.3038E) is found for
both (Figure 6). Moreover, taking into account the
S-P times of the observed seismic events, we can
estimate a region where these small events may be
occurring. The velocity model in Karabulut et al.
(2011) is taken into account (depth(km)/Vp(km/s):
0/3.27; 12/6.15; 24/6.84; 36/7.89). The estimated
region for these events likely to originate from is
shown as circles with a radius determined using the
well-known formula R=ts..rivar-te-arrival (VeVs/(Vp-Vs))
in Figure 7.

For Event 2, the S-P times vary between 1.27 and
1.44 seconds (Figure 7, red circles). For Event 1, S-P
times vary between 1.28 and 1.37 seconds (gray
circles). According to the formulations of Savage
(1990), the deformation at the surface produced
during the earthquake cycle can be calculated
considering an elastic half space model. If the
locking depth (D) of the fault is approximately
17km (Schmittbuhl et al. 2016) in lzmit-Sapanca
segment, surface deformation can be estimated as
D/3. The
deformation along the fault is denoted by black

approximate region for surface
dashed lines in Figure 7. The calculated back
azimuths and hypocenter locations of stacked
events suggest, that the recorded seismicity likely
originates from the same area as corresponding
main events and located approximately within the
surface deformation zone (Figure 7). In such a
setting, one can identify recurrent slip on the same
seismic patch using repeating earthquakes,
providing information on fault creep if sufficient

data exist.

5. Discussion and Conclusions

In pursuit of the shallow creep observation along
Izmit-Sapanca segment, we analyzed seismic
waveforms in order to find a correlation with the
seismic activity. The number of stations is less in
this region compared to Sea of Marmara segments

where a magnitude M>7 earthquake is expected.
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Figure 7. The estimated regions for the Event-1- (red circles) and Event-2-cluster (gray circles). The approximate region

for surface deformation along the fault is also shown (blacked dashed lines). The dark green and red filled

circles represent the estimated locations (back azimuths) of each event in the clusters, in Event-1 and Event-2,

respectively.

With a careful and through analysis of recordings of
a seismic sensor located at the center of 1999 Izmit
earthquake rupture, two clusters of repeating
events are recognized related to additional
microearthquakes in the same area (Event-1 and
Event-2) of magnitudes 2.1 and 2.3. Since, they are
only observed in one station, possible
investigations are limited. Data between the years
2013 and 2018 are scanned and only one station
(SAUV) exhibits such an activity. Employing one
three-component station (SAUV), we calculate the
direction of angle from the epicenter to station and
determine that the source of these events is
located at the south of the lake within the
deformation the

correlation coefficient between the 3-second-long

zone (Figure 7). Moreover,
waveforms of the main event and events in the
corresponding cluster is calculated within the
frequency band 2-10 Hz. The events which
occurred closer in time to the main event exhibit
high CC coefficient (>0.7) with one exception in
Event-1 cluster. Within the same frequency band,
the coherency values vary between 0.8 and 0.9.

The timing of Event-1-cluster coincides with a

creep anomaly, reflecting that the energy release
on lzmit-Sapanca segment may take place both
aseismically and seismically. Repeater sources,
which are not located on major plate boundaries,
These
sources are tides and slow slip, linked to the

cause small-scale stress perturbations.
presence of fluids. Another source for repeating
seismicity that can cause low stresses is a weak
host rock in a fractured or less consolidated part of
shallow crust (Frank et al. 2016). The seismic
station SAUV is located on the alluvial deposits
near Adapazari Basin. Using a dense array of almost
70 seismic sensors, deployed in the region between
the years 2012 and 2013, Altuncu-Poyraz et al.
(2016) observed a foreshock/aftershock activity
related to a M4.1 earthquake in Serdivan. They
identified an unmapped NW-SE trending secondary
fault located to the north of Izmit-Sapanca segment
near station SAUV. It is important to detect the full
seismic cycle pre-, main and aftershocks even at
the smallest magnitude in order to understand the
triggering process and how seismic activity will
proceed in earthquake prone regions. Therefore, to
better estimate the characteristics of the fault zone
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0z
Belli bir profilde kati zerreler barindiran viskoz bir akiskanin hareketli bir plakaya dogru akisi farkli
miihendislik alanlarini ilgilendiren problemleri kapsamaktadir. iki fazli durma noktasi akisi olarak

modellenen bu fenomen birgok uygulama alanindaki problemlerin ¢6ziiminde de kullanighdir. Bu

. sebeple kiresel kati zerreler iceren Newtonian bir akiskanin hareketli bir yatay plakaya dogru

Anahtar kelimeler e . . . ) o

e . gergeklestirdigi akisin manyetik alan etkisi altindaki davranisinin modellenmesi ve davranis lzerinde
Benzerlik Donusimleri,

Durma Noktasi Akisl,
iki Fazh Akis ve zerre faz igin kitlenin korunumu ve hareket denklemleri uygun benzerlik dontistimleri kullanilarak adi

etkili olan parametrelerin belirlenmesi ile bu etkilerin 6lgeklerinin tespiti gereklidir. Bunun igin akiskan

diferansiyel denklem takimina dénustirilmas ve elde dilen denklemlere bvp4c algoritmasi uygulanarak
sayisal ¢oztimler elde edilmistir. Elde edilen sonuglara gore akiskan-zerre etkilesim parametresi arttikca
zerre ve akiskanin hiz bilesenlerinin buyukltkleri birbirlerine yaklagmaktadir. Ayrica hem manyetik
parametrenin hem de akiskan-zerre etkilesim parametresinin artigi plaka tzerindeki kayma gerilmesi
degerlerini artirmaktadir.

Numerical Modeling of the Flow of a Fluid Jet Containing Solid Particles
towards the Plate

Abstract

The flow of a viscous fluid containing solid particles in a certain profile and towards a moving plate

covers the problems of different engineering fields. This phenomenon, modeled as a two-phase
stagnation point flow, is also useful in solving problems in many application areas. For this reason, it is

necessary to model the behavior of a Newtonian fluid containing spherical solid particles towards a
Keywords

Similarity Solutions,

Stagnation Point Flow,
Dusty Fluid and equations of motion for fluid and granular phase were reduced to an ordinary differential equation

moving horizontal plate under the influence of magnetic field and to determine the parameters that
affect the behavior and to determine the scales of these effects. For this purpose, conservation of mass

system using appropriate similarity transformations and the equations were solved numerically
employing bvc4dc method. According to the obtained results, as the fluid-particle interaction parameter
increases, the magnitude of the particle and fluid velocity components converged to each other. In
addition, the increase in both the magnetic and the fluid-particle interaction parameters increases the
shear stress magnitudes on the plate.
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1. Giris iceren bir akiskanin tabaka Gzerindeki hareketi bu

Farkh formlardaki katkilarin akis karakteristigine degisimlerin  tespiti ve anlagiimasi bakimindan

etkisi akis esnasindaki hiz ve sicaklik gibi 6zelliklerin
degisimleri ile sonuglanmaktadir. Kati zerreler

onem  kazanmaktadir. Farkli  yogunluk ve
blyikliklerdeki zerrelerin yer aldigi bir akisin
uygulamada elektronik bilesenlerin sogutulmasi,
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jeotermal sistemler, nikleer reaktorler gibi
endistri uygulamalari ile kan akisinin géz oniine
¢ok cesitli

sahalarda karsiligi bulunmaktadir. Bu sebeple zerre

alindigi  biyomedikal alanlar gibi

iceren akislarin davranislarinin  anlasilmasi ve
gercek akisa uygun olarak modellenmesi bircok
alan bakimindan kritik bir ihtiyactir.

Hareketli plakalar izerinde meydana gelen akislar
pek  c¢ok siklikla
incelenmektedir. Ancak dogada bu akiskanlar igin

akiskan modeli icin
varsayllan tek fazl akis oldukg¢a nadirdir. Genel
olarak karsilasilan akislar toz pargaciklari ve yabanci
maddeler iceren akiskanlarin  gergeklestirdigi
akislardir. Bunlara ornek olarak kanal igindeki
akislar, kan akisi, toz gibi katkilar iceren hava
akislari gosterilebilir.

Durma noktasi akislari oldukca yaygin olan
kullanimlari sebebiyle akiskanlar dinamiginin ilgi
ceken konulari olmus ve bu akislar icin 2-boyutlu,
3-boyutlu ve eksenel simetrik gibi durumlara dair
calismalar literatiirde mevcuttur (Hiemenz 1911,
Homann 1936, Howarth 1951). Ayrica iceriginde
kati zerreler bulunan bir akiskan icin durma noktasi
akisinin 2-boyutlu diizlemdeki akisi cesitli kabuller
altinda incelenmistir (Glauert 1956, Datta and
Mishra 1980). Zerrelerin geometrisi, blyliklGga ve
fiziksel 6zellikleri akisin karakteristigi lizerinde etkili
olmaktadir. Buna bagl olarak zerrelerin tirbulans,
akis hizi ve akis esnasindaki s transferini
degistirdikleri kabul edilmektedir. Biyoloji ve fizik
gibi temel bilimlerde akiskan vasitasiyla zerrelerin
tasindigi akislarda karisimin davranisi arastirma
konusu olmustur. Zira zerrelerin akiskan viskozitesi
Gzerine etkileri ve akiskan i¢ sirtinmesinin hareket
Uzerindeki etkileri dikkat ¢eken konular olmustur
(Stokes 1851). Benzer zerre ve akiskan ataletinin
etkilesimleri ile zerreler arasindaki etkilesimlerin
kati-gaz veya kati-sivi igerikli akislarda meydana
getirdikleri degisiklikler de arastirilmistir (Saffman
1956, Torobin and Gauvin 1959a, Torobin and
Gauvin 1959b, Torobin and Gauvin 1959c, Torobin
and Gauvin 1960a, Torobin and Gauvin 1960b,
Torobin and Gauvin 1961).

Akiskanlar hareketleri esnasinda bir takim etkilere
maruz kalabilmektedir ve bunlardan bir tanesi de

manyetik alan tesiridir. Bu etki altinda meydana

gelen akislar Manyetohidrodinamik (MHD) akis
olarak da bilinir. Newtonian bir akis icin manyetik
alan etkisinin incelendigi ¢alismalar mevcuttur
(Bilgic et al. 2016, Kalpana et al. 2019). Manyetik
alan etkisi durma noktasi akislarinda gbz oniine
alinmistir ve literatiirde bu akislar igin sayisal
¢6zimler bulunmaktadir (Ariel 1994, Na 1979).
Bunlarin yaninda viskoz bir akiskanin durma noktasi
civarindaki MHD akisi problemi (Neuringer and
1958), hareketli
Newtonian bir akiskan icin MHD etkisinde ve durma

Mcilroy plaka (zerindeki
noktasi sartlari icin hiz degisimleri, elektrik iletken
sikistirllamaz viskoz bir akiskan icin hareketli bir
plaka Uzerindeki durma noktasi akisi gibi durumlar
arastirilmistir (Wang 1973, Demir and Baris 2016).

Kati zerreler iceren Newtonian bir akiskan igin 2-
boyutlu durma noktasi akisinin incelenmesi iki fazli
akis kabull yapilarak gergeklestirilmistir (Datta and
Mishra 1980). Yine

barindiran bir akiskan icin plaka Gzerinde 2-boyutlu

icerisinde kati zerreler
ve MHD durma noktasi akisi da géz 6niine alinmis
etkili
konmustur (Ramesh et al. 2012). Kati zerreler

ve akis (zerinde parametreler ortaya
iceren bir akiskanin gerdirme yilizeyine dogru bir
durma noktasi akisi icin de akis Gzerindeki etkili
faktorler bulunabilmistir (Mohaghegh and Rahimi
2016). Buna gore akis lzerinde hiz orani, akiskan
zerre etkilesim parametresi ve Prandtl sayisi gibi
parametreler etkili olmaktadir.

Kati zerreler igeren akiskanlarin daimi rejimdeki ve
farki etkiler altindaki durma noktasi akislari ile ilgili
hatiri sayilir miktarda ¢alisma bulunmasina ragmen
kati zerreler iceren bir akiskanin hareketli bir
plakaya dogru, manyetik alan etkisinde
gerceklestirdigi  bir

modellenmesi ve akis karakteristigi Uzerine etki

durma noktasi akisinin
eden parametrelerin belirlenmesine dair ¢alismalar
oldukga kisithdir. Boylesi bir modelin gelistirilmesi
ile ayni zamanda plaka (izerinde meydana gelen
gerilmelerin tespiti mimkiin olabilecektir.

Bu ¢alismada hareketli bir plakaya dogru hareket
eden, kati zerreler iceren akiskanin manyetik alan
etkisi altindaki

modellenmesi ve model ile ilgili parametrelerin akis

durma noktasi akisinin
alani Uzerindeki etkilerinin tespiti amaglanmistir.

denklemleri
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olusturulmus ve ilgili sinir kosullari uygulanarak
Elde edilen
sonuclar ile akiskan ve zerre fazin hizlari ve akiskan

sayisal c¢ozimler elde edilmistir.
zerre etkilesim parametresinin akis karakteristigi

Gzerindeki etkileri kantitatif olarak gosterilmistir.

2. Materyal ve Metot

Deneysel Sonsuz buyuklikte bir plaka xy yatay
diizlemine konumlandiriimistir ve sabit Uy hiziile x
ekseni, sabit V, hizi ile y ekseni dogrultusunda
hareket etmektedir. Hareketini —z dogrultusunda
gerceklestiren prizmatik akiskan hiizmesi z = 0’da
plakaya carparak plaka tzerinde yayilmaktadir ve z
ekseni dogrultusunda sabit bir By manyetik alani

uygulanmaktadir (Sekil 1).

u,=0
Vg e Prizmatik
W =-az < akiskan

hiizmesi

Sekil 1. Akisin sematik gértiinimd

Calismada incelenen akis daimi ve laminerdir.
Akiskan elektrik iletkenlige sahip sikistirilamayan
Newtonian bir akiskandir ve akis esnasinda tiim
Ozelliklerinin sabit kaldigi kabul edilmistir. Kati
zerreler Gniform boyutta rijit kirelerdir ve birim
hacimde ayni hiz vektoriine sahiptirler. Zerrelerin

karisim  icindeki  yogunlugu  birbirleri ile
etkilesmeyecekleri kadar seyrektir ancak zerre
yogunluk oranli, konuma bagli olarak
degismektedir. Kati zerrelerin akiskan iginde
kapladigi  hacim, etkisi ihmal edilebilecek
kiiglikliktedir ve zerreler manyetik alandan

etkilenmemektedir. Zerreler ve akiskan arasindaki
iliski Stokes yasasi ile temsil edilen siiriklenmedir.
Akiskana
disindaki
mertebededir.

etkiyen  elektromanyetik  kuvvetler

hacim kuvvetleri ihmal edilebilecek

Yukarida verilen kabuller dogrultusunda akiskan

fazi ve zerre fazi icin kitlenin korunumu
denklemi, u ve v, sirasiyla akigkanini ve zerre fazin

hiz vektorleri olmak tzere, asagidaki sekilde yazilir.
Vu=0 (1)
V. (ppvp) =0 (2)

Burada; V Nabla operatérii ve p, karigimin birim

hacmindeki
1956),
lineer

zerre kutlesidir. Saffman (Saffman
Marble (Marble 1962) tarafindan verilen
momentumun  korunumu denklemleri,
akiskan fazi ve zerre fazi igin yukarida verilen
kabuller dogrultusunda 6zellestirilerek sirasiyla

asagida verilmistir.

w.(V.w) = —2Vp + £v2u + 2 (uxB)xB +
P P P (3)

%(vp —u)
1
(v-Vvp,) = - (vp —u) (4)

p, 1 ve o sirasiyla akiskanin yogunlugu, dinamik
viskozitesi ve elektriksel iletkenlik katsayisi, p
basing ve 1, zerre gevseme siresidir. Akig alanina
uygulanan sabit siddetli manyetik alan vektoru
B ={0,0,By} seklindedir.

Akiskan fazin hizinin plaka {izerinde ve plakadan
yeterince uzakta aldig1 degerler ile zerre fazin hiz ve
yogunlugunun plakadan yeterince uzakta aldig
degerler problemin sinir sartlaridir. Akiskan fazin
plaka Uzerindeki hizi kaymama sartindan, plakadan

yeterince uzakta ise, potansiyel teoriden
faydalanarak asagidaki sekilde yazilir.
z—-> oo, u=0v=ay,w=—az

(5)
z=0u=Uy,v=Vy,w=0
zZ-> 0 u, =01, =ay,wp, =w (6)
Yukarida tanitilan problemde akiskanin  hiz

bilesenleri icin kullanilan benzerlik doéntslimleri
Libby (Libby 1974) tarafindan daha 6nce uygulanan
dénistmlerdir ve asagidaki sekildedir.

u=f(2)
v=g(2)+yh'(2)

(7)
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w = —h(z)

Burada f(2), h(z), g(z) bilinmeyen benzerlik
fonksiyonlaridir.

Karisimdaki kati fazi olusturan zerreler ile ilgili
benzerlik dontstimleri ise literatlirdeki ¢alismalar
(Ramesh et al. 2012, Mohaghegh and Rahimi 2016,
Prasannakumara 2015) g6z onilinde bulundurularak
F(z), N(z), H(z) bilinmeyen
fonksiyonlar olmak lizere zerre faz icin asagidaki

Onerilmistir ve

sekilde verilmisgtir.
u, = F(2)

v, = G(2) + yN(2)

8
wy, = H(2) ®
pp = K(2)

Yukarida verilen benzerlik dondstimlerinin (1)-(4)
denklemlerinde yazilmasi ile problemin ¢6zimi bir
adi diferansiyel denklem sisteminin ¢6zlimiine
indirgenir.  Akiskan icin  kitlenin  korunumu
denklemi benzerlik dénldsimi ile kendiliginden
saglanirken zerre faz igin asagidaki diferansiyel

denklem elde edilir.
KH' +K'H+KN=0 (9)

(7) ve (8) benzerlik donlstmleri ile (3) denkleminin
x,y,z dogrultularindaki bilesenlerinden sirasiyla
asagidaki gibi elde edilir.

1 ap vf" + Rf - "BO 2B’ £ +—K(F f)  (10)
%Z—p—vg”+hg —gh' — 9"‘

——K(G~g) +y[vh" + h"h - - )
R+ KN~ )

%%: —vh”—h’h+iK(H+h) (12)

(12) ve (10) sirasiyla x ve z'ye gore turetilip
esitlenirse asagidaki sekilde bulunur.

2

of" 4 hp = 200 g +/%K(F -H=c¢ (13

Benzer sekilde (11) ve (12) sirasiyla z ve x’ e gore
tiretilip esitlenirse, elde edilen esitligin butin y

degerlerinde gecerli olmasi icin asagidaki esitlikler
saglanmahdir.

2
vg”+hg’—gh’—ﬂg +iK(G—
9) =0,

VR + h"h— (h")? —

(14)

iﬂzh’_}_
L g (15)
EK(N—h): C3

C;, C, ve C5 keyfi integrasyon sabitleri (13), (14) ve
(15) denklemlerinin z — oo da yazilmasi ile elde
edilir. Bilinmeyen fonksiyonlarin ve tirevlerinin
z — oo durumunda aldig degerler (5)-(8) yardimi
ile elde edilir ve bu sartlar kullanilarak integrasyon

sabitleri hesaplanmis olur.

2

oB
€, =0,C,=0,C3 = —a?(1+ pz ) (16)

integrasyon sabitlerinin  (13), (14) ve (15)
denklemlerinde vyerine vyazilmasi ile asagidaki
diferansiyel denklemler elde edilir.
vf" +hf' - "B° TofHomK(F-f)=0  (17)

" r_ UBO 1
vg" +hg' — gh' — g+ K(G (18)
9)=0

2
Uh,” + h//h _ (hl)Z _ ﬂh’ +
(19)

iK(N—h’)+a (1+”B°)=0

(7), (8) benzerlik donisimleri ile (4) denkleminin
x,y,z dogrultularindaki bilesenlerinden sirasiyla

HF'+Tl(F—f) =0 (20)
HG' +GN +=(G — g) +y{HN’ + N2+
) o (21)
(N -h )} =0
HH’+p%(H+h) =0 (22)
denklemleri elde edilir.

(21) denkleminin bltin y degerlerinde gegerli
olabilmesi icin asagidaki esitlikler saglanmalidir.

HG'+GN+T1(G—g)=0 (23)
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HN’+N2+%(N—h’)=O (24)

Elde edilen denklem sitemi; (17)-(19), (20)-(22),
(23) ve (24) numarali denklemlerde gorildigi gibi
12. mertebeden adi diferansiyel sistemidir. ilgili 12
sinir sarti ise (5) ve (6) ile verilen kosullarin (7) ve
(8) denklemlerinde yazilmasi ile elde edilir.

lim,.f =0, f(0) =Ug, lim,_,g =0,
g(0) =V,

lim,,,h' =a, h(0) =0, h'(0)=0
lim,,F =0, lim,,,G =0,

lim, N =a, lim,,,H = —lim,_,h
lim, K = ppo

Elde edilen denklem sistemi (17)-(19), (20), (22)-
(24) ve ilgili sinir sartlarina (25); yeni parametre

(25)

olmak Gzere
- o
z= a’l;y - ay
f=Uof* g =Vog* h =avh* (26)

F =UyF*,G = V,G*,H = \avH",

N =aN*, K = pK*

boyutsuzlastirmasinin uygulanmasi ile elde edilen
denklem takimi ve sinir kosullari asagidaki gibi

yazilir. Buradan itibaren boyutsuz buyuklikleri

“uxn

gosteren simgesi yazim kolayligi nedeniyle

kullanilmayacaktir ve tim biyuklikler boyutsuzdur.
KH'+ K'H+KN =0 (27)
f"+hf'—Haf +B,K(F = f) =0 (28)
g"+hg'—gh'—Hag +B,K(G—g) =0 (29)
h"" +h"h—(h')?+ Ha(1—h') +

(30)
B,K(N—h)+1=0
HF' + B,(F—f)=0 (31)
HH' +B,(H+h) =0 (32)
HG'+GN + B,(G—g) =0 (33)
HN'+ N2+ B,(N—h')=0 (34)
lim, ,f =0, f(0) =1, lim,;_,,g =0,
g(0) =1
lim,oh' =a, h(0) =0, R'(0)=0 (35)

limn_,ooF =0, limn_,ooG =0,

1im,7_>ooN =1, limn_moH = —limn_,ooh

limye, K = 2

Elde edilen denklem sisteminde boyutsuz

oB

2
2 manyetik parametre ve

parametreler; Ha =
pa

B, = i akiskan zerre etkilesim parametresidir.

v

3. Bulgular

Calismada kati zerreler iceren Newtonian bir
akiskan icin iki fazli durumdaki hareket denklemleri
elde edilmis ve sayisal yontemler kullanilarak
¢O6zimlere ulasiimistir. Sayisal ¢oziim icin “bvp4c”
(boundary value problem 4 collocation) algoritmasi
niimerik hesaplamalarda sagladigi avantajlar ve
katilarak

edilmistir. Benzerlik donlstmleri araciligiyla adi

uygulama kolayligi  hesaba tercih
diferansiyel denklem sistemine (27)-(34) indirgenen
hareket denklemleri icin ilgili sinir kosullari (35)
uygulanarak bu c¢ozimler saglanmistir. Sinir
kosullarindaki sonsuzluk ifadesi, uygun bir sonlu
deger olan 7, = 8 olarak secilmistir. Bu deger
akisin  karakteristiginin  gorilebilmesi agisindan
kritik bir faktor olarak degerlendirilmektedir ve
Gzerinde hassasiyeti

¢O6zimler yeterli

saglamaktadir. Coziimler kapsaminda goz 6niine
alinan hiz bilesenlerinin boyutsuz ifadeleri ile Ha ve
B, parametrelerine bagl grafikler Sekil 2 ve Sekil

3’te verilmistir.

—=f()

s f(n

v ay

i Zn

7 gm + ~ m

— = — h(n)

N 7

Up (36)
LP_F

A (m

v ay

— =G — N

v (m + 7 (m

Wp _

\/@ - H(’?)

Pp = K(2)

Hiz grafiklerinde (Sekil 2) gorilmektedir ki; diger
parametreleri sabit tutmak kosuluyla,

B, parametresinin arttirilmasi, akiskanin x ve y
dogrultularindaki hizlarini azaltmakta buna karsilik
zerre

fazin  ayni  dogrultulardaki  hizlarini

arttirmaktadir. Beklendigi sekilde By
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parametresinin  degisiminden zerre fazin hiz zerrelerin  akiskan hareketine uyum saglama
bilesenleri daha fazla etkilenmektedir. Zerre fazin slresinin kisaldigl bilinmektedir bu durum grafikte
gevseme sliresinin (t,) azalmasi [, degerini gorulen akiskan ve zerre fazin hizlarinin 7, - 0
arttiracaktir bunun sonucunda 7, = 0 durumunda durumda birbirine yakin degerler almasi ile
akiskan fazin ve zerre fazin hizlari ayni olacaktir. uyumludur.
Zerre gevseme siresi degerinin sifira yaklagmasi ile
1 T T T T T T T 1 T T T T T T T
0.9 7u/U0 4 0.9 7V/V0 4
08l ,,,up/UO 4 08k 777vp/V0 1
o 07F oo7f 4
3 06 Z ek ]
D,CLO’S’ >.E057 4
> oafy 4,=001-06-1.2-18 1
0 1 2 3 4 5‘ ; ; 8 6‘ 7‘ 8
7
(a)
0 T T T T T T T T
A —w/(a)'? 045
8 N -—-w, ! (av)'? 04
= 2r N
%z \\ 0.35
:Q'ai\\ \\\ 4,=001-0.6-12-1.8 N
2 Ta02s 4,=001-0.6-1.218
E .
0.05
-8 L L L L L L L 0 L L L L L L L
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
7 7
(© (d)
sekil 2. (ay/V,) =02 , Ha =1 iken B, parametresinin (a) hizlarin x dogrultusundaki bilesenleri (b) hizlarin y

dogrultusundaki bilesenleri (c) hizlarin z dogrultusundaki bilesenleri (d) zerre yogunluk orani fonksiyonu

Uzerindeki etkisi

7u/U0
777up/U0

Ha=0-1-3-5

N
N
§>\Z{\

7V/V0
”’Vplvo

Ha =0-1-3-5

p

wi (@) w [ (av)t?

—w/(av)

W, / (av)

1/2

12

(c)

sekil 3. (ay/V,) = 0.2 , B, = 1.2 iken Ha parametresinin (a) hizlarin x dogrultusundaki bilegenleri (b) hizlarin y
dogrultusundaki bilesenleri (c) hizlarin z dogrultusundaki bilesenleri.

1547



Kati Zerreler iceren Bir Akiskan Hiizmesinin Plakaya Dogru Akisinin Sayisal Yéntemlerle Modellenmesi, Alanbel Ersin vd.

Sekil 2d’de, 8, nin biiyik degerlerinde, p,,/p orani
zerre fazin hiz sinir tabaka yapisinin gelismeye

basladigi 7n~1,5 noktasindan itibaren artis
gosterdigi gbozlemlenmektedir.
Sekil 3'ten  Ha parametresinin artisinin hem

akiskan hem de zerre fazi igin X ve y

dogrultularindaki hiz bilesenlerinin  azalmasina
sebep oldugu ancak z dogrultusundaki hizlarin
arttigl gértlmektedir.

Plaka Uzerindeki kayma gerilmesinin x ve y

dogrultularindaki bilesenleri, stkistirilamayan
Newtonian bir akiskan icin gerilme tansérinin ilgili

bilesenlerinden yazilir.

otz
ulg/a/v

tyz

T —_—
wy uVoJa/v

= —1'(0)

z=0

Twx

=—g'©® - 2@ &7

z=0

Cizelge 1. Ha ve B, parametrelerinin cesitli degerleri
icin plaka Uzerindeki kayma gerilmesi degerleri
((ay/Vy) =02 )

Ha By Tx Twy

0 0.01 0.5711106 0.5652384
0.6 0.6147700 0.5967232
1.2 0.6731437 0.6424434
1.8 0.7521174 0.7184508

1 0.01 1.1127478 0.9448425
0.6 1.1410525 0.9685343
1.2 1.1815742 1.0033782
1.8 1.2424703 1.0618780

3 0.01 1.7888317 1.4595124
0.6 1.8078472 1.4767192
1.2 1.8364496 1.5024171
1.8 1.8825012 1.5460241

5 0.01 2.2778133 1.8424027
0.6 2.2930841 1.8565598
1.2 2.3165381 1.8778874
1.8 2.3553747 1.9143156

Ha sayisinin arttirlmasi hem x hem de y

dogrultularindaki kayma gerilmesi degerlerini

arttirmaktadir. Ha sayisinin sabit tutularak f,'nin
arttinlmasinin da kayma gerilmesi degerlerinin

artmasina sebep oldugu Cizelge 1'de

gorilmektedir.

4. Tartigma ve Sonug¢

Bu calismada, kati zerreler iceren Newtonian bir
akiskanin manyetik alan etkisi altinda iki fazh
durma noktasi akigi sayisal yontemlerle incelenmis
ve ilgili parametrelerin akis Gzerindeki etkileri grafik
olarak sunulmustur. Elde edilen sayisal sonuglar
gostermistir  ki;  akiskan  zerre  etkilesim
parametresinin arttiriimasi ile, beklendigi sekilde,
akiskan ve zerre fazin hiz bilesenlerinin degerleri
birbirine yaklasmaktadir. Zerre fazin hiz bilsenleri
akiskan zerre etkilesim parametresinin degisimine
daha duyarlidir. incelenen akista, zerre fazin hiz
sinir tabakasi kalinligi akiskan fazin hiz sinir tabakasi
kahnhgindan her zaman kigulktir. Akiskana zerre
eklenmesi  veya  akiskan

zerre  etkilesim

parametresinin  artmasi  durumunda  plaka
Gzerindeki kayma gerilmesi degerleri artmaktadir.
Manyetik parametrenin akiskan fazin hiz bilesenleri
Uzerindeki etkileri literatlrdeki calismalar ile
uyumludur, parametrenin artisi, akiskan fazin x ve y
azalmasina

dogrultularindaki hiz  bilesenlerinin

sebep olmaktadir. Parametrenin zerre faz
Gzerindeki etkileri ayni yonli ancak goéreceli olarak

daha azdir.
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Oz

Nano boyutlu metaller, bakterilere karsi direng olusturma noktasinda etkili birer antibakteriyel ajan

olarak bilinir. Bu ajanlar ozellikle insanlik igin ciddi bir tehdit olusturan ilaca direngli bakterilerle
mucadele etmek igin dogal kokenli alternatifler olusturmaktadir. Gimus nanopartikdllerin (AgNP'ler) iyi
derecede antimikrobiyal aktiviteye sahip oldugu kanitlanmistir. AgNP'lerin biyosentezi diger
nanopartikdl Gretim yontemlerine kiyasla daha glivenli, dusiik maliyetli ve ¢evre dostu bir yontem
olarak kabul edilmektedir. Bu galismada, biyosentez yontemi kullanilarak Thymus Vulgaris L. sulu
ozltuyle enkapsile olmus giimis nanopartikil (eAgNP) Uretimi basariyla gerceklestirilmistir. AgNP’lere

Anahtar kelimeler kekik bitkisinin antiseptik, antimikrobiyal ve antioksidatif 6zelliklerinin kazandirilmasi amaglanmistir.

Antibakteriyel aktivite;
Biyosentez;
Enkapsulasyon; Gimis

nanopartikil; Thymus
vulgaris 1. eAgNP'lerin antimikrobiyal aktivitesi E. coli ve S. aureus bakterileri kullanilarak disk diflizyon metodu ile

eAgNP Uretimini saglayacak optimum bitki 6ziiti ve AgNO3; konsantrasyonu UV-vis spektrofotometre
analizi ile belirlenerek bulunan oranlar dogrultusunda yesil sentez gergeklestirilmistir. Sentezlenen
eAgNP'ler UV-Vis spektral analizi, FT-IR, XRD analizi ve TEM goriintl analizi ile karakterize edilmistir.

arastirllmistir. TEM analizi ile biyosentezlenmis eAgNP'lerin bitki 6zltlu ile enkapsiilasyonunun
gerceklestigi ve 6-70 nm boyut araliginda kiresel bir sekle sahip oldugu bulunmustur. eAgNP'leri
cevreleyen bitki kaynakh fitokimyasallarin varhigi FT-IR ile, AgNP olusumu ise XRD analizi ile
kanitlanmistir. 5 mg/mL'lik bir konsantrasyonda disklere emdirilen eAgNP'ler, E. coli ve S.aureus
bakterilerine karsi sirasiyla 20.5 mm ve 23.2 mm ortalama inhibisyon c¢aplari ile antimikrobiyal aktivite
gostermistir. Sonuglar, oldukca gii¢li antimikrobiyal aktiviteye sahip, cevre dostu eAgNP'lerin Thymus
Vulgaris L. 6zuth kullanilarak hazirlanabilecegini ve biyomalzeme alaninda 6nemli bir potansiyel
olusturabilecegini ortaya koymustur.

Investigation of Antibacterial Effect of Biosynthesized Silver
Nanoparticles Using Thyme (Thymus Vulgaris L.) Extract

Abstract
Nano-sized metals are known as effective antibacterial agents at the point of creating resistance against

bacteria. These agents are alternatives of natural origin to struggle drug-resistant bacteria, which pose
a serious threat to humanity. Silver nanoparticles (AgNPs) have been proven to have good antimicrobial
activity. Biosynthesis of AgNPs is accepted as a safer, lower cost, and more environmentally friendly

Keywords method compared to other nanoparticle production methods. In this study, silver nanoparticles

Antibacterial activity;
Biosynthesis;
Encapsulation; Silver

nanoparticles; Thymus
vulgaris |. eAgNP production were determined by UV-vis spectrophotometer analysis and green synthesis was

(eAgNPs) encapsulated with Thymus Vulgaris L. aqueous extract were successfully produced using the
biosynthesis method. It is aimed to bring in the antiseptic, antimicrobial, and antioxidative properties of
the thyme plant to AgNPs. The optimum plant extract and AgNO; concentration that is required for

carried out in line with the ratios found. The synthesized eAgNPs were characterized by UV-Vis spectral
analysis, FT-IR, XRD analysis, and TEM analysis. The antimicrobial activity of eAgNPs was investigated
using a disc diffusion method against E. coli and S. aureus. It has been confirmed that the encapsulation
of biosynthesized eAgNPs with the plant extract was successfully carried out by TEM analysis and
spherical-shaped biosynthesized nanoparticles had a size range of 6-70 nm. The presence of plant-
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derived phytochemicals surrounding eAgNPs was confirmed by FT-IR and the formation of AgNP was

analyzed by XRD spectrum. Biosynthesized eAgNPs adsorbed into discs at a concentration of 5 mg/mL

showed antimicrobial activity against E. coli and S. aureus with mean inhibition diameters of 20.5 mm

and 23.2 mm, respectively. The results introduced that eco-friendly eAgNPs with strong antimicrobial

activity can be prepared using Thymus Vulgaris L. plant extract and may create a significant potential in

the field of biomaterials.

1. Giris

Nano boyutlardaki (1-1000 nm) malzemelerin,
onlara ayni dokme malzemelerden farkh aligiimisin
ozellikler  kazandiran  ylzey/hacim
tibbi,

farmasotik, imalat ve malzeme, cevre, elektronik,

disinda

oranlarinin  yliksek olmasi  nedeniyle

gibi cesitli uygulamalarda kullanimi  oldukga
yaygindir (Castillo-Henriquez vd. 2020).

Nanopartikiller ise 1-100 nm veya daha kuglk
boyutta ¢ap uzunluguna sahip nanomalzemelerdir.
Gumius nanopartikiller, antioksidan, antibakteriyel,
antikanser, antienflamatuvar, antimikrobiyal ve
antifungal gibi cesitli biyolojik aktiviteleri nedeniyle
metalik nanopartikiller arasinda daha fazla
arastirilmistir. Cesitli soy metaller arasinda glimus
antibakteriyel

diger metallerle kiyaslandiginda,

katalitik ozellikleri ve insan vicuduna toksik
olmamasi sebepleriyle nanopartikil olarak tip
alaninda siklikla tercih edilmektedir (Roy vd. 2017).
AgNP’lerin hazirlanmasi igin fiziksel, kimyasal veya
biyolojik  olmak  lzere c¢esitli  yontemler
kullanilmaktadir. AgNP’lerin biyolojik yontemlerle
sentezlenmesi,

islem kolayligi, toksik kimyasal

kullanimi gerektirmemesi, daha az enerji

gereksinimi duyulmasi, ¢evre dostu ve dislk
maliyetli olmasi sebepleriyle fiziksel ve kimyasal
yontemlere Ustlnlik saglar (Zhang vd. 2020). Bu
biyolojik ydontem, bakteri, mantar, alg ve bitki ozleri
gibi canlh bir sistemin nanopartikil sentezi igin
metallerin indirgenmesinden sorumlu oldugu ‘yesil
sentez’ olarak bilinir (Patel vd. 2023).

Bu c¢alisma Lamiaceae familyasinin bir Gyesi olan
Thymus Vulgaris L. (yaygin olarak kekik olarak
bilinir) ekstraktini
glimiis nanopartikdl
Aromatik bir bitki
Antiseptik,
antioksidatif 6zellikleri

kullanarak enkapsiile olmus
Uretimini amaglamaktadir.
olan Thymus wvulgaris L.,
antimikrobiyal ve
Kekik bitkisi
antioksidan

karminatif,
ile  bilinir.
etkin

ozellikle antibakteriyel ve

© Afyon Kocatepe Universitesi

ozelliklerinden dolay! yara iyilesme potansiyelini
2022) bu
calismada eAgNP sentezlenmesi igin segilmistir.
Kekik
terpenoidler gibi kimyasallar glimis tuzlarini giimis

artirmasi nedeniyle (Pandiyan vd.

Ozutlinde  bulunan flavenoidler ve
nanopartikillere indirgemekten sorumlu olan dogal
indirgeyici ajan gibi davranir (De Melo vd. 2020).
Kekik ekstraktinin bir bileseni olan timol, terpenoid
grubuna ait bir fitokimyasaldir ve Ag®
indirgenmesinde 6nemli bir rol oynamaktadir.

Bu ¢alismada, eAgNP Uretimini saglayacak optimum
bitki 6zutl, gimus nitrat konsantrasyon degerleri
bulunarak biyosentez ile enkapsiile olmus glimis
nanopartikdl

tamamlanan eAgNP’lerin karakterizasyonu igin UV-

Uretimi  amaclanmistir.  Uretimi
Vis spektrofotometre analizi, Fourier Dondstimli
Kizilotesi Spektroskopisi (FT-IR) analizi, X Isini
(XRD)

mikroskobu (TEM) ile morfolojik ve boyut analiz

Kirinimi analizi ve Gegirimli elektron
gercgeklestirilmistir. eAgNP’lerin antibakteriyel etkisi
disk difizyon metodu kullanilarak gram pozitif ve

gram negatif bakterilerine karsi analiz edilmistir.

2. Materyal ve Metot
2.1 Materyal

eAgNP sentezi igin kullanilan AgNO3 (169.87 g mol’
') Nanokar Nanotechnology firmasindan, 150 gram
kekik ise
firmasindan satin alinmistir. Calisma kapsaminda

kurutulmus Dagcioglu  Speciery
etiv (Binder, VD 23) ve UV-vis spektrofotometre
(HITACHI, U-3900) kullanilmistir. Antibakteriyel test
icin Escherichia coli (E. coli, ATCC 25922, Gram
negatif), Staphylococcus aureus (S. aureus, ATCC
29213, Gram pozitif) bakterileri Necmettin Erbakan

Universitesi Tip Fakiiltesi'nden temin edilmistir.
2.2 Yontem

Kekik 6zltl hazirlamak icin 20 g bitki dal ve

yapraklarindan olusan kuru kekik distile su ile
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yikanarak oda sicakhginda kurutuldu. Biyuk
parcalar halindeki kekik, kiicik parcalara ayrilmak
Uzere oOgutllerek toz haline getirildi. Bu toz haline
getirilmis kekik, 1000 ml distile suya eklenerek
bitkideki fitokimyasallari aktive etmek icin 24 saat

bekletildi. Bu siire sonunda filtre kagidi yardimiyla

stziilerek kekik ekstrakti elde edildi. Ortaya g¢ikan

A.

Q

Ogiitiilmiis

e
o
0 . 0 b9 % o o o°
: l Distile Su \ é cJ..o é 0% $03 5 9
Kekik L{% 5o "9°L“.‘-::;‘-}((%J R %% %o

sliziintl, biyosentez icin kullaniimak Uzere distk
sicaklikta saklandi. Diger bir yandan, 0.01 M AgNO;
sollisyonu elde etmek icin 250 ml deiyonize suya
0.422 g AgNO; ilave edilerek homojen bir kivama
kadar
karigtirild.

gelene Gzerinde

karistirici

manyetik

eAgNP 200°C

24 Saat Sonra

Filtrasyon
islemi

24 Saatlik Biyorediiksiyon
Sonrasi Renk Degisimi

e ~  25°C, 20 dakika
N

o > ‘\‘O Manyetik Karistirici

(aq)

Timol

Sekil 1. A. Thymus Vulgaris L. kullanilarak biyosentezlenmis giimls nanopartikiil sentezinin deneysel asamalari B.

AgNP'lerin Thymus Vulgaris L. bitkisinin indirgeyici ajani timol ile kimyasal etkilesimini gosteren temsili

diyagram (Glnes Cimen vd. 2022)

Bu calismada vyesil sentez icin nanopartikil
olusumunu saglayacak gerekli oranin bulunmasi
amaclyla AgNO; konsantrasyonu ve bitki 06ziti
konsantrasyonu parametreleri oda kosullari altinda
optimize edilmistir. Kekik ile enkapsile olmus AgNP
sentezi icin en uygun bitki 6zitli ve AgNO; oranini
Tablo 1'de farkli
konsantrasyonlarda  bitki AgNO;

sollsyonlari hazirlandi. UV-Vis spektrofotometre

bulmak amaciyla verilen

oziata ve

kullanilarak her bir sollisyonun dalga boyu-
absorbans degerleri 300-800 nm araliginda olglldi.
Her bir c¢ozelti icin elde edilen absorbans-dalga
boyu egrilerinde glimuisin acgiga ciktig dalga boyu
Uzerindeki absorbans degerleri kiyaslanarak
nanopartikdl Gretimini saglayacak optimum bitki

0z0tl ve AgNO; orani belirlendi.
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Cizelge 1. Konsantrasyon optimizasyonu i¢in hazirlanan
¢cozelti oranlari

No. Cozelti oranlar:

S1 5 ml6ziit/l ml AgNOs/4 mi saf su
S2 5 ml 6ziit/2 ml AgNOa3/3 ml saf su

S3 5 ml 6ziit/3 ml AgNOs/ 2 ml saf su
S4 5 ml 6ziit /4 ml AgNOs;/1 ml saf su
S5 5 ml 6ziit/5 ml AgNO;

S6 1 mlo6ziit/5 ml AgNOs/4 mi saf su
S7 2 ml 6ziit/5 ml AgNOa3/3 ml saf su
S8 3 ml 6ziit /5 ml AgNOs/2 ml saf su
S9 4 ml 6ziit /5 ml AgNOs/1 ml saf su

UV-vis spektrofotometre analizi ile bulunan oranlar
dogrultusunda Sekil 1.A’da verilen siiregler takip
edilerek eAgNP sentezi gerceklestirildi. ilk olarak, 4
ml distile su ve 1 ml kekik 6ziitinden olusan karisim
manyetik karistiricida kanstirihirken 5 ml AgNO;
pastor pipet yardimi
halinde eklendi. Karisim ¢ozeltisi, 10 dk. boyunca

cOzeltisi ile damlaciklar
manyetik karistiricida karistirildiktan sonra glimus

nitratin fotoaktivasyonunu onlemek icin
aliminyum folyo ile sarilarak 37 °C'de 24 saat
inkiibasyona birakildi ve reaksiyon sonunda ¢ozelti
renginin sarimsi renkten kirmizimsi kahverengi
rengine donistiglu gozlendi. Bu karisim c¢ozeltisi
cam petri kaplarina dokilerek 200 °C etlivde su
buharlastirildi.  Petri

¢Ozeltiden kalan katilar bir cam lamel kullanilarak

kabinin yizeyinde biriken

kazindi. sonunda
kekik

nanopartikiller elde edildi. Bu deneysel siireg

Buharlastirma prosediriinin

ozatid ile enkapsile olmus gimdis
sonunda sentezlenen eAgNP’lerin Sekil 1.B’deki
konfiglirasyonda gosterildigi gibi kekik bitkiisnde
indirgeyici ve stabilize edici rol oynayan timol
bileseninin glimus molekdliniin etrafini
cevreleyerek glimisin etrafinda enkapsiilasyonu
gerceklestirdigi varsayllmaktadir (Glines Cimen vd.

2022).

Nanopartikillerin boyut ve seklini belirlemek igin
TEM (JEOL 2100) analizi 70 kV voltaj altinda
uygulandi. Sentezlenen eAgNP'lerin kristalografik
yapisi, 45 kV gerilimde ve 40 mA akimda Cu-K, isini
ile yapilan XRD (PANalytical EMPYREAN) analizi
kullanilarak  gergeklestirildi. Olcim esnasinda
tarama hizi 1° dakika®, tarama araligi 5°-80° ve
0.05° ayarlandi.  XRD

adim  boyutu olarak

katkilari  ortadan
kaldirmak icin standart bir Lab6 6rnegi kullanildi.
eAgNP’lerin fonksiyonel gruplarinin tespiti icin 600—
4000 cm™ araliginda FT-IR (Thermo Scientific—

Nicolet iS20) analizi yapildi.

modelindeki  enstriimantal

Sentezlenen eAgNP'lerin antibakteriyel aktivitesi,
disk difizyon yontemi ile E. coli ve S. aureus
suslarina karsi test edildi. Test numunesi olarak,
ultrasonik karistirici yardimiyla homojenize edilen 5
mg mL' eAgNP/distile su karisiminin 12 mm
c¢apinda kesilmis filtre kagitlarina emdirilmesiyle
elde edilen diskler kullanildi.

Bakteriler petri kaplarina ekilmeden énce Mueller
Hinton Agar (MHA) besiyerleri hazir hale getirilerek
bakteri kiltir ortami tamamlandi. Bakteri koloni
konsantrasyonu, ekilecek bakteri yogunlugunun
hicre dansitometresi ile olglilmesiyle 0.5
McFarland standartlarina uygun seviyeye getirildi.
Standarda uygun ayarlanan bakteri siispansiyonlari,
bir drigalski spatula yardimi ile Muller Hinton agar
plakalarina yayildi. Bakteri ekiminin yapildigi bu
petri kaplarin yizeylerine 12 mm c¢apindaki eAgNP
diskleri her iki bakteri tiiri i¢in de yerlestirildi. Daha
sonra bakteri kilturleri 37°C'de 48 saat inkube
edildi ve inkiibasyon sonucunda disk cevresinde
meydana gelen inhibisyon halkasi ¢aplari Image J

araylizl vasitasi ile belirlendi.
3. Bulgular

3.1 UV-vis Spektroskopi ile Bitki Oziitii ve AgNO;
Cozelti Konsantrasyonu Optimizasyonu

UV-vis
OlciimU yapilmak i¢in hazirlanan 9 farkh sollisyon
reaksiyon sonrasi renk

spektroskopi ile dalgaboyu-absorbans
icerisinden 24 saatlik

degisimi aclk sart  renginden  kirmizimsi
kahverengiye en belirgin sekilde 6. ¢0Ozeltide
gozlendi (Sekil 3).

UV-vis spektrofotometrede 300-700 nm dalga boyu
araliginda taranan her bir sollisyona ait absorbans
degerleri Sekil 2.A’da verilmistir. Her bir sollisyona
karsilastirildiginda  2.47
absorbans degeri ile gimis nanopartikillerin
varligina atfedilen 440-450 nm araliginda 436
nm’de (Sekil 2.B) glcli ve tek bir tepe noktasi
olusumunun ‘5 ml AgNO;/1 ml kekik ekstrakti/4 ml

distile su’ ¢cozeltisinde ortaya ciktigl gortlmustur.

ait spektrum egrileri

1554



Kekik (Thymus Vulgaris L.) Oziitii Kullanarak Biyosentezlenmis Giimiis Nanopartikiillerin Antibakteriyel Etkisinin... Giines vd.

1 —— 5 ml ekstrakt+ 1 ml AgNO3
2 —— 5 ml ekstrakt+ 2 ml AgNO3
3 —— 5 ml ekstrakt+ 3 ml AgNO3
4 —— 5 ml ekstrakt+ 4 ml AgNO3
5 —— 5 ml ekstrakt+ 5 ml AGNO3
6 — 1 ml ekstrakt+ 5 ml AGNO3
7 —— 2 ml ekstrakt+ 5 ml AGNO3
8 —— 3 ml ekstrakt+ 5 ml AgNO3
9 —— 4 ml ekstrakt+ 5 ml AGNO3

A.

2,5

2,0 1

Absorbans (a.u.)
&

0,5

0,0

400 500 600 700
Dalgaboyu (nm)

B 436 nm
e 254

= N
o )
1 1

Absorbans (a.u.)
5

0,5

0,0

300 400 500 600 700
Dalgaboyu (nm)
Sekil 2. A. Kekik 6zut/ AgNO; oranina bagh Dalga boyu-
Absorbans spektumlari B. AgNP olusumu
gosteren ¢ozeltinin Dalga boyu- Absorbans

spektumu

Sekil 3. 24 saat reaksiyon sonrasi kekik ekstrakti/AgNO;
¢Ozeltisinde gozlenen renk degisimi

3.2 TEM Gériintii Analizi

TEM goriintli analizi sonucu elde edilen bulgulara
gore eAgNP’lerin
ugramis vyapilar ihmal edildiginde c¢ogunlukla
kiiresel oldugu gorilmektedir (Sekil 4.A). TEM

morfolojisinin  aglomereye

gorlntuleri Gzerinden segilen 65 adet nanopartikiil
degerlendirilerek Image J yazihmi ile hesaplanan
cap Olglimu
caplarinin yaklasik 6-70 nm araliginda degisim

sonuglarina  gbére nanopartikdl

gosterdigi ve ortalama caplarinin 23 nm oldugu
tespit edilmistir (Sekil 4.B).

o®

e ;
1;@4“; . .

B » Y] eAgNP Gap Dagilimi
20
/
@ 15
[
©
£
[
% 10
5.
0 + T
0 10 20 30 40 50 60 70 80
Gap (nm)

Sekil 4. eAgNP’lerin A. TEM gorintisi B. boyut dagilhm
histogram grafigi

3.3 XRD Analizi

Sekil 4, sentezlenmis eAgNP’lerin XRD desenini
gostermektedir. 26=5-80° araliginda 38.27°, 44.4°,
64.53° ve 77.45%lerinde tepe noktalari olusumu
gozlendi, bu da metalik AgNP’lerin ylizey merkezli
kibik (ymk) yapisindan kaynaklanan (111), (200),
(220) ve (311) duzlemlerine denk gelmekte olup
eAgNP'lerin bu kristal yapiya sahip oldugunu ortaya
koymustur. Gauss fonksiyonu kullanilarak XRD
deseni fit edilmis ve boylece tepe noktalarinin
pozisyonu ve maksimum yarisi tam genislik (MYTG)
degerleri elde edilmistir (Polat vd. 2020). XRD
spektrumunda eAgNP'lerin kristal boyutu asagida
verilen Debye—Scherrer denklemine gére ortalama
27.4 nm olarak hesaplanmistir (Thakur vd. 2019):
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_0.9%
_BCOSG

(1)

Burada, B ortalama kristal boyutunu, A X-i1sini dalga
boyunu, B MYTG degerini ve 6 tepe noktasinin XRD
kirinim agisini ifade etmektedir.

(111)

Siddet (a.u.)

20 (°)
Sekil 5. eAgNP’lerin XRD grafigi

3.4 FT-IR Analizi

eAgNP’lerin FT-IR spektrumlari Sekil 6’da verildigi
gibi 600-4000 cm™! araliginda elde edilmistir.
eAgNP’lerin  FTIR spektrumu, 1261 cm™! tepe
noktasinda O-H deformasyonunu ve C-O gerilme
titresimini (Agnieszka Nowak vd. 2013), 2132 cm™?
tepe noktasinda CH alkin gruplarinin gerilme
titresimini, 2161 cm™! tepe noktasinda alifatik
gruplarin N=C gerilme titresimini, 800 cm™! tepe
noktasinda ise viniliden gruplarinin CH, diizlem disi
deformasyon titresimini tanimlamaktadir (Gholami
vd. 2018; Manukumar vd. 2020).

84 -

80

2161
2132

76

Gegirgenlik (%)

1261
800

724

4000 3500 3000 2500 2000 1500 1000 500
Dalgaboyu (cm™)
Sekil 6. eAgNP’lerin FT-IR spektrumu

3.5 Antibakteriyel Aktivite Testi

E. coli ve S. Aureus bakteri suslarina karsi 37 °C'de
24 saat inklibasyon sonrasi antibakteriyel etkinligi
test edilen eAgNP emdirilmis disklerin olusturdugu
inhibisyon halkasi caplari Sekil 7’deki gibi olusum
gostermistir. Ortalama inhibisyon halkasi ¢apinin
Image J vyaziimi  kullanilarak  hesaplanmasi
sonucunda, eAgNP'nin S. aureus bakterisine karsi
ortalama inhibisyon halkasi ¢api 23.2 mm olmustur.
E. coli bakterisine karsi ortalama 20.5 mm capinda
Disklerin

caplari

bakterisinde
ile 245 mm

arasinda degisirken, E. coli'ye karsi meydana gelen

bir inhibisyon halkasi olusturmustur.
cevresinde olusan
dikkate

inhibisyon halkasinin capr 22.2

inhibisyon halkalari

alindiginda S. aureus

inhibisyon halkasinin capi ise 19.2 ile 21.6 mm
arasinda degismektedir.

S. aureus

Sekil 7. S. aureus ve E. coli bakterilerine kargi eAgNP
emdirilmis disklerin gosterdigi antibakteriyel aktivite
(Glines Cimen vd. 2022)

4., Tartisma ve Sonug

GUmUs iyonlarinin eAgNP'ye biyosentez yolu ile
kekik AgNO; sulu
¢Ozeltisine eklenmesinden sonra olusan renk

indirgenmesi, oOzatlinin
degisikligi ile dogrulanmistir. Baslangicta acik sari

olan ¢Ozelti rengi 24 saatlik inklibasyondan

sonunda agitk saridan kirmizimsi kahverengiye
doénismuistir. Bitkisel meyve ekstrakti kullanarak
AgNP sentezlenen farkli bir c¢alismada da bitki
ekstrakti

¢Ozeltisinin renginin koyu kahverengiye dénismesi

eklendiginde renksiz glimis nitrat
ile fiziksel degisim gozlenmistir (Chakravarty vd.
2022). Donlsen AgNP’lerin

karakteristik bir olan vyiizey plazmon

kahverengi rengi

ozelligi
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rezonansinin (SPR) uyarilmasi ile agiklanmaktadir
2014). sebebi  bitki
hlcrelerinde bulunan ve metal iyonlarini azaltan

(Banerjee vd. Bunun

ikincil  metabolitlerin
(Manivasagan vd. 2013).
AgNP’lerin  Ag® nanopartikillerine indirgendigini

varligiyla  aciklanabilir

tespit etmek icin UV-vis spektrofotometrede her bir
AgNOs/Thymus Vulgaris L. sulu ¢ozeltisi/saf su
gelen
absorpsiyon spektrumu kaydedilmistir. Elde edilen

konsantrasyonuna  karsilik ¢Ozeltilerin

absorbans-dalga boyu spektrumunda glimus
olusumunu gosteren SPR tepe noktasi degerinin
436 nm'de konumlandigi gézlemlenmistir. SPR tepe
noktasi degerinin yaklasik 420-450 nm oldugu
biyosentez yontemi ile AgNP sentezini konu alan
bircok farkh calismada da ortaya koyulmustur
(Khalil vd. 2022; Manivasagan vd. 2013; Singh vd.

2018; Usmani vd. 2019).

TEM analizi sonucu elde edilen eAgNP gorintileri
incelenerek nanopartikillerin  morfolojik olarak
kiiresel bir sekle sahip oldugu ve ortalama
nanopartikll ¢apinin 23 nm ile AgNP olusumunu
dogruladigi

gozlenen

gorulmustir.
farkh  sekil
indirgenme reaksiyonu boyunca ¢ékelmesi sonucu

TEM gorintilerinde
yapilari,  eAgNP’lerin
aglomere olmasiyla agiklanabilir. Kekik 6zGtinln
eAgNP sentezi icin kullanildigi farkh bir calisma da
elde edilen nanopartikil ¢aplarinin ortalama 24-56
nm arasinda degistigini bildirmektedir (Rakaa vd.
2020). Benzer bir sekilde, Vitis vinifera ekstrakti
kullanarak AgNP sentezlenen farkli bir ¢alismada
elde edilen TEM gorintileriyle
30-65 nm

bulunmustur (Hashim vd. 2020). Bu ¢alisma, diger

nanopartikl

boyutlarinin arasinda  degistigi

galismalardan elde edilen bulgulara kiyasla
nanopartikdl boyutlarinin 6-70 nm arasi bir aralikta
olmak lzere glimisiin enkapsiilasyonunu saglayan
yesil sentez metodu ile olduk¢a kigik caplarda
eAgNP

Nanopartikil

sentezlenebildigini ortaya koymaktadir.

boyutlarinda meydana gelen bu
azalma bakteri ile etkilesimin artmasina sebep
olarak  enfeksiyon ihtimalini  dlstrmektedir
(Khurana vd. 2014). Sentezlenen eAgNP’lerin iyi
derecede antibakteriyel etki géstermesi gimis ve

kekik bitki ekstraktinin antimikrobiyal 6zelliklerinin

yani sira, Uretilen bu eAgNP caplarinin oldukca
kiicik boyutlarda olmasindan kaynakli olabilir.

XRD  sonuglari,  karakteristik  gimis tepe
noktalarinin 26=38.27°, 44.4°, 64.53° ve 77.45°
AgNP
sentezlenen

pozisyonlarinda konumlanmasi ile

olusumunun saglandigini ve
eAgNP’lerin kristal yapilya sahip oldugunu acikca
gostermektedir. Yesil sentez ile AgNP sentezlenen
farkh calismalarda da XRD spektrumunda ayni
kirinim dizlemi olusumlarina rastlanmistir (Asif vd.
2022; Yilmaz Oztiirk vd. 2020). XRD spektrumunda
dagilmis diger tepe noktalari, eAgNP'lerin disinda
meydana gelen biyolojik olusumlarin varligindan
kaynaklanabilir. Ayrica, elde edilen kirinim
tepelerinin bant genigliginin fazla olmasi, kiglk
kristal boyutlarindan kaynaklanabilir (Asif vd.
2022). Buna ek olarak, 26=13° ve 26=19.7° 'de
olusan major tepe noktalari timol bileseni ve AgNP
arasindaki kompleks olusumundan kaynaklanan
tetragonal kristal yapiya atfedilmektedir (Aytac vd.
2017).

Uzerinden

GUmis karakteristik tepe noktalar

Debye—Scherrer denklemine gore
eAgNP’lerin ortalama kristal boyutlari 27.4 nm
olarak hesaplanmistir. FT-IR sonuglari 1261 cm™?!
tepe noktasinda fenol grubunda bulunan benzen
2132 cm™?!

gruplarinin, 2161 cm™! tepe noktasinda alifatik

halkasinin, tepe noktasinda alkin

gruplarin, 800 cm™? tepe noktasinda vinilidenlerin,
731 cm™!
varligini gostererek timol bileseninin igerisindeki

tepe noktasinda birincil aminlerin

molekdllerin varligini ortaya koymustur (A. Nowak
vd. 2012).
kullanarak AgNP sentezlenen farkl bir calismada da

Desmodium gangeticum ekstrakt
bulunan tepe noktalari bitki molekillerinden
kaynakli aromatik ve fenol gruplarinin varligina
fonksiyonel  gruplar,

atfedilip, tiim glimds

nanopartikillerini  kaplayan bitkisel fonksiyonel
protein gruplari ve metabolitlerin olusumuyla

iliskilendirilmistir (Manikkannan vd. 2013).

Disk difiizyon yontemi ile elde edilen inhibisyon
halkasi ¢apl,
sentezlenen eAgNP'lerin agar plakalar (zerinde

Thymus Vulgaris L. tarafindan

uygun laboratuvar kosullarinda antimikrobiyal

etkiye sahip oldugunu ortaya koymustur. Gimius
mekanizmasi,

nanopartikillerin - antimikrobiyal

AgNP'lerin bakteriler ile hiicre duvari arasina
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baglanmasi sonucu hiicre zari gegirgenligini
etkileyerek bakteri icinde reaktif oksijen tirlerinin
(ROS) Uretiminin artmasi, protein denatiirasyonu,
bakteri hiicrelerinden metabolitlerin ve protonlarin
sizmasl ve DNA replikasyonunun engellenmesiyle
actklanmaktadir (Alsammarraie vd. 2018;
Wasilewska vd. 2023). Tim bu etkilesimler bakteri
hiicre 6limu ile sonuglanmaktadir. AgNP'ler ise
bakteri

etkilesim icin daha genis bir ylizey alanina sahiptir.

nano boyutlarindan dolayi hiicreleriyle
Sentezlenen eAgNP’lerin TEM goriinti analizinde
ortalama 23 nm capa sahip olmasi ve patojenlere
karsi glcli bir antibakteriyel aktivite gostermesi
ozellikle 50
nanopartikillerin hiicre duvarina tutunmasinin ve

boyutlari nm'den kiglik olan
hicre duvarini parcalamasinin daha kolay olmasiyla
iliskilendirilebilir (Balciunaitiene vd. 2021). Ayrica,
aktivitesinin
pozitif bakterisi S. aureus ile karsilastirildiginda

eAgNP’lerin  antimikrobiyal gram
gram negatif bakterisi E. coli'ye gore daha fazla
oldugu gorilmdstir. Bu durum kekik molekdillerinin
S. aureus'un zarinda fosfat iyonlarinin sizmasina
neden olmasi ile agiklanabilir (Boskovic vd. 2015).
Elde edilen bulgular, daha 6nce farkh bitki ozleri
tarafindan sentezlenen AgNP'lerin antimikrobiyal
Ozelliklerini konu alan diger benzer g¢alismalarla
uyumludur. Thymus kotschyanus ekstrakti ile
indirgenen AgNP'lerin antibakteriyel aktivitesinin
arastinldigl bir ¢alismada, S. aureus bakterisi igin
10.3 mm inhibisyon halkasi ¢api gézlenirken, E. coli
bakterisi icin 7.3 mm inhibisyon halkasi capi
gozlenmistir (Gholami vd. 2018). AgNP'lerin kekik
ekstrakti ile sentezlendigi baska bir ¢alismada, S.

aureus bakterisinin E. coli'ye kiyasla daha fazla

antibakteriyel  aktivite  gOsterdigi  sonucuna
varilimistir  (RakaaObaid 2020). Bu calismada
sentezlenen ortalama 23 nm  c¢aplarinda

eAgNP’lerin de S.aureus ve E.coli bakterilerine karsi

onemli Olgiide gosterdigi  antibakteriyel etki,
sentezlenen eAgNP’lerin antibakteriyel ajan olarak
biyomedikal uygulamalarda kullaniminin 6nind
agma potansiyeline sahiptir.

Ozetle, ortalama 23 nm ¢apa sahip oldugu gériilen

eAgNP’ler, Thymus Vulgaris L. sulu 06ziti
kullanilarak biyorediiksiyon yontemi ile UV-vis
spektrofotometrede yapilan optimizasyon

Olgclimleri neticesinde gozlemlenen renk degisimine

bagli optimum konsantrasyon oranlari kullanilarak
Uretilmistir. Gim{s nitratin eAgNP’ye indirgenmesi
UV-vis spektrofotometrede 436 nm dalga boyunda
gbzlemlenen tepe noktasi ile, FTIR analizinde timol
bilesenine ait fenol ve alifatik gruplarin ve benzen
halkasinin varligi ile, XRD tekniginde gozlemlenen
gimis 111, 200, 220, 311 kirinim duzlemlerinin
varligi ile dogrulanmistir. Sentezlenen eAgNP'lerin
onemli insan patojenlerine (E. coli, S. aureus) karsl
siraslyla gosterdigi 20.5 nm, 23.2 nm inhibisyon
cap! ile oldukca gicli bir antimikrobiyal aktivite
gosterdigi sonucuna ulasiimistir.

Nanoteknolojik arastirmalarin artmasi ile
sentezlenen eAgNP'ler fonksiyonel biyomedikal ve
endistriyel Grlnlerin  gelistiriimesinde kullanim
potansiyeline sahiptir. Gelecek c¢alismalarda atik
sularin dezenfekte edilmesi, zararh atik boyalarin
membran

absorpsiyonu, filtrasyonu icin

uygulamalarinda kullanilmasi  gibi  ekolojik
¢alismalarin yani sira, biyomedikal alanda diyabetik
yaralarda iyilesmeyi hizlandiracak yara ortilerinde
antibakteriyel ajan olarak, ilag salim sistemlerinde
dolayi

artirarak taslyict matris olarak, anti-kanser ajan

nano boyutlarindan hedeflenebilirligi

olarak, biyolojik implantlarda antibakteriyel
kaplama malzemesi olarak ve gimusiin antifungal
dolayi

fabrikasyonunda kullanim potansiyeli arastirilabilir.
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