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Abstract: After selecting the appropriate pyrometallurgical or hydrometallurgical
methods according to the type of ore used in copper production, electrometallurgical
refining processes are applied to reach the desired purity level. When mechanical
activation processes are applied before reduction processes, they have changed the
traditional workflow scheme in many processes by both shortening the process and
reducing energy consumption. This study constitutes the first stage of the direct re-
duction of chalcopyrite in the presence of carbon and quicklime. The mixture con-
sisting of biochar, quicklime and concentrated chalcopyrite was mixed in a stoichi-
ometric ratio and over-ground in a spex type mill for different periods of time.
Changes in the physical structure of the over-ground mixture were examined by XRD,
SEM and EDX images. XRD images showed that there was a large amount of
amorphization in the crystal structure as a result of excessive grinding of the material
for 60 minutes. According to the DLS analysis results, it was observed that the grain
size decreased to 5240 nm due to increasing grinding time.

Keywords: advanced grinding; biocoal; chalcopyrite; direct reduction; spex.

Kalkopirit Konsantresinin Karbon ile Direkt Rediiksiyonundan Once Ileri
Ogiitme Isleminin Fiziksel Yapida Olusturdugu Degisimler

Ozet: Bakir iiretiminde kullanilan cevherin cinsine gore uygun pirometalurjik veya
hidrometalurjik yontemler secildikten sonra istenilen saflik seviyesine ulasmak igin
elektrometalurjik rafinasyon islemleri uygulanir. Mekanik aktivasyon islemleri
rediiksiyon iglemlerinden 6nce uygulanarak hem siireci kisaltip hem de enerji tii-
ketimini azaltarak birgok proseste geleneksel is akis diyagramini degistirmistir. Bu
calisma, kalkopiritin karbon ve sénmemis kireg varliginda dogrudan indirgenmesinin
ilk agamasint olusturmaktadir. Stokiyometrik oranda karistirilan biyokoémiir, kalko-
pirit konsantresi ve s6nmemis kire¢ spex tipi bir degirmende farkli siirelerde
ogutiilmiistiir. Asirt 6giitiilmiis karisimin fiziksel yapisindaki degisiklikler XRD,
SEM ve EDX gorintiileri ile incelenmistir. XRD goriintiilerinde malzemenin 60 da-
kika boyunca asir1 6giitlilmesi sonucu kristal yapisinda bilyiik miktarda amorflasma

1JPAS 2024, 10(2) https://doi.org/10.29132/ijpas.1481272 https://dergipark.org.tr/tr/pub/ijpas
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oldugu goriilmiistiir. DLS analiz sonuglarina gore artan 6giitme siiresi ile birlikte tane
boyutunun 5240 nm’ye kadar diistiigii gozlemlenmistir.

Anahtar Kelimeler: biyokémiir; dogrudan indirgeme; ileri 6giitme; kalkopirit; Spex.

1. Introduction

Copper, one of the few metals in metallic form that can be used directly in nature, was discovered
in B.C. It has been used since the 8000s. The oldest known copper remains were found in Catalhdyiik in
Central Anatolia, and it was first used alone and later in the form of tin alloy bronze or bronze. The first
copper production in Anatolia dates back to B.C. It was started by the Assyrians in 2000 B.C. from the
deposits in Elazig-Maden [1]. Of the minerals used in copper production, approximately 50% is
chalcosite (Cu,S), 25% is chalcopyrite (CuFeS,), 3% is enargite (CusAsS,), 1% is other sulfur minerals,
6-7% is native copper and 15% consists of oxide minerals. Copper ores found in nature generally con-
tain gangue minerals. In order to be produced by pyrometallurgical or hydrometallurgical methods,
gangue minerals are first removed and the grade of the ores is increased through ore preparation and
enrichment processes. Pyrometallurgical methods (Figure 1) are applied to sulfide, oxide and native
copper ores, and hydrometallurgical methods (Figure 2) are applied to low grade oxide copper ores.
Pre-enrichment processes are similar in both copper production methods [2]. In the final stage, by
applying electrometallurgical methods, the impure copper obtained by both methods is subjected to
electrolytic refining and converted into pure cathode copper. While 80% of the world copper production
is made by pyrometallurgical methods, the remaining part includes hydrometallurgical methods [3].

The conventional methods for the production of non-ferrous metals from mineral sulphides are
based on two main pyrometallurgical principles. In one case, the mineral sulphides are dead roasted (i.e.
a complete elimination of sulphur from the sulphides by converting them to metallic oxides) and then
treated in a furnace to reduce the metal oxides to metal. Alternatively, if the sulphide concentrates are
rich and fine, they are directly charged into the Flash Smelting Furnace to produce matte. In particular,
the production of sulphurous Cu, Ni, Co and Pb metals by traditional pyrometallurgical methods in-
volves different roasting, melting and conversion steps. The sulphur dioxide gas released during these
steps causes major environmental problems. It is imperative to reduce sulphur dioxide emissions gen-
erated during pyrometallurgical processing of sulphurous ores [6-14]. Therefore, in recent years, many
attempts have been made to develop new processes for the purification of copper sulphide concentrates
that do not cause significant air pollution through SO, emissions [3, 15-17].

Mechanical activation, defined by Smekal as “a process that increases the ability of the solid to
react”, is widely used in extractive metallurgy. The advantages of mechanical activation include low-
ering reaction temperatures, increasing the amount and speed of solubility, formation of water-soluble
substances, the need for a simpler and more economical reactor, and shorter reaction times [18].
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Figure 2. Hydrometallurgical copper production [5].

Mills used for advanced grinding; ball mill, planetary mill, vibrating mill, agitated ball mill (atri-
ator), spindle mill and rolling mill. Mills used for advanced grinding are given schematically in Figure 3

[19].
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Figure 3. Mill Types Used for Advanced Grinding Process, A-Ball Mill, B-Planetary Mill, C-Vibrating Mill,
D-Agitated Ball Mill (Atritor), E-Spindle Mill, F-Rolling Mill [19].

Mechanical activation process is a technique that has been applied at various stages of metal
production processes from chrome [20], zinc [21], aluminum [22], manganese [18] and iron [23] ores
and positive results have been obtained. The effect of mechanical activation on leaching processes in the
production of copper ores by hydrometallurgical methods has been examined by many researchers
[24-27].

Biomass is energy obtained from natural substances of plant or animal origin and causes less harm
to the environment thanks to its low sulfur content. The ash produced by the combustion of biomass
fuels is of a quality that can be used for agricultural purposes [23].

Almond is among the important hard-shelled fruits adapted to Turkey’s climate structure. Al-
monds can be grown in almost every region of our country except the Eastern Black Sea coastal regions
and high plateaus [28]. Various studies have been conducted to evaluate almond shells. Generally,
studies involve the removal of heavy metals or dyes by producing activated carbon from almond shells
[29, 30]. Its use in soilless vegetable cultivation [31], pyrolysis [32] and biochar production [33] are the
search for new usage areas that attract attention.

In this article, we examined the effect of advanced grinding process, which is the first stage of our
work to obtain directly reduced copper from chalcopyrite, change of the physical structure of mixture
consisting of quicklime, chalcopyrite concentrate and biocoal.

2. Experimental Study

2.1. Material

In the studies, chalcopyrite concentrate obtained from Yildizlar Holding A.S., located in
Elaz1g-Maden district, was used. In addition, purchased calcium oxide and almond shells containing
92.36% C and 0.018% S after at 700 °C for 4 h carbonization were used as biocoal. ICP-MS analysis of
the chalcopyrite concentrate used in ARGETEST laboratory is given in Table 1.

Table 1. Chemical analysis of chalcopyrite concentrate

Component Amount Component Amount

Cu 19.03 (%) Ag 12.06 (ppm)
Fe 33.32 (%) Al 0.60 (%)

S 26.56 (%) Co 1159.0 (ppm)
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For advanced grinding processes, MTI Corporation SFM-3 Desk-Top High Speed Vibrating Ball
Miller brand spex mill, shown in Figure 4 (a), was used. The spex chamber shown in Figure 4 (b), where
the advanced grinding process is carried out, is a chamber specially manufactured from tungsten carbide
with a depth of 56 mm, an inner diameter of 48 mm and a wall thickness of 7 mm. Steel balls with a
diameter of 6 mm were used for advanced grinding.

The advanced grinding process was carried out with a powder/ball ratio of 1/20 so that the stoi-
chiometrically prepared powders would fill one-third of the specimen chamber and 7.5 g of powder
material (6,000 g CuFeS2 ore, 1.35 g Ca0, 0.174 g C) and 150 g balls were weighed and placed in the
specimen chamber. The advanced grinding process was determined as 15 min, 30 min, and 60 min.

(b)

Figure 4. a) Spex mill, b) Spex chamber

After the advanced grinding process, the spex chamber was opened in the glove-box and the op-
erations inside the box were carried out in a nitrogen gas atmosphere. Then the powders ground was
taken out from the chamber in the glove-box and placed in zip lock bags. After further grinding, XRD
analyses of both the ground samples and the original mixture were performed on a Rigaku Mini Flex 600
brand X-Ray Diffractometer.

After advanced grinding, thermal characterization experiments were carried out on the samples on
a Shimadzu brand DTG-60AH model differential thermal analysis (DTA) device. TG/DTA analyses of
the samples were performed by heating and cooling between 25-750 °C, at a heating/cooling rate of 20
9C/minute, in an air environment with a constant flow of 100 ml/minute.

Dynamic light scattering was used to determine the size distribution profile of small particles in
solution. The Particle Sizing System NICOMP 380, a product of Nicomp, Santa Barbara, California,
uses Dynamic Light Scattering (DLS) to obtain the particle size distribution for samples with particles
ranging from 2 nm to 10 microns. Through the use of the proprietary Nicomp analysis algorithm, the 380
is able to analyse complex multi-modal distributions with the highest resolution and reproducibility
available.

2.2. Method
Before starting the studies, the chalcopyrite concentrate was size analysed and it was determined

that it had a grain size of -200 pm. Then, biocoal and CaO were pretreated to a size of -200 pm and
313
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experiments were started. In the study, biocoal, chalcopyrite concentrate and quicklime (CaQ) were
prepared in stoichiometric ratio according to the equation (2.1) given below and further grinding was
carried out in the spex mill.

Before the grinding process, the powder mixture/ball ratio was determined as 1/20 and the mixture
was prepared to fill one third of the spex chamber. Advanced grinding processes were carried out for 15
min, 30 min and 60 min. The product obtained after grinding was removed from the mill chamber in a
glove-box, and the samples were named S-15, S-30 and S-60 depending on the grinding times. XRD,
SEM and TG/DTA analyses of the obtained powders were performed.

CuFeS2(s) + 2Ca0(s) + C(s) =Cu(s) + FeO(s) + 2CaS(s) + CO(g) (2.1)

3. Results and Discussion
3.1. XRD and DLS Analyzes

XRD images of the advanced grinding and original mixture are given in Figure 5. Literature peak
data of chalcopyrite are seen in Table 2.

1: CuFeS, 2:SiO, 3:ALSiO,

] Nm . ) Wy
: M. FORSwY 860
] w :
T 1
s . w N
s BV N N S15
> 1
= 1
c
S J
]
| 1
] WMW Original
] T T T T T T T T T T T T T T
0 10 20 30 40 50 60 70

20(°)

Figure 5. XRD images of the original mixture and the samples subjected to advanced grinding
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Table 2. XRD literature peak data of chalcopyrite [34].

20 () Intensity (au) 20() Intensity (au)
29.25 100.00 58.30 10.50
33.73 6.06 60.67 1.75
34.26 2.89 70.93 4.56
48.44 18.43 72.18 2.15
48.84 35.88 78.51 3.47
57.60 21.93 79.11 6.77

It can be seen that the dominant peak of chalcopyrite in the original sample decreases depending
on the advanced grinding time. It can be said that nanostructures are formed by grinding processes in the
mill chamber. Grinding temperature is expected to have a significant effect on the formation of these
structures. During grinding, two types of temperature effects are generally taken into account: local
temperatures resulting from the collision of the balls with each other and with the powder material, and
temperatures created by the balls hitting the walls inside the chamber. It can be said that with the ad-
vanced grinding process, the powders in the concentrate are affected by these two temperatures and the
crystal structure is deteriorated. However, it appears that the silicate peak is not due to the milling
process and remains without amorphization. According to the Mohs hardness scale, the hardness of
quartz is 7. However, the hardness of steel balls is around 5.5-6 and that of chalcopyrite is around 3.5-4.
Considering the grinding environment and grinding materials selected for the advanced grinding pro-
cess, the peaks of these minerals should not change after grinding. However, the chalcopyrite peak
should be expected to decrease with grinding time. The analyses of Gaussian and Nicomp distributions
in the water dispersion of advanced milled material as obtained by the Dynamic Light Scattering
Method (DLS) is given Figures 6, 7 and 8.
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Figure 6. DLS analysis of the mixture subjected to 15 minutes of advanced grinding
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Figure 7. DLS analysis of the mixture subjected to 30 minutes of advanced grinding
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Figure 8. DLS analysis of the mixture subjected to 60 minutes of advanced grinding

Size distribution profiles of the advanced milled powder particles were also determined with the
use of the DLS method. Particle sizes were measured at 23 °C. Cumulative results are given below each
figure. Based on DLS analysis (cumulative results), it can be seen that after 15 minutes of further
grinding, more than 80% of the material is below 9460 nm, after 30 minutes of grinding is 5240.2 nm,
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and after 60 minutes of grinding is 6024.9 nm. It can be seen that the results obtained from SEM analysis
and the DLS method are comparable.

3.2. SEM/EDX Analyses

SEM images of the samples were taken after the advanced grinding process. According to the
image in Figure 9 (a), most of the material has been ground down to sub-micron and has even started to
clump. However, it is noteworthy that there are some grains that are not coarsely ground and whose
crystal structure is not amorphous. It can be said that these grains are quartzite grains.

(a) (b)
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Figure 9. (a) SEM (x5000) and (b) EDX images of the sample subjected to 15 minutes of grinding

Figure 10 (a) and (b) and Figure 11 (a) and (b) show the SEM and EDX images of the samples that
were subjected to advanced grinding for 30 minutes and 60 minutes, respectively.
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Figure 10. (a) SEM (x5000) and (b) EDX images of the sample subjected to 30 minutes of grinding
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Figure 11. (a) SEM (x5000) and (b) EDX images of the sample subjected to 60 minutes of grinding

When Figure 10 (a) and (b) and Figure 11 (a) and (b) are examined, it is understood that most of
the material has gone below micron, and the grains that started to clump after 15 minutes of grinding are
dispersed again.

3.3. TG/DTA Analyses

Thermo-gravimetric analysis (TG) is a technique that records the change in mass of the sample as
a function of temperature. In the differential thermal analysis (DTA) method, the same temperature
program is applied to the sample and a thermally inert reference material, and the difference between the
two is measured as a function of temperature. These two substances are heated together by increasing
the temperature smoothly. Dehydration, decomposition, melting, evaporation and sublimation events
are endothermic, while amorphization, crystallization from amorphous state, solidification, formation of
a new crystal structure from the crystal structure are exothermic [23].

TG/DTA curves characterizing the behavior of the original mixture against thermal effect are
given in Figure 12.
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Figure 12. a) TG/DTA analysis, b) TGA analysis peak values of the original sample (taken in air)
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In the TG/DTA images given in Figure 12 (a), it is seen that endothermic reactions occur in the
mixture, starting at 380 °C and continuing up to 700 °C, and exothermic reactions begin and continue
after 700 °C. These analyses performed in the atmospheric environment show that the oxygen in the air
reacts with the sulphur in the chalcopyrite, therefore, first there is an increase in weight and endothermic
reactions take place until the ignition temperature of the sulphur, and then exothermic reactions begin as
a result of the burning of the sulphur. At a temperature of approximately 400 °C, the burning of carbon
begins. When the TGA values given in Figure 12 (b) are examined, it is seen that the sample has lost
approximately 16.905% weight.

For the temperatures at which TG/DTA analyses were taken, it is stated in the literature that the
reactions and fundamental changes occurring can be explained by the following reactions. Pyrite de-
composes according to the reaction (3.1) around 200-300 °C.

F682(S) — FeS(S) +1/282(g) (31)
Thermal decomposition of chalcopyrite occurs according to equation (3.2) and yields elemental
sulphur.

ZCUFESZ(S) — CuZS(s) + ZFGS(S) + 1/282(5) (32)

Covellin (CuS), on the other hand, breaks down at 358 °C, releasing sulphur, according to equa-
tion (3.3).

2CUS) — CuySe) + 1/2 Sog) (3.3

All of these reactions are endothermic and require external energy. After these reactions, oxidation
reactions begin to occur, and sulphur elimination reactions begin, all of which are exothermic [35].
According to TG/DTA analyses of the original sample in air, these endothermic reactions appear to
occur between approximately 300-700 °C. The increase in weight after 400 °C can be said that iron
sulphide and copper sulphide compounds reacting with the oxygen of the air are oxidized, first causing
an increase in weight, and then with the start of exothermic reactions, these oxidized structures move
away from the body, causing a decrease in weight. In the literature, it is stated that sulphation reactions
occur directly between sulphur and oxygen, not through oxides, and that copper sulphate formation
starts at 350 °C and is maximum at 550 °C, and that CuSO, and CuO can combine to form basic sulphate
(CuO.CuS0y,) around 500 °C. It is claimed that sulphate will decompose into basic sulphate at 650 °C,
and will turn into CuO and SO; at 700 °C with the increase in temperature [35].

According to reactions (3.4) and (3.5), sulphates break down and cause the formation of ferrites.

Copper ferrite formation begins at 600 °C. Further increase in temperature causes the formation of
Cu,0.Fe;05, which is a stable compound above 1100 °C.

FESO4 + FeZOg — FCO.FCQO?, + SO3 (34)

CUSO4 + Fezo3 - CuO.Fezog + 803 (35)
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Figure 13. TG/DTA analysis of the sample subjected to advanced grinding for 15 minutes

TG/DTA analysis of the sample subjected to 15 minutes of advanced grinding is given in Figure
13. When chalcopyrite is mixed with calcium oxide and carbon and then subjected to heat treatment, the
sulphur of chalcopyrite will combine with calcium according to reaction (2.1), and calcium sulphide,
iron oxide, carbon monoxide and metallic copper will be released. When the released carbon monoxide
molecules collide with the chalcopyrite particles in the medium without coming into contact with the
oxygen of the air, the reaction (3.6) may also partially occur.

CUFeSQ(s) + 2CaO(s) + C(s) = CU(S) + FeO(s) + anS(s) + CO(g) (21)

CUFeSQ(s) + ZCaO(k) + CO(S) = CU(S) + FeO(S) + ZCGS(S) + COz(g) (36)

In this case, we can say that the reactions that sulphur gave in the original sample (Figure 12 (a)
and (b)) did not occur here. Here, sulphur is held by CaO and CO, or CO gas is released into the envi-

ronment. Therefore, weight loss will remain low depending on the amount of carbon added in stoi-
chiometric ratio.
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Figure 14. TG/DTA analysis of the sample subjected to advanced grinding for 30 minutes
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Figure 15. TG/DTA analysis of the sample subjected to advanced grinding for 60 minutes

Figure 14 and Figure 15 show the TG/DTA analyses of the samples that were subjected to ad-
vanced grinding for 30 minutes and 60 minutes, respectively. When the images are examined, it can be
said that after an almost 20% weight increase that started with endothermic reactions, an exothermic
reaction started (~620 °C) and a tendency to decrease in weight started from this temperature. Howev-

321



International Journal of Pure and Applied Sciences 10(2); 309-324 (2024)

er, the total weight loss was not as in the original sample and remained lower. We can attribute the low
weight loss to equation (2.1) above.

4, Conclusion

In this study, the changes in the physical structure of a mixture consisting of biocoal-chalcopyrite
concentrate and quicklime, prepared for the direct reduction of chalcopyrite, were examined as a result
of subjecting it to the advanced grinding process.

Biocoal, chalcopyrite concentrate and quicklime (CaO) were blended in a stoichiometric ratio and
subjected to further grinding in a spex mill. With the further grinding process, it was observed that the
dominant peak of chalcopyrite in the original sample decreased depending on the further grinding time.
It was concluded that the formation of nanostructures through grinding processes triggered this. Espe-
cially after 30 minutes of grinding, it is seen that 80% of the material falls below 5 um. It was concluded
that the powders in the concentrate were affected by these temperature increases as a result of both the
local temperatures resulting from the collision of the balls with each other and the powder material
during grinding, and the temperatures created by the balls hitting the walls in the chamber, and the
crystal structure was deteriorated. However, it was observed that the silicate structure remained intact.

When TG/DTA analyses were examined, it was seen that after an almost 20% weight increase that
started with endothermic reactions, an exothermic reaction started (~620 °C) and a tendency to decrease
in weight began from this temperature. However, the total weight loss was not as in the original sample
and remained lower.

This study constitutes the first part of the studies on the direct reduction of chalcopyrite with

carbon. In the ongoing part of the study, a study investigating the effect of advanced grinding processes
on the direct reduction of chalcopyrite concentrate with carbon and quicklime will be presented.
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Ozet: Beyin tiimérleri diinya ¢apinda 6nemli bir patolojik durumu temsil etmektedir.
Beyin i¢indeki dokunun anormal biiyiimesiyle karakterize edilen bu tiimérler, saglikli
beyin dokularini yerinden ederek ve kafa i¢i basincini yiikselterek ciddi bir tehdit
olugturmaktadir. Zamaninda miidahale edilmedigi takdirde bu durumun sonuglar
oliimciil olabilir. Manyetik Rezonans Goriintiileme (MRG), 6zellikle yumusak dokulari
incelemek igin ¢ok uygun olan giivenilir bir tan1 yontemi olarak 6ne ¢ikmaktadir. Bu
makale, Manyetik Rezonans (MR) goriintilerini kullanarak beyin kanserlerinin oto-
matik tespiti i¢in yenilik¢i bir derin 6grenme tabanli yaklasim sunmaktadir. Onerilen
metodoloji, MR goriintiilerinden derin 6zellikler ¢ikarmak icin yeni bir Residual-ESA
modelinin (A-ESA, yani Residual Convolutional Neural Network) sifirdan egitilmesini
icermektedir. Onerilen yaklasim, 2 sinif (saglikli ve tiimér) ve 4 simf (glioma tiimérii,
meningioma tiimori, hipofiz timorii ve tiimorsiiz) veri setlerinden olusan iki ayr1 veri
seti lizerinde degerlendirilmistir. 2 siniflt ve 4 smifli veri kiimeleri i¢in en iyi siniflan-
dirma dogrulugu sirasiyla %88.23 ve %77.14 olmustur.

Anahtar Kelimeler: Beyin timérii; MRG; derin 6grenme; siniflandirma

Automatic Classification of Brain Tumor from MR Images Using an A-ESA

Based Approach

Abstract: Brain tumors represent a significant pathological condition globally. Char-
acterized by the aberrant growth of tissue within the brain, they pose a severe threat by
displacing healthy brain tissues and elevating intracranial pressure. Without timely in-
tervention, the implications of this condition can be fatal. Magnetic Resonance Imaging
(MRI) stands as a dependable diagnostic modality, particularly well-suited for exam-
ining soft tissues. This paper introduces an innovative deep learning-based approach for
the automatic detection of brain cancers utilizing Magnetic Resonance (MR) images.
The proposed methodology involves the training of a novel Residual-ESA model
(A-ESA, i.e., Residual Convolutional Neural Network) from the ground up to extract
profound features from MR images.The proposed approach was evaluated on two
separate data sets consisting of 2 classes (healthy and tumor) and 4 classes (glioma
tumor, meningioma tumor, pituitary tumor and tumor-free) data sets. The best classi-
fication accuracy for the 2-class and 4-class datasets was 88.23% and 77.14%, respec-
tively.
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1. Giris

Beyin viicudun en karmasik kisimlarindan biridir. Beyinde kontrolsiiz olarak biiyiiyen ve ¢oga-
lan doku kitlesine beyin tiimorii adi verilmektedir [1]. Amerikan Klinik Onkoloji Dernegi'ne gore be-
yin tiimérlerinin %85.0 ve %90.0’1 merkezi sinir sistemi tlimorleridir [2]. Merkezi sinir sistemi tii-
morleri, 6zellikle beyin tiimorleri, diger tiimor tiirlerine gore daha az goriilmekle birlikte, beyin tii-
morlerinin 6liim orami yiiksektir. Bu nedenle beyin tiimorlerinin erken tespiti, 6liimlerin 6nlenmesinde
ve tedavi basarisinda kritik bir role sahiptir [3].

MR tekniginin bilgisayarli tomografi (BT) ve pozitron emisyon tomografisi (PET) gibi diger
goriintiileme tekniklerine gére bircok avantaji vardir. Beyin tiimorlerinin tespiti i¢in manyetik rezo-
nans goriintilleme (MRI) teknolojileri, arastirmacilara gelismis kontrasta sahip yiiksek kaliteli beyin
goriintiileri saglar. Ayrica MR noninvazif bir tekniktir ve insan viicuduna zararsizdir. Ustelik manyetik
rezonans (MR) yonteminin uygulanmasi hizli oldugundan iglemler daha kisa siirede tamamlanmakta-
dir. Bu nedenle MR, klinik uygulamada beyin tiimorii tespitinde en ¢ok kullanilan teknik olmustur.

Beyin tiimoérlerinin erken teshisinde klinik veriler, deneyimli radyolog ve uzmanlar 6nemli fak-
torlerdir. Saglik hizmetlerinde uzman ekip azlig1 nedeniyle beyin tiimorlerinin tespitine iliskin karar
verme prosediirleri zaman kaybina neden olabilmektedir. Yapay zeka tabanli bilgisayar destekli sis-
temler hem uzmanlarn is yiikiinii azaltabilir hem de uzmanlarin karar verme siirecine yardimei olabilir
[4].

Onerilen yaklasimin ana fikri, derin 6grenme yaklasimini temel alan saglam ve etkili bir mimari
ile beyin tiimdrlerini MR goriintiilerinden otomatik olarak siniflandirmaktir. Onerilen yaklasim da,
otomatik siniflandirma igin sifirdan tasarlanan ve egitilen artik evrisimli sinir ag1 (A-ESA) yapisi kul-
lanilmaktadir. Onerilen artik yapiyla, 6nerilen yaklasimi basarimi artirilmaya calisilmistir. Onerilen

yaklagim 2 sinifli ve 4 sinifli olmak tiizere iki ayr1 veri seti iizerinde degerlendirilmektedir.

1.1. Tlgili Cahsmalar

Arastirma toplulugunda beyin tiimoérlerinin makine 6grenmesi teknikleriyle otomatik olarak tes-
pit edilmesi konusunda birgok ¢alisma yapilmistir. Bu ¢aligsmalarda geleneksel ve derin 6grenme yon-
temlerine dayali iki ana yaklagim benimsenmistir. Geleneksel yontemler, elle hazirlanmis 6zellik ¢i-
karma ve tahmin siireglerinden olusmaktadir. Ornegin Islam ve ark. [5] beyin tiimérlerini saptamak
icin ¢ok diizeyli bir yaklasim onerdiler. On isleme ve goriintii iyilestirme igin medyan filtresi kullanil-
di. Daha sonra 6zellik ¢ikarimi igin siiperpiksel ve temel bilesen analizi (TBA) tekniklerinden yararla-
nilmigtir. Beyin tiimorlerinin segmentasyonu ve tespiti, bir sablon semasimna dayali bir K-ortalama
kiimeleme algoritmasi ile gergeklestirildi. Bu sablon semasiyla algoritmanin yiiriitme siiresi azaltildi
ve siniflandirma performansi iyilestirildi. Ayrica Usman ve Rajpoot [6], otomatik beyin tiimorii tespiti
igin saglam ve etkili bir yaklasimu tercih etti. Ik olarak MR goriintiileri histogram eslestirme ve sinir-
layic1 kutu algoritmalari ile islendi. ikinci olarak &zellikler yogunluk, yogunluk farkliliklari, komsuluk
bilgisi ve dalgacik teknikleriyle ¢ikarildi. Son olarak, beyin tiimorii 6rneklerini siniflandirmak igin
rastgele bir orman siniflandiricist kullanildi. %88.0 dogruluk elde eden yontem, tiimdriin tamamini,
aktif timord ve gelisen timor siiflarini igeren 3 siifll bir veri seti lizerinde degerlendirildi. Ayrica,

Othman ve Basri [7] beyin tiimérlerinin tespiti igin TBA ve olasiliksal sinir agina (OSA) dayali bir
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yaklasim sundular. Ozellik ¢ikarma ve smiflandirma igin sirastyla TBA ve OSA algoritmalar1 kulla-
nild1. Spread degerlerine gore siniflandirma performans: %73.0 ila %100.0 araliginda iyilestirildi.

Her bir veri yapist i¢in uygun ozelliklerin ¢ikarilmasi gerektiginden, geleneksel yontemler bir
veri seti i¢in iyi performans gosterebilir ancak diger bir veri seti i¢in kotii performans gosterebilir.
Derin 6grenme mimarileri, yapilarindaki evrisim filtreleri nedeniyle el yapimi 6zellik ¢ikarma ihtiya-
cii ortadan kaldirir. Bu nedenle, derin 6grenmeye dayali ¢alismalar bir¢ok tibbi goriintii siniflandirma
gorevinde yiiksek performans saglamistir [8-12].

Lu ve ark. [13] MR goriintiilerinden beyin tlimorlerini tespit etmek i¢in dnceden egitilmis CNN
tabanli bir model kullandilar. MobileNetV2 modelinden derin 6zellikler ¢ikarildi. Siniflandirma asa-
masinda rastgele vektor fonksiyonel baglanti ag1 algoritmasi %96.0 dogruluga ulasti. Talo ve ark. [14]
MR gériintiilerinden otomatik beyin tiimdrii tespiti icin ResNet modeline dayali bir transfer 6grenme
yaklagimi 6nerdiler. Ikili simiflandirma igin siiflandirma dogrulugu %95.0’1n iizerindeydi. Talo ve ark.
[15] beyin MRG siniflandirmasi i¢in AlexNet, VGG16, ResNet (18.34 ve 50) modellerini i¢eren 6n-
ceden egitilmis bes ESA agini ¢alistirdi. En iyi dogruluk ResNet50 ile %95.23 idi. Kumar ve Manka-
me [16] beyin MRI siniflandirmasi i¢in ¢oklu stiregleri iceren yeni bir yaklagim sundular. Segmentas-
yon isleminde siniis kosiniis algoritmasina sahip karisim bulanik yapisi kullanilmistir. Pargalara ayril-
mig gorintiilerden 6zellikleri ¢ikarmak igin yerel ikili model ve istatistiksel bir teknik kullanildi. Si-
niflandirma siirecinde sifirdan egitilmis derin bir ESA modeli ¢alistirilmistir. Bu yaklagimla en iyi
dogruluk %96.23 oldu. Raja ve Siva [17], beyin timori siniflarini (diisiik ve yiiksek dereceli gliomalar)
saptamak icin derin bir otomatik kodlayici modeline dayali bir mimari olusturdular. ilk olarak MR
goriintiileri medyan filtre ile dn isleme tabi tutuldu. Ikinci olarak segmentasyon igin Bayesian kiime-
leme algoritmas1 kullanildi. Son olarak MR gériintii drnekleri, ugtan uca dgrenmeye sahip derin bir
otomatik kodlayici modeliyle siniflandirildi. Yontemin dogrulugu %98.5’tir. Devi ve Gomathi [18]
otomatik beyin tiimérii tespiti igin 6zel bir ESA modelini tercih etti. On isleme igin Canny kenar algi-
lama algoritmasindan yararlanilmigtir. Daha sonra MR 6rneklerinin belirginlik haritas1 temsilleri olus-
turuldu. Tahmin islemi i¢in %91.0 dogruluga ulagan 5 evrisim katmanina sahip bir ESA modeli calis-
tirtlmistir. Alhassan ve Zainon [19] 3 smifli (glioma, meningioma ve hipofiz tiimdri) beyin MRG
smiflandirmasi igin sert swish tabanli ReLU aktivasyon fonksiyonuna dayali derin bir ESA yapist
onerdiler. Sert swish tabanli ReLLU aktivasyon fonksiyonu, siniflandirma performansin1 %3.5 dogru-
lukla artirdi ve en iyi dogruluk %98.26 oldu. Kumar ve ark. [20] glioma, menenjiyom ve hipofiz sinif-
larindan olusan beyin tiimorii siniflandirmasi i¢in ResNet50 tabanli bir teknigi tercih etti. Veri bilylit-
meli ve veri biiylitmesiz dogruluk sonuglar1 sirasiyla %97.48 ve %97.08 idi. Kokkalla ve ark. [21] 3
sinifli beyin timori siniflandirmasi igin yeni bir yaklasim gelistirdiler. Glioma, menenjiyom ve hipo-
fiz orneklerini tanimak ic¢in derin, yogun bir baslangi¢ kalinti ag1 egitildi. Model ortalama %99.26
dogruluga ulasti. Mesut ve ark. [41] 2 simifli beyin MR goriintiisii siniflandirmasi i¢in yeni bir yakla-
sim Onerdiler. Bu yaklagimda, derin 6zellik ¢ikarimi i¢in VGG16 ve AlexNet iceren dnceden egitilmis
iki ESA modeli kullanildi. Ayrica ESA modellerinin tiim evrisimsel katmanlarina Hypercolumn tekni-
gi uygulanmugtir. Boylece derin 6zellik setine yerel ayirt edici 6zellikler de eklenmistir. Ozyinelemeli
Ozellik algoritmasi ile ¢ikarilan 2000 6zellik arasindan temsil giicii yiiksek 200 6zellik secilmistir. En
iyl dogruluk oran1 SVM simiflandiricisinda %96.77 idi. Kang ve ark. [42] 4 sinifli beyin MR goriintii-

lerinin siiflandirilmasi i¢in derin 6zellik ¢ikarimina dayali bir yaklasim onerdiler. Derin 6zellikler,
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ResNet, DenseNet-169, VGGNet, AlexNet, Inceptionv3, ResNeXt, ShuffleNet, MobileNetV2 ve
MnasNet'i igeren popiiler 6nceden egitilmis ESA modellerinden ¢ikarildi. En iyi 6zellik performansi
DenseNet-169, ShuffleNet ve MnasNet modellerinin birlesimiyle elde edildi. Siniflandirma agsamasin-
da Adaboost, Gaussian Naive Bayes, KNN, Random Forest ve DVM gibi bir¢cok siniflandirici algo-
ritma kullanilmig ve en iyi siniflandirma performanst DVM smiflandiricist ile gergeklestirilmistir. En
iyi dogruluk %93.72 olmustur. Reyes ve ark. [44] beyin MR Goriintiisiinde tiimdrleri siniflandirmak
icin transfer 6grenmesi tabanli bir yaklasim benimsemislerdir. MobileNet, ResNet ve VGGNet gibi
modelleri denemislerdir. Toplam 3 sinifli bir veri seti {izerinde ¢alisilmigtir. Em iyi performans Effi-
centB3 modeli ile %98.3 olarak elde edilmistir. Sharif ve ark. [45] Beyin tiimorlerini siniflandirmak
icin ESA tabanli bir yaklagim kullanmistir. Sifirdan egitimli ESA modeli ile derin 6znitelik ¢ikarmistir.
Bu 0Oznitelikler kullanilarak DVM algoritmasi ile siniflandirma yapilmigtir. Bu yaklasim BRATS veri
setlerinin dort farkli versiyonu lizerinde denenmistir. Biitlin veri setleri tizerinde %90 {izerinde siif-
landirma bagarimi elde edilmistir.

Literatiire genel olarak bakildiginda beyin tiimérii ile yapilan ¢alismalarin ¢ogu hem 2 sinifli
hem de 4 sinifli olarak degerlendirilmemistir. Ayrica bu ¢alismalarin cogunda ugtan uca bir derin 6g-
renme modeli kullanmak yerine veri setine gore ayarlanmis 6znitelikler ve makine 6grenmesi tabanl
siniflandiricilar kullamlmistir. Dolayisiyla bu durum da model karmagisini artirmaktadir. Onerilen
yaklasim sifirdan egitimli ve ugtan uca bir ESA tabanli modeldir. Ayrica model hafif agirlikli olarak
ayarlanmistir. Boylece gergek zamanli uygulama modellerine daha uyumlu hale getirilmistir.

2. Veri Klimesi

Onerilen yaklagim, alenen iki farkli veri seti iizerinde degerlendirilmistir. Ilk veri seti saglikli s1-
niflart ve beyin timdrii siniflarini igeren MR goriintiilerinden olusuyordu [22]. 155 beyin tiimorii va-
kasindan ve 98 saglikli vakadan toplam 253 MR goriintiisii toplandi. MR goriintiileri farkli boyut ve
dpi degerlerinde ve JPEG formatinda kaydedildi. ikinci veri seti “glioma” tiimor siniflarini, “menin-
gioma” timor siniflarini, “pituitary” timorii siniflarini ve saglikli siniflari iceren MR goriintiilerinden
olugmaktadir [23]. 926 “glioma” timorlii vaka, 937 “meningioma “tiimorlii vaka, 901 “pituitary”
timorlii vaka ve 500 saglikli vakadan toplam 3262 MR goriintiisii toplandi. MR goriintiileri JPEG
formatinda ve standart boyutlarda (512x512) 96 dpi ¢oziiniirliikte kaydedildi. Etiketlenen tiim iglemler
uzman radyologlar tarafindan gerceklestirildi. 2 siifli ve 4 sinifli veri kiimeleri i¢in her siniftaki bazi
ornekler Sekil 1ve 2'de verilmistir. Bununla birlikte model agirlik parametrelerinin fazla olmamasi igin
veri seti boyutu 224x224 boyutunda olacak sekilde yeniden boyutlandirilmigtir.
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Sekil 1. 2 smiflt veri setindeki her sinif i¢in bazi 6rnekler

Glioma Tiimor Meningioma Tiiméri Pituitary Tiimor Tiimorsiiz
A A A

Sekil 2. 4 simifl1 veri setindeki her sinif i¢in bazi1 6rnekler

3. Metodoloji
3.1. Onerilen Yaklasim

Bu calismada MR goriintiileri kullanilarak beyin tiimdriiniin tespitine yonelik yeni bir yaklagim
sunulmaktadir. Onerilen yaklasimim cergevesi Sekil 3'te verilmektedir. Onerilen yaklagim iki farkli
veri seti ilizerinde degerlendirilmektedir. Derin 6grenme modeli olarak sifirdan egitilmis yeni bir
A-ESA (ing. R-CNN) mimarisi kullanilmistir. Artik yapilar ESA modellerinde popiiler bir uygulama-
dir. Artik yapilarin kullanilmast mimari boyunca gradyan akisini gelistirir ve daha derin modellerin
Ogrenilmesini saglar.

Altr artik blok iceren A-ESA’nin sirali gosterimi Sekil 4’te gosterilmektedir. Bir artik blok, iki
evrisimli katmandan, iki toplu normalizasyon (BN) katmanindan, bir diizeltilmis dogrusal birim (Re-
LU) katmanindan olusur. Sekil 4’den de gorildigi gibi 6 adet artik blok géziikmektedir.
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Sekil 3. Onerilen Yaklasimim Cergevesi
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3.2. Derin Ogrenme Teknikleri

ESA tabanl derin 6grenme modellerindeki evrisim katmani, genel matris ¢arpimlarindan farkl
olarak bir evrisim islemini (*) kullanan gekirdek bloktur [24-26]. Evrisim filtresi agirliklart ¢ekirdek
ad1 verilen bir haritaya atanir. Evrisim filtresinin temel amaci, orneklerin yerel alanlarindan 6nemli

bilgiler ¢ikarmak ve en uygun &zellik haritasini olusturmaktir [27,28]. Ayrik degerler i¢in 2 boyutlu
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Sekil 4. Onerilen A-ESA Modelinin Mimarisi

evrisim fonksiyonu denklem 3.1°deki gibi ifade edilir.
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X *F)({,)) = Xm2nK(m,n)F(@{i —m,j —n)
(3.1)

Burada X ve F sirasiyla 2B verileri ve 2B filtre matrisini (¢ekirdek) temsil eder.

Toplu normalizasyon (BN) katmani iki ana amag¢ icin kullanilir. Bunlardan biri agin 6grenme
stiresini azaltmak, digeri ise model baslatma basarisini arttirmaktir [29]. Ayrica, bu katman gradyan
kaybolmasini azaltmak i¢in kullanilir. BN katmani degiskenleri asagidaki sekilde denklem 3.2-3.5
arasinda hesaplanir.

1
my, = ;Z?ﬂ Xi (3.2)
1

vp = Xk (x; —mp)? 3.3)
A Xi—myp

X =— (3.4)
' [v2+e

yi = C.fi +d (35)

Burada, m, ve vj sirasiyla mini yigimin ortalama degerlerini ve mini yiginin varyans degerle-
rini temsil etmektedir. Normallestirilmis aktivasyon X;Esitlik 4'te verildigi gibi hesaplanir. Sabit €, vy,
¢ok kiigiikse sonucun ¢ok biiyiik olmasini onler [30]. Denge faktorii ¢ ve 6lgek degeri d 6grenilebilir
parametrelerdir ve 6grenme sirasinda BN katmaninin optimum ¢iktisini (y;) aramak i¢in tekrarlanarak
optimize edilirler [31-33].

Derin 6grenme aglarinda, evrisim katmaninin ¢iktisi, dogrusal olmama 6zelligi igin bir aktivas-
yon katmanina iletilir [34]. Derin 6grenme aglarmin gradyan patlamasi ve gradyan kaybolma prob-
lemlerini ortadan kaldirmak i¢in sigmoid ve teget fonksiyonu yerine, aktivasyon fonksiyonu olarak
diizeltilmis dogrusal aktivasyon (ReLU) fonksiyonu kullanilmigtir. ReLU katmani negatif girisleri
sifira doniistiiriir ve pozitif girigleri degistirmez. Bu ifade denklem 3.6 ile ifade edilebilir.

f(x) = max (0,x)
(3.6)

Maksimum ve ortalama gibi operatorlerin bulundugu havuzlama katmanlari alt 6rnekleme isle-
mini gergeklestirir. Boylece ESA aglarinda asir1 uyumun 6niine gegilmis olur.

Tam bagh katman, kendisinden dnceki ve sonraki tiim agirliklar1 yapisindaki ndronlarla iliski-
lendirir. Her néron hangi smifla ne dlgiide eslestigine dair ipuglari verir [35]. Softmax katmani, derin
ogrenme aglarinda ornekler icin tiim siniflarin olasilik puanlarimi hesaplamak ve drnekleri bir sinif
etiketine atamak i¢in kullanilir. Ugtan uca dgrenme 6zelligine sahip ESA aglarinda yalnizca softmax
katmani kullanilir. Softmax aktivasyon fonksiyonu denklem 3.7°de belirtilmistir.
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xk

ok = -

TR e

(3.7)

Burada, x ve O sirastyla giris ve ¢ikis vektorleridir. Softmax fonksiyonunda, tiim ¢iktilarin top-
lami birdir [36].

4. Deneysel Calismalar

Bu ¢alismada kodlamalar MATLAB’da gerceklestirilmistir. Tiim kodlamay1 yiiriitmek ve dona-
nim gereksinimini azaltmak igin, veri kiimesindeki goriintiiler 224x224 piksel olarak yeniden boyut-
landirilmigtir. A-ESA (Adaptif Esik Secici Algoritma) modelinin egitim parametreleri olarak 250
Epoch, 128 mini parti boyutu ve 0.001 baslangi¢ 6grenme orani seg¢ilmistir. Mini Parti boyutu ekran
kartinin (NVIDIA RTX 4090) izin verdigi en yiiksek limit oldugundan bu sayi1 seg¢ilmistir. Baslangic
O0grenme orani lokal mininum noktalardan kaginmak i¢in kiigiik ayarlanmistir. Epoch sayilari, kararli
duruma ulasma durumlarina gore yaklasik olarak deneme yanilma yontemiyle belirlenmistir. Optimi-
zasyon ¢dziimleyicisi olarak momentumlu stokastik gradyan inisi (MSGI) secilmistir. MSGI, hizh
oldugu ve literatiirde en ¢ok kullanilan yontemlerden biri oldugu i¢in tercih edilmistir. Kayip hesap-
lamasi i¢in ¢apraz entropi fonksiyonu kullanilmistir.

A-ESA modelinin egitimi sirasinda, 2 sinifli veri kiimesi igin egitim-dogrulama dogruluklar ve
egitim-dogrulama kayip degerleri Sekil 5 ve 6’da verilmistir. Her iki veri seti i¢in egitim ve dogrulama
oranlari sirastyla %80 ve %20 oraninda ayarlanmistir. Bu oranlar, modelin genel gegerliligini korumak
icin tercih edilmistir. Daha yiiksek oranlarda, 250 iterasyon sonunda 2 sinifli siniflandirma problemi
icin dogrulama kayb1 ve dogruluk degerleri 0.0025 ve %100, dogrulama kaybi ve dogruluk degerleri
ise 0.4858 ve %88.23 olarak gerceklesmistir. Dogrulama verileri icin elde edilen karmasiklik matrisi

sonuglart Sekil 7°de verilmistir.

Dogruluk (%)

‘ ‘1 00 ‘ I200 ‘
0

0 50 100 . 150 200 250
Iterasyon

Sekil 5. Tki sinifl veri seti i¢in A-ESA modelinin egitim ve dogrulama igin dogruluk degisim grafigi (stirekli
¢izgi > egitim degisimi, kesikli ¢izgi dogrulama degisimi)
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Kayip

Iterasyon
Sekil 6. iki sinifl1 veri seti i¢in A-ESA modelinin egitim ve dogrulama icin kayip degisim grafigi (srekli gizgi
- egitim degisimi, kesikli ¢izgi dogrulama degisimi)

normal 14

Gergek Sinif

timor

normal timor

Tahmin Edilen Simif

Sekil 7. Tki smifl1 veri seti i¢in A-ESA modelinin karmasiklik matrisi

R-CNN modelinin egitimi sirasinda 4 sinifli veri kiimesi i¢in egitim-dogrulama dogruluklart ve
egitim-dogrulama kayip degerleri Sekil 8 ve 9’da verilmistir. 1138 iterasyon sonunda 4-smifli sinif-
landirma problemi i¢in dogrulama kaybr ve dogruluk degerleri 0.0341 ve %100, dogrulama kaybi ve
dogruluk degerleri ise 2.38 ve %77.14 olarak gerceklesmistir. Dogrulama verileri icin elde edilen

karmasiklik matrisi sonuglart Sekil 10’da verilmistir.
Iki stmfli ve dort smifli veri seti igin bakildiginda basarimlar iist diizeyde olmamistir. Bunun en

biiylik nedenlerinden biri uctan uca bir model kullanilmasidir. Diger nedeni ise hafif agirlikli bir yak-

lasim kullanilmasidir. Bu se¢imde gercek zamanli uygulamalar i¢in tercih edilmistir.
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5. Tartisma

Tablo 1’e bakildiginda ¢aligmada kullanilan ayni veri seti ile yapilan makine 6grenmesi tabanli
diger ¢alismalarin sonuglarina yer verilmistir. Mesut ve ark. [41] AlexNet ve VGG16 mimarileri ile
Oznitelik ¢ikarimi yapmis Hypercloumn yontemi ile de 6znitelik temsil giicli artirilmistir. En son ola-
rak da 6z nitelik se¢imi i¢in RFE algoritmasini kullanilmig ve 200 adet 6znitelik se¢ilmistir. Bundan
sonraki adimda DVM algoritmasi ile siniflandirma islemi yapilmis ve %96.77 siniflandirma dogrulugu
elde edilmistir. Fatih ve ark. [42] R-CNN islemi ile 6znitelik ¢ikarma islemi yapmis sonraki adimda
LINSR algoritmasi ile 100 adet dznitelik cikarmustir. Ikili simiflandirma icin %98.80 ve dortlii simif
siniflandirmast i¢in %96.60 dogruluk degerine ulasilmistir. Kang ve ark. [43] DenseNet-169,
Shufflenet, Mnas-Net isimli {i¢ farkli 6n egitimli modelden 3024 adet 6znitelik ¢ikarmigtir. DVM al-
goritmasi ile %93.72 dogruluk degeri elde edilmistir. Genel olarak bakildiginda varolan tiim yontemler
Onerilen yontemden daha iyi basarimlar saglamistir. Fakat bu yontemler incelendiginde bu yontemle-
rin higbiri ugtan uca yontemler degildir. Dolayisiyla gercek diinya uygulamalarina uyarlanmalar1 zor-
dur. Onerilen yontem ugtan uca bir strateji icermektedir ve gercek zamanl sistemlere %100 uyumlu-
dur.

Tablo 1. Mevcut yontemlerin performanst

Simiflarin Oznitelik
Yazar Sayisi Oznitelik Cikarma Se¢me  Oznitelik Sayis1  Siiflandirier  Dogruluk (%)
Onerilem Model 2,4 - - - - 88.23, 77.14
Mesut ve ark. [41] 2 AlexNet + VGG16 + Hypercolumn RFE 200 DVM 96.77
Fatih ve ark. [42] 2 R-CNN LINSR 100 DVM 98.80

DenseNet-169 + Shufflenet +
Kang ve ark. [43] 4 MnasNet - 3024 DVM 93.72

Fatih ve ark. [42] 4 R-CNN LINSR 100 DVM 96.60

Tablo 2°de Tablo 1°de verilen yontemler ile test performanslart siire kriteri agisindan karsilastirilmig-
tir. Bu test islemi gercekei olmasi agisindan NVIDIA Jetson Orin Nano gelistirme karti ile yapilmistir.
Ayrica mevcut diger yontemlerde olusturulmus ve bu karta agirliklar1 kaydedilmistir. Tablo 2’den de
goriildiigii gibi gergek zamanl test isleminin yapilma siirelerinde diger yontemler ile ciddi derecede
farkliliklar bulunmaktadir. Bunun nedeni mevcut yontemlerde kullanilan modellerde hiperparametre
ve islem sayisinin ¢ok olmasidir. Ayrica ger¢ek zamanli ¢alisan modiillerin islem giiciiniin fazla ol-

mamasi da bu test siirelerinin elde edilmesinde 6nemli bir faktér olmustur.
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Tablo 2. Mevcut yontemler ile test siirelerinin karsilagtirilmasi

Siniflarin Oznitelik Test Siiresi
Yazar Sayisi Model Secme  Oznitelik Sayisi Smiflandiricr  (saniye (sn))
Mesut ve ark. [41] 2 AlexNet + VGG16 + Hypercolumn RFE 200 DVM 385
Fatih ve ark. [42] 2 R-CNN LINSR 100 DVM 180
Kang ve ark. [43] 4 DenseNet-169 + Shufflenet + MnasNet - 3024 DVM 494
Fatih ve ark. [42] 4 R-CNN LINSR 100 DVM 182
Onerilen Yaklasim 2,4 Ugtan uca R-CNN - - - 2

5. Sonuglar

Bu calismada, otomatik beyin tiimorii tespiti i¢in etkili ve saglam bir derin 6grenme modeline
dayanan yeni bir yaklasim onerilmistir. Bu yaklasimda artik stratejisi iceren A-ESA modeli sifirdan
egitilecek bicimde tasarlanmistir. Artik stratejisi ile klasik bir ESA modeli ilk katman degerleri sonraki
katmanlara aktarilmistir ve siiflandirma basarimi artirilmistir. Siniflandirma basarimini 6lgmek igin
hem 2 simifli hem de 4 smifli veri setleri iizerinde 6nerilen model degerlendirilmistir. 2 siifli model
icin dogrulama bagarimi1 %88.23 olmustur. 4 sinifli model i¢in ise siiflandirma basarimi %77.14 ol-
mustur. Her iki veri kiimesi i¢inde belirli oranlarda asir1 6grenme problemine rastlanmistir. Bu prob-
lemi 6nlemek i¢in residual katmanlarda ve normal katmanlarda havuzlama katmanlarinin ve “dropout”
katmanlarinin olacagi yeni bir tasarim modeli eklenecektir. Ayrica artik katmanlarla paralel ¢alisabilen
“attention” katmanlar1 da model yapisinda bulunacaktir.

Sonug olarak bakildiginda 6nerilen yaklagim siiflandirma basarimi agisindan var olan ¢alisma-
larin iizerinde bir performans sergilememistir. Bununla birlikte ger¢ek zamanli uygulamalar igin ideal-
dir. Gelisen donanim teknolojisi ile birlikte daha derin katmanlara sahip modeller daha hizli sonuglar
verecektir. Boylece siniflandirma basarimi yiiksek modeller gercek diinya uygulamalarina uygun hale

gelecektir.
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Abstract: The goal of this study was to determine the effects of cultivars in different

sowing densities on yield, yield components and some morphological traits of
chickpea (Cicer arietinum L.). Field experiment was carried out in experimental area
at the Agriculture Faculty of Bing6l (Turkiye) in 2016 spring season. A complete
blocks design in two cultivar Giineysarisi and Arda were in main plots, whereas five
sowing densities (20, 30, 40, 50 and 60 seed m?) were in sub plots. The results
showed that sowing densities significantly affected emergence rate, days to flowering,
biological and grain yield, while plant height, number of pods, first pod height,
number of brunches per plant, harvest index and thousand grain weights were not
affected significantly. The cultivar x sowing density interaction was found to be in-
significant except for grain yield. The highest grain yield, 86.26 kg da™, was obtained
from the 60 seeds m sowing density of the Giineysarisi cultivar, and the regression
equation was determined as linear. Moreover, 9 mm™ sieve analysis was found to be
significant in terms of both sowing density and cultivar.

Keywords: Chickpea; cultivar; sieve; sowing density; yield and yield component.

Cesit ve Ekim Sikhgmmin Nohutta (Cicer arietinum L.) Verim ve Verim

Unsurlarmma EtKisi

Ozet: Bu calisma Arda ve Giineysaris1 nohut cesitlerinde farkli ekim sikliklarinm
verim ve verim unsurlarma etkisini tespit etmek amaciyla 2016 bahar doneminde
Bingd1 Universitesi uygulama arastirma merkezi arazisinde yiiriitiilmiistiir. Tarla ¢a-
lismasi, tesadiif bloklarinda boliinmiis parseller deneme desenine gore ii¢ tekerriirlii
olarak kurulmustur. Denemede ¢esitler ana parseli ekim sikliklar1 ise (20, 30, 40, 50
ve 60 tohum/ m2) alt parselleri olusturmustur. Calismada ¢ikis orani, ¢igeklenme giin
sayisi, bitki boyu, bitkide anadal ve bakla adedi, ilk baklanin yerden yiiksekligi, bi-
yolojik verim, hasat indeksi, tane verimi ve elek analiz test degerleri incelenmistir.
Caligmada ekim siklig1 uygulamalarinin ¢ikis orani, ¢igeklenme giin sayisi, biyolojik
verim ve tane verimi diginda geri kalan diger 6zellikler ilizerinde istatistiki olarak
onemli bir etkisi goriilmemistir. Cesit x ekim siklig1 interaksiyonu ise tane verimi
disinda 6nemli bulunmamigtir. Tane verimi bakimindan en yiiksek deger 86.26 kg/da
ile Glineysarisi1 ¢esidinin 60 tohum/m’ ekim sikligindan elde edilmis olup, regresyon
esitligi de linear olarak 6nemli bulunmugtur. Elek analizi testlerinde de cesitler ara-
sinda 6nemli farkliliklar bulunmustur.

Anahtar Kelimeler: Ekim siklig1; elek analizi; nohut; tane verimi, verim unsurlari.
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1. Introduction

Unbalanced and one-sided nutrition can cause many diseases in human health. The importance
of legumes cannot be ignored, especially in Asian societies where a grain-based diet prevails. Due to
its importance in terms of nutrition, developing and introducing chickpea varieties that can adapt to the
climate and soil characteristics of the regions where they are grown, have high yields and are better in
terms of technological features, is of great importance for the nutrition of our country's people.

Consumption of protein foods, which play an important role in human body and intelligence de-

velopment, is insufficient [1]. Chickpea, one of the edible legumes, is rich in protein and minerals
required by humans. Edible legumes are a healthy food group and contain proteins similar to animal
proteins [2, 3]. The adaptation and healthy development of human beings, who are created in different
geographies, can be achieved by consuming local products of the region in a balanced way and by
lifestyle appropriate to nature. It is accepted as a place with a radius of 160-400 km in defining local or
local agricultural products. The benefits of local geographical agricultural products to human and en-
vironmental health have been confirmed by research. In this context, the demand for local foods has
increased rapidly recently [4]. Because they contain rich dietary fiber, they have recently been rec-
ommended by nutritionists as a protector against diabetes, cardiovascular diseases, colon cancer, obe-
sity and some other diseases [5].
Two types of chickpea are cultivated in the world, Desi and Kabuli types [6] . In our country, the
white-flowered macrosperm called Kabuli type is grown [7,8]. Tiirkiye is among the leading countries
in the world in terms of chickpea covered area and production. According to 2020 data, with 511.000
ha. it ranks 4th after India, Pakistan and Australia in terms of covered area, and 2nd in production with
630.000 tons [9]. After the recent increase in the use of chickpeas as raw material in roasted chickpea,
the cultivation areas have increased rapidly. The fact that it is the most drought-resistant species
among the edible legumes has increased its preference. Chickpea, which is generally preferred by
producers in places where irrigation is not possible, requires adaptation based on the selection of ap-
propriate varieties and determination of planting frequency and timing for high yields. In addition to
this, technological properties of chickpea and chemical composition depends on the genotype, the
ecological variability depending on conditions and cultivation technique shows [(10]. For this purpose,
it was tried to determine the effect of different cultivar and sowing densities on the yield and yield
components of chickpea in the Bing6l ecological conditions.

2. Materials and Methods

The research was carried out 2016 at the Agricultural application and research centre area of
Bingol university, Bingél, Tiirkiye (38° 48” N; 40° 32’ E, 1090 m above sea level) (Figure 1.).

Bingol university Agricultural Application and R_e‘sésirch Center

Experiment
Area

>

Figure 1. Experimental area location map
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Climatic conditions for Bingdl were given Table 1. Long term annual total precipitation was 918
mm™ and it was 800 mm™ in the 2015-2016 growing season. However, Total of rainfall during the
chickpea growing period is 96 mm. The soil of experimental area is loamy, with low in organic matter
(1.9%), salt content (0.032 %), pH 6.57, P,0s (7.91 kg da™) and K,0 (24.51 kg da™). Average Fe, Zn and
Na microelement concentrations in the experiment soil are 14.15 ppm™, 0.33 ppm™ and 0.78 ppm™,
respectively [11].

The experiment was designed in randomized complete block design as split plot with three rep-
lications. Two registered cultivars (Arda and Giineysaris1) were in main plots, while sowing densities
(20, 30, 40, 50, 60 seed m™) were sub plots. The plots were planted in 4 rows with 30 cm row spacing
and 5 m length. The seeds were drilled by hand in opened lines on 05 April 2016.

Table 1. Long-term and monthly averages of some climate data of Bingdl central district.

Bingol Mean max. temperature Mean min. temperature Precipitation mm™
(c) (0)
Months Long term 2015-2016 Long term 2015-2016 Long term 2015-2016
September 30.0 32.6 14.0 15.7 17.0 0.8
2015
October 2015 22 20.6 8.6 10 65.8 220.9
November 2015 13.1 14.5 2.1 2.2 88.4 18.9
December 5.5 7.9 -3.0 -3.3 134.2 45.1
January 2016 2.1 3.2 -6.1 -5.7 133.7 148.2
February 2016 3.5 6.5 -5.3 -1.6 132.0 115.8
March 2016 9.2 11.0 -0.4 1.1 125.9 154.4
Total 697 704.1
Climate data for the chickpea growing season 2016
April 2016 16.4 16.6 5.7 5.6 119.6 66.7
May 2016 22.8 23.9 10.1 9.8 75.0 21.2
June 2016 29.3 30.4 14.6 14.6 20.7 8.1
July 2016 34.5 35.8 18.9 19.4 5.7 0.0-
Average/Total 25.6 26.7 12.3 12.4 221 96

In this study, half of dose of nitrogen (5 kg N da™) with whole dose of P (6 kg P da™) were
broadcasted at planting time. The remaining nitrogen (5 kg N da™) was top-dressed as Ammonium
Nitrate (%33) with flowering time on 26 July 2016 due to the absence of Rhizobium bacteria. Weeds
were kept under control by plucking them by hand.

Harvest was done by hand on 7 July 2016. All plants forming two rows from each plot were
harvested to measure the emergence rate (ER), days to flowering (DF), number of brunches per plant
(NB), number of pods per plant (NP), plant height (PH) first pod height (FPH), biological yield (BY),
harvest index (HI), thousand grain weight (TGW), grain yield (GY) and sieve test.

2.1 Statistical Data Analysis

The statistical analysis for all variables were carried out using the JMP 7 statistical package pro-
gram and the LSD at P<0.05 multiple comparison test was applied [12]. Data from sieve test (9 mm)
was not distributed normally, therefore transformed as square root (\+1) before data analysis.

3. Results and Discussion

In this study, significant differences were detected among the cultivar in terms of emergence percentage,
days to flowering, number of pods, first pod height, harvest index, grain yield and grain sieve test (9
mm?, 8 mm?, 7 mm™and 6 mm™).
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Table 2. Values of variance of emergence rate (ER: number of plants emerged per hundred viable
seeds planted), days to flowering (DF), plant height (PH), number of brunches per plant (NBP), num-
ber of pods per plant (NP), first pod height (FPH), biological yield (BY), harvest index (HI), thousand

grain weight (TGW) and grain yield (GY) of different chickpea cultivars and densities.

Sources DF Mean Squares

ER DF PH NB NP FPH  HI BY TGW GY
Replication 2 19.26 263 173 0.32 0421 575 48.69 418519 1373.3 15.26
Cultivar 1 1344.1* 396.03* 3.89ns 2.52ns 90.13* 163.8* 1752.5* 7634.13ns 1763.3ns 8768 *
Error 1 2 2646 463 10.19 0.33 340 4190 50.35 1780.46  813.3 90.04
Density 4  133.93* 2.22** 9.49n50.29ns 11.19ns 1.244ns 18.36ns 5608.57* 1146.7ns 958.6**
Cultivar*density 4 ~ 46.31ns 0.62ns 2.57ns0.12ns4.17ns 0.857ns 152.3ns 733.86ns  1246.7ns 407.1**
Error-2 16 4311 022 839 0.17 450 1.962 299.49 840.91 676.7 61.24

*: Significance at <5 % probability, **Significance at <1 % probability, ns = non-significant

Among the sowing densities, differences were found to be significant in terms of three factors:
emergence rate, days to flowering and grain yield (Table 2 and Table 3).

Table 3. Analysis of rate of sieve 9 mm=>, sieve> 6 mm, sieve 7 mm=>, sieve 6 mm> of different chick-
pea cultivars and sowing densities

Sources DF Mean Squares

Sieve 9 mm* Sive 8 mm* Sieve 7 mm™ Sieve 6 mm™*
Replication 2 0.264 44.82 74.89 7.89
Cultivar 1 7.104%* 3783.39 ** 1723.69 * 813.28 *
Error 1 2 0.264 0.259 21.25 7.49
Density 4 0.327* 27.81 ns 25.82ns 15.41 ns
Cultivar*density 4  3.336 ns 19.36 ns 18.35ns 9.81 ns
Error-2 16 0.083 47.62 15.07 15.48

*: Significance at <5 % probability, **Significance at <1 % probability, ns = non-significant
3.1. Emergency rate

Table 2 revealed that different seeding densities and cultivar significantly affected emergency
rate, while cultivar x density interaction did not significantly affect the emergence rate. Although 30
seed m? produced the maximum emergence rate. Emergence rate depends on germination rate, rate of
pre-emergent shoot elongation and sowing depth [13]. Emergence rates decreased substantially as
seeding densities increased (Table 2). For example, the mean field emergence rate of chickpea de-
creased from 64.8% at a density of 30 seed m to 58.6% at a density of 60 seed m2. The reasons fur-
ther lower emergence rates with increasing seeding rate are unknown. In our study, the mean emer-
gence rates were lower than those obtained by [14].

3.2. Days to Flowering.

Seed density had a significant influence on days to flowering. The negative relation-ship between
seed density and days to flowering was observed at this study. The earliest flowering was observed at 43
days at density of 60 seed m™. [15] reported that kabuli genotypes had highly variable flowering re-
sponses ranging from similar photoperiod responses to the desi genotypes, to probable photoperiod
neutral responses. Arda cultivar (47.20 days) was found earlier than Giineysarisi (39.9 days).

3.3. Plant Height

There was no significant difference between both varieties and seed density in terms of plant
height. As the Table 2 and Table 3 suggests, the highest plant height has been obtained from Arda
cultivar (37.23 cm™) by 20 seed m™. While [16] reported that there was a significant difference in plant
height, [17] reported that they could not detect a difference in terms of planting density. In a study on
soybeans, plant height increased slightly with increase in sowing density [18].
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3.4. Number of Brunches per Plant

No significant difference was found between the varieties and sowing density in terms of number
of brunches per plant. However, high sowing densities can result in reduced branching and a decline in
the number of lateral stems per plant [19]. According to [20], the number of branches per plant decreases
relatively as sowing density increase.

3.5. Number of Pods per Plant

While the difference between varieties in terms of number of pods per plant was found to be sig-
nificant, the difference between sowing density and cultivar x density interaction was not found to be
significant. Although not significant, the number of pods decreased as the sowing density increased
(Table 4). [21] reported that they found a difference between sowing densities in terms of the number of
pods and that the number of pods decreased as the sowing densities increased. As expected, fewer pods
per plant were noted for all cultivars when the sowing density was increased [22].

3.6. First Pod Height

While the difference between the varieties in terms of first pod height was found to be significant,
no significant difference was found between sowing density. The first pod height of the Arda cultivar
(20.0 cm) was found to be longer than that of the Giineysarisi cultivar (15.32 cm) (Table 4). [16] also
reported that the difference between varieties in terms of first pod height is significant, sowing density
and the sowing density x cultivar interaction is insignificant. On the other hand, [23] reported in a
similar study with 55-c and Inci varieties that there was a significant difference between sowing densi-
ties in terms of first pod height.

3.7. Biological Yield

In our study, while sowing density was found to be important in terms of biological yield, the
sowing density and cultivar x density interaction were found to be insignificant (Table 3). Biological
yield also increased in parallel with the increase in sowing density (Table 4). While the highest bio-
logical yield was obtained from 60 seed m? (182.32 kg da™), the lowest value was obtained from 20 seed
m™ (116.7 seed m®). While [16] stated that similar results were obtained, [24] reported that biological
yield increased up to the density of 60 seed m™ and decreased at the density thereafter (70 seed m™).

3.8. Harvest Index

Sowing density did not affect harvest index. In contrast, the effect of cultivar on harvest index was
significant (Table 2). Arda cultivar had a higher rate of 35.12% than Giineysarisi (19.83%) (Table 5).
[16] was found to be compatible with our study by reporting that the difference between varieties in
terms of harvest index was significant, but they did not find a significant difference between planting
densities, while [20] reported that the harvest index increased as the sowing density increased, but there
was a slight decrease in the harvest index after the application of 60 seeds m™.

3.9. Thousand grain weight

In terms of thousand grain weight, the difference between both sowing density and varieties was
found to be insignificant (Table 2). An similar studies, [17, 21, 25-26] report that there is no significant
difference in terms of thousand grain weight between seed densities, but the difference between varieties
is significant.

3.10. Grain yield

In this study, it has been determined that the effects of both cultivar and sowing density are im-
portant (P<0.01) in terms of grain yield. The cultivar x sowing density interaction was, however, sig-
nificant (Table 2). While the highest grain yield (86.3 kg da™) was obtained from the 60 seed m™ density
of the Arda cultivar, the lowest yield (19.8 kg da™) was obtained from the 30 seed m™ density of the
Giineysarisi cultivar (Table 4).

In line with this result, [27] reported that high rate density gave higher grain yield as compared to
low rate density in chickpea, also noticed that high plant density (50 seed m™) gave higher seed yield as
compare to low plant density (26 seed m™) in chickpea. [28] reported that higher seeding density in-
creased grain yield in chickpea when moisture was not limiting. [14] reported that increasing yield of
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chickpea at high rate density and they detected strong positive relationship between grain yield and

sowing densities.

Table 4. Effect of sowing density and cultivar on the grain yield and yield components of chickpea

Traits Cultivars Densities (Seeds m?) Means
20 30 40 50 60
Emergence Arda 52.7 54.5 46.8 58.5 52.0 529 B
rate % Gilineysarist  68.8 75.3 57.5 64.5 65.2 66.3 A
Means 60.8A 649 A 52.2 B 615 A 58.6 AB  59.6
Days to Arda 47.7 47.3 47.3 47.0 46.7 47.2 a
flowering Gilineysarist  41.3 40.3 39.3 39.3 39.3 39.9b
Means 445 A 43.8 B 43.3 BC 432 C 43.0 C 43.6
Plant height Arda 37.23 33.40 35.20 36.10 34.93 35.37
cm Gilineysarist  35.60 33.33 32.93 35.40 36.00 34.65
Means 36.41 33.36 34.06 35.75 35.46 35.01
Number of Arda 3.26 2.93 2.60 2.40 2.73 2.78
brunches per Giineysarist 3.40 3.60 3.40 3.20 3.23 3.36
plant Means 3.33 3.26 3.00 2.80 2.98 3.08
Number of Arda 11.86 8.26 8.53 8.06 6.46 8.64 B
pods Gilineysarist  12.73 12.66 11.40 13.2 10.53 12.10 A
Means 12.300 10.46 9.96 10.63 8.50 10.37
First pod Arda 19.20 19.20 20.93 20.400 20.26 20.00 A
height cm Glineysarist  15.43 15.13 15.66 14.86 15.53 1532 B
Means 17.31 17.16 18.30 17.63 17.90 17.66
Biological Arda 105.98 84.54 134.54 143.85 157.20 125.22
yield kg/da Gilineysarist  127.42 136.34 133.46 180.97 207.45 157.13
Means 116.70C 11044 C 134.00BC 162.41AB 182.32 A 141.175
Harvest in- Arda 22.69 20.64 19.54 19.18 17.14 19.83 B
dex % Giineysarist  30.16 33.81 37.95 36.56 37.10 35.12 A
Means 26.42 27.22 28.87 27.87 27.12 27.47
Thousand Arda 250.00 273.33 260.00 300.00 316.66 280.00
grain weight Giineysaris1 266.66 256.66 270.00 263.33 266.66 264.66
g Means 258.33 265.00 265.00 281.66 291.66 272.33
Grain yield Arda 22.48 de 19,80 e 24,43 de 25,69 de 33,41cd 25,16 B
kg/da Glineysarist  32.71 cde 46,02 ¢ 62,86 b 68,93 b 86,26 a 59,36 A
Means 27.59 C 3291 C 43.64 B 4731 B 47,31 B 59,84 A

Grain yield increased in parallel with the increase in sowing density and the relevant regression
equation is given in Figure 2 and Figure 3. Thus, In the regression analysis, a linear relationship was
observed in parallel with the increase in sowing density. In the regression analysis of both two cultivar,
a linear relationship was observed in parallel with the increase in planting frequency.
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Figure 2. Regression curve of grain yield of cul- Figure 3. Regression curve of grain yield of cultivar
tivar Arda with different sowing densities Giineysaris1 with different sowing densities

3.11. Grain Size Fractions (Sieve test)

Grain size is an important trait for trade. At the same time, grain size is considered an important
quality criterion in terms of strong germination and vigour emergence. For this reason, two Kabuli
commercial chickpea varieties were selected as materials in the experiment. Cultivar Giineysarisi has
small seeds, while Arda has large seed. In the experiment divided seeds size of chickpea to 4 types
contained of 6 mm, 7 mm, 8 mm and 9 mm. Sieve test analysis (6 mm, 7 mm and 8 mm) was found to
be insignificant in terms of sowing density, but significant in terms of cultivar.

Table 5. Effect of sowing density and cultivar on the sieve test of chickpea

grain Cultivars Densities (Seeds m2) Means

sieve % 20 30 40 50 60

>6 mm Arda 11.56 12.06 12.96 11.60 8.56 11.35B
Glineysaris1  20.23 24.36 19.80 24.36 20.06 21.76 A
Means 15.90 18.21 16.38 17.98 14.31 16.56

>7 mm Arda 46.16 40.90 45.33 44.00 39.40 43.16 B
Glineysarist1  55.26 58.86 61.43 59.70 56.33 58.32 A
Means 50.71 49.88 53.38 51.85 47.86 50.74

>8 mm Arda 4143 42.86 41.53 41.63 44.36 42.36 A
Glineysarist  24.13 16.73 18.70 16.30 23.66 19.90 B
Means 32.78 29.80 30.11 28.96 34.01 31.13

>9 mm Arda 0.73 4.46 4.06 3.30 3.90 329 A
Giineysarist ~ 0.00 0.00 0.00 0.00 0.00 0.00B
Means 0.37 B 223 A 203A 1.65A 1.95 A 1.64

*:Means within columns or rows with the same letters are not significantly different at 5% level.

While the Arda variety had a higher rate than Giineysarisi in terms of 8 mm™ and 9 mm™ sieve
values, Giineysaris1 had a higher rate in terms of 6 mm and 7 mm sieve values. [29] reported that in
terms of sieve analysis, significant differences were detected in all sieve diameters (6 mm, 7 mm, 8 mm
and 9 mm) of 27 chickpea varieties. However, 9 mm sieve analysis was found to be significant in terms
of both sowing density and cultivar (Table 5). Genotype, ecology, planting time and distance between
rows are important in revealing the differences in varieties in sieve analysis [30- 31].

4. Conclusion and Suggestions

As a result of this study, it was seen that chickpea yield was related to variety and sowing densi-
ty. According to the variance analysis, the highest grain yield was detected from the 60 seed m™ sow-
ing density of the Giineysarisi cultivar. However, the linearity of the regression equation led to the
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conclusion that higher seed densities should be considered in future studies under Bing6l ecological
conditions.

Conflict of Interest

The authors report no conflict of interest relevant to this article

Research and Publication Ethics Statement

The authors declare that this study complies with research and publication ethics.

References

[1]

[2]
[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Sat, 1.G. (1997). Seker ve Yunus-90 gesidi kuru fasulyelerin genel besinsel bilesimleri ve gaz
olusturan faktorlerinin giderilmesi imkanlari. Yiiksek Lisans Tezi. Atatiirk Universitesi, Fen Bi-
limleri Enstitiisii, Erzurum.

Saikia, P., Sarkar, C.R., Borua, 1. (1999). Chemical Compositional Factors and of Cooking on
Nutritional Quality of Rice Bean. Food Chemistry, 67, 347-352.

Shimelis, E.A. and Rakshit, S.K. (2005). Proximate composition and physicochemical properties
of improved dry bean (Phaseolus vulgaris) varieties grown in Ethiopia. Food engineering and
bioprosess techonology program. Asia institue of techonology, serd, Phailand box 4 Klon Luang,
Pathumthani 12120, Bangkok, Thailand.

Curdy, M. (2022). Health Benefits of Eating Locally UNH Extension Intern, Nutrition University
of Hempshire. Erigim Tarihi: 29.11.2023.
https://extension.unh.edu/blog/2022/05/health-benefits-eating-locally

Perez, H. M., Guerra, H. E. and Garcia, V.B. (1997). Determination termination of insoluble
dietary fiber compounds: Cellulose, hemicellulose and lignin in legumes departamento de nutri-
cion bromatologia. Facultad de Farmacia. Universidad de Granda. 18071 Granada. Spain.
Ercan, M. Y. 1., Uzun, S. & Ozaktan, H. (2019). Kayseri Ekolojik Kosullarmda Farkli EKim Za-
manlarmin Nohut (Cicer arietinum L.) Bitkisinde verim, verim unsurlari ve kalite tizerine etkileri
Avrupa Bilim ve Teknoloji Dergisi, (16), 434-440.

Ozaktan, H., Kibik, G. & Erol, O. (2022). Yeni Nohut (Cicer arietinum L.) Cesitlerinin Kayseri
Kosullarinda Agro-morfolojik Ozelliklerinin Belirlenmesi. Ercives Tarim ve Hayvan Bilimleri
Dergisi, 5(2), 62-70.

Ozaktan, H. (2021). Technological Characteristics of Chickpea (Cicer arietinum L.) Cultivars
Grown Under Natural Conditions. Turkish Journal Of Field Crops, 26(2), 235-243.

Anonymous (2022). Uriin Raporu. Nohut. Tarimsal Ekonomi ve Politika Gelistirme Enstitiisii
Tepge. Tarim Orman Bakanligi. Tepge Yayin No: 367 ISBN: 978-625-8451-65-8. Erisim tarihi:
29.11.2023. chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://arastirma. tarimor-
man.gov.tr/tepge/Belgeler/PDF%20%C3%9Cr%C3%BCn%20Raporlar%C4%B1/2022%20%C

3%9Cr%C3%BCn%20Raporlar%C4%B1/Nohut%20%C3%9Cr%C3%BCn%20Raporu%20202
2-367%20TEPGE.pdf

Ozaktan, H., ve Erol, O. (2023). Determination of Some Physical Properties of Chickpea (Cicer
arietinum L.) Varieties Cultivated in Kayseri Ecological Conditions. Journal of Erciyes Agri-
culture and Animal Science, 6(1), 67-72.

349


https://extension.unh.edu/blog/2022/05/health-benefits-eating-locally

International Journal of Pure and Applied Sciences 10(2); 342-351 (2024)

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]
[23]

[24]

[25]

[26]

Demir, Y. (2016). The hydraulic properties determination and soil classifying of formed soils on
different physiographic units of Bingol plain. PH Thesis. Atatiirk University Institute of Sci-
ences, Soil Science department Erzurum.

SAS Institute Inc. (2007) SAS/STAT User’s Guide: Version 7.01 Edition: Sas Institue, Inc., Cary,
Nc.

Rich, S M., Berger J., Lawes R. and Fletcher A. (2022). Chickpea and lentil show little genetic
variation in emergence ability and rate from deep sowing, but small-sized seed produces less
vigorous seedlings. Crop and Pasture Science, 73(9):1042-1055.
https://bioone.org/journals/crop-and-pasture-science/volume-73/issue-9/CP21673/Chickpea-and
-lentil-show-little-genetic-variation-in-emergence-ability/10.1071/CP21673.full

Gan, Y.T., Miller, P.R., McConkey, B.G., Zentner, R.P., Liu, P,.H. and McDonald, C.L. (2003).
Optimum plant population density for chickpea and dry pea in a semiarid environment. Canadian
Journal of Plant Science 83(1), 1-9.

Peake, A., Meier, E., Bell, K., Whish, J., Dreccer, F., Swan, T., Sands, D., Agius, P., Moodie, M.,
Gardner, M. (2021). Optimising chickpea sowing and flowering dates for maximum yield grain.
Reseaarch and Development Corporation.
https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-pap
ers/2021/03/optimising-chickpea-sowing-and-flowering-dates-for-maximum-yield

Shamsi, K., Kobraee S. and Rasekhi B. (2019) The effects of different planting densities on seed
yield and quantitative traits of rainfed chickpea (Cicer arietinum L.) varieties African Journal of
Agronomy ISSN 2375-11777 (10), 001-005.

Akdag C. and Engin M. (1987). Ekim sikhigmin Tokat yéresinde ti¢ nohut (Cicer arietinum L.)
¢esidinde verim ve verim unsurlarina etkileri tizerine bir arastirma. CU. Ziraat Fakiiltesi Dergisi,
3(1), 103-114.

Parvez, A.Q., F.P., Gardner, FP. and Boote, K.J. (1989). Determinate and indeterminate type
soybean cultivars responses to pattern, density and planting date. Crop Sci., 29, 150-157.

Onat, B., Bakal, L., Giilliioglu and Arioglu, H.H. (2017). The effects of planting pattern and plant
density on yield and yield components of peanut grown as a double crop in Mediterranean en-
vironment in Turkey. Turk J Field Crops., 22(1), 71-80.

Giayetto, O., G.A. Cerioni and Asnal W.E. (1998). Effect of Sowing Spacing on vegetative
growth, dry matter production and peanut pod yield. Peanut Science. 25(2), 86- 92.

Togay, N., Togay Y., Erman M., Dogan Y and Cig F. (2022). Kuru ve Sulu Kosullarda Farkli
Bitki Sikliklarinin Bazi Nohut (Cicer arietinum L.) Cesitlerinde Verim ve Verim Ogelerine Et-
kileri. Tarum Bilimleri Dergisi, 11(4), 417-421.

Yilmaz, M and Jordan DL. (2017). Effect of Plant Density on Yield And Quality of Peanut
(Arachis hypogaea L.) Cultivars. Turk J Field Crops, 27(2), 217-223.

Cokkizgimn, A. (2012). Botanical characteristics of chickpea genotypes (Cicer arietinum L.) under
different plant densities in organic farming. Scientific Research and Essays 7(4), 498-503.

Olmez, M., Erman, M., Erden, Z. ve C6gen, E. (2020) Farkli Sira Arasi ve Bitki Siklig1 Uygu-
lamalarinin ‘Aziziye-94° Nohut Cesidinde Bitki Gelisimi ve Verime Etkisinin Belirlenmesi. Jo-
urnal of Bahri Dagdas Crop Research 9(2),166-177.

Thangwana, N M. and Ogola, JBO. (2012). Yield and yield components of chickpea (Cicer
arietinum): Response to genotype and planting density in summer and winter sowings. Journal of
Food, Agriculture & Environment, 10(2),710-715.

Shiferaw, M., Tam ado T. and Asnake F. (2018). Effect of Plant Density on Yield Components
and Yield of Kabuli Chickpea (Cicer arietinum L.) Varieties at Debre Zeit, Central Ethiopia in-
ternational Journal of Plant & Soil Science, 21(6), 1-6.

350


https://bioone.org/journals/crop-and-pasture-science/volume-73/issue-9
https://www.researchgate.net/journal/Canadian-Journal-of-Plant-Science-1918-1833?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwb3NpdGlvbiI6InBhZ2VIZWFkZXIifX0
https://www.researchgate.net/journal/Canadian-Journal-of-Plant-Science-1918-1833?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwb3NpdGlvbiI6InBhZ2VIZWFkZXIifX0

International Journal of Pure and Applied Sciences 10(2); 342-351 (2024)

[27]
[28]
[29]

[30]

[31]

Gana, D. Bruce, L., Gossenb, F., Orda G. and Sabine, S. (2007). Cultivar type, plant population,
and ascochyta blight in Chickpea, Agron. J., 99, 1463-1470.

Machado, S., C. Humphreys, B. Tuck and M. Corp. (2006). Seeding date, plant density and
cultivar effects on chickpea yield and seed size in eastern Oregon. Online. Crop Mgt.

Ozaktan, H. (2021) Sieve Analysis for Kernel Size of Some Registered Chickpea Cultivars.
Turkish Journal of Agriculture - Food Science and Technology, 9(11), 1953-1959.

Ozgelik, H., Bozoglu, H., Mut, Z. and Pesken, E. (2001). Farkl1 ekim zaman1 ve bitki sikliginda
ve yetistirilen nohut ¢esitlerinin tane verimi ve bazi 6zelliklerin tespiti. Tiirkiye IV. Tarla Bitkileri
Kongresi, 17-21 Eyliil, Tekirdag.

Williams, P., EI-Haramein FJ., Nakkaul H and Rihawi S. (1986). Crop Evaluation Methods and
Guidelines. International Centre for Agricultural Research in the Dry Areas. Aleppo. Syria:
ICARDA

351



ISSN:

) PAS |INTERNATIONAL JOURNAL Vol. 10(2); 352-366 (2024)
PURE AND APPLIED SCIENCES DOI: 10.29132/ijpas.1474617

Research Article

Investigation of a Novel Approach in Free Cooling Degree Hour
Calculations for Mugla Province

Hiiseyin Salih AKTAY ' ©, Mustafa ERTURK **

Received: 27.04.2024
Accepted: 27.11.2024

! Sakarya University of Applied Sciences, Sakarya, Tiirkiye;

23500905014 @subu.edu.tr

2" sakarya University of Applied Sciences, Faculty of Technology, Department of
Mechanical Engineering, Sakarya, Tiirkiye; mustafaerturk65@gmail.com

* Corresponding author

Abstract: In order to reduce cooling energy without compromising comfort condi-
tions, insulation applications on external walls, columns, and beams, as well as the use
of double glazing in windows, play a significant role. Another effective method in
reducing cooling energy is the implementation of free cooling systems. In this system,
cooling systems achieve energy savings by bypassing the fresh air taken from outside
directly into the indoor space without passing through cooling coils. The implemen-
tation of this system requires the examination of reliable outdoor air temperature
distributions throughout the cooling season during the project planning phase. In this
study, various analyses were conducted using five different computer programs.
According to the analysis results, the operation times of free cooling systems and the
Free Cooling Degree Hour Value (FCDHV) to meet cooling loads were determined
for every hour of each month for the province of Mugla. The estimated highest sea-
sonal FCDHV for Mugla was found to be 11810.7, with the highest hourly FCDHV
being 177.5 occurring between 05:30-06:30, and the highest 24-hour FCDHYV being
2209 in September. When these data were converted to percentage values, it was
determined that a 70.6% energy savings were achieved from free cooling systems.

Keywords: Mugla; outside temperature; free cooling degree hour; free cooling times;
cooling degree hour

Mugla Ili Serbest Sogutma Derece Saati Hesaplamalarinda Yeni Bir
Yaklasimin Incelenmesi

Ozet: Binalardaki enerji talebi genellikle kis mevsimi boyunca odalarm 1sitiimas1 yaz
mevsimi boyunca ise odalarin sogutulmasi i¢in kullanilmaktadir. Konfor kosullarini
etkilemeden sogutma enerjisinin azaltilmasi amaciyla, dig duvarlar, kolonlar ve
kiriglerde yalitim uygulamalar1 ile pencerelerde ¢ift cam kullanimi 6nemli bir rol
oynamaktadir. Sogutma enerjisinin azaltilmasinda etkili bir diger yontem de serbest
sogutma sistemleridir. Bu sistemde, sogutma sistemleri disaridan alinan taze havayi
sogutma bataryalarina bypass ederek dogrudan i¢ mekana ileterek enerji tasarrufu
saglamaktadir. Bu sistem, projenin planlama asamasinda sogutma sezonu boyunca
giivenilir dis hava sicaklik dagilimlarinin incelenmesini gerektirmektedir. Bu
calismada, bes farkli bilgisayar programi kullanilarak cesitli analizler yapilmistir.
Analiz sonuglarina goére, Mugla ili icin her aymn her saatinde ve belirli saat
araliklarinda serbest sogutma sistemlerinin ¢aliyma siireleri ve sogutma yiiklerini

1JPAS 2024, 10(2) https://doi.org/10.29132/ijpas.1474617 https://dergipark.org.tr/tr/pub/ijpas
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karsilayacak Serbest Sogutma Derece Saat Degeri (SSDSD) literatiire kazan-
dirtlmistir. Mugla ili i¢in tahmin edilen en yiiksek sezonluk SSDSD'in 11810.7
oldugu, saatlik en yliksek SSDSD'nin 177.5 oldugu ve saat 05.30-06.30 arasinda
gerceklestigi, en yiiksek 24 saatlik SSDSD'nin eylill aymnda ve 2209 olarak belir-
lenmistir. Elde edilen bu veriler yiizdelik hesaba vurulunca, serbest sogutma sistem-
lerinden %70.6 oraninda bir enerji tasarrufu saglandigi tespit edilmistir.

Anahtar Kelimeler: Mugla; dis hava sicakligi; serbest sogutma derece saat; serbest

sogutma siireleri; sogutma derece saat

1. Introduction

The free heating or free cooling capacity of a building depends on various factors such as indoor
air temperature density, outside air temperature, components of the building's outer skeleton, heat
transfer coefficients of the outer skeleton components, and ventilation methods [1]. Within any structure
in a residential area, when the internal air exchange rate and heat source density are relatively constant,
a similar relationship has been observed between the thermal properties of the wall and the thermal
performance of the building [2]. Therefore, studies have been conducted on the wall structure and
thermophysical properties that affect the thermal performance of the wall [3]. One of the systems used to
reduce energy consumption for heating or cooling purposes in residences is free cooling systems [4]. In
free cooling systems, if the indoor space reference temperature or enthalpy is higher than the outside
ambient temperature or enthalpy, the outside air is directly brought into the indoor space and used to
bring the room temperatures to comfort levels [5]. This situation also indicates how critical the outside
air temperature and enthalpy values are in free cooling systems [6]. The prominence of tempera-
ture-controlled systems has resulted from various problems in enthalpy-controlled systems [7]. In free
cooling systems, since the outside air is directly sent into the indoor space, it can significantly improve
indoor air quality [8]. The high-quality indoor air achieved with these systems can increase indoor air
quality by 5-10% in many regions of the world [9].

Free cooling systems should be considered to be unable to meet cooling loads alone and therefore
cannot completely replace mechanical cooling systems [10]. Free cooling systems can help reduce the
capacity of mechanically operated cooling systems in areas with high cooling loads [11], [12]. In ap-
plications of free cooling systems, heat energy absorbed during daytime hours is transferred to the
outside environment using free cooling after the sun sets [13], [14]. In a building where free cooling is
applied in the evening, depending on the thermal capacity of the building components, it has been
calculated that the total cooling energy requirement in the structure can be reduced by 27% to 36% [15].
Applications using free cooling systems allow for lower operation, maintenance, and initial investment
costs of the mechanical HVAC system due to the lower mechanical cooling load [16], [17].

The contributions of this study to the literature are as follows:

I. In the province of Mugla, throughout the year, at any hour of each month, the outdoor air
temperature distributions with a 1°C temperature difference are revealed proportionally and temporally
through this study within the monthly dataset (30x24=720 hours).

I1. In the cooling season of the Mugla province, at any time of any month, cooling durations with a
1°C temperature difference have been determined proportionally and temporally within the monthly
dataset.

I1l. The concept of FCDHV (Free Cooling Degree Hour Values) has been introduced into the
literature for the province of Mugla.

IV. By determining the FCDHYV for the province of Mugla, it will be possible to predict the sea-
sonal and hourly cooling energy savings for any time interval during the summer season months.

V. The presentation of this study will encourage research in the field of outdoor air-linked cooling
systems and air conditioning systems.
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V1. The Cooling Degree Hour Values (CDHV) for Mugla, which are not present in the literature
on an hourly basis for any month of the cooling season, any two time periods, and on a seasonal basis,
will be introduced to the literature for the first time through this study.

VII. For Mugla, the Free Cooling Degree Hour Values (FCDHV) that are not present in the liter-
ature on an hourly basis for any month of the cooling season, any two time periods, and on a seasonal
basis, will be introduced to the literature for the first time through this study.

2. Material and Methods

Providing comfort temperature in commonly used enclosed spaces such as schools, residences,
shopping malls, government offices, offices, industrial facilities, and most places where people are
present is of utmost importance for human health and productivity[18]. The achievement of comfort
temperature is accomplished through heating, cooling systems, and air conditioning systems [19], [20].

Cooling or heating loads can be calculated using the temperature and time parameters of these
systems [21]. Moreover, determining the winter (heating) and summer (cooling) seasons, determining
the amount of fuel used for heating in residences, determining the amount of energy used for cooling,
determining the diameter of natural gas pipes, determining the most suitable insulation thicknesses for
external walls, determining the timing of planting and harvesting in agriculture, calculating heating and
cooling for quail poultry houses, planning the timing of efforts to increase soil fertility in agriculture,
and various applications utilize degree-day methods [22], [23]. These degree-day methods are widely
used in a broad spectrum of applications, from calculating the optimal insulation thicknesses to the
energy needs we expend for heating or cooling [24]. Upon reviewing the current literature, degree-day
values have been calculated for both heating and cooling seasons at different indoor reference temper-
atures for Turkey and many countries worldwide [25]. Considering the methods in the literature, the
connections between visual basic based software written in this context and the information on the
results to be obtained are provided in the flowchart.

- - T A

«It enables the determination of 32-year external air temperature distributions for the

Softvare province of Mugla by averaging the dry bulb temperatures recorded on an hourly basis
1 at meteorological stations based in the city center for each hour of each month.

- o A
*From these obtained temperature distributions, the frequency of occurrence of average
Softvare external air temperatures for each month of the year and the annual average can be

2 determined for each hour of the day.

J

N
*The external air temperature distributions observed during the cooling season months
Software | are extracted using the third software and processed into an Excel file.

3 J

N
*The cooling degree hour values (CDHD) for each hour of the day for all months during
Software | the cooling season are determined.

4 J

. B A
*The free cooling degree hour values (FCDHV) are calculated for all months during the
cooling season at 1 hour intervals, based on the hours when the external air temperature

Soft%Nare is below 20°C.
J

Figure 1. The flowchart of the software
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2.1. Degree-Time Methods

In temperature distributions, differences are observed every year, and these differences are in-
creasing due to the impact of global warming. Therefore, the Cooling Degree Hour Value (CDHV)
calculated depending on the indoor reference temperature also varies [19], [21]. In these calculations,
the most critical parameter is the outdoor dry bulb temperature data obtained for at least 10 years. As the
number of years of data we have increases, the estimated CDHV will be more precise [26].

It is known in the literature that there are three different methods for calculating degree-time
calculations [27]. These methods are degree-days, degree-hours, and degree-minutes. Since the de-
gree-hour method is used in this article and to keep the article concise, only the degree-hour method has
been explained.

2.2. Degree-Hour Methods

Continuous operating air conditioning systems (such as those used in residences and hospitals)
and intermittent operating air conditioning systems (such as those in offices, schools, government
buildings, shopping malls, etc.) can be calculated for their cooling energy needs [13], [28]. For these
systems, the most significant advantage of CDHV calculations compared to other systems is the ability
to calculate the Cooling Degree Hour Value (CDHYV) for every hour of every month in the summer
season, for any two hours, or for any time interval [17].The degree-hour method determines the energy
required for cooling and heating in a closed space proportionally to the difference between the outdoor
air temperature and the balance point temperature [17]. In this method, the first step is to determine a
balance point at which the cooling degree hour values are calculated. For these calculations, measure-
ment values representing the total number of hours throughout the year, which is 8760 (24x360) hours,
are needed. The balance point temperature is the outdoor air temperature at which there is no need for
cooling or heating in a closed space. Generally, for uninsulated buildings, the degree-hour values are
calculated based on a balance temperature of 18°C for heating and 25°C for cooling. HDH and CDH are
calculated with the equations given below [13].

HDH = (1 hOllI‘) Z (Tindoor - Texternal)+ (2' 1)
hours

CDH = (1 hOlll‘) Z (Texternal - Tindoor)+ (2- 2)
hours

2.3. Statement of Meteorological Data Sets

In degree-day calculations, a data set of hourly dry bulb temperatures recorded for at least a decade
in retrospect holds significant importance. This data set, obtained by the Ministry of Environment,
Urbanization, and Climate Change, General Directorate of Meteorology, includes hourly recorded dry
bulb temperatures for 24 hours of the day. In total, it comprises 720 hours monthly (30x24) and 8760
hours yearly (720x12) recordings. The extent to which past data sets are expanded significantly impacts
the precision of degree-hour calculations. Within the scope of his doctoral thesis, Mustafa Ertiirk me-
ticulously obtained a 32-year meteorological data set, encompassing 280320 data points (32x8760) for a
single province. Ertiirk expanded his analysis to cover a total of 22145320 data points (79x280320) for
79 provinces.

2.3.1. External Air Temperature Distributions

The meteorological data set obtained for Mugla province has been utilized to determine the ex-
ternal air temperature distributions. This data set spans 32 years from 1974 to 2018 and includes dry
bulb temperatures. The 32-year temperature data set has been compiled into an Excel file. The data for
Mugla province in the Excel file were transferred to a computer program, and separate evaluations were
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conducted for every month and every hour of the day. As a result of these evaluations, the maximum and
minimum temperatures within the yearly 8760-hour duration, as well as the percentage of temperatures
between these two extremes, have been determined.

Table 1 presents the average temperature distribution with 1°C intervals between 07:00-08:00 for
each month, aggregated annually. Although this distribution was calculated for the remaining 23 hours
of the day, the other 23-hour details are not provided in the article to avoid unnecessary lengthening. The
distribution of the frequency of occurrence of 32-year external air temperature data obtained from the
General Directorate of Meteorology in 1°C intervals is provided. Thus, the factors contributing to the
zero values in this table are the outdoor air temperatures measured over the 32 years. This indicates that
the temperature in the province of Mugla has not dropped to -9.5°C during this 32-year period. In the
first column of this table, External Air Temperature (EAT) values are shown at 1°C intervals, and the
percentage of total monthly average external air temperatures for each month is displayed in the column
opposite each month with a 1°C difference. The last column provides the distributions of annual average
external air temperature.

Table 1. Annual average external temperature distributions in Mugla between 07.:00-08:00

- PAEATD
EAT ANNUAL AND MONTHLY AVERAGE EXTERNAL AiR TEM-  (%PERIOD)

°C o . .
C) PERATURE DISTRIBUTIONS (% PERIOD)

Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec
-95 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

-85 0.00 0.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.018333
-7.5 0.00 0.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.018333
-6.5 0.60 0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.1125
-55 1.00 0.66 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.155
-45 160 1.44 050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 1.50  0.42833
-35 290 3.09 0.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.20 0.6325
-25 6.01 519 0.71 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.73 4.11  1.39583
-1.5 791 541 2.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 052 4.71  1.71417
-05 9.21 6.63 2.72 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.87 4.81  2.10333
0.5 851 6.85 3.83 0.21 0.00 0.00 0.00 0.00 0.00 0.00 3.01 7.41 2.485
15 781 729 373 052 0.00 0.00 0.00 0.00 0.00 0.00 3.64 9.12 2.67583
25 6.811094 6.75 041 0.00 0.00 0.00 0.00 0.00 0.10 6.44 7.52 3.2475
35 861 939 837 1.04 000 0.00 0.00 0.00 000 0.20 7.38 6.71 3.475
45 591 740 948 197 0.00 0.00 0.00 0.00 0.00 0.60 7.59 7.31 3.355
55 6.61 8.18 10.69 2.17 0.00 0.00 0.00 0.00 0.00 1.01 7.38 7.62  3.63833
6.5 7.21 7.18 10.69 569 0.20 0.00 0.00 0.00 0.00 1.71 9.25 8.12 4.17083
75 561 7.73 11.19 880 0.30 0.00 0.00 0.00 0.00 2.62 8.94 7.52 4.3925
85 6.01 453 8.67 11.08 040 0.00 0.00 0.00 0.00 3.82 8.11 6.61 4.1025
95 400 4.31 827 1056 191 0.00 0.00 0.00 0.10 7.24 9.36 551 4.27167
105 230 1.77 534 1149 3.62 0.00 0.00 0.00 031 885 7.48 521  3.86417
115 0.60 0.33 252 11.90 543 0.10 0.00 0.00 0.10 12.17 6.86 2.81  3.56833
125 0.00 0.44 161 10.77 6.64 041 0.00 0.00 1.2510.76 520 1.00 3.17333
135 0.10 0.11 101 569 7.14 124 0.00 0.00 2.08 946 3.22 0.20 2.52083
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145 0.40 0.00 0.71 6.94 865 1.04 0.00 0.00 540 13.18 0.83 0.10  3.10417
155 0.20 0.11 050 352 966 145 0.00 0.20 6.85 895 094 040 2.73167
16,5 0.00 0.00 0.00 3.21 12.88 4.15 0.20 0.10 11.11 6.54 0.52 0.10 3.23417
175 0.10 0.00 0.10 1.45 11.27 549 0.70 0.80 14.43 3.92 0.42 0.00 3.22333
185 0.00 0.00 0.00 093 885 819 191 321 1215342 0.10 0.10 3.23833
195 0.00 0.00 0.10 0.72 7.24 9.74 271 4.02 1256 2.72 0.00 0.00 3.3175
205 0.00 0.00 0.00 0.31 584 1212 6.12 8.73 1153 0.70 0.10 0.00 3.7875
215 0.00 0.00 0.00 0.52 453 1399 8.84 1345 8.72 0.60 0.00 0.00 4.22083
225 0.00 0.00 0.00 0.00 2.11 1140 12.65 14.86 540 0.60 0.00 0.00 3.91833
235 0.00 0.00 0.00 0.10 1.41 10.67 15.96 15.06 3.43 0.50 0.00 0.00 3.9275
245 0.00 0.00 0.00 0.00 1.21 8.08 16.97 15.16 2.28 0.10 0.00 0.00 3.65

255 0.00 0.00 0.00 0.00 0.20 6.32 13.15 10.14 1.35 0.10 0.00 0.00 2.605

265 0.00 0.00 0.00 0.00 0.10 3.01 1024 6.22 0.42 0.00 0.00 0.00 1.66583
275 0.00 0.00 0.00 0.00 0.20 135 4.62 4.02 0.00 0.10 0.00 0.00 0.8575
285 0.00 0.00 0.00 0.00 0.00 0.41 241 1.71 0.00 0.00 0.00 0.00 0.3775
29.5 0.00 0.00 0.00 0.00 0.10 031 171 120 0.21 0.00 0.00 0.00 0.294167
30.5 0.00 0.00 0.00 0.00 0.00 0.21 0.70 0.30 0.21 0.00 0.00 0.00 0.118333
315 0.00 0.00 0.00 0.00 0.10 0.10 0.40 0.30 0.00 0.00 0.00 0.00 0.075

325 0.00 0.00 0.00 0.00 0.00 0.21 0.20 0.00 0.10 0.00 0.00 0.00 0.0425
33,5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.008333
345 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.008333
355 0.00 0.00 0.00 0.00 0.00 0.00 0.1 0.0 0.00 0.00 0.00 0.00 0.016667
36,5 0.00 0.00 0.00 0.00 0.00 0.00 0.1 0.20 0.00 0.00 0.00 0.00 0.025

375 0.00 0.00 0.00 0.00 0.00 0.00 0.2 0.00 0.00 0.00 0.00 0.00 0.016667
38,5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

39.5 0.00 0.00 0.00 0.00 0.00 0.00 0.1 0.00 0.00 0.00 0.00 0.00 0.008333
405 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2.3.2. The Determination of External Air Temperature Distributions for The Cooling Season

Through the second computer program, the external air temperature distributions during the
cooling season months for Mugla province have been thoroughly examined.
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Table 2. External air temperature distributions for the cooling season months in Mugla province

I(EOACC;' Average External Air Temperature Distributions for Average External
Cooling Season Months (% Period) Air Temperature
Distribution for
Cooling Season
(%Period)
May Jun July Aug Sep Oct
2.5 000 000  0.00  0.00 0.00 0.10 0.016667
3.5 0.00  0.00 0.00  0.00 0.00 0.20 0.033334
4.5 000 000 000  0.00 0.00 0.60 0.10
5.5 000 000  0.00  0.00 0.00 1.01 0.168333
6.5 020 000 000 000 0.0 1.71 0.318333
75 030  0.00 0.00  0.00 0.00 2.62 0.486667
8.5 0.40  0.00 0.00  0.00 0.00 3.82 0.703333
9.5 191 000 000 0.0 0.10 7.24 1.541667
105 362 000 000  0.00 0.31 8.85 2.13
11.5 543 010 000 0.0 010 1217 2.966667
12.5 6.64 041 0.00 0.00 1.25 10.76 3.176667
135 714 124 000 0.0 2.08 9.46 3.32
14.5 865 104 000  0.00 5.40 13.18 4.711666
15.5 966 145 000 020 6.85 8.95 4.518333
16.5 1288 415 020 010 1111 6.54 5.83
17.5 1127 549 070 080 1443  3.92 6.101666
185 885 819 191 321 1215 342 6.288333
19.5 724 974 271 402 1256 272 6.498333
205 584 1212 612 873 1153  0.70 7.506667
215 453 1399 884 1345  8.72 0.60 8.335
22.5 211 1140 1265 1486  5.40 0.60 7.836667
235 141 1067 1596 1506  3.43 0.50 7.838333
24.5 121 808 1697 1516  2.28 0.10 7.30
255 020 632 1315 1014 135 0.10 521
26.5 010 301 1024 622 0.42 0.00 3.331666
275 020 135 462  4.02 0.00 0.10 1.715
28.5 000 041 241 171 0.00 0.00 0.755
29.5 010  0.31 1.71 1.20 0.21 0.00 0.588333
305 000 021 0.70 0.30 0.21 0.00 0.236667
315 000 000 000  0.00 0.10 0.10 0.033333
32,5 000 000 000  0.00 0.00 0.21 0.035
335 000 000 000  0.00 0.00 0.00 0.00
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Table 2 below presents the values calculated between 07:00-08:00 for Mugla province. Calcula-
tions have also been made for the remaining twenty-three hours of the day and the frequencies of ex-
ternal air temperatures for the total twenty-four hours have been transferred to the third software.

3. Results and Discussion

In uninsulated buildings, cooling is required when the outdoor air temperature is 20°C and above.
Cooling Degree Hour Value (CDHV) has been calculated for all months of the cooling season for 24
hours using three different software. The results obtained from the software are combined, and the
24-hour combined form table is presented in Table 3. According to TS 825 insulation regulations, the
indoor reference temperature for heat loss calculations is taken as 20°C. After entering this reference
temperature into the software, the 24-hour SDSD for Mugla province is presented in Table 3.

Table 3. Cooling degree hour values according to 20°C indoor reference temperature for Mugla
CDHV DURING THE COOLING SEASON MONTHS

HOURS OF MUGLA SEASONAL
[Degree Hour] CDHV

[Degree-Hour]

May Jun July Aug Sep Oct
00:30 27 254 88.8 77.9 16.6 1.6 213.0
01:30 23 211 744 65.9 13.4 1.6 178.7
02:30 1.4 16.2 62.5 57.4 10.5 1.4 149.3
03:30 1.1 12.7 53.5 49.7 8.3 1.1 126.5
04:30 0.7 10.0 47.9 45.4 6.8 0.9 111.7
05:30 0.9 11.2 47.3 39.6 5.3 0.8 105.1
06:30 2.4 24.2 72.0 55.0 9.1 0.8 1635
07:30 9.5 61.8 128.2 104.7 21.8 1.9 327.9
08:30 329 1202 203.4 179.5 70.1 8.1 614.2
09:30 64.6  173.7 275.3 250.7 138.9 30.2 933.4
10:30 942 2179 347.1 310.0 199.7 64.9 1233.8
11:30 111.8 2430 378.8 3485 238.1 89.4 1409.7
12:30 122.2  265.0 392.0 374.3 268.1  108.7 1530.2
13:30 125.7 2725 391.7 378.1 2708 1107 1549.5
14:30 1205  267.1 388.3 386.2 2631  104.4 1529.6
15:30 894 2553 374.9 366.2 242.6 83.5 1411.9
16:30 931 2314 3487 3280 2027 54.1 1258.1
17:30 674 1955 310.8 284.7 151.0 27.8 1037.2
18:30 39.3 1476 262.1 230.9 106.6 14.2 800.6
19:30 224 1083 213.7 189.3 76.8 8.1 618.5
20:30 134  80.0 174.9 155.4 51.9 3.7 479.4
21:30 8.7 61.9 146.3 127.7 34.2 2.4 381.2
22:30 5.7 46.9 126.1 108.8 26.9 2.2 316.5
23:30 2.3 35.6 105.8 90.7 18.9 1.5 254.7
Total CDHV 1034.7 29043 50147 46043 24521  724.0 16734.2
g[:][r)eee—Hour]
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Table 3 for Mugla province has been introduced to the literature. In this table, it has been calcu-
lated that the highest cooling demand will be in July and the lowest cooling demand will be in October.
For every hour of each month in the cooling season in Mugla province, Cooling Degree Hour Values
between any two hours are detailed presented in Table 3.

3.1. Calculation of Free Cooling Degree Hour Values for Mugla Province

When the outdoor temperature is below the indoor reference temperature (20°C), free cooling
systems operate. In this case, cooling systems (such as full air-conditioning systems) bypass the cooling
coils and directly send fresh air from the outside to the interior space, covering a portion of the space's
cooling load. For the implementation of this system, it is important during the design phase to know the
24-hour outdoor temperature distribution values for all months of the cooling season.

In this study, frequency values of external air temperature distributions between any two hours for
each hour of each month in the cooling season in Mugla province, as well as seasonal free cooling
operation times for each month of the cooling season, have been introduced to the literature. Cooling
Degree Hour Values (CDHV) have been added to the literature to meet cooling loads before the cooling
systems come into operation.

3.1.1. The Calculation Steps for Free Cooling Degree Hour Values
The calculations for free cooling values take into an account the frequency of external tempera-
tures below the indoor reference temperature. These values are of immense importance for free cooling

systems.

Table 4. Free cooling external air temperature frequency for Mugla between 07:00-08:00

EAT Average External Air Temperature Distributions for Average External
°0) . . Air Temperature
Cooling Season Months (% Period) Distribution for
Cooling Season
(% Period)
May Jun July Aug Sep Oct
25 000 000 000 0.0 0.00 0.10 0.016667
3.5 000 000 000 0.0 0.00 0.20 0.033334
45 000 000 000  0.00 0.00 0.60 0.1
5.5 0.00 0.00 0.00 0.00 0.00 1.01 0.168333
6.5 020 000 000 0.0 0.00 1.71 0.318333
75 030 000 000  0.00 0.00 2.62 0.486667
8.5 040 000 000  0.00 0.00 3.82 0.703333
9.5 191 000 000  0.00 0.10 7.24 1.541667
105 362 000 000  0.00 0.31 8.85 2.13
115 543 010 000 0.0 0.10 12.17 2.966667
12,5 6.64  0.41 0.00 0.00 1.25 10.76 3.176667
135 714 124 000  0.00 2.08 9.46 3.32
145 865  1.04 000 0.0 5.40 13.18 4.711666
155 966 145 000 020 6.85 8.95 4.518333
165 1288 415 020 010 1111 6.54 5.83
17.5 1127  5.49 0.70 0.80 14.43 3.92 6.101666
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185 885 819 191 321 1215 3.42 6.288333
19.5 724 974 271 402 1256 272 6.498333

For Mugla province, Table 4 has been obtained by arranging the external air temperature distri-
bution data for the 07:00-08:00 time interval for free cooling periods. The frequencies of outdoor
temperatures below 20°C are presented in Table 4. Table 4 for the 07:00-08:00 time interval has been
separately calculated for the remaining 23 hours of the day.

The frequencies of outdoor temperatures during free cooling periods generated in Table 4 have
been transferred to software 5 from the table created for the 07:00-08:00 time interval. Using this
software, Cooling Degree Hour Values (CDHV) have been calculated for any hour of any month in the
cooling season for Mugla. This study has been carried out separately for the remaining 23 hours of the
day and included in software 5. The software results have been combined to obtain Table 5

Table 5. Seasonal and monthly fiee cooling degree hour values for Mugla province’s 24 hours

FCDHV FOR COOLING SEASON MONTHS IN Free CDHV
HOURS MUGLA PROVINCE [Degree-Hour] [Degree-Hour]

May Jun July Aug Sep Oct Total
00:30 269 1135 1709 1717 955 17.8 596.3
01:30 228 1018 1703 1641 851 15.1 559.3
02:30 18.3 91.1 1681 1579 755 12.8 523.7
03:30 15.3 81.6  161.8 1532 655 10.8 488.3
04:30 125 747 1552 1455 580 9.7 455.6
05:30 13.6 80.3  159.0 1414 523 8.7 455.3
06:30 260 1160 1775 1628  65.6 9.4 557.3
07:30 672 1511 1562 1651 1137  19.7 673.0
08:30 1124 1270 725 886 1610 537 615.1
09:30 1218 913 25.8 288 1281 984 494.2
10:30 1232  60.3 10.5 8.7 781 1130 393.8
11:30 1151  46.7 6.1 3.2 46.4  109.2 326.6
12:30 1065  36.6 6.4 2.5 350 1015 288.6
13:30 1028 337 5.1 2.7 336 1006 278.4
14:30 1040 355 6.5 3.2 393  107.2 295.7
15:30 109.2 411 8.9 5.1 470 1122 323.6
16:30 109.4 477 10.0 7.7 69.9 1153 360.0
17:30 1154 723 16.4 211 1156  99.3 440.0
18:30 1083 1024 341 430 1555 773 520.6
19:30 946 1338  59.7 838 1599  60.6 592.4
20:30 765 1448 1001 1165 1577  46.3 641.9
21:30 594 1452 1341 1473 1410 335 660.5
22:30 46.1 1395 1549 1635 1223 253 651.6
23:30 252 1294 1678 169.2 1076  19.8 619.0

Total Free CDHV 17324 2197.4 21381 21565 2209.0 1377.2 11810.7

[Degree-Hour]
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In Table 5, it can be observed that the maximum seasonal cooling degree hour (CDH) value is 673,
occurring between 06:30 and 07:30. The highest CDH throughout the cooling season, especially in July,
is observed with a value of 177.5 between 05:30 and 06:30. The total 24-hour CDH value calculated for
Mugla province during the cooling season is determined to be 2209, with the highest value occurring in
September.

The data from Table 5 is shown in Figure 1. This figure provides a summary, based on the results
of 5 different software programs of the total 32-year external air temperature data for a total of 8760
hours in Mugla province.

FCDHV FOR MUGLA PROVINCE
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Figure 2. Seasonal free cooling degree hour values for Mugla province

Taking the data from Table 5 into account, the Free Cooling Degree Hour Values for each month
throughout the cooling season have been presented monthly in Figure 2.
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Figure 3. Free cooling degree hour values for months in the cooling season for Mugla province

The total Cooling Degree Hour Values (CDHV) and the total Free Cooling Degree Hour Values
(FCDHYV) for Mugla are presented comparatively in Table 6.

Table 6. Comparison of FCDHV and CDHV for Mugla province

24 HOURS OF FCDHYV and CDHV for COOLING SEASON MONTHS iN FCDHYV [De-

THE DAY MUGLA [Degree-Hour] gree-Hour]
May Jun July Aug Sep Oct Total
Total CDHV ~ 1034.7 29043 5014.7 46043  2452.1 724.0 16734.2
[Degree-Hour]
Total FCDHV 17324 21974  2138.1 21565  2209.0 1377.2 11810.7
[Degree-Hour]
CDHV and 167.43 75.66 42,636  46.836  90.086 190.22 70.578
FCDHYV with

difference [%]

The percentage difference between the total cooling degree-hour values and the total free cooling
degree-hour values is calculated through proportional comparison. This percentage difference theoret-
ically demonstrates the amount of energy saving that can be achieved through free cooling. It has been
determined that Mugla's highest SSDSD to SDSD coverage ratio is 190.22% in October, the lowest is
42.636% in July, and the seasonal ratio is 70.578%.

4. Conclusion

In this study, various analyses were conducted using five different software programs developed
to contribute to the literature for Mugla province. The first software was used to determine the external
air temperature distributions, including the frequencies within 8760 hours and monthly distributions.
These distributions were then transferred to the second software. With the second software, the cooling
season months and frequencies of external air temperatures for Mugla province were determined for
each hour. These distributions were transferred to the third software to determine the cooling loads at
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any time of any hour during the cooling season. The fourth software was used to determine the fre-
guencies of outdoor air temperatures during the cooling season for each hour of the day. The fifth
software was used to determine the Free Cooling Degree Hour Values for all months of the cooling
season. These values were added to the literature for Mugla province.

As a result of this study, it was found that Mugla's CDHV is 16734.2 and FCDHYV is 11810.7. It
was also determined that a 70.578% energy recovery can be achieved throughout the cooling season
from the free cooling cycles that will be implemented. This study contributes valuable information to the
literature for Mugla province.
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Ozet: Doga Kampiisleri diinyada giderek yayginlasmakta olup ekolojik hassasiyetleri
on planda olan projelerdir. Bu ¢alismada tilkemizde de 6rnekleri bulunan Doga Kam-
piislerine dair uygulanabilir ¢dziimler getirebilmek amactyla Munzur Universitesi
Mimarlik Boliimii 2. Sinif Mimari Tasarim stiidyosunda iiretilen 6grenci projeleri ve
tasarim siireci ele almmustir. Ug temel asamada gerceklestirilen stiidyo calismasimnin ilk
asamas1, 6grencilerin Tunceli 11 Milli Egitim Miidiirliigii’ne tahsis edilmis olan Ore-
néni Mevkiinde Piiliimiir Cay1 kenarindaki 49.000 m2lik arazinin analizi ¢alismasidir.
Ikinci asamada diinyadaki ve Tiirkiye’deki orman okullar1 érnekleri incelenmistir.
Ekolojik mimari, siirdiiriilebilir mimari, dogal yap: malzemeleri, permakiiltiir, azaltma,
yeniden kullanma, déniistiirme ve biyofilik tasarim kavramlar arastirilmistir. Ogren-
ciler vaziyet plani 6l¢eginde tasarim calismalari yaparak temel tasarim kararlarini
vermislerdir. Projelerde kullanilacak malzeme panolar1 ve detaylar1 hazirlanmustir. Ug
boyutlu gorsellerle ve animasyonlarla proje yiiriitiiciilerine sunumlarmn yapildigi son
asama ise 6grenim ¢iktilarina yonelik degerlendirmelerin de yapildigi calisma adimudir.
Stiidyo ¢aligmasinin sonucunda 6grenciler 8 adet proje gelistirmis olup bunlarin bes
tanesi bu makalede sunulmustur. Dogal yap1 malzemelerinin kullaniminin tercih edil-
digi projeler, dogaya uyum, islevsellik, teknik ve estetik acidan degerlendirilmistir.
Calismanin sonucunda talep edilen mekanlarin dogada egitim felsefesini bozmadan,
dogay1 tahrip etmeden, dogal ve sokiiliip takilabilen yapi malzemeleri ve esnek mekan
anlayistyla, yaratici ekolojik ¢ozlimler ve siirdiiriilebilir bir yaklagimla tasarlanabile-
cegi ortaya konmustur.

Anahtar Kelimeler: Doga kampiisii; orman okullari; ekolojik mimari; mimari tasarim

A Studio-Study in Architectural Education: Tunceli Nature Campus Project

Abstract: Nature Campuses are becoming increasingly widespread in the world and are
projects with ecological sensitivities at the forefront. In this study, the student projects
and the design process produced in the 2nd year Architectural Design studio of Munzur
University Department of Architecture are discussed in order to bring applicable solu-
tions to the Nature Campuses, which have examples in our country. The first stage of
the studio work, which was carried out in three main stages, was the analysis of the
49.000 m2 of land on the banks of the Ptlumur Stream in Orenéni, which was allocated
to the Tunceli Provincial Directorate of National Education. In the second stage,
examples of forest schools in the world and in Turkey were analysed. The concepts of
ecological architecture, sustainable architecture, natural building materials, permacul-
ture, reduction, reuse, transformation and biophilic design were investigated. Students
made basic design decisions by making design studies at the site plan scale. Material
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boards and details to be used in the projects were prepared. The last stage, in which
presentations were made to the project coordinators with three-dimensional visuals and
animations, is the study step in which evaluations are made for learning outcomes. As a
result of the studio work, students developed 8 projects, five of which are presented in
this article. The projects, in which the use of natural building materials was preferred,
were evaluated in terms of harmony with nature, functionality, technical and aesthetic
aspects. As a result of the study, it has been revealed that the requested spaces can be
designed with creative ecological solutions and a sustainable approach, without dis-
rupting the philosophy of education in nature, without destroying nature, with natural
and removable building materials and flexible space understanding.

Keywords: Nature campus; forest school; ecological architecture; architectural design

1. Giris

Giincel arastirmalara gore ¢agimizda ¢ocuklarin giderek daha fazla kapali alanlarda yetistigi,
hareketsiz bir yagam tarzin1 benimsedikleri bilinmektedir. Bu durumun ¢ocuklarin duygusal ve fiziksel
sagligina zarar verebilecegi bilimsel caligmalarla kanitlanmistir [21]. Cocuklardaki teknoloji bagimli-
liginin da artmasi ile birlikte hareketsiz yasam tarzinin ¢ogunlukta oldugu bu dénemde o6zellikle do-
gadaki agik hava aktivitelerinin ¢ocuk gelisiminde onemli oldugu diisiiniilmektedir. Dogayla diizenli
olarak temas kurmanin ¢ocuklarda yaraticilik ve hayal giictiniin artmasi, elestirel diisiinme, bilissel
becerileri gelistirilmesi gibi birgok olumlu etkisi mevcuttur [20]. Bu calismada Munzur Universitesi,
Giizel Sanatlar Tasarim ve Mimarlik Fakiiltesi Mimarlik Boliimii 2. Sif 6grencileri ile 2022-2023
Akademik y1l1 Giiz Dénemi’nde Mimari Proje II Dersi kapsaminda Tunceli 6zelinde kentteki ¢ocuklarin
Ozgliven, sosyal beceriler, dil ve iletisim, motivasyon, konsantrasyon ve fiziksel becerilerinin gelisme-
sine katki sunacak orman okulu projesi konusu ele almmustir. S6z konusu stiidyo calismas1 Tunceli 11
Milli Egitim Midirliigii Proje calismalarina katkida bulunmak ve orman okullarindaki yapilarin eko-
lojik olmasi gerektigi konusunda farkindalik olusturmak amaciyla gergeklestirilmistir.

2. Materyal ve Metod

Tunceli ili Milli Egitim Miidiirliigii tarafindan yiiriitiilen Doga Kampiisi projesi icin; Tiirk Milli
Egitim Sistemi’nin temel hedefleri ile bilim 6nciiliiglinde diisiinen, sorumluluk bilinci gelismis, sanat ve
sporu Onemseyen, yaraticiligi yiiksek, ulusal ve evrensel degerleri benimseyen bireyler yetistirmek
misyonuyla, temelde Tunceli’deki egitim paydaslariin teknoloji bagimliligina dogru ilerlemelerini
durdurarak doga ile bulusmalar1 hedeflenmis ve bu hedefe ulagsmak i¢in farkli alanlarda etkinlik me-
kanlar1 olugturulmasi istenmistir. Bu mekanlarda teorik bilgiler sunulacak ve bu bilgilerin pratige do-
kiilmesini saglayacak etkinlikler diizenlenecektir. Edinilen bilgiler gérsel malzeme ve 6rnek uygula-
malarla desteklenecek, katilimcilarin anlamli ve aktif 6grenmesi saglanacaktir. Bu proje ile katilimcilar
dogada zaman gecirecek, yasadiklar1 ¢evreyi taniyacak, yaparak-yasayarak dgrenme tecriibesi kaza-
nacak, doga duyarliklar1 artacak, doganin korunmasi ve kendilerinden sonraki nesillere daha saglikli
bigimde aktarilmasi i¢in ¢abalayacaklardir. Bireyin kendini tamamlamasina yonelik etkinliklerle bu-
lusturacak; sifir atik, resim, miizik, arkeoloji, spor, tarim, astronomi, flora ve fauna gibi konularda
bilinglenme saglayacaktir. Doga Kampiisii Projesinin Tunceli Milli Egitim Miidiirliigii Arge departmani
tarafindan hazirlanmis olan sorun analizi ve hedef analizi, Sekil 1 ve Sekil 2’de gosterilmistir.
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SORUN ANALIzZi HEDEF ANALIZi

SErencilerimiz ‘1
 Orenciterimizin
dogayk i ice yasamasi
i |

dogadan uzak yasiyor
1
X |

Sekil 1. Sorun Analizi (Tunceli MEM Ar-Ge Birimi A.) Sekil 2. Hedef Analizi (Tunceli MEM Ar-Ge Birimi A.)

Tunceli il Milli Egitim Miidiirliigii’ne tahsis edilmis olan Orendnii Mevkiinde Piiliimiir Cay1 ke-
narmdaki 49.000 m2lik arazide (Sekil 3) planlanan “Doga Kampiisii” projesi ile, Milli Egitime bagl
okullarda egitim 6gretime devam eden 9630 6grencinin teknolojiye ayirdig: siirenin azaltilarak dogada
eglenerek dgrenme, sifir atik, ekolojik okuryazarlik, tarim, hayvancilik gibi etkinlikler yapmasina katki
sunmast hedeflenmistir.

Sekil 3. Arazi gorseli, 2023
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Arazi, Tunceli Fidanlig1 ve Orendnii Tabiat Parki yakininda, orman arazisi simirlari igerisindedir.
Proje arazisi, Tunceli ili Cevre ve Sehircilik 11 Miidiirliigii tarafindan belirlenen; ekolojik dengenin zarar
gérmemesine, ¢evrenin degerleriyle birlikte korunmasi ve gelistirilmesini dnceleyen tedbirlere tabiidir.

Proje kapsaminda kurulmasi istenen birimler:

e Yonetim ofisi, tarim bahgesi, temel yasam becerileri atolyesi, miizik atolyesi, spor atdlyesi,
masal atélyesi, ¢cevre atdlyesi, gorsel sanatlar atdlyesi, gokyiizii gozlem kulesi, arkeolojik kazi
alani, kiimes, oyun parki, parkur spor alani, zipline, ¢adir kamp alani, etkinlik kafeteryasi,
mutfak, banyo ve tuvalet olarak verilmistir.

Bu ihtiya¢ programina yonelik olarak Tunceli Milli Egitim Midiirliigii Arge departmani tarafin-
dan bir proje hazirlanmistir (Sekil 4). Ancak bu projenin yalnizca alanin kullanimi ve islevlerin dagilimi
gostermek amaciyla sekilsel gosterimlerden ibaret oldugu, profesyonel mimari tasarim ilkeleri dogrul-
tusunda planlanmis bir proje olmadig1 kurum tarafindan da belirtilmistir.

Sekil 4. Oneri proje gorseli, Tunceli (MEM Ar-Ge Birimi Arsivi)

Orman Okulu, ormanlik bir ortamin veya dis mekanin uygun sekilde diizenlenip 6greciler igin
egitim alani olarak islevlendirilerek kullanilmasi olarak tanimlanmaktadir. Orman Okullar1 dogal or-
tamda 6grenmeyi tesvik etmeyi amaglarken [24], yas grubu fark etmeden ¢ocuklarin gelisimlerini ve
ogrenmelerini destekleyen deneyimlere olanak saglamaktadir [19].

Proje konusu “Tunceli Doga Kampiisii Projesi” olarak verilmistir. Bu ¢alismada stiidyo ¢alisma-
lar1, 8 dgrenci ile 13 hafta olarak siirdiiriilmiistiir. Stiidyo caligmalar1 dSnem sonunda, 8 adet projenin, il
Milli Egitim Midiirii ve proje yiiriitiiclilerinin de bulundugu jiiri karsisinda 3 boyutlu gorseller ve
animasyonlar kullanilarak sunulmustur. Bu makale kapsaminda, farkli mekansal kurgulari, malzeme
tercihleri olmasi sebebiyle 5 adet proje incelenmeye deger bulunmustur. Bu ¢ercevede siirdiiriilmiis olan
proje stiildyosu ¢alismasi 3 temel asama olarak tasarlanmistir (Sekil 5).
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e Kurumlarla Gorigme

1 Hazirlik e Arazinin belirlenmesi
e Araziye ait verilerin (imar plani, ¢ap, plan kote) toplanmasi
v
o Hedef kullanici kitlesinin belirlenmesi
o Kavramlarin tartisilmas:
e Mekansal ihtiyaclarin belirlenmesi
e Konsept olusturma
= o Ching'in mimarlik kurami ile iligkili olarak tasanm kurgulanmasi
2 Proje Sreci o Teknik, estetik ve fonksiyonel tasarim kurallarinin belirlenmesi
e Malzeme segimleri
e Eskizlerin yapilmasi
o ki ve lig boyutlu gizimlerin yapiimasi
v

e Milli Egitim MUdUrlUgi’nun proje ihtiyaglarina uygunluk
bakimindan degerlendirme
3 Degerlendirme e Tasanm kurgusu bakimindan degerlendirme
¢ Sunum kalitesi bakimindan degerlendirme
o Ekolojik mimari bakimindan degerlendirme

Sekil 5. Proje Caligmasinin Agamalart

Birinci asama projeye hazirlik siirecini igermektedir. Bu noktada Tunceli il Milli Egitim Miidiir-
ligi ile iletisim kurulmus ve kendilerine tahsis edilmis olan araziye ait veriler alinmistir. Ayrica araziye
ait imar plani, ¢api, plan kote gibi gerekli bilgilere de belediyeden erisilmistir. Daha sonra elde edilen
bilgi ve belgelerle arazinin yerinde analizi yapilmistir. Bu asamada araziye ait evraklar yerinde ince-
lenmis, 6grenciler araziyi yerinde deneyimlemis ve tasarimlarina iligkin ilk fikirlerini burada gelistir-
meye baslamislardir. Eskizler ve fotograflarla arazi analizi desteklenmistir. Alandaki bitki ortiisii, nehir,
manzara gibi 6nemli girdiler belirlenmis ve belgelenmistir.

Ikinci asamada proje siireci baglamaktadir. Burada hedef kullanici kitlesi i1 Milli Egitim Miidiir-
liigii’niin de taleplerine gore belirlenmistir. Buna gore arazide ilkogretim ve ortadgretim dgrencilerine
yonelik bir Doga kampiisii alan1 tasarlanmasina karar verilmistir. Bununla birlikte diinyadaki ve Tiir-
kiye’deki doga kampiisii ve orman okullar1 6rnekleri incelenmistir. Proje konusu kapsaminda; ekolojik
mimari, siirdiiriilebilir mimari, dogal yap1 malzemeleri, yenilenebilir enerji kaynaklari, permakiiltiir,
dongiisel ekonomi ilkelerinden azalt (reduce), yeniden kullan (reuse), geri doniistiir (recycle) kavram-
lar1, biyofilik tasarim konular1 aragtirilmistir. Kullanici profili ve literatiir galismasi ile birlikte mekansal
ihtiyaglar ortaya konmustur. Her 6grencinin projesini birbirinden ayr1 ve 6zgiin kilacak konsept olus-
turmalar1 beklenmistir. Bu baglamda dgrenciler arazi analizi deneyimlerinden, aragtirma konularindan
ve tasarimci kimliklerinden yola ¢ikarak farkli konseptler belirlemislerdir. Bu noktada Ching’in mi-
marlik kurami ile de iligkili olacak sekilde teknik, estetik ve fonksiyonel tasarim kararlar1 olusturul-
mustur. Belirlenen konsept ve temel kararlara gore tasarimda kullanilacak malzeme panolar1 ve detaylar
da bu asamada hazirlanmistir. Daha sonra tiim tasarim kararlari iki boyutlu ¢izimler, eskizler, 3 boyutlu
gorsel ve animasyonlarla sunuma doniistiiriillmistiir.
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Stiidyo ¢aligmasinin ii¢lincii adimi degerlendirme agsamasidir. Bu asamada hazirlanan tiim gorsel
ve materyallerin stiidyo yiiriitiiciileri, boliim hocalar1 ve Il Milli Egitim Miidiirliigii personellerine su-
numu gerceklestirilmistir. Biitliin projeler dncelikle tasarim kurgusu, sunum kalitesi ve ekolojik mi-
marlik ilkeleri ve temel kavramlar ¢ergevesinde degerlendirilerek; dogal yapi malzemelerinin kullanim
tercihi, dogaya uyum, islevsellik, teknik ve estetik olusumlar dikkate alinmigtir.

2.1. Doga Kampiisii ve Ekolojik Tasarim

Diinyada ve Tiirkiye’deki doga kampiisii 6rnekleri incelendiginde, tasarimin felsefesi geregi egi-
timin ¢ogunlukla dogal ortamda gegmesi gerektigi belirlenmistir. Bununla birlikte talep edilen ihtiyag
programi degerlendirildiginde, tabiat icerisinde kapali alanlara da gereksinim oldugu goriilmiistiir.
Mimarlik Stiidyosu Proje ¢aligmasi kapsaminda bu mekansal ihtiyaglar1 karsilamaya yonelik tabiatla
uyumlu, siirdiiriilebilir ve ekolojik mimarlik odakli hangi yaklagimlardan faydalanilmasi1 gerektigi
sorgulanmis, kapali, yar1 agik ve acik mekanlar yaratmaya yonelik onerilerde bulunulmustur.

Literatiirde doga kampiisleri ile ilgili yapilmis olan ¢alismalarin daha ¢ok egitim bilimciler tara-
findan ele alan teorik ¢aligmalarla sinirli oldugu, uygulamaya yonelik mimari tasarim kararlart ve
Onerilerini igeren calismalarin yapilmadigi goriilmiistiir. Bu durum tam olarak bu ¢alismanin ele alinma
nedenini ortaya koymaktadir. Calismada literatiir bilgilerinin derlenmesi sonrast 6grenci projelerine
aktarilmis boylece farkli proje alternatifleri ile birlikte genel hatlartyla ekolojik tasarim kriterlerine
sahip ornek bir doga kampiisii modeli sunmak amaglanmaistir.

Calismanin teorik altyapisini olusturmak ve projelerle ilgili kavramlari aciklayabilmek amaciyla
oncelikle “Ekolojik mimarlik, dogal yap1 malzemeleri, yenilenebilir enerji kaynaklari, permakiiltiir,
dongiisel ekonomi ilkelerinden azalt (reduce), yeniden kullan (reuse), geri doniistiir (recycle) kavramlari
ve biyofilik tasarim” konular1 arastirilmagtir.

Ekolojik tasarim veya eko-tasarim, yapili c¢evrenin dogal gevreyle biitiinlesecek sekilde ta-
sar-lanmasidir. Ekolojik yapilar ekonomik, sosyal ve ¢evresel faktdrlere cevap verdiginde siirdiiriilebilir
bina sinifina dahil edilir. Baska bir deyisle dogal sistemlerin varligini ve gelecegini tehlikeye atmadan,
insanlarin mekéan ihtiyaglarini karsilamay1 amaglayan mimari tasarim ve uygulamalardir [27]. Ekolojik
tasarim kriterlerinde 6n plana ¢ikan noktalar:

* Yapili ¢cevrenin tasarimi ve kullaniminda dogal kaynaklara verilen zararlarin en aza indirilmesi,
* Binalarin mevcut topografya verileri géz 6niinde bulundurularak konumlandirilmast,

* Doga, iklim kosullar1 ve topografik 6zelliklerle uyumlu tasarim yapilmasi,

* Geri doniistiiriilmiis malzeme kullanilmasi,

*Tasarimin ve mekanlarin ¢ok islevli olmasinda esneklik ve degiskenlik kriterlerinin saglanmasi,
* Giines enerjisinden yararlanilmasina yonelik kararlar igermesi olarak dzetlenmektedir.

Bu tasarimsal kriterler, yap1 formu-kabuk, yap1 fizigi elemanlari, malzemeler ve yapim sistemle-
riyle birlikte ele alinarak gerceklestirilmelidir [28-18]. Calismada literatiir taramalarinin analizi sonu-
cunda ekolojik ve siirdiiriilebilir yap1 tasariminda 6n plana ¢ikan ana konular siirdiiriilebilir diisiince ve
tasarim ilkeleri, ekonomik mimari yapili ¢cevre tasarimi, bina kabugu ve geometrisi, mekan organizas-

yonu, yap1 malzemesi se¢imi, iklimlendirme sistemleri, atik yonetimi olarak 6zetlenebilmektedir (Sekil
6).
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EKOLOJIK VE SURDURULEBILIR YAPI TASARIMI

} Strdirdlebilir diistince ve } Mekan organizasyonu

tasarim ilkeleri .
} Yapi malzemesi segimi

Ekonomik mimari yapili '
cevre tasarimi } iklimlendirme sistemleri

} Bina kabugu ve geometrisi } Atik yonetimi

Sekil 6. Ekolojik ve siirdiiriilebilir yap1 tasarimi

Ekolojik yaklagimla tasarlanan yapilarin olusturdugu yapili ¢evrelere “ekolojik yerlesmeler” de-
nir. Bir yerlesmenin ekolojik ve siirdiiriilebilir olarak planlanmasi i¢in gerekli olan unsurlar, fiziksel ve
cevresel boyutlariyla ele alinmistir:

* Fiziksel Konular: Uygun arazi sec¢imi, basit plan tipindeki yapilar, kiiclik 6lgekli, kompakt,
uygun hacim organizasyonu, yapinin optimal yonelimi, yliksek 1s1l performansa sahip bina kabugu,
dayanikli yapi iiriinleri, yerel malzeme kullanima.

» Cevresel Konular: Enerji verimli arazi kullanimi ve malzeme secimi, peyzaj tasarimi, yenile-
nebilir enerji kaynaklarinin kullanimi, hizla yenilenebilir kaynaklardan elde edilen geri doniistiirilmiis
malzemelerin kullanimi, suyun etkin kullanimi ve tasarimi, dogal konturlarin, bitki ortiisiiniin korun-
mas1 ve fauna, binadaki konfor kosullarini saglar [28-18].

Ekolojik ve siirdiiriilebilir bir yerlesim icin gereklilikler, bolgenin biyo alanlarini kullanarak gida
yetistirmek, organik gida tiretimini desteklemek, yerel malzemelerle yerlesim yerleri olusturmak, ye-
nilenebilir enerji kullanmak, ekolojik is ilkelerine uymak, biyolojik ¢esitliligi korumak, siirdiiriilebilir
kalkinma bilincine sahip olmak, yasam dongiisii, temiz hava, su ve toprak icin atik enerji yonetimini
uygulayarak, dogay1 korumak, ekolojik ayak izini kontrol altina almak olarak tanimlanmaktadir.

2.2. Dogal Yap1 Malzemeleri ve Sistemlerine Genel Bakis

Yesil olarak nitelendirilen siirdiiriilebilir yap1 malzemeleri, iiretimde ¢evreye zarar vermeyen,
kullanimlar1 sirasinda en az enerji tiiketen, tiiketilebilir kaynaklarin sinirlarina duyarli hammaddelerin
kullanildig1, hammaddelerin tiretimi, kullanimi, bakimi, onarilmasi ve atik olusumu esnasinda ¢evre ve
insan sagligina zarar vermeyecek olan malzemeler olarak bilinmektedir.

Dogayla uyumlu, ¢evre dostu, ¢evreyi kirletmeyen, geri doniistiiriilebilen, insan sagligina zarar
vermeyen yapi malzemeleri ekolojik tasarimlarin tamamlayici unsurlaridir.

Amerikan Insaat Miihendisleri Dernegi tarafindan hazirlanmis olan yap1 miihendisleri i¢in Siir-
diiriilebilirlik Yonergelerinde dogal yapt malzemeleri ve sistemlerinin koklerinin sanayi dncesi yerli
ingaat tekniklerine dayanmakta oldugu ve diinya niifusunun yaklasik iicte ikisinin toprak ve bambu gibi
endiistriyel olmayan malzemelerden yapilmis binalarda yasamakta oldugu belirtilmistir. Toprak yapilar,
tarihte birgok kitada insan barmag olarak yaygin bir sekilde kullanilmis olup en eski kazi1 alan1 M.O.
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8300 yilina tarihlenmektedir [7-11]. Yapilarda kullanilmakta olan dogal yap1 malzemelerine; saman
balyasi, bambu, ahsap ve toprak malzemenin ¢esitli tekniklerde kullanimi 6rnek gdsterilmistir. Diger
ilgili kullanimlarin ise toprak sivalar, agac ev tasarimlar1 ve sazdan ¢atilar oldugu, toprak yapilarda ¢elik
takviye veya toprak veya bambu/toprak hibrit binalarda kullanilan portland ¢imentosu gibi dogal ve
modern malzemeleri birlestiren hibrit ingaat tekniklerinin de bulundugu belirtilmistir [7].

Insanlarin eski ¢aglardan beri barmmak veya farkli islevlerle kullanmak amaciyla insa ettikleri
yapilarda tas ve ahsap gibi dogal malzemeler iginde en yaygin kullandiklari malzeme toprak olmustur ve
teknolojideki tiim gelismelere ragmen 21. yiizyilda insanlarin biiyiik ¢ogunlugu halen toprak yapilarda
yasamaktadir. Giinlimiizde toprak yapilar bir yandan diisiik gelirli insanlara barinma saglarken diger
yandan saglikli ve konforlu bir yasam tarzini 6n planda tutan iist gelir gruplarn tarafindan da 6ncelikli
yapt tiirii olarak tercih edilmektedir. Cevre koruma, enerji tasarrufu, stirdiiriilebilirlik gibi kavramlar
giincellenip 6nem kazandik¢a, bu alanlardaki sorunlar biiyiidiik¢e toprak yapilarda ¢oziim firsatlar
goriilmekte ve bu yapilara olan ilgi artmaktadir. Toprak yapilar toplumlarin giincel sorunlarinin ¢6-
ziimiine katki saglamaktadir [29].

Toprak malzemelerin birgok ¢evresel avantaji vardir. Toprak yapilarin i¢ kalitesi oldukea iyi ve
sagliklidir. Toprak yapilar dogal, toksik olmayan, kapal1 bir ortam yaratir. Toprak malzemenin hazir-
lanmasi, islenmesi ve imalati i¢in genellikle ¢ok az enerji gerekir. En biiyiik enerji girdisi genellikle
insan emegidir. Dogal malzeme kullanim1 olumsuz yagsam kosullarinin 6niine ge¢mektedir. Toprak
yapilar biiyiik kiitleleri nedeniyle pasif gilines enerjisi tasarimina fayda saglar ve diisiik ses gegirgenli-
gine sahiptir. Toprak yapilar kalinliklar1 ne olursa olsun nefes alma 6zelliklerini kaybetmez ve bosluk
icerisinde yogusmaz. Bu nedenle nem ve rutubet gibi sorunlar yasanmaz. i¢ mekan nemini ve konfo-
runu dogal olarak diizenlerler. Tipik olarak toprak yapi malzemeleri yerel olarak tedarik edilir, bu da
diisiik tasima enerjisi anlamina gelir. Insan yasami icin ideal malzemelerden biridir. Yiiksek 1s1l ka-
pasitesi ve yalitim degerleri sayesinde sicak ve soguk hava kosullarinda koruma saglar. Kirsal alanlar
icin yeterli niteliklere sahip bir yap1 malzemesidir. Toprak yapilarin pek ¢ok tiirii ve ¢esidi vardir:
Kerpig bloklardan cesitli sistemlerle {iretilen yapilar, cesitli kaliplarla yerinde ddkiilen toprak yapilar,
stabilize sikistirilmig toprak, pismis seramik, toprakla doldurulan torbalardan olusturulan yapilar
(earthbag) ve yeralt1 yapilar1 baslicalaridir. Iyi tasarlanmis ve bakimi yapilmis toprak yapilarin yiizyil-
lara yayilan zaman testinden ge¢mis oldugu bilinmektedir [4-7].

Kerpi¢ yapi, giiniimiiz yasam standardiyla uyumlu, yeryiiziinde yaygin ve koklii geleneklere
dayanan, dogayla gerekli dengeyi saglayabilen, bi¢imsel diizenlemelerde esneklige sahip bir yapi
tu-riidiir. Kerpig enerji sorununa en akilci ¢oziimii saglayan ve cevre kirliligi yaratmayan bir malze-
medir. Kerpi¢, saman veya diger bitkisel liflerin kil ve uygun toprak haline getirilerek kurutulmast,
suyla yogrularak kaliplara dokiilerek agik havada sekillendirilip kurutulmasiyla elde edilen bir malze-
medir [29].

Ahsap yap1 ayn1 zamanda dogal bir yap1 malzemesi olarak da degerlendirilmektedir [7], Gele-
neksel yapilarda ¢agdas yapi malzeme ve sistemlerinden farkli olarak ahsap, tas, kerpig gibi yerel, dogal
ve geri doniistiiriilebilir malzemelerin kullanilmakta oldugu goriilmektedir [2]. insanlik tarihinde kul-
lanilan yap1 malzemelerinden tas ve ahsap, yapilarda tastyici eleman olarak, dosemelerde, cat1 kaplama
elemanlar1 ve cephe kaplamada kullanilmaktadir. Gegmisten gilinlimiize gelisen ve degisen malzeme,
yapim sistemi ve teknolojilere ragmen bu malzemeler tasarim ve mimarlik alaninda her zaman var
olmustur. Ahsap malzeme, avantajlarindan dolay1 her zaman tercih edilen malzemeler arasinda yer
almigtir. Hafif, ¢esitli iklimsel kosullara kars1 dayanikliligr yiiksek, 6zel boyalar ile artirilmis yangin
dayanimi, emprenyelenerek korunabilen, yap1 sékiimiinden sonra tekrar monte edilebilme, tamiri ve
plan degisikliklerine uygun, deprem dayaniklilig: yiiksek, tas, beton, gelik ve kerpic ile uyumlu olarak
kullanilabilmesi; ahsap malzemelerin neredeyse biitiin ekolojik tasarim kriterlerini karsiladigimi goste-
rir. Ahsap kendini yenileyebilme 6zelligi olan tek yap1 malzemesi olarak da bilinmektedir. Agaclar tek
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tek yetistirip keserek orman ve yap1 malzemesi saglayabilen tek kaynaktir. Aynm1 zamanda hava temiz-
leme &zelligi olan tek yap1 malzemesi ahsaptir [6].

Tas da ahsap gibi bilinen en eski yap1 malzemelerinden biridir. Tarih boyunca tas malzeme se-
killendirilerek veya oyularak yapi malzemesi olarak kullanilmistir. Tas malzeme yapisi geregi daya-
niklidir, tiretim ve kullanma siireglerinde ¢cevreye olumsuz etkileri olmayip geri doniistimii miimkiindiir.
Geleneksel Tiirk evinde kullanilan en yaygin malzemeler ahsap ve tastir. Tas yaygin olarak temelde ve
zemin katlarin duvarinda, ahsap malzeme ise {ist katlarda duvarlarda kapilar, pencereler, tavanlar, gatilar
gibi mimari elemanlarda kullanilmaktadir [2].

2.3. Ekolojik Tasarimlarla ilgili Kavramlar

Permakdiltir bir alandaki yasantinin, dogal ekosistemdeki gesitlilik de gozetilerek, tarim verim-
liligine yonelik habitatlara uygun olarak tasarlanip siirdiiriilmesi olarak tanimlanmaktadir. Farkl: disip-
linleri, stratejileri ve teknikleri iliskilendiren disiplinler arasi bir yaklagimdir. Bu kapsamda organik
bahgecilik, geri doniisiim, yenilenebilir enerji, dogal su kullanim1, doga dostu tasarimlar gibi siirdiirii-
lebilirligin ana araglart ile ilgili uygulamalar yer almaktadir [9]. 1970’lerde Bill Mollison permakiiltiirii
siirdiiriilebilirligi esas alan yasanti ve arazi kullanimlarinin planlanabilmesi i¢in bir tasarim sistemi
olarak gelistirilmigtir. Mollison (1991), bu tasarim sisteminde, ekoloji bakimindan hassas, ekonomi
bakimindan uygulanabilirligi saglanan, kendi ihtiyaglarini kendisi giderebilen, dogay1 istismardan uzak,
kirletmeyen ve kendi igerisinde siirdiiriilebilirligi olan sistemler tasarlamak amaciyla yol almay1 oner-
digini vurgulamigtir [16].

Litarertiirdeki tanimlamalardan da anlasildig1 lizere permakiiltiir doga ve dogadaki iliskilerden
yola ¢ikmakta olup temeli toprak iiretimine dayanmaktadir. Permakiiltiir, dogal ve tarimsal ekosistem-
lerin yan1 sira ¢esitli lceklerdeki yerlesim alanlarindaki onarimlarda ve insaatlarda, enerji ve atik
yoOnetimlerinin olusturulmasinda, okullardaki egitim miifredatlarinda, ticari isletmelerde vb. de ¢esitli
karar alma siireglerinde yer almaktadir [1]. Bugiin yurt disindaki bir¢ok okulda permakiiltiiriin temel
alindig1 ve permakiiltiir tasarimlarinin olusturulmasi i¢in okullarin bahgesinde uygulamalar yapildig
bilinmektedir [12-25]. Buralarda 6grencilerle beraber kompost, malg kullanimi1 gibi organik yontemle-
rin kullanilmakta ve kimyasallardan uzak durulmaktadir. Boylece yerel ekolojik hayatta ¢esitlilik sag-
lanmasi ile beraber bocek, kus gibi bagka canlilara da yagam alani sunulmaktadir. Bu sistemde 6gren-
cilerin dogal ortamlar1 deneyimleme, kesfetme ve dogayla etkilesim kurma gibi kazanimlar edinmek-
tedirler. Arastirmalara gore, bu gibi etkinliklerin dahil edildigi egitim sisteminde &grencilerin dogal
yasam sistemlerine olan farkindaliklarinin arttig1 ve ¢evresel hassasiyetlerinin gelistigi bilinmektedir
[5-23-30].

Atik malzemelerin y6netimi konusunda kabul edilen yaklagimlardan biri de “azalt, yeniden kullan
ve geri doniistiir” “reduce, reuse, recycle” odakli 3R ilkesidir (Sekil 7). Bu ilke, atik malzemelerin
iiretilecek yeni tirtinlerde kullanilmasini tesvik etmekle beraber giinlimiizde kentsel alanlardan mima-
riye, i¢ mekan diizenlemelerinden endiistri tasarimlarina kadar farkli 6lgeklerde yerini almistir [3]. 3R
prensibi, eski materyallerin bir kayip olarak degil, bir kaynak olarak goriilmesi ve yeniden kullanilmasi
icin duyarl bir ortam yaratilmasim destekler. Tasarimin bir¢ok alaninda kullanilma potansiyeli olan atik
malzemelerin kullanimi1 ve kaynak yonetimi, siirdiiriilebilir bir tasarim stratejisi olarak degerlendiril-
mektedir. Celadyn (2019) kaynak yonetimini “azalt, yeniden kullan, geri doniistiir” ilkesiyle stirdiirii-
lebilir tasarim stratejileri arasinda degerlendirmistir. En genel anlamiyla 'azaltmak’, atik olusumunu
azaltmaya yonelik onlemleri igerir. 'Yeniden kullanim', mevcut nesnelerin basit islemler uygulanarak
onarilmasi ve islevsel hale getirilmesi olarak ifade edilmektedir. 'Geri Doniisiim', malzemenin ham-
maddeye doniistiiriilerek farkli bir kullanima hizmet edecek sekilde degerlendirilmesidir. Yeniden
kullanim, tiretimde daha az enerji tiiketildigi i¢in geri doniisiime tercih edilmesi gereken bir yaklagimdir
[15].
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azalt
reduce
yeniden geri
kullan donlistiir
reuse recycle

L

Sekil 7. 3R ilkesi

Biyofilik kelimesi tanim olarak dogal cevre ile olan iliskileri 6nceleyen ve insanin c¢evre ile
duygusal bagim gosteren bir terimdir [10]. Insan psikolojisiyle ilgili bilimsel ¢alismalardan goriildiigii
iizere, insanlar dogal diinyaya karst duygusal bir ¢ekim igerisinde olup ve doga ile etkilesim kurma
ihtiyacindadir. E. O. Wilson tarafindan sunulan biyofilik teorisinde, insanla doga arasindaki bu grift
iligki bilimsel bir temele baglanmaktadir [26]. Biyofilik teorisinde, insanlarin dogal diinyayla ve diger
canli organizmalarla arasindaki iligskinin koklii oldugu, bu baglantilarin insanlarin genetik yapilarinda
kodlanmis oldugu one siiriilmektedir. Bu teori, insanin dogal ¢evreyle etkilesimde olmasinin ruh ve fizik
sagligi lizerinde olumlu etkileri oldugunu savunmaktadir. Buradan yola ¢ikilarak biyofilik kavraminin
cesitli alanlarda dogayla uyumlu, saglikli ve denge iizerine kurulmus yasamsal alanlar tasarlamak i¢in
kullanildig1 goriilmektedir [14]. Mimari tasarimda biyofilik kavrami mimari projelerin dogal unsurlari
icermesiyle, dogadan ilham alan tasarimlarin yapilmasiyla iliskilendirilmektedir. Peyzaj alaninda ise dis
mekanlarda dogal diizenlemelerle ve dogal 6gelerin alana entegrasyonu ile insanlarin dogal diinyayla
daha ¢ok temasta olmasini saglamaktadir. Cocuk gelisimi alanlarinda da biyofilik tasarimlar, ¢ocuklarin
doga ile kontrollii bir sekilde daha ¢ok etkilesimde bulunabilecekleri egiten ve 6greten alanlarin tasar-
lanmasi olarak karsimiza ¢ikmaktadir [13].

Mimarlikta dogal ¢evre, toplum ve yapay ¢evrenin saglikli bir birlesiminin olusturulmasi énemlidir. Bu
amagla ekolojik farkindaligin gelistirilmesi ve bu alandaki uygulamalarin tesvik edilmesi ve mimari
uygulamalarin ekolojik ilkeler dogrultusunda sekillendirilmesi gerekmektedir [17].

3. Bulgular ve Tartisma
3.1. Stiidyo Calismalarinin Degerlendirilmesi

Calismanin bu boliimiinde ders kapsaminda yiiriitillen projeler tablo siteminde 6zetlenmistir.
Tablolarda projenin adi ve kullanilan malzeme, vaziyet plani, kat planlar1 ve kesitleri igeren iki boyutlu

ve li¢ boyutlu ¢izimler/krokiler ile projelerin tasarim kararlar1 ve dersten elde edilen kazanimlara iligkin
ogrencilere yoneltilen soru ve cevaplar yer almaktadir.
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Tablo 1. 1 no’lu égrenci projesi

3 Boyutlu Gérseller

Planlar ve Kesitler

Tasarim Kararlari

Orman okulunun amaci gocuklar dogal diinyayla tanistimaktir.

Kisisellestirilmig bir tasarim gelistirerek hem egitimi hem de eglenceyi tesvik eden bir ortam olusturulmak
istenmektedir.

Cocuklann sosyal becerilerini gelistirecekleri dogayla i ice bir mekan sunarak isbirligini, esnekligi ve kisisel
farkindalig: tegvik etmek amaglanmaktadir.

Bitki yetistiriciligi ve gevre bilinciyle ilgili gesitli egitim atolyeleri tasarlanacaktir.
Arazi boyunca mevcut suyun tutulmasi ve yeniden kullaniimasiyla siirdiirilebilir su yonetimi saglanabilir.

Gatilardan ve yiiriime yollari boyunca yerlestirilen su kanallarindan yagmur sulannin yer alti depolarinda
toplanarak bahge sulamasinda kullaniimasi dnerilmektedir.

Giineg panelleri ve riizgar enerjisi, yagmur suyunun geri doniisimuniin saglanmasl, az bakim gerektiren bélgeye
uyum saglayan bitkiler kullaniimasi ile biyik élgiide strdiirilebilir bir tasarim elde edilmesi hedeflenmektedir.

Dun:
Proj

nelerdir?

Ogrencilerin sanat atolyesinde calismalarinda kullanmalani igin geri dénistirilmis atk malzemelerin
degerlendirilebilecegini 6grendim.

Ormanin dogasindan sapmadan onunla biitiin olacak sekilde yapilasma gergeklestirmenin miimkiin olabilecegini
deneyimledim.

Ogrencilerin ormani incelemeleri ve bircok aktiviteyi biitinlesik bir sirkilasyon igerisinde yapabilmeleri igin uygun
mekan onerileri getirdim.

Dogayla uyumlu bir tasarim yapilmak istendiginde yapay malzeme kullanmadan, gerektiginde dogaya uyumlu
mekansal midahaleler gergeklestirerek alanlar tasarlayabilmeyi deneyimledim.

Yapi malzemesi olarak algi-kerpig karisimindan olusan alker kullanimina dair arastirmalar yaptim ve tasarladigim
orman okuluna en uygun ekolojik malzemenin alker olduguna karar verdim.
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Tablo 2. 2 no’lu égrenci projesi

3 Boyutlu Gérseller

Planlar ve Kesitler

k

-

Tasarim Kararlar

Projenin mimari konsepti doga, ekosistem ve mimarinin bir arada var oldugu biyolojik tasarima
dayanmaktadir bunun yanin sira permaklture dayalidir.

ilk olarak kiimelenmis 6rgiitlenmeyi kullanarak bitiinciil bir tasarim gergeklestirilmistir. Kiitlelerin
yan yana toplanmasiyla konumsal yakinliklari ve ortak gorsel iliskinin paylasimi yoluyla tasarimin
hiyerarsisi kurgulanmistir. Bu kapsamda kutleler agik bir teras etrafinda siralanarak kapali, yari agik
ve agik mekanlarin birbiriyle iliskilenmesi saglanmistir.

Yapim malzemesi olarak gevredeki agaglarla uygun saglamak igin cevre dostu bir termo-ahsap
(thermowood) kaplamasinin kullanilmasi énerilmistir

Projenizin
kazanimlari nelerdir?

Doga Kampusu projesini tasarlarken dogal kaynaklarin tiketimini de azaltarak surdurdlebilirlige
katki saglanabilecegini 6grendim.

Geri donusumi hedefleyen bir proje olmasindan dolayi bitiin kaynaklarin tekrar kullanabilmesi igin
¢oziimler distindim.

Permakdltirin ilkelerine dayanan organik bahgeden itibaren; atiklarin kaynak sekline
doénusturilmesi ve verimin en tst diizeye cikariimasi igin gerekli kriterleri 6grendim. Bu uygulama
amacindaki temel kural; bitki, hayvan ve insani bir araya getirerek bakimi kolay, strduriilebilir ve
kendi kendine yeten bir tiretim yapisinin olusturulmasidir.

Permakiiltiiriin bir pargasi olarak tavuklar igin tasarladigim kiimeste sikistirilmis toprak kullandim.
Ozellikle Tunceli’'nin bazi koylerinde kerpic evlerin yapiminda koyiin yakinindaki sari renkli
topraklarin da siva olarak kullanildigini 6grendim. Ben de projemde yerel ve ekolojik hassasiyetleri
karsilamasi icin kimesin kerpicten yapilmasini 6nerdim

Arazinin konumunun olumlu bir etkisi vards; bitiin tasarim manzaraya yénlendirme imkani saglad.
Merkezden uzak oldugu igin bu mekan biitiin kalabalik ve guriltiden izole edilmis gibidir. Bu alanda
ziyaretgilerin kendilerini mekanlann icerisinde bile dogadan kopmamis hissetmeleri icin hem
malzeme hem tasanmsal 6zelliklerin buyik rol oynadigini deneyimledim.
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Tablo 3. 3 no’lu égrenci projesi

3 Boyutlu Géorseller

Planlar ve Kesitler

KESiT 1/100

Tasarim Kararlar

Dogadan da ilham alarakgiines isinlanindan esinlenilen bir form ile tasarima baslanmistir.

Yapi malzemesi olarak orman arazisi ile uyum saglayacak sekilde ahsap malzeme segilmistir. Ayrica
boylece yapilann kolay sokiilp takilabilir olmasi hedeflenmistir.

Surdurtlebilirligin hem mekan tasarimlarinda var olmasi hem de burada deneyimler yoluyla
ogretilebilmesi igin uygulamal egitim alanlan olugturmak hedeflenmistir.

Yapilarin yalnizca i¢ mekanlari degil cepheleri de tasarima dahil edilerek cocuklar icin hemilgi cekici
renkli tasarimlar yapilmis hem de bu alanlara yerlestirilen tirmanma elemanlar sayesinde birer
deneyim duvari olarak isleviendirilmistir.

Projenizin
kazanimlari nelerdir?

Atk malzeme kullanimi ile birlikte dogaya miimkin olan en azzararlatasarim
gergeklestirebilmeyi 6grendim.

Arazi egimli oldu icin dogal bir tasarim yapmaya imkan tanidi. Kademeli oturma alanlari, egimli
paten parkurlari gibi ¢oziimlerin egimli alanlarda etkin bir sekilde uygulanabilecegini 6grendim.

Bir mekanin birden fazla isleve sahip olabilmesi icin gereken esneklik ve modiilerlik kriterlerini
dgrendim.

Doga ile i¢ ige bir alanda sadece kapali mekanlar degil agik mekanlarin da birbiriyle iliskide olmasi
ve surekli kullanilabilir- doénustirilebilir islevlere sahip olmasi igin ¢ok yonlu distinebilmeyi
deneyimledim.

Tasanmin dogayla ig ice olmasi tasanmin her agamasinda 6zellikle de form segiminde ve mekansal
organizasyonda dogadan esinlenmem gerektigini hatirlatti. Bu benim icin farkli bir deneyimdi.

Dogal yapi malzemelerinden ahgap malzemenin kullanimi ve detaylan hakkinda arastirma yaparak bilgi
sahibi oldum. Baz teraslarda zeminde tag malzeme kullandim ve ahsap ve tasin doga ile uyumunu
projemde yansitmaya calistim.
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Tablo 4. 4 no’lu 6grenci projesi

3 Boyutlu Gérseller

Planlar ve Kesitler

Gorsel sanatlar atdlyesi

®  Sirdurulebilirligin yapi omrii ile de iliskili oldugu dusuntlerek hem saglamlik hem de estetik agidan dikkat gekici
olan jeodezik kubbe formu kullanilmigtir.

Yapi malzemesi olarak cam ve ahsap segilmis boylece dogaya uyum gézetilmistir.
Dogal 151k ve dogal havalandirmaya 6zen gosterilmistir.

Jeodezik kubbe tasarimina entegre edilecek giines panelleri ile enerji tasarrufu saglanmasi distunilmustar.

Tasarim Kararlari 5
Projenin dogaya uyumunun yani sira estetik kaygisini da giderecek sekilde yiiksek, seffaf mekanlar tasarlanmig

ve kapal hacimlerle teraslar iliskili olacak sekilde planlanarak acik alan etkinlikleri de dustintlmigtur.

®  Bukampdsi tasarlarken yapilarda atik malzeme kullanimina dair fikir edindim.

®  Atik malzemenin kullanimi maliyet disirmenin yani sira gevreye olumsuz etkileri azaltma ve dogal kaynaklari
koruma bakimindan énemlidir.

®  Eski ahsabi yeniden kullanarak atik miktanni azaltip cevreye olan etkiyi minimize edebilecegimizi dgrendim.
Projenizin kazammlari Bununla birlikte bu tiir malzemelerin bakimina daha fazla zaman ayirmak gerektigini ve dikkat etmek gerektigini
nelerdir? boylece kullanim émriiniin artirilabilecegini 6grendim.

®  Arazinin konumu égrencilere dogayla daha derin bir bag kurma firsati sundu. Orman ve nehir kenanndaki
yerlesimde &grencilerin dogal yasami daha yakindan gozlemlemesine ve gevre bilincini artirmasina yardimei
olabilecek mekanlar tasarlamay deneyimledim.

®  Arazi egimleri ve agaglar gibi dogal unsurlar tasanm sirecinde bazi zorluklar yaratabilir. Ancak bu kisitlamalar
dogal peyzajla uyumlu bir tasarim olusturmak ogrencilere cevre duyarliigi ve dogal kaynaklarin degerini
deneyimleyerek gostermek bakimindan bir potansiyel olarak da kullanilabilir.

®  Doga kampisiini tasarlarken dogal dengeyi korumak ve dogayla ic ice bir yasam alani olusturmak énemlidir. By,
ogrencilere cevre bilinci kazandirirken dogal kaynaklarin stirdiiriilebilir bir sekilde kullaniimasi ve dogal yasamin
korunmasi konusunda farkindalik olusturur.

®  (Cocuklara yonelik bir eglence ve egitim alani tasarlamanin cok yonli bir bakis acisi gerektirmekte oldugunu
gordiim. Hem kapali hacimler ve agik alanlarin birbiriyle iliskisinde kolay erisilebilir alanlar tasarlamak hem de
o6zellikle it mekanlarda gocuklara yonelik daha ilgi ekici renkler ve tefriglerkullanmayi deneyimledim.

®  Projemde kullandigim ahsabin bir dogal yapi malzemesi oldugu ve ozellikle yakin bélgedeki agaclardan temin
edilen kutiklerin de acik oyun alanlarinda kullaniimasinin ekolojik tasarim icin 6nem tagidigini fark ettim.
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Tablo 5. 5 no’lu égrenci projesi

3 Boyutlu Gérseller

P N L

Planlar ve Kesitler

TOFR, VAL 1 IR
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®  Sirdurulebilirligin yapi mri ile de iligkili oldugu dustntlerek hem saglamlik hem de estetik agidan dikkat gekici
olan jeodezik kubbe formu kullaniimigtir.

Yapi malzemesi olarak cam ve ahsap segilmis boylece dogaya uyum gézetilmistir.
Dogal 15k ve dogal havalandirmaya 6zen gésterilmistir.

Jeodezik kubbe tasarimina entegre edilecek giines panelleri ile enerji tasarrufu saglanmasi diisinilmistr.
Tasarim Kararlari

Projenin dogaya uyumunun yani sira estetik kaygisini da giderecek sekilde yiiksek, seffaf mekanlar tasarlanmig
ve kapali hacimlerle teraslar iliskili olacak sekilde planlanarak acik alan etkinlikleri de disuntlmtstar.

Bukampiisii tasarlarken yapilarda atik malzeme kullanimina dair fikir edindim.

Atik malzemenin kullanimi maliyet diisiirmenin yani sira gevreye olumsuz etkileri azaltma ve dogal kaynaklar
koruma bakimindan 6nemlidir.

®  Eski ahsabi yeniden kullanarak atik miktanni azaltip cevreye olan etkiyi minimize edebilecegimizi égrendim.
Bununla birlikte bu tiir malzemelerin bakimina daha fazla zaman ayirmak gerektigini ve dikkat etmek gerektigini

Projenizin kazanimlari 5 2
béylece kullanim émriinin artirlabilecegini 6grendim.

nelerdir?

®  Arazinin konumu 6grencilere dogayla daha derin bir bag kurma firsati sundu. Orman ve nehir kenanndaki
yerlesimde ogrencilerin dogal yasami daha yakindan gézlemlemesine ve gevre bilincini artirmasina yardimei
olabilecek mekanlar tasarlamayi deneyimledim.

®  Arazi egimleri ve agaglar gibi dogal unsurlar tasanm sirecinde bazi zorluklar yaratabilir. Ancak bu kisitlamalar
dogal peyzajla uyumlu bir tasarim olusturmak ogrencilere cevre duyarlihgi ve dogal kaynaklarin degerini
deneyimleyerek géstermek bakimindan bir potansiyel olarak da kullanilabilir.

®  Doga kampisiinii tasarlarken dogal dengeyi korumak ve dogayla ig ice bir yasam alani olusturmak énemlidir. By,
ogrencilere gevre bilinci kazandirirken dogal kaynaklarin strdiriilebilir bir sekilde kullanil ve dogal yas
korunmasi konusunda farkindalik olusturur.

®  Cocuklara ydnelik bir eglence ve egitim alani tasarlamanin ¢ok yonlii bir bakis acisi gerektirmekte oldugunu
gordiim. Hem kapali hacimler ve agik alanlarin birbiriyle iliskisinde kolay erisilebilir alanlar tasarlamak hem de
ozellikle icmekanlarda gocuklara yonelik daha ilgi cekici renkler ve tefrislerkullanmayi deneyimledim.

®  projemde kullandigim ahsabin bir dogal yapi malzemesi oldugu ve ézellikle yakin bélgedeki agaglardan temin
edilen kutiklerin de acik oyun alanlarinda kullanilmasinin ekolojik tasarim igin 6nem tasidigini fark ettim.
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4. Sonuc ve Tartisma

Bu ¢alismanin amaci Tunceli Doga Kampiisiiniin, dolayistyla orman okullarinin mimari tasarim
stirecinde, ekolojik bir yaklasimla mekansal 6neriler getirebilmektir. Bu dogrultuda Mimarlik bolima 2.
Smuf 6grencileri ile gerceklestirilen mimari stiidyo c¢alismasinda talep edilen mekanlarin temelde do-
gada egitim felsefesini bozmadan, dogay1 tahrip etmeden, dogal ve sokiiliip takilabilen yapi malzemeleri
ile ve olabildigince esnek mekan anlayisi ile, dogayla uyumlu yaratici ekolojik ¢oziimlerle ve siirdii-
riilebilir bir yaklasimla tasarlanabilecegi ortaya konmustur.

Ogrencilerin tasarim kararlarina bakildiginda her ne kadar form ve malzeme olarak birbirinden
farkl olsalar da ortak yaklagim sikistirilmis toprak, ahsap gibi dogal malzeme kullanimina agirlik ve-
rerek dogayla uyumlu, onun bir pargasi gibi algilanacak ol¢ekteki tasarimlar olmalari bakimindan
benzer hassasiyetler barindirmaktadir. Doga ile i¢ ige bir kampiis tasarlama fikri 6grencilere i¢ mekan ve
acik alanlar arasindaki iliskiyi de etkili bir sekilde kurgulama noktasinda diisiinmeye tesvik etmistir.
Projelere bakildiginda i¢ mekanlarin boliiniip birlestirilebilen modiillerden olusturuldugu ve bunlarin
disari ile iliskisinin teraslar ve iist ortiilii yar1 agik alanlarla saglandig1 goriilmektedir. i¢ mekanlarin
farkli islevlerin ihtiyaclarina cevap verecek sekilde doniistiiriilebilir, esnek alanlar olarak tasarlanmasi
da projelerin ortak noktalarindandir.

Bu ders mufredata eklenirken hedefleri:

. Problem tanimlama,

. Arazi analizi ve sunulmast.

. Ornek ¢oziimleri inceleme,

«  Ozgiin tasarim ¢dziimleri iiretme,

. Mimari tasarim projeleri hazirlama,

. Ug boyutlu sunum becerilerini gelistirme

olarak belirlenmistir. Dersin 6grenim ¢iktilar ise:

. Mimari problemi tanimlayip program hazirlar.

. Mimarlik alanindaki temel kavramlar1 anlayarak bilgi kazanir ve bu bilgileri tasarim siireclerinde
etkili bir sekilde uygular.

. Proje boyunca, kapsamli aragtirma yapar ve farkli mimari yaklasimlari analiz ederek yeni fikirler
gelistirir, bu sayede 6grenir ve deneyimler.

. Tasarim siirecinde karsilastig1 gercek diinya problemlerini ¢6zme yetenegini gelistirirken, multi-
disipliner yaklagimlari entegre etme becerisi kazanir.

. Mimari projenin her asamasinda, iletisim ve is birligi becerilerini gelistirir, farkli paydaslarla etkili
bir sekilde iletisim kurar ve ekip icinde aktif rol alarak dgrenir.

. Siirdiiriilebilirlik ilkelerini anlama ve bu ilkeleri tasarim siirecine entegre etme yetenegi kazanir.
. Proje siirecinde, estetik degerleri degerlendirme yetenegi gelistirir ve kiiltiirel, ¢evresel ve top-

lumsal baglamlar1 analiz ederek tasarim kararlarini bilingli bir sekilde yonlendirir, bu da 6grenme sii-
recini destekler.

seklinde tanimlanmugtir.

Dersin hedefleri ve 6grenim ¢iktilari dogrultusunda déonem sonu iiriinleri degerlendirilecek olursa,
hem proje Oncesi problem tanimlama ve ¢oziim gelistirme bakimindan hem de projenin mimari nite-
likleri bakimmdan temel kavramlarin 6grenildigi ve projeye yansitildigi goriilmektedir. Ayrica proje-
lerin sunumlarindaki basari, {i¢ boyutlu sunum becerileri ve iletisim becerilerini gelistirme hedefi ile
dogru orantili sonuglar ortaya koymustur. Projenin kazanimlarina dair alinan geri doniislere bakildi-
ginda, dgrenciler ekolojik ve siirdiiriilebilir hassasiyetlere sahip bir doga kampiisii tasarlarken bunun

382



International Journal of Pure and Applied Sciences 10(2);367-384 (2024)

yalnizca malzeme ile degil; dogal havalandirma, dogal 1s1ktan faydalanma ¢evreye minimum miidahale
etme gibi diger faktorlerle bir biitiin olarak saglanabilecegini de géz oniine almislardir. Bu bakimdan
projelerin beklenen 6grenim ¢iktilart dogrultusunda amacina ulastig1 goriilmektedir.
Cikar Catismasi

Yazarlar bu makale ile ilgili herhangi bir ¢ikar ¢atigmasi bildirmemektedir.
Arastirma ve Yaymn Etigi Beyam

Yazarlar bu calismanin arastirma ve yayin etigine uygun oldugunu beyan eder.
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Abstract: This study investigates the ability of PLA/PEG blend composite materials
doped with Chamelea gallina shells to protect against gamma rays. The focus of the
study is to determine the effects of increasing the shells ratio on the gamma absorption
coefficients. The analyses measured the absorption of gamma rays at both low and high
energy levels by these composites. It shows that the gamma absorption coefficient
generally increases as the white sand mussel shell content increases. Especially at high
ratios (such as 15%) and high gamma energies (1332.51 keV), these materials provide
more effective protection at higher energy levels. These findings suggest that
shells-enriched polymers can be used as potential radiation shielding materials in areas
such as nuclear medicine, radiation therapy, military and space applications. It also
supports the potential use of natural materials in the development of radiation shielding
materials and offers new avenues for future applications.

Keywords: Chamelea gallina; gamma shielding; polymers; composite materials

Chamelea gallina Kabuklar1 Doplu Polimer Kompozitlerin Gama Isinlama
Zirhlama Performansinin Degerlendirilmesi

Ozet: Bu calisma, Chamelea gallina kabuklari ile katkilanmis PLA/PEG karisimi
kompozit malzemelerin gama isinlarina kargt koruma yetenegini incelemektedir.
Calismanin odak noktasi, beyaz kum midyesi kabugu oraninin arttirilmasimin gama
sogurma katsayist1 Uzerindeki etkilerini belirlemektir. Analizler, bu kompozitlerin hem
distik hem de yiiksek enerji seviyelerindeki gama ismlarin1 nasil sogurdugunu
gostermistir. Beyaz kum midyesi kabugu orani arttikga gama sogurma katsayisinin
genel olarak arttig1 goruldi. Ozellikle yiiksek oranlarda (%15) ve yiiksek gama ener-
jilerinde (1332.51 keV) bu malzemeler daha yiiksek enerji seviyelerinde daha etkili bir
koruma saglamaktadir. Bu bulgular, beyaz kum midyesi kabugu ile zenginlestirilmis
polimerlerin niikleer tip, radyasyon terapisi, askeri ve uzay uygulamalar1 gibi alanlarda
potansiyel radyasyon koruyucu malzemeler olarak kullanilabilecegini diisiin-
dirmektedir. Ayn1 zamanda radyasyon zirhlama malzemelerinin gelistirilmesinde
dogal malzemelerin potansiyel kullanimini desteklemekte ve gelecekteki uygulamalar
i¢in yeni yollar sunmaktadir.

Anahtar Kelimeler: Chamelea gallina; gama zirhlama, polimerler, kompozit
malzemeler
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1. Introduction

Materials with high absorption coefficients can be used in various fields, such as nuclear medicine,
space exploration, and nuclear power plants. Especially in space applications, it is critical to provide
effective radiation shielding for equipment and people exposed to high energy levels. Lead equipment
and thick concrete walls are commonly used as shielding materials. Due to the inelasticity, heavy
weight, and toxic effects of lead materials, easy-to-use and biocompatible materials have been sought. It
is of great importance that the material to be used as a shielding material be flexible, lightweight, highly
absorbent, and biocompatible. For this reason, analyses such as ease of production at low, medium, and
high gamma energies, cost, accessibility, usability in terms of health, and absorption ability are very
important in the selection of shielding materials. Such detailed analyses are critical for planning prac-
tical applications of the material and assessing potential risks.

Evaluating the data in a broader context allows for a more informed development and utilisation of
these new materials. The properties of a suitable shielding material are high atomic number (Z), high
density, low half-value thickness (HVL), durable, long life, flexible, light weight, economical and easily
accessible. These properties provide important information for choosing which materials to use in the
design of radiation shielding materials. Materials that absorb gamma rays well can be used as effective
radiation shields in areas such as nuclear medicine, radiation therapy, military applications, recycling
facilities (scrap yards), nuclear power plants and space applications. In order for the selected material to
be used as a shielding material, it is necessary not only to have high absorption coefficient values, but
also to better understand the long-term use performance and durability of these materials in environ-
mental conditions.

Many studies have been carried out as an alternative shielding material to lead. There are shielding
material studies, especially by doping alloy materials and polymer composites with various materials
[1-5]. Nagaraja et al. (2020) investigated the absorption ability of various silicone polymers by exposing
them to gamma and X-rays. B-polymethyl hydro-siloxane (CH4SiO) polymer was found to have the best
absorption ability [6]. Yilmaz and Akman (2023) carried out a study using silicone-based polymer
composites, and these polymer composites were enriched with high-atomic-number additives such as
tin, cerium oxide, tungsten oxide, and bismuth [7]. Shahzad et al. (2022) investigated the shielding
properties of various polymer composites and nanocomposites in detail [8].

C. gallina is known as the white sand clam [9]. In this study, the gamma ray shielding capabilities
of PLA/PEG blend composites doped with C. gallina shells were investigated. The results obtained are
thought to provide important information to researchers in the field of materials sciences and radiation
physics to develop more effective radiation shields using natural materials such as white sand mussel
shell. At the same time, these data can be a source of inspiration for new material designs and contribute
to the development of sustainable materials that will reduce environmental impact. The development of
polymers with high seashell content may create new opportunities in the radiation shielding materials
market.

2. Materials and Methods

2.1. Theoretical Background
The linear absorption coefficient (u) is a parameter that describes how much electromagnetic ra-

diation (X or gamma ray) a material absorbs per unit length. This coefficient varies depending on the
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type of material and the energy of the beam [10]. « is used to describe how the intensity of radiation
passing through a material decreases with the thickness of the material. The change in the intensity of
radiation passing through the material is calculated from Equation (2.1) [11].

I =Ie ™ (2.1)
Here, lo represent the intensity of the gamma ray from the radioactive source, and | represent the
intensity of the radiation passing through the x (cm) thick absorber material placed between the radio-
active source and the detector. The half-value thickness (HVL), which is an important concept in
radiation absorption, provides important information about the success of the absorber material and is
calculated as in Equation (2.2) [13-15].

HVL = ’"TZ (2.2)

The lower the HVL values, the higher the absorptive ability of the absorbing material [12]. An-
other important expression for evaluating the effectiveness of shielding materials is Radiation Protection
Efficiency (RPE), which is calculated by Equation (2.3) [13-15].

I
Iy

RPE = (1 - ) x 100 (2.3)

2.2. Preparation of C. gallina Shells Doped PLA/PEG Blend Composite

Initially, 0.5 grams of PLA was dissolved in chloroform and 0.5 g of PEG was added and stirring
continued until completely dissolved. C. gallina shells were added to the resulting PLA/PEG mixture at
the rates of 2.5%, 5.0%, 10.0% and 15.0%, respectively, and homogenized in a water bath for 15
minutes. The obtained C. gallina shells added polymer composites were poured into a petri dish and

dried in an oven at 40 °C.

2.3. Experimental Procedure

In this study, gamma radiation attenuation was investigated using PLA/PEG composites with
different ratios of C. gallina shells. In this study, a 3"x3” sized thallium-activated sodium iodide
(Nal(T1)) scintillator detector was used to measure the attenuation of gamma radiation. The attenuation
coefficients of gamma radiation and other relevant parameters were calculated by measuring I and o at
three specified energy levels (0.662, 1.173 and 1.332 MeV). The Nal(TI) scintillator detector works on
the principle of atomic excitation and is widely used in the study of gamma rays.

The experimental setup shown in Figure 1 is based on the interaction of gamma rays emitted from
a radioactive source with a scintillator material after passing through a protective barrier. This interac-
tion produces low-energy photons. These photons hit the photocathode of the detector and cause pho-
toelectrons to break off. The photoelectrons are accelerated and multiplied in the photomultiplier tube.
As a result, an output signal proportional to the intensity of the radiation is obtained and counted. Re-
liable data was collected by counting for a total of 1000 seconds for each sample. This method is critical
for a detailed assessment of the extent to which various materials attenuate gamma radiation.
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Figure 1. The experimental setup [3].

3. Conclusion and Discussion

The energy levels of each isotope provide important information for analysing nuclear decay
processes and the radioactive properties of the material. When white sand mussel shell is added to the
polymer material, it changes the physical and chemical properties of the material. Figure 2 shows how
the ability of the material to protect against gamma rays is affected by the changes in the gamma ab-
sorption coefficients as the percentage of seashell addition to the polymer increases. HVL (cm) and RPE
(%) values of PLA/PEG composites doped with C.gallina shells at different ratios (Pure PLA/PEG,
2.5%, 5.0%, 10%, and 15%) at gamma energies of 661.62 keV, 1173.23 keV, and 1332.51 keV are
shown in Table 1.

Table 1. Half value layer (HVL) and absorption percentages

Energy 661.62 (keV) 1173.23 (keV) 1332.51 (keV)
HVL wp RPE HVL wp RPE HVL wp RPE

Sample I/lo 1/o I/lo
(cm)  (m*g?) (%) (cm)  (m*g?) (%) (cm)  (em*g™) (%)
Pure 0.987 1.316 0.044 13 0.991 1.906 0.031 0.9 0.978 0.769 0.075 22
%2.5 0.983 1.030 0.056 1.7 0.989 1.517 0.038 11 0.977 0.749 0.077 23
%05.0 0.980 0.850 0.067 2.0 0.987 1.305 0.044 13 0.975 0.698 0.081 25
%10 0.972 0.615 0.089 28 0.971 0.591 0.093 2.9 0.970 0.566 0.097 3.0
%15 0.967 0.524 0.102 33 0.967 0.509 0.104 3.3 0.968 0.533 0.103 3.2
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Figure 2. Linear absorption coefficients of PLA/PEG blend composites doped with C. gallina shells.

In the graph, the pink bars represent the gamma counts measured from the detector for the ®Co
radioactive source at the 1173.23 keV energy level, and the green bars represent the ©Co radioactive
source at the 1332.51 keV energy level. The blue bars represent the counts at the 661.62 keV energy
level of *’Cs. Both energy levels of ®°Co show similar trends, as different energy levels of the same
isotope generally have similar decay rates. *¥’Cs generally appear to have lower counts. Therefore, it can
be concluded that the absorption ability is lower at medium and low energies. It shows that the gamma
absorption coefficient increases at all energy levels as the proportion of white sand mussel shell in-
creases. This suggests that higher shell concentrations form more effective shield against gamma rays.
Figure 3 shows the linear absorption coefficients of pure polymer material and different ratios (2.5%,
5%, 10%, and 15%) of shell-doped polymers against different gamma energy levels. The x-axis repre-
sents the different gamma energy levels, while the y-axis represents the gamma absorption coefficient.
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Figure 3. Photon energy versus absorption coefficient results of PLA/PEG blend composites doped with C.
gallina shells.
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The pure polymer has the lowest absorption coefficient, while the absorption coefficient increases
as the seashell content increases. This indicates that the seashell increases its shielding ability against
gamma rays. In particular, the polymer containing 15% seashell has the highest absorption coefficient,
which makes it the most effective shielding doping ratio. In addition to the shell content, absorption
coefficients differ at different gamma energy levels. At low energy levels, the absorption ability of the
polymers doped with white sand mussel shell increases more significantly, while this difference de-
creases as the energy increases. This shows that the polymer material may exhibit different behaviors
depending on the energy of gamma rays. As seen in the graph, the absorption coefficient generally
increases as energy levels increase. This indicates that higher-energy gamma rays should absorb more
energy from the material. However, this trend becomes more complex as the percentage increases.
Especially at high doping ratios (such as 15%), the absorption coefficient appears to increase faster as
the energy increases, indicating that the material is better adapted to higher energy levels. This is an
important factor to consider when selecting materials for high-energy environments. It is important to
understand whether materials with higher absorption coefficients are more resistant to the degradation
and ageing effects caused by radiation. In long-term use, ageing tests and continuous radiation exposure
tests may be required to assess how the performance of the material is affected.

When evaluating the performance of polymers with different doping ratios, factors such as mate-
rial cost and processing difficulty should also be considered. Seashell is an economical and environ-
mentally friendly material for absorbing gamma rays because it is abundant and economical. Further-
more, the potential effects of these materials on human health, especially in areas of intensive use,
should be studied in detail.

HVL is used as a measure to determine how effectively a material attenuates radiation. It expresses
the distance required for the radiation in the material to drop to half its intensity. The HVL plot of sea-
shell-doped polymers against different gamma energy levels is shown in Figure 4. In this graph, the
x-axis represents the different gamma energy levels, and the y-axis represents the mean free path (HVL)
values. Different seashell doping ratios (2.5%, 5%, 10%, and 15%) were added to the pure form, and
their gamma absorption abilities were compared.
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—® 25%C.gallina
1.8 1 —* 5% C. gallina
¥ 10%C. gallina
1.6 15% C. gallina
1.4
e N
e
J 1.2
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1.0 — .
0.8 - .
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Figure 4. Half value layer (HVL) versus photon energy of prepared samples
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Looking at the shielding performance of the material produced depending on the HVL values, the
pure polymer has the highest HVL values in the graph. This shows that it attenuates the radiation the
least. In other words, depending on the molecular structure of the pure polymer, it blocks and absorbs
gamma rays less. Gamma rays can travel longer distances in pure polymers. As the shell ratio increases,
HVL values decrease. In other words, radiation is reduced to half its intensity at shorter distances. This
suggests that higher shell ratios attenuate radiation more effectively and provide better protection. When
the graph is interpreted in terms of the variation of gamma energies, the effect of energy levels also
affects the absorption ability. As the gamma energy levels increase, the HVL values of all materials
decrease. At higher energy levels, since the radiation performs better, the distance required for the
radiation in the material to drop to half its intensity decreases. Therefore, it shows that the studied
material can provide more effective protection against high-energy radiation. This is in agreement with
Figures 2 and 3. High radiation resistance is critical, especially in space applications and extremely
radiated environments such as nuclear reactors.

At different gamma-ray energy levels (for ©*’Cs and °Co), the results of the percentage ratio of
shell-doped polymers attenuating radiation are shown in Figure 5. The x-axis represents the percentage
of shell-doped polymers, and the y-axis represents the percentage of these materials attenuating gamma
rays.

3,5 ™ (Cs-137 (661.62 keV)

—®Co-60 (1173,23 keV) °

—* " Co-60 (133251 keV) ==

3,0

2,5
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Pure %2.5 %5 %10 %15
% rate

Figure 5. Radiation protection efficiency (RPE) results of C. gallina shells-PLA/PEG blend composites

Higher-energy gamma rays (®°°Co) were found to provide better attenuation at higher shell ratios
than lower-energy *'Cs rays. **’Cs (661.62 keV) is indicated by the grey line. It shows that at this
energy level, the attenuation rate increases as the percentage of white sand mussel shell increases and
then remains almost constant. It can be concluded that no significant increase in the extra attenuation
rate can be obtained after a certain percentage of white sand mussel shell. For ®°Co, two different energy
levels (1173.23 and 1332.51 keV) showed similar trends. However, the blue line at the ®Co (1332.51
keV) energy level presents a higher attenuation ratio than **’Cs, even at a high shell percentage.
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4, Conclusion

The use of seashell-doped polymers can be suggested as a potential material for radiation shielding
applications. If the material is to be more effective at absorbing gamma rays, increasing the seashell
content can be considered. Since seashell is usually an abundant and economical material, it can offer an
economical and environmentally friendly solution to absorb gamma rays. Seashell-doped polymers can
be used as radiation shielding materials in medical applications such as radiation therapy, medical
imaging, the military, space studies, and industry. It can open new doors in nuclear physics, materials
science, and environmental sciences research and allow these new composite materials to be investi-
gated on a larger scale. Higher shell ratios may be more effective in protecting against high-energy
gamma radiation, in particular. Although higher shell ratios provide better radiation protection, the
impact of this ratio on the cost, process ability, and overall sustainability of the material should also be
considered. An optimal shell concentration should provide a favorable balance between cost and per-
formance. As seashell is a natural material, the use of such materials is generally considered more
environmentally sustainable. However, the environmental impacts during the collection, processing,
and disposal of white sand mussel shell need to be carefully assessed.
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Abstract: This study investigates the adsorption capabilities of TisC,Tx MXene to
remove Basic Red 46 (BR 46) dye from aqueous solutions. Azo dyes such as BR 46 are
common pollutants from textile industries and pose significant ecological and health
risks due to their toxicity and persistence. Current removal methods face efficiency
issues affected by dye composition, pH, and other contaminants. Advanced oxidation
processes (AOPs) and adsorption methods are promising but require optimization for
practical application. MXenes, two-dimensional transition metal carbides/nitrides, offer
high adsorption capacity and stability. In this study, the titanium aluminum carbide
(TisAIC;) MAX phase was exfoliated using lithium fluoride (LiF)+hydrochloride acid
(HCI) to synthesize TisC,Tx. Characterization techniques including Fourier transform
infrared spectrometry (FTIR), X-ray diffraction (XRD), and scanning electron mi-
croscopy (SEM) were used to analyze the material. The study examined the effects of
various reaction conditions such as pH, MXene dosage, and initial dye concentration on
BR 46 adsorption. The results show that TizC,Tx MXene is an effective adsorbent and
provides a potential solution for removing toxic dyes from wastewater. This study
contributes to developing efficient, cost-effective, and sustainable methods to reduce
dye pollution in water resources.

Keywords: MXene; adsorption; azo dye; LiF/HCI

Arastirma makalesi

BR 46 Adsorpsiyon Uygulamasi: LiF/HCl Asindirma Yoluyla TizC>Tx’nin
Yerinde HF Uretimi

Ozet: Bu calisma, TisC,Tx MXene’in sulu ¢ozeltilerden Basic Red 46 (BR 46) bo-
yasini uzaklastirma konusundaki adsorpsiyon yeteneklerini arastirmaktadir. Azo
boyalar sinifindan olan BR 46, tekstil endiistrisinden kaynaklanan yaygin kirleticiler
arasinda yer almakta olup, yiiksek toksisiteleri ve kaliciliklar1 nedeniyle ciddi ekolojik
ve saglik riskleri olusturmaktadir. Mevcut giderim yontemleri, boya bilesimi, pH ve
diger kirleticiler gibi faktorlerden etkilenerek verimlilik sorunlariyla karsilasmaktadir.
Gelismis oksidasyon islemleri (AOP’ler) ve adsorpsiyon yontemleri umut vadetmekle
birlikte, pratik uygulama igin optimizasyon gerekliligi devam etmektedir. iki boyutlu
gecis metali karbiir/nitriir yapilarindan olusan MXeneler, yiiksek adsorpsiyon kapa-
sitesi ve kimyasal stabiliteleri sayesinde dikkat ¢ekmektedir. Bu ¢alismada, titanyum
aluminyum karbir (TisAlC;) MAX fazi, lityum floriir (LiF) ve hidroklorir asit (HCI)
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kullanilarak pul pul dokiilmiis ve TizCoTx elde edilmistir. Elde edilen malzemenin
ozelliklerini degerlendirmek amaciyla Fourier Doniisiimii Kizilotesi Spektrometresi
(FTIR), X-Isin1 Kirmimi (XRD) ve Taramali Elektron Mikroskobu (SEM) gibi karak-
terizasyon teknikleri kullanilmistir. Calismada, pH, MXene dozaji ve baslangic boya
konsantrasyonu gibi reaksiyon kosullarinin BR 46 adsorpsiyonu {izerindeki etkileri
incelenmistir. Sonuglar, TisC>Tx MXene’in etkili bir adsorban oldugunu ve atik su-
lardan toksik boyalarin giderilmesinde potansiyel bir ¢dziim sundugunu ortaya ko-
ymaktadir. Bu arastirma, su kaynaklarindaki boya kirliligini azaltmaya yonelik verimli,

maliyet etkin ve siirdiiriilebilir yontemlerin gelistirilmesine katki saglamaktadir.

Anahtar Kelimeler: MXene; adsorpsiyon; azo boya; LiF/HCI

1. Introduction

Dyestuffs, particularly azo dyes, are significant pollutants in aquatic environments, originating
mainly from textile dyeing processes [1,2]. Azo dyes, constituting a large portion of commercial dyes,
are highly toxic due to the presence of mutagenic nitro groups, leading to the generation of harmful
byproducts like 1,4-phenylenediamine and o-tolidine [1]. These dyes adversely impact aquatic eco-
systems by inhibiting photosynthesis, reducing dissolved oxygen levels, and disrupting the behavior
and reproduction of aquatic organisms [2,3]. Furthermore, they can bioaccumulate, entering the food
chain and posing serious health risks to both aquatic life and humans [4]. Continuous monitoring of
azo dyes in water sources is crucial due to their widespread application and environmental persistence,
emphasizing the necessity for effective removal methods to mitigate their ecological implications [1].

Developing effective treatment methods for removing dyestuffs pollutants, particularly azo dyes,
from water sources is crucial due to the severe environmental and health risks they pose [5]. Tradi-
tional wastewater treatments have limitations, necessitating the exploration of AOPs like photocataly-
sis and supercritical water oxidation for efficient dye degradation and removal [6]. While these pro-
cesses are effective, adsorption methods have emerged as an alternative due to their high removal effi-
ciency, ease of operation, cost-effectiveness, and recyclability of adsorbents [7]. Adsorption is partic-
ularly advantageous for industries like textiles, where wastewater often contains high levels of color,
total dissolved solids, and hazardous metals [8].

Current methods for removing dyestuffs such as BR 46 face several challenges [9]. Physi-
co-chemical methods are influenced by factors like the chemical composition of the dye, pH, temper-
ature, and the presence of other pollutants, impacting the efficiency of removal [10]. AOPs such as
using non-thermal plasma reactors have shown promising results but often require complex setups and
high-energy inputs [9]. By contrast, adsorption methods are more straightforward, offering the poten-
tial for selective dye removal using efficient and inexpensive nano-adsorbents [11]. Heterogeneous
Fenton-like catalysts and carbon-silica composites have been explored, but challenges remain regard-
ing catalyst deactivation and the disposal of exhausted materials [12,13]. These limitations highlight
the need for innovative adsorbents that address these issues.
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MAX phases are a family of layered ternary carbides and nitrides with the general formula
Mn+1AX,, where M is an early transition metal, A is an A-group element, and X is carbon or nitrogen.
Combining the best properties of metals and ceramics, they exhibit exceptional fracture toughness,
high strength, hardness, and damage tolerance, enabling resistance to mechanical stresses. Their
unique layered structure, with altering metallic (M), group element (A), and carbon/nitrogen (X) layers,
underpins these remarkable characteristics [14].

MXenes, initially synthesized in 2011 by etching MAX phases with HF to achieve their
unique accordion-like structure and mixed surface terminations (—OH, —O, —F) [15], have since been
produced through safer and scalable methods [16]. In 2014, Ghidiu et al. introduced a safer approach
using in-situ synthesis of HF by combining LiF and HCI, which both etches the MAX precursor and
improves experimental safety [17]. In this study, the TisAlC; MAX phase was exfoliated using in situ
synthesis of HF by combining LiF and HCI, a safer and more cost-effective method, to synthesize
TisC,Tx. MXenes have unique properties like a large specific surface area, good electrical conductivity,
and tunable interlayer spacing [18]. These characteristics make them highly efficient for pollutant
adsorption, including dye contaminants, and valuable materials for adsorption studies [19].

Adsorption presents several advantages over other treatment methods for removing dyestuffs
like BR 46, including simplicity, cost-effectiveness, and the potential for adsorbent recyclability. In
this study, the adsorption process was selected over AOPs because of its operational simplicity, lower
energy requirements, and suitability for large-scale applications. Many characterization methods FTIR,
XRD, and SEM were applied to the synthesized MXene material to evaluate its adsorption perfor-
mance under varying conditions (pH, MXene dose, and initial BR 46 concentration). The study aims
to explore the potential of TisC,Tx MXene as an efficient and sustainable adsorbent for removing BR
46, addressing current gaps in knowledge and offering a cost-effective solution for wastewater treat-
ment.

2. Materials and Methods
2.1. Materials

TizAlIC; (known as MAX Phase Micron Powder with an average particle size of 325 Mesh and a
purity of more than 99 percent) was acquired from Nanografi. The dye BR 46 was sourced from DyS-
tar and utilized in its as-received state without undergoing any purification processes. Reagent-grade
water was generated using a Millipore Milli-Q Ultrapure Gradient 3 V purification setup. LiF, sodium
hydroxide (NaOH), HCI, sulfuric acid (H2SO4), and ethanol were purchased from Sigma Aldrich,
Merck, and ISOLAB respectively.

2.2. Characterization Studies

XRD analysis was conducted using the PANalytical Empyrean XRD instrument, FTIR was per-
formed with the Jasco FT/IR 6700 from Jasco Inc., the SEM utilized was the Hitachi SU3500, and
UV/Vis spectrophotometry was carried out using the PerkinEImer UV/Vis Lambda 365 instrument.
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2.3. The Synthesis Procedure of MXene

Ti;C,Tx MXene synthesis was carried out following methods adapted from the literature [20,21].
TisAlIC; (1 g) MAX phases were subjected to reaction with 1.88 g LiF and 28 mL HCI (33.13%) for 57
hours at a temperature of 60 °C within a water bath (GFL Shaking Water Bath 1083). The resulting
mixture underwent centrifugation (Niive 400 NF) for 5 minutes at 4100 rpm, following which the su-
pernatant was carefully decanted before introducing 25 mL of deionized water and ethanol into the
suspension. Subsequent centrifugation steps were carried out at 4100 rpm for 30 minutes until the pH
of the supernatant reached approximately 7. The dispersed sample was then placed in 100 mL ethanol
and subjected to sonication (FS-300N Ultrasonic Homogenizer) for 20 minutes under a nitrogen at-
mosphere. Post-sonication, the sample was dried in a vacuum oven at 60 °C for 24 hours.
2.4. Adsorption Procedure

In the batch adsorption experiments, the effects of the solution's initial pH, the amount of adsor-
bent, and the initial dye concentration on the removal efficiency of BR 46 dye were analyzed. The dye
solutions were prepared at the desired concentrations by diluting a stock solution. After adjusting the
pH of the prepared dye solutions, specific amounts of adsorbent were added, and the mixtures were
placed in an orbital shaker (Gallenkamp) at a constant temperature and agitated at 180 rpm. Samples
were taken at predetermined intervals and centrifuged using a Niive 400 NF centrifuge at 4100 rpm for
2 minutes to separate the solid and liquid phases. The absorbance of the liquid samples was measured
with a PerkinElmer UV/Vis Lambda 365 spectrophotometer, and dye concentrations were determined
using a previously established calibration curve. The initial phase of the adsorption experiments inves-
tigated the effect of pH on dye removal by varying the pH levels while keeping other parameters con-
stant. The pH was adjusted to the desired levels using dilute H.SO. and NaOH solutions. Next, the
effect of different amounts of adsorbent was studied to understand its impact on dye removal. Finally,
the influence of the initial dye concentration was assessed at concentrations ranging from 50 to 100
mg/L. The removal rate (R, %) (Eq. 2.1) was calculated using the formula:

Co—-Ct

R (%) = 100 X (2.2)
Where Co (mg/L) and C; (mg/L) are the initial concentration of the solution (mg/L) and the con-
centration of the solution at time t.

3. Results and Discussion

3.1. Characterization of TisC,Ty

Figure 1 displays the matching XRD patterns of MAX and MXene for comparison. The shift in
intensity peak at 37.91° is substantially smaller, suggesting that Al layers in TisAlC, can be removed
efficiently and with ease [22]. The MAX precursor's strongest signals of 38.69° (104 plane) and 19.08°
(004 plane) vanish, and the Al layers are nearly etched away [23]. The planes of TisC, (0 0 8), (0 10),
and (1 1 0) correspond to the typical peaks (Fig. 1) of TisC; at 20 = 34.65°, 41.79°, and 60.6°, respec-
tively [24].
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Figure 1. Patterns of TisAIC; (MAX) and TisC,Tyx (MXene) X-ray diffraction (XRD)

The SEM pictures of the synthesized TisC,Tx before and after adsorption are displayed in Fig-
ures 2(a) and (b), respectively. As observed in Figures 2(a) and 2(b), the SEM images indicate signifi-
cant morphological changes before and after the adsorption process. In particular, the etching of the
A-layer and the disintegration of the weak M—A connection in the MAX phase result in a unique ac-
cordion-like multilayer structure, as seen in Figures 2(a) and (b) [25]. Before adsorption, the TisC,Tx
surface exhibits a well-defined layered structure. After adsorption, the layered structure appears
slightly more compacted or obscured, possibly due to the coverage of dye molecules (BR 46) on the
surface. These changes confirm the effective interaction of BR 46 dye with the active sites on the
TisC,Ty surface, suggesting successful adsorption and structural modification during the process.
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Figure 2. SEM pictures of TisC,Tx (a) before adsorption and (b) following adsorption

The FTIR spectra of Ti;C,Tx before and after BR 46 adsorption (Fig. 3) highlight the presence of
key functional groups on the MXene surface. The peak at 3045 cm™ before adsorption is attributed to
O-H stretching, confirming the presence of hydroxyl groups on the material surface. The strong
0O=C=0 stretching peak at 2322 cm™" before adsorption suggests the existence of carboxyl or related
functional groups, which are protonated at low pH, enhancing electrostatic interactions with BR 46
molecules. After adsorption, the O=C=0 peak shifts to 2363 cm™', reflecting interactions between the
dye molecules and the MXene surface. Additionally, the peak at 582 cm™ corresponds to C-ClI
stretching, validating the successful synthesis of TisC,Tx through LiF+HCI etching. The appearance of
a strong C-Br stretching peak at 575 cm™ after adsorption indicates a chemical interaction between BR
46 and the MXene material, further supporting the adsorption process.

MXene (before adsorption)

T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Figure 3. The TisC,Tx FTIR spectra both before and following BR 46 adsorption
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3.2. Adsorption performance of Ti;C,Tx on BR 46

3.2.1. Effect of initial pH

The experiment was conducted with an initial concentration of 50 mg/L of BR 46 and a pH be-
tween 2 and 11. Figure 4 illustrates the effect of initial pH on the adsorption efficiency of BR 46 dye,
with the natural pH of the solution measured at approximately 5.5. The results show that adsorption
efficiency is highest at pH 2, where nearly 100% removal is achieved in a short period. As the pH
increases, adsorption efficiency generally decreases, consistent with the protonation and deprotonation
behavior of the surface functional groups. This was caused by the material's surface's reactive func-
tional groups, like hydroxyl and carboxyl groups, being protonated at low pH. In the meanwhile, H*
and BR 46 in the solution were competently adsorbed by BR 46, a cationic dye [26]. However, an
anomalous dip in adsorption efficiency is observed at pH 7, where the lowest removal efficiency oc-
curs. TisC,Tx's adsorption effectiveness on BR 46 exhibited a slight upward trend between pH 7.0 and
pH 11.0. This was mostly caused by the TisC,Tx surface hydroxyl groups gradually deprotonating as
the pH rose. TisC,Tx and positively charged BR 46 were able to interact more electrostatically as a
result of the increased negative charges on its surface [27]. For the experiments that followed, pH 2
was selected because of its great adsorption effectiveness.
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Figure 4. Effect of the solution pH on BR 46 adsorption by TizC,Tx (conditions: BR 46 concentration = 50 mg/L,

temperature = 25°C, and MXene concentration =2 g/L)
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3.2.2. Effect of MXene dosage

To investigate how adsorbent dosage affected the adsorption process, 1, 2, 4, 6, and 8 g/L of
MXene were sequentially added to the solution under the following conditions: 50 mg/L initial BR 46
concentration at 25 °C, 90 min of adsorption contact time. Up until a certain point, Figure 5 illustrates
how improving the MXene dosage enhances the adsorption efficiency [28]. A dose of 2 g/L of MXene
was optimum. As seen in Figure 5, the adsorption efficiency does not increase significantly beyond
this dosage. Similarly, it has been reported that as the adsorbent dosage increases beyond a certain
point, the adsorption intensity remains constant, and the adsorption amount becomes independent of
the adsorbent dose [29]. At 2 g/L, the adsorption sites on MXene reached saturation, which caused the
adsorption efficiency to flatten. No discernible improvement was achieved when additional MXene
was added since it did not increase the number of accessible sites for BR 46 to adsorb [30]. For the
next experiment, a 2 g/L MXene dosage was used based on the economy and adsorption efficiency.
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Figure 5. Effect of the MXene dosage on BR 46 adsorption by TisC,Tx (conditions: BR 46 concentration = 50
mg/L, temperature = 25°C, and pH = 2)

3.2.3. Effect of initial BR 46 concentration

Figure 6 shows the BR 46 removal efficiency with MXene versus time for initial BR 46 concen-
trations of 50, 75, and 100 mg/L. Experiments were performed under constant conditions (MXene
dosage: 2 g/L; pH: 2; temperature: 25 °C). Higher initial concentrations of BR 46 achieved higher
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removal percentages over time. Equilibrium adsorption capacity increased with higher initial concen-
trations of BR 46 (Table 1). This is seen as the adsorption capacity reaches higher values at higher
initial concentrations. This suggests that the adsorption process is driven by the presence of active sites
on MXene and the concentration gradient [31]. Higher initial concentrations have also been shown to
enhance the driving force of the concentration gradient, facilitating faster diffusion of the adsorbate to
the adsorbent surface and increasing the adsorption capacity until saturation is reached [32].

Table 1. The equilibrium uptake capacities and adsorption efficiencies obtained at different ini-
tial BR 46 concentrations

Comg/L ge Mg/g Adsorption (%)
50 24.99 99.98
75 37.19 99.16
100 47.05 94.1
100 - P : : |
S J .
< 80 A B Basic Red 46:50 mg/L
© ® Basic Red 46:75 mg/L
3 A A Basic Red 46:100 mg/L
£ 60 4
4 ~
©
<
D 40
xx
2
0
©
m 20 4
O i I i I i I i I i
0 20 40 60 80 100
Time (min)

Figure 6. Effect of initial BR 46 concentration on BR 46 adsorption by TizC,Tx (conditions: MXeneconcentra-

tion = 2 g/L, temperature = 25 °C, and pH = 2)
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4. Conclusions

This study successfully demonstrates the high adsorption capacity of TizC,Tx MXene for the re-
moval of BR 46 dye from aqueous solutions. The synthesis of TizC,Tx from the TisAIC; MAX phase
using LiF+HCI was confirmed through FTIR, XRD, and SEM characterization, showing the formation
of a typical accordion-like multilayer structure conducive to adsorption. Maximum BR 46 removal
efficiency of 99.98% was achieved under optimal conditions of pH 2, 2 g/L Ti3sC,Tx dosage, 50 mg/L
BR 46 concentration, and 60 min contact time. The findings of the study highlight the potential of
TisC,Tx MXene as a highly effective adsorbent in removing toxic dyes from wastewater and offering a
promising solution for environmental pollution control. The high adsorption efficiency, stability, and
relatively simple synthesis of MXene make it a suitable option for practical applications in wastewater
treatment.
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Ozet: Hardox 500 asmma ve kirilmalara kars1 direngli, yiiksek sertlik ve mekanik
mukavemete sahip sertlestirilmis bir ¢eliktir. Bu yiiksek mekanik 6zellikler bu mal-
zemenin islenebilirligini sinirlamaktadir. Bu ¢alismanin amaci islenmesi zor olan
Hardox 500 ¢eligine farkli sogutma yontemleri ve isleme parametrelerinin uygulan-
masiyla iglenebilirligini artirmaktir. Endiistriyel agidan 6énemli bir malzeme olan Har-
dox 500 celiginin gesitli kesme ortamlar1 kullanilarak islenebilirligini artirmak amag-
lanmistir. Farkli ilerleme hizlari, kesme hizlar1 ve sogutma yontemlerinin ylzey pi-
riizliiliigiine, kesme sicakliklarina, takim asinmasina olan etkisi incelenmistir. Deneysel
sonuglara gore Minimum miktarda yaglama (MMY) yontemi yiizey kalitesini artirdigi
ve yan yiizey asinmasi ile kesme sicakliklarini diisiirdiigii goriilmiistiir. Kuru kosullara
gore MMY yontemi kullanilarak yiizey piirtizlilliigiinde yaklasik %20-30, kesme si-
cakliginda yaklasik %15-35 yan yiizey asinmasinda %22-30 oraninda iyilesme elde
edilmistir. Yiizey kalitesini optimize etmek i¢in yiiksek kesme hizi ve diigiik ilerleme
hizlarinin segilmesi gerektigi goriilmiistiir. Yiiksek kesme hiz1 ve ilerleme hizi siir-
tiinmeyi artirarak sicakligi artirmustir.

Anahtar Kelimeler: Delme; Hardox 500; kesme sicakligi; MMY ; yiizey piiriizlilugi

Investigation of the Effect of Minimum Amount of Lubrication Method on
Surface Roughness and Cutting Temperature in Drilling Hardox 500 Steel

Abstract: Hardox 500 is a hardened steel that is resistant to wear and breakage, has
high hardness and mechanical strength. These high mechanical properties limit the
processability of this material. The aim of this study is to increase the machinability of
Hardox 500 steel, which is difficult to process, by applying different cooling methods
and processing parameters. A new approach has been applied using various cutting
media to increase the machinability of Hardox 500 steel, an industrially important
material. The effects of different feed rates, cutting speeds and cooling methods on
surface roughness, cutting temperatures and tool wear were examined. According to
experimental results, it has been observed that the minimum amount of lubrication
(MMY) method improves the surface quality and reduces flank wear and cutting tem-
peratures. Compared to dry conditions, by using the MMY method, approximately
20-30% improvement in surface roughness, approximately 15-35% improvement in
cutting temperature, 22-30% improvement in flank wear was achieved. It has been
observed that high cutting speed and low feed rates should be selected to optimize
surface quality. High cutting speed and feed rate increased the temperature by increa-
sing the friction.
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1. Giris

Yiiksek sertlik ve aginma direncine sahip olan malzemelerin endiistride kullanimi1 yaygindir ve
kullanim 6mrii 6nemlidir [1]. Yiiksek tokluk ve sertlie sahip olan Hardox celigi karbon ve alasim
elementlerinin (Mn, Cr, Ni, Mo, B) birlesiminden dolay1 martenzit yap1 olusturmak igin 6zel bilesime
sahip bir levhadan elde edilir [2—4]. Yiiksek mekanik 6zelliklerinden dolay1 kiricilarin ve dislilerin
caligma Omriinii artirmak i¢in kullanilmaktadir [5,6]. Yiiksek mukavemet, siineklik ve tokluk Hardox
celiklerinin islenebilirligini etkilemektedir [7]. Isleme esnasinda yiiksek kesme kuvvetleri olustururken
kesme sicakligini artirarak takim asimasini artirir [8]. Talag yiizeyinde birikme tabakasinin olugsmasi
nedeniyle Hardox celiklerinin islenmesinde zorluklar yaganmaktadir [9].

Isleme, bir is parcasinin teknik gerekliliklere uygun olarak son sekil ve boyuta getirildigi cesitli
siireglerden biridir. Bunlar arasinda, delme islemi delik olusturmada 6nemli bir rol oynar. Kesme bol-
gesindeki siirtlinme ve kesme bolgesi sicakligi delmede isleme performansini etkiler [10]. Kesme bol-
gesi sicakliginin artmasi takim 6mriiniin azalmasini ve yiizey kalitesinin bozulmasina yol acar [11]. Bu
olumsuz durum kesme sivist kullanilarak giderilebilir. Delme isleminde talagh imalatta kesme sivila-
riyla sogutma sivisi uygulanmaktadir. Ancak modern endiistride kullanilan kesme sivilar gevre iize-
rinde olumsuz etkilere sahiptir. Bu sebeple ¢evre {izerindeki bu olumsuz etkileri 6nlemek i¢in farkli
sogutma yontemlerine yonelik calismalar gelistirilmistir. Metal kesme sivisinin azaltilmasi bu sorunlara
¢dziim yolu olarak kabul edilmistir [12]. Onerilen alternatif yontemler arasinda kuru, basingli ve mi-
nimum miktarda yaglama (MMY) yontemleri delme islemlerine uygulanmaya baslanmistir. MMY
yonteminde kesme bolgesine sogutma sivisinin ulagsmasi i¢in yiiksek hava basinci uygulanir. Bu sayede
az miktarda sogutma sivisi kesme bdolgesine ulasarak bir yag filmi olusturulur. Bu yag filmi kesme
bolgesindeki talaslarin atilmasi esnasinda tekrarlanan yiikii azaltarak kesme kuvvetini diistrtir [13].
MMY teknigi kesme s1vist tiikketimini en aza indirdigi, cevre ve operatdr sagligi tizerine etkileri azalttig
i¢in siirdiiriilebilir ve ¢evre dostu bir sogutma teknigi kabul edilir [14]. MMY yonteminin islenebilirlik
tizerindeki etkileri iizerine ¢ok sayida arastirma yapilmistir. Bhowmick vd.[15] magnezyum alasimla-
rinin mikro delmesinde MMY ve kuru islemenin takim asinmasina ve itme kuvvetine olan etkisini
incelemiglerdir. MMY yonteminin kuru islemeye gore takim aginmasini ve itme kuvvetini azalttigini
belirlemiglerdir. Nam ve Lee [16] MMY yonteminin titanyum alasimlarinin delinmesinde itme kuv-
vetlerini ve delme torklarini minimuma indirdigi sonucuna varmiglardir. Sun vd. [17] MMY yénteminin
takim Omriini kuru islemeye gore %80 oraninda artirdigini belirlemiglerdir. Chatha vd. [18] yuksek
hizli gelik takimini kullanarak MMY yontemiyle Al 6063’in delme performansini incelediler. MMY
yonteminin siirtiinme kuvvetini azalttig1 ve boylece kesme sicakligini azaltarak takim omriinii artirdi-
gin1 gozlemlemislerdir.

Kesme sicakligi ve kesici takim aginmasi1 Hardox celikleri gibi islenmesi zor olan malzemelerin
islenmesinde 6nemli kriterlerdir. Yapilan incelemelerde Hardox 500 geliginin delme ile islenmesinde
MMY yonteminin uygulandigi ¢ok az ¢alisma oldugu goriilmiistiir. Bu nedenle bu calismada Hardox
500 celiginin delinmesinde iki farkli sogutma yontemi (kuru, MMY) ve farkli kesme parametrelerinin
(kesme hizi, ilerleme hiz1) kesme sicakligi ve takim dmriine olan etkisi incelenmistir.

2. Materyal ve Metod

Delme deneyleri i¢in kurulum modeli Sekil 1°de gdsterilmistir. Deneyler CNC frezede (Jetco 3
axis CNC- Cin) gerceklestirildi. Kesme sicakligini 8lgmek i¢in termal kamera (Testo 883; Almanya), is
parcasinda olusan ortalama yiizey piiriizliiliik (Ra) degerleri profilometre (MITUTOY O-SJ-20, Japon-
ya) yardimiyla Ol¢lilmiistiir. Sogutma sisteminde WERTE marka STN 40 model minimum miktarda
yaglama iinitesi kullanilmistir. Sistemde ayrica sogutma sivisinin kesme bdlgesine aktarilmasi igin
basinct saglayan kompresor kullanilmistir. Kesme sivisinda hazirlama 1/20 oraninda boraks-etilen
glikol karigimi igerisine hacimce % 1 oraninda nano boyutlu Al,Os partikiil eklenmistir. Karigimdaki
Al203 nano partikiller 50-100 nm boyutlarindadir. Delme deneylerinde 100x90x10 mm boyutlarinda is
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parcalar1 kullanilmistir. Hardox 500 ¢eliginin kimyasal 6zellikleri Tablo 1°de verilmistir. Net gdzlemler
yapmak i¢in her deneyde kullanilmamis 10 mm g¢apinda HSS kesici takimlar kullanilmigtir. Kesme
parametrelerinin etkilerinin degerlendirilmesi i¢in ti¢ farkli kesme hiz1 ( 25, 35, 45 m/dak), g ilerleme
hiz1 (0,03, 0,06, 0,09 mm/dev) ve iki sogutma yontemi (kuru, MMY) olmak {izere 18 adet deney ger-
ceklestirilmigtir. Her deney numunesinde 6 adet delme yapilmistir. Kesici takimlarin takim asinma
degeri Olgiiliirken 5 adet 6lglim sonundaki agmmma degerleri optik mikroskop (Nikon Eclipse MA100;
Japonya) ile ol¢iilmiistiir. Deneysel parametreler Tablo 2°de verilmistir. Sekil 2’de kesici takim ve

delme sonrasindaki is parcasinin fotografi verilmistir.

Tablo 1. Hardox 500 ¢eliginin mekanik ozellikleri ve kimyasal bilesimi

Element Agirlikca Parametre Deger
Fe 93,765 Akma dayanimu 1250
(MPa)
C 0,3 Cekme dayanimi 1400
(MPa)
Si 0,7 Uzama (%) 10
Mn 1,6 Sertlik aralig 470-530
(HBW)
P 0,02 Sertlik aralig1 49-50
(HRC)
S 0,01
Cr 1,5
Ni 1,5
Mo 0,6
B 0,005
Tablo 2. Deneysel parametreler
Parametre Birimler Seviye 1 Seviye 2 Seviye 3
Kesme hizt (m/dak) 25 35 45
Sogutma yontemi - Kuru MMY
Isleme y&ntemi - Geleneksel
[lerleme hizi (mm/dev) 0,03 0,06 0,09
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Kesici Takim
i§ parcasi
CNC Makine Tablasi

Sekil 1. Deney diizenegi

Sekil 2. Kesici takim ve is pargasi

3. Bulgular ve Tartisma
3.1. Yiizey piiriizliliigi

Ylzey piiriizliiligi is parcasi yiizey kalitesi degerlendirmesi i¢in dnemli bir parametredir. Yiizey pii-
rizliilligii is parcasinin yorulma mukavemetini, temas sertligini ve korozyon direncini etkileyebilir

410



International Journal of Pure and Applied Sciences 10(2); 407-417 (2024)

[19,20]. Diisiik yiizey kalitesi is parcasi performansini bozar ve ig pargasi beklenen émriinden dnce
bozulur [21]. Cesitli isleme parametrelerinin delme performansini degerlendirmek igin farkli kesme
hizi, ilerleme hiz1 ve sogutma yontemlerinin yiizey piiriizliiligiine olan etkisi incelenmistir. Olas1 yiizey
pliriizliliik 6l¢iim hatalarini minimize etmek amaciyla her bir test numunesinin 5 farkli bolgesinden
alinan Olgiimlerin ortalamasi dikkate alinmigtir. Sekil 3’e gore yiizey piiriizliliik degerleri incelendi-
ginde kesme hizinin artmasiyla ve ilerleme hizlarinin azalmasiyla yiizey kalitesinin arttigr goriillmek-
tedir. Bu Hardox 500 ¢eliginin ylizey kalitesini optimize etmek i¢in yiiksek kesme hizi diisiik ilerleme
hizlarmin segilmesi gerektigi anlamina gelmektedir. ilerleme hizlarimin artmasi kesici takimin is par-
casindan hizla talag almasi nedeniyle is pargasi ylizeyinde oluklar ve tepecikler olusturmasiyla agikla-
nabilir [22]. Kesme hizinin artmasi kesici takim iizerinde talas yigilmasini 6nleyerek yiizey kalitesini
tyilestirir [23]. Sekil 3’de goriildiigi gibi 0.03 mm/dev ilerleme hiz1 ve 45 m/dak kesme hiz1 degerle-
rinde 1,91 um yiizey piiriizliilik degeriyle en diisiik deger elde edilmistir. Bu deger MMY igleme ko-
sullarindadir. Her ilerleme hizi ve kesme hizi degerlerinde MMY ile elde edilen ylizey piiriizliililk
degerleri kuru ile islemeye gore diigiiktiir. MMY yoOnteminin yaglama ve sogutma etkisi nedeniyle
kesme bolgesinde sicakligi, takim asmmasini ve siirtiinmeyi azalmasindan dolayi yiizey kalitesi artar
[24]. Ayrica MMY ’nin ig pargasi iizerinde olusturdugu koruyucu filmin ylizeyde yapisma ve kimyasal
reaksiyonlar1 engeller [25]. Bundan dolay1 kesme bolgesindeki kuru ortama kiyasla titresim egilimini,
termal etkileri ve siirtlinme kuvvetlerini engeller. Yiizey piiriizliiliik degerleri kiyaslandiginda ku-
ru-MMY arasinda yaklasik %20-%30 oraninda daha iyi ylizey kalitesi elde edilmistir.

»
o1

m Kuru

SN

= MMY

0,03/25 0,03/35 0,03/45 0,06/25 0,06/35 0,06/45 0,09/25 0,09/35 0,09/45

[lerleme Hiz1 / Kesme Hizi

Yiizey Piiriizliligi (um)
o = n w
o = (62} N o w o

o

Sekil 3. Farkli sogutma ve isleme kosullarindaki ytizey piirtizliiliik degerleri

3.2. Kesme sicakliklari

Talagl imalatta kesici takimin is par¢casindan talag kaldirmasi esnasinda kesme bolgesindeki is parca-
si-kesici takim arasinda olusan siirtiinme nedeniyle sicaklik artmaktadir [26]. Kesme bdlgesi sicakligi-
nin artigl takim omriinii ve aginmasini1 énemli bir sekilde etkilemesinden dolayi talasli imalatta 6nem-
lidir [27]. Kesme sicakliklar1 ayrica yiizey kalitesinede etki eder. Bu nedenle ylizey kalitesini artirmak
ve takim asinmasim azaltmak icin siirtiinmeyi ve kesme bolgesi sicakligim azaltmak gerekir [28]. Is-
lenebilirligin artirilmasi ig¢in kesici takimin ig parcasina temas ettigi bolgedeki sicakligin azalmasi
gerekmektedir [29]. Etkili sogutma ve isleme ydntemlerinin kullanilmasi igleme performansim ve
kesme sicakliklarimi 6nemli dlgtide iyilestirebilir [30]. Bu yontemlerden biri olan MMY sogutma yon-
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temi ¢evre dostu olma, takim dmriinii iyilestirme, kesme sicakligini azalta, yiizey kalitesini iyilestirme
ve maliyetleri diistirme gibi avantajlar1 olan bir yontemdir [31]. Literatiirdeki arastirmalar sonucunda
elde edilen bilgiler dikkate alindiginda yapilan ¢alisma, minimum sicakligi 6l¢mek i¢in hangi kesme
parametreleri ve sogutma yontemlerinin kullanilmasi gerektigini amaglamaktadir. Sekil 4’e gore kesme
sicakliklar incelendiginde ilerleme hizinin ve kesme hizinin artmasi sonucunda siirtiinme katsayisin
artmasi nedeniyle daha yiiksek kesme sicakliklar elde edilmistir. Kesme hizinin artmasiyla kaldirilan
talas miktarinin artmasi ve kesme bolgesindeki is parcasi-kesici takim temasinin artmasiyla sicakligin
ve siirtiinmenin arttig1 goriilmiistiir [32]. Ilerleme hizimin artmasi kesici takimin talasla temas alam
artmasi sonucunda yiiksek siirtiinme ve sicakliga sebep olmustur [33]. Kuru isleme ile delmede sicak-
liklan diistirmek etkili bir sogutma yontemi degildir. En yiliksek kesme sicakliklar1 kuru islemede 371 °C
ile 0.09 mm/dev ilerleme hizi ve 45 m/dak kesme hizinda elde edilmistir. MMY yonteminin uygulan-
mastyla tiim isleme parametrelerinde kuru islemeye gore sicakligl azaltmistir. Sicakligin diisme sebebi
kesme s1visinda yer alan nano partikiiller ve diger katki maddeleri termal iletkenligi, 1s1 transfer katsa-
yisin1 ve yaglama ozelliklerini iyilestirmesidir [34]. Ayrica kesme s1visinin kesme bolgesine basingli bir
sekilde iletilmesi nedeniyle ara yiizlere daha iyi niifuz etmesinin de etkisi vardir. Kesme sicaklik de-
gerleri kiyaslandiginda kuru-MMY arasinda yaklasik %15-%35 oraninda daha iyi kesme sicakliklar
elde edilmistir.

400
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Sekil 4. Farkli sogutma ve isleme kosullarindaki kesme sicaklik degerleri

3.2. Takim asinmasi

Takim asinmasi talagl imalatta islenebilirlige biiyiik bir etkisi vardir. Talas kaldirma igleminde siirek-
liligi saglamak icin baslangic takim geometrisini korumak kritik bir gérevdir. Bu nedenle takimdaki
asinma durumu tiretkenligin yani sira igleme verimligini artirmada 6nemli bir rol oynar [35]. Takim
asinmasi tek basina bir isleme stiireci olarak goriilse de yiizey piiriizliiligii ve yilizey biitiinliigii gibi tiriin
kalitesi lizerinde de biiyiik etkiye sahiptir [36]. Sekil 5’de farkli kesme kosullar ve sogutma yontemleri
icin takim asinma degerleri verilmistir. Tlerleme hiz1 ve kesme hizinin artmasiyla takim yiizey asinma
degerlerinin arttig1 goriilmistiir. Artan kesme hizlar1 ve ilerleme hizlar sicaklik dahil tiim iiretim ener-
jilerini tesvik eder ve bu durum asinma mekanizmalarmi artirarak siddetli takim asinmalara sebep olur
[37]. Ayrica yiiksek ilerleme hiz1 ve kesme hizi kaldirilan talasi kesici takim-is pargasi arasinda sikis-
tirarak kesici takimi agindirir. Ayni kesme parametrelerinde MMY isleme ile elde edilen takim aginma
degerleri kuru islemeye gore diisiik elde edilmistir.r MMY yonteminde kullanilan nano partikiiller ve
karigimdaki diger maddeler kesme bdlgesi sicakligini azaltarak siirtiinmeyi azaltir [38]. Ayn1 zamanda
MMY ydnteminde basingli olarak gdnderilen sogutma sivis1 kesme bolgesine daha iyi niifuz ederek
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termal gerilmeleri azaltarak takim aginmasini azaltir. Sekil 5’de goriildigii gibi 0.03 mm/dev ilerleme
hiz1 ve 25 m/dak kesme hizi degerlerinde MMY ile islemede 227 um yan yiizey asinma degeriyle en
diisiik deger elde edilmistir. Grafikten elde edilen degeler goz oniine alindiginda MMY ile isleme ile
kesme bolgesindeki siirtiinme ve sicaklik azaltilarak hem asinma ve korozyon gibi etkiler ortadan kal-
dirilmis hem de is parcasi yiizey kalitesini artmistir. Hardox 500 celiginin delinmesinde MMY, takim
yiizey aginmasini kuru iglemeye gore yaklasik %22-%30 oraninda azaltmistir. Sekil 6°da farkli sogutma
yontemine gore kesici takim tizerinde olusan asinma bolgeleri goriilmektedir.

m Kuru

MMY

£ 40
< 350

300
- ‘

0,03/25 0,03/35 0,03/45 0,06/25 0,06/35 0,06/45 0,09/25 0,09/35 0,09/45
flerleme Hizi / Kesme Hizi

Yan yiizey asinmas
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a o u o
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Sekil 5. Farkli sogutma ve isleme kosullarindaki takim asinma degerleri

Kuru MMY
Sekil 6. Farkli sogutma kosullarindaki takim asinma bolgeleri

4. Sonug ve Tartisma

Bu ¢alismada Hardox 500 celiginin delinmesinde yiizey piiriizliliigii ve kesme sicakliklarinin elde
edilmesinde farkli kesme parametreleri ve sogutma yontemlerinin performansi incelenmistir. Temel
sonuclar agagida belirtilmistir.

e Kuru islemeye gore MMY ile daha iyi bir yiizey kalitesi elde edilmistir. Ortalama yiizey pii-
rizliilikleri kiyaslandiginda kuru-MMY arasinda yaklasik %20-%30 oraninda daha iyi yiizey
kalitesi elde edilmistir.
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e Hardox 500 ¢eliginin yiizey kalitesini optimize etmek i¢in yiiksek kesme hizi ve diisiik ilerleme

hizlarinin secilmesi gerektigi goriilmiistiir. En diisiik yiizey piiriizliiliigii degeri MMY ile isleme
kosullari altinda 0.03 mm/dev ilerleme hizi ve 45 m/dak kesme hizi degerlerinde 1.91 pum olarak
ol¢iilmiistiir.

e Kuru ortamda daha yiiksek kesme sicakliklar1 goriilmiistir. MMY yontemiyle elde edilen

kesme sicakliklari her deney parametresinde kuruya gore daha diisiik elde edilmistir. Kesme
sicaklik degerleri kiyaslandiginda kuru-MMY arasinda yaklasik %15-%35 oraninda daha iyi
kesme sicakliklar1 elde edilmistir.

e Ilerleme hiz1 ve kesme hiz1 arttikca kesme sicaklik degerlerinin arttig1 gériilmiistiir. En yiiksek

Olciilen kesme sicakligi kuru islemede 371 °C ile 0.09 mm/dev ilerleme hizi ve 45 m/dak kesme
hizinda elde edilmistir.

e Takim asinmasi iligkin degerler incelendiginde kuru ortamda kesme sicakliklarini artirmast

nedeniyle takim aginma degerlerini artirdig1 goriilmiistiir. MMY yontemi takim yiizey aginma-
sini1 kuru islemeye gore yaklasik %22-%30 oraninda azaltmistir. Bu nedenle kuru ortam Hardox
500 geliginin delinmesinde takim aginmasini azaltmak i¢in en kotii segenek olarak goriilmiistiir

e Diisiik ilerleme hiz1 ve kesme hizi takim aginmasi igin ideal kesme parametresi olarak belir-

lenmistir. 0.03 mm/dev ilerleme hizi ve 25 m/dak kesme hiz1 degerlerinde MMY ile islemede
227 um yan yiizey asinma degeriyle en diisiik deger elde edilmistir. [lerleme hiz1 ve kesme hiz1
sogutma yonteminden sonra ikinci etkili kesme parametresi oldugu goriilmistiir.

Cikar Catismasi

Yazar bu makaleyle ilgili herhangi bir ¢ikar ¢atismasi olmadigini bildirir.

Arastirma ve Yayin Etigi Beyam

Yazar bu ¢aligsmanin arastirma ve yayin etigine uygun oldugunu beyan eder.
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Ozet: Ogiitiilmiis yiiksek firm ciirufu (YFC) ve F smifi ugucu kiil (UK) kullanilarak
alkali aktivasyonlu kompozitlerin yiiksek sicaklik altindaki davranislari bu galisma
kapsaminda incelenmistir. Calismada, alkali aktivator olarak Na,SiO; soliisyonu ile
14 mol konsantrasyonlu NaOH kullanilmistir. Tiim karisimlarda aktivator/baglayici
orani 0.40 olarak belirlenmis ve iiretilen numuneler 90°C aktivasyon sicakligina tabi
tutulacak sekilde ve agirlikca %0 UK-%100 YFC, %75 UK-%25 YFC, %50 UK-%50
YFC, %75 YFC-%25 UK ve %100 UK-%0 YFC kullanilarak seriler hazirlanmistir.
Hazirlanan taze har¢ numuneleri lizerinde yayilma ¢api ve priz siireleri belirlenmistir.
Kaliptan ¢ikartilan numuneler laboratuvar ortaminda 7 ve 28 giin siiresince bekletil-
dikten sonra 20°C (laboratuvar sicakligr), 200°C, 400°C, 600°C ve 800°C yiiksek
sicaklik altindaki performanslari incelenmistir. Yiiksek sicaklik uygulamasi sonra-
sinda numunelerin basing ve egilme dayanimlar1 belirlenerek referans numuneyle
karsilagtirilmistir. Ayrica yiiksek sicaklik oncesi ve sonrasinda numunelerin mikro
yap1 analizleri ger¢eklestirilmistir. Sonug olarak sicaklik artigina bagl olarak hazir-
lanan kompozit numunelerin dayanimlarinda disiisler gézlemlenmistir. En yiiksek
basing dayanimi, egilme dayanimi ve asmma direnci %50 UK-%50 YFC igeren
20°C’de 28 giin bekletilen referans numunelerinde elde edilmistir. En diisiik degerler
ise %75 YFC-%25 UK iceren 800°C’de 28 giin bekletilen numunelerde elde edil-
mistir. Karigimlarda yiiksek UK kullanimu ile (%75 ve %100) 800°C sicaklik uygu-
lamasi sonrasinda dayanim kaybi %30-%50 seviyelerinde kalirken YFC kullaniminin
yiiksek oldugu serilerde yiiksek sicaklik sonrasi basing dayanimi kayiplar1 %660-%80
gibi yliksek degerler almistir.

Anahtar Kelimeler: Alkali aktivasyonlu kompozitler; yiiksek sicaklik; yiiksek firin
cuirufu; alkali aktivator; ugucu kiil

Investigation of High Temperature Performance of Fly Ash and Blast
Furnace Slag Based Alkali Activated Composites

Abstract: In this study, alkali activated composite specimens were prepared using
ground granulated blast furnace slag (YFC) and F class fly ash (UK). NaOH with 14
mol concentration and Na,SiO5 solutions were used as alkaline activators. The acti-
vator/binder ratio was set as 0.40 in all mixtures and series were prepared by using 0%
UK-100% YFC, 75% UK-25% YFC, 50% UK-50% YFC, 75% YFC-25% UK and
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100% UK-0% YFC by weight. The produced samples were subjected to 90°C acti-
vation temperature. The demolded specimens were kept in the laboratory for 7 and 28
days and their performances under high temperatures of 20 °C (laboratory tempera-
ture), 200°C, 400°C, 600°C and 800°C were investigated. The, compressive strength,
flexural strength, tests were performed after determined curing period compared with
the reference specimens. In addition, SEM method was used for microstructure
analysis of the samples before and after high temperature. As a result, decreases in the
strength of the composite specimens prepared due to temperature increase were ob-
served. The highest compressive strength and flexural strength were obtained in the
reference specimens containing 50% UK-50% YFC kept at 20°C for 28 days. The
lowest values were obtained in specimens containing 75% YFC-25% UK kept at
800°C for 28 days.

Keywords: Alkali activated composites; high temperature; blast furnace slag; alka-
line activator; fly ash

1. Giris

Ekonomi ve sanayi alaninda meydana gelen gelismeler, beraberinde enerji ihtiyacini artirmakta ve
neticesinde artan enerji tilketimine kars1 alternatif ¢oziimler gerektirmektedir. Bu ¢6ziimlerden birisi de
sanayisi gelismis bolgelerde bulunan fabrikalardan ¢ikan atiklarin degerlendirilip farkli alanlarda kul-
lanilmasidir. Fiziksel ve mekanik agidan 6n plana ¢ikan performanslari ve ¢evre dostu olmalar1 nede-
niyle, ugucu kiil (UK) ve yiiksek firin ciirufu (YFC) esash alkali aktivasyonlu kompozitler, Portland
¢imentosuna alternatif olarak biiyiik potansiyele sahip olmaya adaydirlar. Literatiirde alkali aktivas-
yonlu kompozitler veya baska bir ifadeyle geopolimerler geleneksel Portland ¢imentosuna alternatif
yeni baglayicilar olarak ifade edilmekte ve genellikle seramik benzeri 6zellikleri nedeniyle iistiin yangin
dayanimi 6zellikleri sagladiklarina inanilmaktadir [1]. Alkali aktivasyonlu kompozit iiretiminde, silis ve
aliimin iceren yapay ya da dogal puzolanik malzemeler (UK, YFC, silis dumani, volkanik kiil, meta-
kaolin, piring kabugu kiilii, volkanik kayaglar) veya dogal puzolanik malzemeler vb.) alkali aktivator-
lerle sentezlenerek aliiminosilikat esasli bir baglayici elde edilir. Bu yolla hem yeterli dayamim ve da-
yanikliligin saglandig1 kompozitlerin iiretimi hem de endiistriyel atiklarin (UK, YFC gibi) yonetimine
katki saglayarak gevresel kazanimlar elde edilir [2-5]. Uretiminde hammaddelerin yiiksek sicaklikta
kalsinasyonuna veya sinterlenmesine ihtiya¢ olmamasi, sadece bazi kisimlarinin goreceli olarak diisiik
sicaklikta firimlanmasi veya 6n islemden gegirilmesine gerek duyulmasi, jellesme isleminin oda sicak-
ligindan 150 °C'ye kadar diisiik sicaklikta tamamlanabilir olmas1 yaninda iiretim siirecinde neredeyse
hi¢ NOy, SOy ve CO firetimi olmamasi ve CO; emisyonlarin da ¢ok diisiik olmasi nedenleriyle alkali ile
aktive edilmis kompozitler, iklim degisikligi sorunlar1 ig¢in gerekli acil ¢oziimlere alternatif olustur-
maktadir [6-7]. 1940'lu yillardan beri alkali-aktivasyonlu ciiruf esasli kompozitler arastirilmaktadir ve o
zamandan beri bu kompozitlerin 6zellikleriyle ilgili ¢ok sayida ¢aligma yapilmistir. Bu galigmalar genel
olarak incelendiginde, hidrasyon mekanizmalar1 ve dayanim gelisimi, alkali aktivatdr se¢imini, mik-
royapiy1 incelemesi, biiziilme ve islenebilirlik vb. konular1 icermektedir [1]. Yapilan aragtirmalar alkali
aktivasyonlu kompozitlerde UK kullanimi ile yiiksek sicaklikta kiirlemeye ihtiyag duyuldugu ve ge-
nellikle ortam sicakliginda alkali aktivatorlerle aktive edilemedigi raporlanmistir. Bu durum, reaksiyon
siirecinde tam olarak reaksiyona girmemis jellerle dolu yapilarin olusmasina ve polimerizasyonun
tamamlanamamasina neden olmasina dayandirilmaktadir. Ancak, YFC'nin 6zellikle CaO igermesi
nedeniyle, UK esasli alkali aktivasyonlu kompozitlerin ortam sicakliginda dahi dayanim kazanmasina
neden olabilecegi kesfedilmistir. Bu sayede enerji tasarrufu saglanarak, daha da azaltilmig CO, emis-
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yonlar1 ve atik geri doniisime katki gibi faydalar elde edilebilmektedir. UK-YFC esash alkali akti-
vasyonlu kompozitlerin miikemmel mekanik o6zellikler, donma-¢oziilme direnci, korozyon direnci,
yiiksek sicaklik dayanimi ve iyilestirilmis araylizey bag ozellikleri gibi benzersiz ozelliklere sahip
oldugunu belirten galigmalar literatiirde yer almaktadir [7-16]. Giiniimiize kadar UK veya YFC esasli
alkali aktivasyonlu kompozitlerle ilgili, kiir kosullari, durabilite 6zellikleri, i¢ yap1 6zellikleri, farkli
puzolanlarin veya alkalilerin kullanimi gibi ¢ok sayida ¢aligma yapildig: bilinmekle birlikte aragtirma-
cilar bu kompozitlerin karakterizasyonu i¢in ¢alismaya devam etmektedirler [17-22]. Yap1 malzemele-
rinin dayanim &zellikleri yaninda durabiliteleri de her zaman dnemli bir kriter olarak ele alinmaktadir.
Yap1 malzemelerinin ¢evresel kosullara karsi direncini ifade eden durabilite performans: bir¢ok para-
metre ile karakterize edilmektedir. Yiiksek sicakliga kars1 direng bu 6zelliklerin 6nemlilerinden biridir.
Yiiksek sicaklikta ¢imento hidratasyon lriinlerinin dehidrate olmasina benzer sekilde alkali aktivasyon
baglar1 da bozunabilmekte ve ilgili kompozitin fiziksel ve mekanik performansi da dahil olmak iizere
durabilitesi azalmaktadir. Bu kapsamda, UK-YFC esash alkali aktivasyonlu kompozitlerin yiiksek
sicaklik performanslarinin arastirilmasi yoniindeki galigmalarin kisitli olmasi nedeniyle bu calismada
iiretilen alkali aktivasyonlu kompozitlerin yiiksek sicaklik (20°C, 200°C, 400 °C, 600°C ve 800°C)
altindaki direngleri incelenmistir. Bu ydniiyle, ¢imentoya kiyasla daha gevreci yap1 malzemelerinin
kullanilmasina katkida bulunmak ve atik malzemelerin alkali aktivasyonlu kompozitler gibi siirdiirii-
lebilir yap1 malzemelerinin iiretimlerinde kullaniminin yayginlastirilmasina katkida bulunmak amaciyla
yiiksek sicaklik performanslari aragtirilmistir.

2. Materyal ve Metod
2.1. Puzolanik Malzemeler

Deneysel ¢alismalarda kullanilan YFC &giitiilmiis olarak Zonguldak Eregli Oyak Beton tesisin-
den, F sinifi UK ise Iskenderun Sugdzii Termik Santralinden tedarik edilmistir. Calismada YFC ve UK
125 pum olan elekten elenerek kullanilmistir. Kullanilan YFC’nin yogunlugu 2.80 g/cm? tiir. Tablo 1°de
YFC ve UK’nin kimyasal analizi verilmistir.

Tablo 1. Calismada kullanilan YFC ve UK 'nin kimyasal analizi

Oksit(%) YFC UK
SiO; 41.00 54.4
Al,O- 13.32 26.5
Fe,Ox 111 4.80
SO- 0.11 1.70
MaO 7.29 2.50
Na,O 0.44 0.40
K>0 0.96 0.60
Mn,0O- 0.76 -
TiO, 0.87 1.50
CaOo 34.17 3.5
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2.1.1. Agrega
Yapilan calismada Elazig yoresinden elde edilen maksimum tane ¢api 8 mm olan agrega kulla-

nilmgtir.

Alkaliler

Calismada aktivasyon malzemesi olarak sodyum hidroksit (NaOH) ve sodyum silikat (Na,SiO;) kulla-
nilmigtir. Temin edilen NaOH ve sulu ¢ozelti halinde bulunan Na,SiOj3’¢ ait gorseller Sekil 1’de, bazi
teknik 6zellikler Tablo 2°de verilmistir.

Tablo 2. Calismada kullanilan alkali aktivatorlerin fiziksel ve kimyasal ozellikleri

Ozellik Sodyum Hidroksit Sodyum Silikat
Formiil NaOH Na,SiO4
Renk Beyaz Sarimsi
pH 135 12,5
Bag(léfér‘;%“;ﬂuk 2.12 1.38
1 mol/g 39.996 122.0632
Sio, %23
NaO, %11

a) Sodyum hidroksit b) Sodyum silikat
Sekil 1. Sodyum hidroksit ve sodyum silikat
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Alkali Aktive Edilmis Kompozitlerin Karisim Oranlarinin Belirlenmesi

Uretilecek UK-YFC esash alkali aktivasyonlu kompozitlerde aktivatdr/baglayici orani 0.40, akti-
vasyon sicakligi 90°C, aktivasyon siiresi 24 saat, NAOH molaritesi 14M ve NaOH/Na2SiO3 orani 1/2
olacak sekilde hem 6n denemeler hem de literatiir bilgisi dikkate alinarak secilmistir. Ayrica tiim kari-
simlarsa YFC-UK miktarlari agirlik¢a %0-%100, %75-%25, %50-%50, %75-%25 ve %100-%0 olacak
sekilde 5 farkli oranda olacak sekilde tasarlanmustir (Tablo 3).

Tablo 3. Alkali aktive edilmis kompozitlerin karisim oranlart (kg/m)

Aktivator
UK Agrega Akt./Bag.
. YFC .
Numunenin Adi (ka) NaOH Na,SiO;
(kg) (kg) Orani
(kg) (kg)
0, -0
#100UK-%0YFC 0 875 1750 116.62 233.37 0.40
(Referans)
%75UK-%25YFC 218.75 656.25 1750 116.62 233.37 0.40
%50UK-%50YFC 437.5 437.5 1750 116.62 233.37 0.40
%25UK-%75YFC 656.25 218.75 1750 116.62 233.37 0.40
%0UK-%100YFC 875 0 1750 116.62 233.37 0.40

Alkali Aktive Edilmis Kompozitlerin Hazirlanmasi

Karigima 6nce aktivatoriin hazirlanmasindan baslanilmistir. Aktivatér sogumaya birakildiginda
malzemeler hassas terazide tartilarak kap igerisinde homojen hale getirilmistir. Agrega, UK ve YFC
kuru karigimi1 1 dakika diisiik devirde mikser igerisinde karistirildiktan sonra kademeli olarak alkali
soliisyon karisima eklenerek 2 dakika diisiik devirde ve 1 dakika yiiksek devirde karigtirilarak numune
hazirlama islemi tamamlanmustir. Hazirlanan karisim hizlica kalip yagiyla yaglanan kaliplara yerlesti-
rilmistir. Deneylerde 5x5x5 cm kiip (basing dayanimi, ultrases gegis hiz1 ve birim agirlik deneylerinde)
ve 4x4x16 cm’lik (egilme dayanimi deneylerinde) prizmatik ¢elik kaliplar kullanilmistir. Kaliplara
yerlestirilen numuneler hizlica gislenerek {izeri mala yardimiyla diizeltilmis daha sonra 24 saat 90°C
sicakliktaki etiive yerlestirilmistir. Etlivden ¢ikartilan numuneler 7 ve 28 giin siiresince laboratuvar
ortaminda bekletilmistir. ilgili siirelerde bekletilen numuneler 20°C (laboratuvar sicakligi), 200°C,
400°C, 600°C ve 800°C sicakliklarina 1 saat siireyle maruz birakilip belirlenen deneyler numuneler
iizerinde yiiriitilmiistiir.

422



International Journal of Pure and Applied Sciences 10(2); 418-432 (2024)

Yayilma Capi1 Deney Sonuglar

Uretilen numunelerin taze harg 6zellikerinden biri olan yayilma ¢ap1 deney sonuglari Sekil 2°de
verilmistir.

180

160 + —
— 160

140 4 — 148

142
120 ¢

—
- 136
100 +
40 T
W0+
0

SI00YFC- %0 UK %75 YFC- %25 UK %S0 YFC- %50 UK %25 YFC- %75 UK %60 YFC - %100 UK
Numune Kodu

z

Yayilma Capr (mm)
2

Sekil 2. Yayilma ¢api deney sonuglari

Sekil 2 incelendiginde, UK miktarindaki artisla birlikte yayilma cap1 degerlerinde artis ve YFC
artistyla yayilma ¢ap1 degerlerinde azalma goézlendigi goriilmektedir. Tiim karisimlarin yayilma capi
degeri 130 ile 160 mm arasinda degismekte olup islenebilir bir kivamda olduklar1 séylenebilir. Daha
kohezif harg karigimlart genellikle diisiik yayilma caplarina sahipken, kiiresel taneli UK'nin kullanimi
taneler arasindaki slirtinmeyi azaltarak daha yiiksek yayilma ¢aplarina yol agmaktadir. Su/baglayici
orani ve silis dumani oraninin artmastyla pargaciklarin dagilmasi ve siirtiinmenin azalmasi, literatiirde
yayilma ¢ap1 degerlerinin artmasina neden olabilecegi belirtilmektedir [23]. Benzer durumun bu ¢a-
lismada elde edilen yayilma c¢ap1 degerleri i¢in s6z konusu oldugu sdylenebilir.

Priz Siiresi Deneyleri

Caligmada elde edilen priz baslangi¢ ve priz sona erme siireleri Sekil 3’te sunulmustur.
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Sekil 3. Priz baglama ve priz sona erme siireleri
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Sekil 3 incelendiginde, priz baglama siirelerinin 15 ile 30 dakika arasinda ve priz sona erme siire-
lerinin 30 ile 50 dakika arasinda degisimler gozlendigi anlasilmaktadir. Bu degerler, iiretilen kompo-
zitlerin ¢ok hizli priz siirelerine sahip oldugunu gostermekte olup, bu kompozitlerin iiretiminde priz
stirelerinin daha uygun bir ¢alisma siiresi i¢in farkli yontemlerle diizenlenmesi gerektigini agik¢a orta-
ya koymaktadir. Sekil 3’°ten anlasildig iizere, UK miktarindaki artis priz baglama ve sona erme siirele-
rinde bir artiga neden olmakla birlikte, YFC’nin biinyesindeki CaO sayesinde kendi basina baglayici
Ozellik gostermesinden dolay1 karisimlarda YFC oraninin azalmasiyla priz baslangi¢ ve sona erme
stirelerinin kisaldig1 gézlemlenmistir. Sonug olarak, alkali aktivasyonlu kompozitlerde YFC kullani-
miyla ilgili olas1 kivam ve prizle ilgili sorunlarin {istesinden gelmek i¢in UK'nin bir alternatif olarak

degerlendirilebilecegi anlagilmaktadir.

Basin¢ Dayanimi Degerleri

7 ve 28 giin bekleme siiresi ardindan yiiksek sicaklik deneylerine maruz birakilan serilere ait ba-
sin¢ dayanimi sonuglar1 Tablo 4’te verilmistir. Tablo 4 incelendiginde, yiiksek sicakliga maruz biraki-
lan serilerde sicaklik artisina bagl olarak basing dayanmimi degerlerinde beklendigi iizere azalmalar
gbzlemlenmistir. Tablo 4’e gore en yiiksek dayanimin 73.38 MPa ile 20°C sicaklik altindaki %50
UK %50 YFC kodlu seriden elde edildigi gozlemlenirken en diisiik basing dayaniminin ise 9.91 MPa
ile 800°C sicaklik altindaki 28 giinliik numunelerde %75 YFC iceren serilerde elde edilmistir. UK
kullanilan serilerin dayanmim azalma oranlar1 yiiksek sicaklik altinda YFC’nin yiiksek kullanildigi
oranlara gore daha diisiik seviyelerde kalmigtir. 800°C incelendiginde UK nin yiiksek olarak kullanil-
di1g1 (%75 ve %100) serilerde dayanim azalma oranlart %30-%50 seviyelerinde kalmistir. YFC’nin
yiiksek oranda kullanildig1 (%50, %75 ve %100) serilerde ise dayanim azalma oranlar1 %60-%80 ara-
liginda meydana gelmistir. YFC kullanimi ile 400°C sicakliga kadar UK kullanilan serilere benzer
performanslar gozlense de daha yiiksek sicakliklarda (600°C ve 800°C) YFC kullanimimn yiiksek
sicaklik performansini olumsuz etkiledigi anlasilmaktadir.

Tablo 4. 7 ve 28 giinliik serilerin basing dayanimi degerleri (MPa)

Sicaklik (°C) 20 200 400 600 800
Kiir Giinleri 28 7 28 7 28 7 28 7 28
%100UK-

%0YFC (Refe- 38.97 27.22 31.95 22.09 28.88 20.35 26.27 19.25 21.83
rans)

%75UK- %25

YEC 3177 21.63 27.45 19.69 26.86 18.49 25.89 18.35 19.82

%50UK- %50

YEC 73.38 60.04 71.08 40.02 49.51 23.36 25.99 19.24 24.40

%25UK- %75

YEC 39.06 30.95 31.88 28.19 31.03 19.30 20.81 9.15 9.91

%0UK- %100

YEC 71.09 61.88 63.04 57.22 61.37 30.89 31.89 15.59 15.78

424




International Journal of Pure and Applied Sciences 10(2); 418-432 (2024)

28 giinliik dayanim kazanan serilere ait dayanim azalma grafigi Sekil 4’te verilmistir.

=4 100 UK - %0 YFC
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Sekil 4. Farkli sicakliklarda serilere ait 28 giinliik basing dayanimi azalma miktarlari

Sekil 4 incelendiginde 200°C sicaklikta %50Uk-%50 YFC hibrit karisiminin en diisiik dayanim
azalmasi degerine sahip oldugu gozlemlenirken daha yiiksek sicakliklarda (400°C, 600°C ve 800°C) bu
seriye ait dayanim azalma degerleri kademeli bir artig gostermistir. Diger seriler incelendiginde 400°C
sicakligin kritik bir esik olarak degerlendirilebilecegi ve bu sicakliga kadar daha diisiik seviyelerde bir
dayanim azalmasi degeri gdzlemlenirken 600°C ve 800°C sicakliklarda dayanim azalmasi degerlerinin
artmis oldugu aciktir. Ttiim seriler icerisinde yiiksek sicakliga kars1 en iyi performansin %100 UK - %0
YFC ile %75 UK - %25 YFC hibrit karisimlarindan elde edildigi anlasilmaktadir. Bu durum UK’nin
alkalilerle olusturdugu bag yapilarinin daha stabil olmasindan kaynaklanabilecegi diisliniilmektedir.
Yalnizca YFC’nin degerlendirildigi %0 UK - %100 YFC serisinin 28 giinliik basing dayanimi en yiiksek
(71.09 MPa) deger olarak karisimiza ¢iksa da 800°C sicaklikta bu serinin dayanim azalma oraninin
%70.68 ile en yiiksek degerlere ulastigi anlagilmaktadir. Bu yoniiyle YFC-UK hibrit karigimlarinin
yiiksek dayanim ve yiiksek sicaklik performansinin beklendigi uygulamalarda tercih edilebilir.

Egilme Dayamimi Degerleri

7 ve 28 giin bekleme siiresi ardindan yiiksek sicaklik deneylerine maruz birakilan serilere ait egilme
dayanimi sonuglar1 Tablo 5’te verilmistir.
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Tablo 5. 7 ve 28 giinliik serilerin egilme dayanimi verileri (MPa)

Sicaklik (°C) 20 200 400 600 800

Giin 28 7 28 7 28 7 28 7 28

%100 UK - %0 | 3.66 2.98 3.13 2.38 3.38 2.57 3.25 2.62 3.04
YFC

%75 UK - %25 | 2.57 2.24 2.90 2.23 2.40 2.22 2.75 2.52 2.86
YFC

%50 UK - %50 | 6.92 6.14 6.67 3.96 4.42 2.27 2.78 2.58 2.98
YFC

%25 UK - %75 | 3.46 3.11 3.62 2.92 3.14 2.43 2.65 1.45 1.53
YFC

%0 UK - %100 | 6.65 6.01 6.37 4.52 5.45 2.40 2.47 1.86 1.95
YFC

Tablo 5 incelendiginde basing dayanimi degerlerinde oldugu gibi egilme dayanimi degerleri de
sicaklik artisina bagl olarak azalma gostermistir. 28 giinliik egilme dayanimi degeri en yiiksek (6.92
MPa) olan seri 20°C %50 UK %50 YFC iceren hibrit seri olarak belirlenmigtir. En diisiik egilme degeri
ise 800 °C sicakliga maruz birakila %75 YFC-%25 UK igeren seride gozlemlenirken 7 ve 28 giinliik
dayanimlar1 sirastyla 1.45 ve 1.53 MPa olarak hesaplanmustir. Jel yapisindaki Ca. Si/Al orani kadar
C-A-S-H ve N-A-S-H alkali ile aktive edilen jellerin olusumunda 6nemlidir ve Ca'nin mukavemet

gelisimine olumlu katkis1 bulunmaktadir [24-25].

Ultrases Gecis Hiz1 Degerleri
Serilere ait ultrases gegis hiz1 degerlerini basing dayanimu ile iligskisini vurgulayan grafik Sekil

5’te verilmistir.

Tablo 6’da regreasyon analizi sonuglarindan anlasilacagi iizere tiim veriler lizerinde yapilan ana-
lizi sonucunda sicakliga bagli olarak serilerin basing dayanimi degerleri ile ultrases gegis hiz1 degerleri
arasinda diistik bir lineer iliski oldugu belirlenmistir (R2=0.437). Tiim sicaklik degerleri i¢in elde edil-
mis olan regresyon analizi sonucunda basing dayanimini tahmin eden denklem Esitlik 1°de ifade edil-
mistir.

CS =-2.713 + 16.673 x UPV (1)
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o
=]

Compressive Strength (MPa)
3 ]

[|= = = Prediction bounds - 95% -

T ; : T T
W UPSvsCSs - vv v
Linear Fitting - v v

. . . . .
0.5 1 1.5 2 2.5 3 3.5
Ultrasonic Pulse Velocity (km/sec)

T T T
—=o Linear Fitting - Residuals ‘

Rl HiE
2 0 . - .
=i L
-20p I | L I | L
e ! Ultrasl;flic Pulse \2/elocity (kzrflsec) ° -
Sekil 5. CS ve UPV arasindaki iligki
Tablo 6. Regreasyon analizi sonuglart
Regression Statistics
R 0.661343
R 0.437375
Adj. R? 0.412913
Std. Err. 13.9448
Obs. 25
ANOVA
df SS MS F Signif. F
Regression 1 3476.86 3476.86 17.879 0.000319
Residual 23 4472.5 194.46
Total 24 7949.4
Coeff. Std. Err. t Stat P-value Lower 95%  Upper 95% Lower 95.0%  Upper 95.0%
Intercept -2.713 9.5698 -0.2835 0.7794 -22.5094 17.08406 -22.5094 17.08406
UPV 16.673  3.9432  4.2285  0.0003 8.516403 24.83047 8.516403 24.83047

Mikroyapi1 (SEM ve EDX) Degerlendirmesi
Calismada SEM ve EDX analizleri Firat Universitesi Merkez Laboratuvarinda yapilmis olup

farkli sicakliklarda ve farkli serilerde olmak iizere deneyler gergeklestirilmistir. Mikroyap1 analizle-

rindeki numuneler basing dayanimi deneyi uygulanan numuneler {izerinden alinmistir. Mikroyapi ana-
lizlerine ait sonuglar Tablo 7°de sunulmustur. %100 YFC igeren serilere ait 20°C ve 800°C sicakliklar
ardindan analizler gerceklestirilirken. %25UK-%75YFC igeren seride ise 200°C sicaklik ardindan

analizler gergeklestirilmistir.
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Tablo 7. SEM ve EDX analizleri

%100 YFC - %0 le({0°€
: f &

EWT = 15004V Signal A = SE1 Date 23 Fab 2022 —
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Tablo 7 incelendiginde 20°C sicakliktaki %100 YFC igeren serinin SEM goriintiilerinin diizgiin
yapili hidrate iirlinlerden teskil oldugu, yer yer tepkimeye girmeyen beyazimsi yapilarin yer aldigi ve
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EDX analizleri incelendiginde ise beyazimsi renkte olan kii¢lik parcaciklarm kismen tepkime verme-
yen sodyum ve kalsiyum gibi parcalar olabilecegi soylenebilir. XRD sonuglarina gore (Sekil 6.) 20 °C
yiiksek sicaklik altinda %100 YFC igeren seride su fazlar gdzlemlenmistir; i) triklinik kristal sisteme
sahip olan Albite, ii) (Na(AlSizOg)), iii) Natrosilite (Na,Si,Os), iv) sodyum hidroksit monohidrat ve v)
kalsiyum oksit (CaO).

Inberisty (cps)
]
?

g

s P
0
= | Calcite, C Ca 03, B016706

= J Ha2 (Si2 Oc ]
= af e e
] [+]
3— l Lol
3 I \ Ferclase, Mg O, 9000495
3 L I 1 Lime, Ca 0O, 9006746
T = T T - - T
20 A0 &0 80

2-theta (deg)

Sekil 6. %100 YFC igeren 20 °C sicakliktaki numuneye ait XRD sonuglari

EDX analizi sonuglari incelendiginde sodyum, kalsiyum ve silis elementlerine rastlanmis olmasi
nedeniyle bagli yapilarin sodyum-silikat-hidrat ve kalsiyum-silikat-hidratlardan meydana geldigi sek-
linde yorumlanmistir. 800°C sicakliktaki %100 YFC igeren serinin mikro yapi analizleri ise, yiiksek
sicaklik etkisiyle bagli suyun dehidrate olusu ardindan gézenekli bir yapiya rastlanmaktadir. Zhang ve
ark. (2022), yaptig1 caligmasinda sodyum-alumina-silikat-hidrat (N-A-S-H) jelinin uzun zincirli ag
yapisinin, 6zellikle 300 °C ve iizerinde sicaklia maruz numunelerin daha yiiksek basing dayanimina
yol a¢tigini raporlanmaktadir. Yine de sicaklik arttikgca, N-A-S-H jeli kristal bir faza doniiserek numune
mikro yapisini bozmakta oldugu belirtilmistir [26]. Benzer bulgular bu ¢aligmada da elde edilmistir.
Bunun yaninda Zhang ve ark. (2022) Ca iyon degisimi nedeniyle kalsiyum-alumina-silikat-hidratin
(C-A-S-H) tabakalar1 arasindaki genis bosluklar sonucunda, kimyasal olarak bagli suyun diisiik NaOH
icerikli numunelerden kagmasi igin bir kanal sagladigi belirtilmistir [26]. Bu durum yiiksek sicaklikta
1s1l etkilerden daha az etkilenmesinin nedenlerinden biri olabilir. Bu ¢alismada 6zellikle NASH ve
CASH fazlar1 agisindan daha zengin olan hibrit karisimlardaki yiliksek sicakliga daha direngli olma
durumunun belirtilen bu fenomenden kaynaklandigi diistiniilmektedir. Ayrica EDX analizi sonuglari
incelendiginde, silisyumun ve aliiminyumun yiiksek oranlarda ve kalsiyum ile sodyumun ise daha diisiik
oranlarda yer aldig1 anlasilmaktadir. Bu durum, yiiksek sicakligm (800°C) sodyum-silikat-hidrat ve
kalsiyum-silikat-hidratlar agisindan olumsuz etkiye neden oldugu ve bag yapilarimi etkiledigi seklinde
yorumlanmigtir. Bu ¢alismada daha 6nce yorumlanan mekanik (basing ve egilme dayanimi) ile fiziksel
(ultrases gecis hizi, asinma direnci vb.) ozelliklerdeki azalmalar bu mikroyap1 analizleriyle benzerlik
gostermektedir. Tiim seriler igerisinde 200°C ve 800°C sicaklikta en yiiksek dayanim azalmasi sergi-
leyen %25UK-%75YFC serisinin mikro yap1 analizleri dikkate alindiginda, bosluklu ve ¢atlamig bir
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yiizey morfolojisi yaninda EDX sonuglari agisindan kalsiyum, silisyum, sodyum, karbon ve aliimin-
yumun agisindan zengin bir yap1 goze ¢arpmaktadir.

Sonuc¢ ve Tartisma

Bu caligmada, YFC ile F sinifi UK nin farkli miktarlarda hibrit kullanilmasi yoluyla alkali akti-
vasyonlu kompozitler iiretilerek yiiksek sicakliga karsi davraniglari deneysel olarak incelenmistir. Ka-
risimlarda aktivator/baglayicit oran1 0.40 olarak secilmis ve 14 mol NaOH konsantrasyona sahip kari-
simlar hazirlanmistir. Tiim seriler kaliplandiktan hemen sonra 24 saat siiresince 90°C aktivasyon si-
cakligimma maruz birakilmistir. Yapilan deneysel ¢aligsmalar neticesinde varilan sonuglar asagida 6zet-
lenmistir. En yiiksek basing dayanimi 20°C’de %50 UK - %50 YFC karisiminda, en diisiik basing
dayanimi ise 800°C’de %25 UK - %75 YFC karisimindan elde edilmistir. Egilme dayanimi deney
sonuglart basing dayanimi deney sonuglariyla uyum igerisinde olup; yiiksek basing dayanimi olan ka-
risgimlar yiiksek egilme dayanim sergilemistir. Sicaklik artisinin 6zellikle yalnizca YFC’nin kullanildigi
%0 UK - %100 YFC karisimlarinda dayanim kaybini artirdigi goriilmekte olup; bu durum. UK'nin
YFC'ye gore yiiksek sicakliklarda daha stabil olduguna isaret etmektedir. Mikroyap1 analizleri, yiiksek
sicakliklarda catlak olusumu ve bosluklu yapilarin arttigini1 gostermistir. Mekanik 6zelliklerin yaninda
yiksek sicakliklara direncin de 6nemli oldugu uygulamalarda UK-YFC hibrit karigimlarin daha uygun
oldugu belirlenmistir. Ancak kullanilmadan 6nce bu karisimlarin donma-¢6ziilme ve kimyasal direnc-
lerinin de test edilmesi 6nerilmektedir.

Tegekkiir
Bu calisma kapsaminda hammadde destegi saglayan OYAK Cimento A.S.’ye tesekkiir ederiz.

Cikar Catismasi

Yazarlar bu makale ile ilgili herhangi bir ¢ikar ¢atigmasi bildirmemektedir.

Arastirma ve Yaymn Etigi Beyam

Yazarlar bu ¢aligmanin arastirma ve yayin etigine uygun oldugunu beyan eder.
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Ozet: Bu ¢alisma Marmara Bolgesi’nde bir kursun madeninde fiziksel risk etmenle-
rinden olan giiriiltii ve titresimin is saghg1 ve giivenligi yoniinden uygunlugunu be-
lirlemek amaciyla 2021 ve 2023 yillarinda gergeklestirilmistir. Kursun madeninde, A
Galerisi’nde giiriiltii, i¢ ortam giiriiltii 6l¢iimleri ve titresim Olgtimleri alinmig, elde
edilen sonuglar ilgili standartlar ile karsilastirilmis ve gesitli tablo ve grafikler yardimi
ile yorumlanmustir. Kisisel giiriiltii 6l¢iim sonuglar1 2023 yilinda 2021 yilana gore
oransal olarak azalmis fakat standartlarin {izerinde oldugu saptanmuistir. i¢ ortam
giiriilti diizeyi de 2021°den 2023’¢ artis géstermis ve 2023 yilinda standartlarin tize-
rine ¢ikmistir. Titregim 6l¢lim sonuglari incelendiginde 2021 yilina gore 2023 yilinda
artis oldugu gorilmiistiir. Hem giiriiltii hem de titresim degerlerini standartlarm altina
distiriilmesi ¢alisanlarda ciddi saglik ve giivenlik risklerini en aza indirmek i¢in ¢ok
onemli olup, gerekli kontroller, egitimler, ¢aligma yontem degigimleri, uygun koru-
yucu donanimlar ve yeni techizatlar ile gerekli 6nlemleri almak miimkiindiir.

Anahtar Kelimeler: Kursun madeni; giiriiltii; titresim; is saglig1 ve giivenligi

Investigation of Vibration and Noise Exposures in a Lead Mine

Abstract: This study was carried out in 2021 and 2023 to determine the suitability of
occupational health and safety features of temperature and vibration, which are
physical risk factors, in a lead mine in the Marmara Region. In the lead mine, noise,
indoor noise, and vibration measurements were conducted in Gallery A. The obtained
results were compared with relevant standards and analyzed using various tables and
graphs. Personal noise measurement results decreased proportionally in 2023 com-
pared to 2021, but were operated above the standards. Indoor noise level also in-
creased from 2021 to 2023 and exceeded the standards in 2023. The resolution of
vibration measurement results appeared in 2023 compared to 2021. Reducing the
standards of both noise and rating values is very important to minimize serious health
and safety risks for employees, and it is possible to take the necessary precautions
with the necessary controls, training, changes in working methods, appropriate pro-
tective equipment and new technologies.
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1. Giris

Son yillarda diinya genelinde ve ililkemizde yasanan sanayilesme faaliyetleri, teknolojik gelisme
ve otomasyon siiregleri ile beraber cesitli sektorlerin bu gelismelere adapte olma siireclerinde, ¢calisma
alanlarinda c¢esitli sorunlar ortaya ¢ikmustir. Bu sorunlar ve Ongoriilen tehlikeler dogrultusunda,
calisanlart korumak amacryla gelistirilen sistemlere ihtiya¢ duyulmustur. Bunun sonucunda is
yerlerinde, isin yiirlitilmesi esnasinda ortaya ¢ikabilecek ve calisan sagligini olumsuz yonde
etkileyebilecek durumlarin 6nlenmesi i¢in sistemli ve bilimsel ¢alismalar yapilmas1 gerekliligi ortaya
cikmistir. Bu baglamda, 6zel tehlikelerin ve olumsuz saglik durumlarinin dnlenmesi amaciyla yapilan
caligmalar is sagligi ve giivenligi ¢ercevesinde degerlendirilmektedir.

Isyerlerinde meydana gelebilecek is kazalar1 ve meslek hastaliklari, isyerinde yiiriitiilen temel igin
dogasi geregi sektorel farkliliklar gostermektedir. Calisani veya isyerini etkileyebilecek zarar veya hasar
verme potansiyeli tasiyan tehlikeler, is saglhigi ve giivenligi degerlendirmelerinde kritik bir éneme
sahiptir. Calisma ve Sosyal Giivenlik Bakanligi'nin belirledigi tehlike siniflari tebligine gore igyerleri;
az tehlikeli, tehlikeli ve ¢ok tehlikeli isler olarak ii¢ ana kategoride toplanmaktadir. Ozellikle madencilik
sektortl, cok tehlikeli isler kategorisinde yer almakta olup, maden komiirii isletmeciligi, krom, bakir gibi
madenlerin {iretimi ve zenginlestirme islemleri bu kategoriye girmektedir [1].

Madencilik, diinya genelinde en tehlikeli sektorlerden biri olarak kabul edilmektedir. Bu sektorde
is kazasi ve meslek hastaliklarinin yiliksek oranda goriilmesinin nedenleri arasinda kullanilan patlayici
maddeler, zararli gazlarin varligi, yangin riski ve agir ekipman kullanimi gibi unsurlar bulunmaktadir.
Maden isletmeleri, agik ocak ve kapali ocak olmak iizere iki ana baglik altinda incelenebilir. A¢ik ocak
madenciligi, kapali ocak madenciligine gore is kazasi1 ve meslek hastaliklar1 agisindan daha giivenli
kabul edilirken, kapali ocak madenciliginde karsilagilan tehlikeler arasinda karbondioksit,
karbonmonoksit, metan gibi gazlar ve grizu patlamalari yer almaktadir. Bu derecede tehlike igeren bir
caligma alaninda is kazalar1 ve meslek hastaliklarinin 6nlenmesi i¢in is sagligi ve giivenligi yonetiminin
etkin bir sekilde uygulanmasi, ¢alisanlarin egitilmesi ve ortam Slglimlerinin diizenli olarak yapilmasi
gerekmektedir [2]. Is saghgi ve giivenliginde fiziksel risk etmenleri olarak giiriiltii, titresim, toz,
radyasyon, termal konfor sartlar1 gibi maddeler c¢alisma kosullarinin gézetiminde biiyiikk rol
oynamaktadir. Dolayisiyla igyerlerinde bu etmenlerin 6lgiimleri gerceklestirilmeli ve ¢alisanlarda bu
konulara karsi biling olusturulmalidir. Madencilik sektoriinde ise bu etmenler arasindan giiriiltii ve
titresim kullanilan cihazlardan ve ortamin yapisindan kaynakli olarak biiyiik 6nem tagimaktadir.

Genel anlamda risk etmenleri arasinda yer alan giiriiltiiyli tanimlamak gerekirse; akustik ve
fizyolojik perspektiften giiriiltii; harmonik iligkisi olmayan ¢oklu frekans bilesenleri igeren, yiiksek
basinghi ve zaman iginde basincit degisken olan karmasik sesler toplulugu olarak tanimlanabilir.
Fizyolojik acidan ise hosa gitmeyen her tiir ses giiriiltii kategorisine girer [3]. Diinya Saglik Orgiitii'niin
(WHO) insan sagligini fiziksel, ruhsal ve sosyal iyilik hali olarak tanimlamasi 1s181nda, giiriiltii kirliligi
onemli bir ¢evresel risk faktoriidiir ve insan sagligini dort ana baglik altinda etkiler. Bu etkileri fiziksel,
fizyolojik, psikolojik ve performansa yonelik etkiler olarak siralayabiliriz. Diger bir yandan bu etkiler,
isitme kaybindan stres yanitinin tetiklenmesine, psikolojik rahatsizliklardan 6grenme ve calisma
performansinin diismesine kadar degisebilir [4].

Saglikli bir birey (20-20000) Hz frekans araligindaki ve O dB-140 dB arasindaki sesleri
duyabilmektedir [5]. insan kulag: diisiik ve yiiksek frekansl seslere nazaran orta frekanstaki seslere
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daha duyarlidir. Dolayisiyla orta frekanstaki sesler insan kulak sagligi icin daha zararlidir. Diisiik
frekanstaki seslerin engelleri agarak kisiye ulagmasi da daha kolay oldugundan, engellenmeleri ve
kisisel korumalarinin saglanmasi daha giic olmaktadir. Diger bir deyisle diisiik frekansli seslerin
siddetini azaltmak igin ses emici ekipmanlarin kalin olmasi gerekmektedir [6].

Is saglig1 ve giivenliginde degerlendirilmesi gereken diger bir risk etmeni ise titresimdir. Titre-
sim, 6zellikle madencilik sektoriinde siklikla karsilagilan bir durum olup, enerjinin potansiyel ve kine-
tik haller arasindaki doniisiimii sonucunda meydana gelen mekanik salinimlar olarak tanimlanabilir.
Bu siireg, dzellikle maden ocaklarindaki delme, patlatma, tasinma ve &giitme islemleri sirasinda 6n
plana ¢ikar. Madencilik ekipmanlarinin isletilmesi sirasinda iiretilen titresimler genellikle istenmeyen
bir etki olarak enerji kayiplarina yol agar ve ¢alisma ortaminda istenmemektedir [7]. Bu istenmeyen
titresimler, ekipmanlarin dengesiz ¢alismasindan, mekanik pargalarin diizensiz siirtiinmesinden veya
operasyonel islemlerin dogasindan kaynaklanabilir. S6z konusu titresimlerin sonuglari, madencilik
sektoriinde ¢alisan bireylerin saglig1 {izerinde ciddi etkiler yaratabilir ve uzun vadede meslek hastalik-
larina yol agabilir. Dolayisiyla, madencilik endiistrisinde titresimin kontrol altina alinmasi ve minimi-
ze edilmesi, is sagligi ve giivenligi acisindan biiyiik 6nem tasir. Madenlerde kaya deliciler ile galigan-
larda titresim maruziyeti daha ¢ok ellerde ve kollarda dolagim bozukluguna sebep olmaktadir [8]. Tiim
viicut titresimi, viicuda cesitli yollarla giren ve viicudun titresimin girdigi noktadan komsu organlar1 da
etkileyebilecek titregim tiiriidiir. Ayaklar yoluyla iletilen titresimler, alt viicut lizerinde etkili olabilir ve
genel durus ve dengeyi etkileyebilir. Kalgca yoluyla giren titresimler alt sirt1 etkileyebilir ve bu da
kas-iskelet sistemini etkileyebilir. Sirt yoluyla giren titresimler, omurgay1 ve iist viicudu etkileyebilir,
bu da rahatsizlik veya uzun vadeli saglik sorunlarina yol agabilir. Kafanin arkasindan iletilen titresim-
ler, beyin ve boynu etkileyebilir, bu da bas agrilarina veya diger ndrolojik etkilerle sonuglanabilir [9].

Bu durumlara 6rnek olarak; Erol ve Su tarafindan 2015 yilinda yapilan bir arastirmada, mekani-
ze bir yeraltt maden igletmesinde kullanilan makinelerin giiriiltii seviyelerini incelenmistir. Caliganlar
icin maruz kalinan giiriiltii seviyeleri 6l¢iilmils ve giiriiltii yonetmelikleri ile karsilagtirilmistir. Bulgu-
lar, belirli makinelerin giiriiltii maruziyet smir degerlerinin iizerinde oldugunu gostermektedir, bu da
uzun vadede isitme kayb1 gibi meslek hastaliklarina yol acabilir. Makalenin degerlendirme kisminda,
giirtiltli maruziyetini azaltmak ic¢in kulak koruyucu kullanimi gibi koruyucu dnlemler ve is sagligi uy-
gulamalarinin artirilmasi 6nerilmektedir [10].

Duran ve ark., 2018 yilinda Sivas ve gevresindeki illerde yaptiklari ¢alismada 67 adet maden
makinesi iizerinde giiriiltii dl¢iimlerini ve bu dl¢iimlerin frekansla iliskisini incelemislerdir. Insan ku-
laginin duyarlilik gosterdigi (20-20000) Hz frekans araliginda, giiriiltii diizeyleri farkli frekans aralik-
larinda degisiklik gostermis, Ozellikle diisiik frekans araligindaki makinelerin operatorler lizerinde
yorgunluk ve konsantrasyon bozuklugu gibi olumsuz etkiler yarattigi gézlemlenmistir. Calisma, gii-
riiltii diizeylerinin zamanla nasil degistigini siniflandirarak, maden makinelerinin ¢ogunun kararsiz
giiriiltii Girettigini ortaya koymaktadir. Bu arastirma, ayrica giiriiltiiniin maruz kalma siiresi ve frekans
icerigi gibi etmenlerin isitme saglig1 tizerindeki etkilerini degerlendirerek, etkili koruma yontemleri ve
mithendislik ¢ozlimleri sunmay1 amaglamaktadir. Sonug olarak, maden makinelerinin {irettigi giiriiltii-
niin insan saglig iizerindeki olasi uzun vadeli etkilerini azaltacak diizenlemelerin 6nemi vurgulan-
maktadir [11].
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Erol, 2022 yilinda yeralt1 komiir madeni operatorlerinin maruz kaldiklar giiriiltii ve titresim de-
gerlerini incelemigtir. Calismada, kullanilan gesitli maden makineleri ve operatdrlerin bu makinelerle
yaptiklar1 ¢alismalar sirasinda ortaya ¢ikan giirtiltii ve titresim miktarlar 6lgiilmiis, elde edilen sonug-
lar mevcut yonetmeliklerle kiyaslanarak degerlendirilmistir. Caligmanin bulgulari, tim makina opera-
torlerinin kulak koruyucu kullanmalarina ragmen, giiriiltii ve titresime daha fazla maruz kaldigimni or-
taya koymustur. Ayrica, operatorlerin kisisel giiriiltii ve titresim maruziyetleri arasinda %88 gibi yiik-
sek bir iligki saptanmistir. Sonug olarak, giiriiltii ve titresim maruziyetinin azaltilmasi i¢in ¢esitli 6n-
lemlerin alinmasi gerektigi vurgulanmustir [12].

Yagci ve ark. (2022), madencilik sektoriinde goriilen ergonomik risk faktorlerini ve bu risklerin
is saglig1 ve giivenligi iizerindeki etkilerini incelemislerdir. Calismada, fiziksel, kisisel, psikososyal,
organizasyonel ve ¢evresel boyutlarda ergonomik riskler siniflandirilmistir. Madencilik sektoriiniin
yliksek kazang ve iiretim hedeflerinin, ¢alisanlarin maruz kaldigi ergonomik risklerle dengelenmesi
gerektigi vurgulanmistir. Arastirma, ergonomik risklerin azaltilmasi igin sistemli ¢dziim Onerileri ve
koruyucu onlemler sunarak madencilikte is saglig1 ve giivenligi standartlarinin artirilmasinin énemine
dikkat ¢ekmektedir [13].

Tekin ve ark., 2023 yilinda, Tiirkiye'nin Soma havzasinda yeralti madenlerinde ¢alisan is¢ilerin
giirliltii maruziyetini ve bu maruziyetin kardiyovaskiiler sistem {izerindeki etkilerini arastirmiglardir.
Arasgtirma, 100 maden iscisinin fizyolojik sinyallerini 6lgerek, bu verileri istatistiksel yontemlerle ana-
liz etmistir. Bulgular, giiriilti maruziyetinin kardiyovaskiiler risk faktérii oldugunu gostermekte ve
iscilerin kan basinci, oksijen saturasyonu (doygunluk), nabiz ve solunum hizlar1 gibi degerlerinde de-
gisiklikler tespit edilmistir. Calisma, kardiyovaskiiler degisiklikler ile giiriiltii arasinda sebep sonug
iliskisi oldugu ve bunun da bireysel duyarliliklardan da kaynaklanabilecegini 6ne siirmektedir [14].

Bu calismada, fiziksel risk etmenlerinden olan giiriiltii ve titresimin kursun madenindeki ¢ali-
sanlar iizerindeki etkileri 2021 ve 2023 yillar1 arasinda alinan veriler 1518inda karsilastirmali olarak

incelenmis ve sonuglar ilgili yonetmelikler g6z 6niinde bulundurularak yorumlanmaistir.

2. Materyal ve Metod

Bu calismada, Marmara Boélgesinde bulunan bir kursun madeninde is saglhigi ve giivenligi aci-
sindan fiziksel risk etmenlerinden giiriiltii ve titresimin yonetmelik sinir degerlerinin altinda olup ol-
madig1 arastirilmis ve elde edilen verilere gore alinmasi gereken dnlemler belirlenmistir. Olgiimler
2021 ile 2023 yillarinda yapilmis olup karsilagtirmali olarak incelenmistir. Olgiim sonuglari, giiriiltii ve
titresime karsi alinan dnlemlerin yeterli olup olmadiginin saglikli olarak belirlenmesi i¢in ayn1 galeri-
lerde tekrarlanmis, ortam kosullar1 g6z 6niinde bulundurularak degerlendirilmistir. Giiriiltii 6lglimiinde
Sekil 1°de goriilen Svantek-Sv104 marka dozimetre cihazi kullanilmis olup, i¢ ortam giiriiltii 6lgtimle-
rinde ise Svantek-957 marka cihaz kullamlmuastir.

436



International Journal of Pure and Applied Sciences 10(2); 433-445 (2024)

Sekil 1. i¢ ortam giiriiltii dl¢iimlerinde kullanilan Svantek-957 marka (solda) ve giiriiltii dl¢iimii i¢in kullanilan

Svantek-Sv104 marka dozimetre cihazlar1 (sagda)

Girilti ol¢timleri yapilirken Leq (Es deger giiriiltii seviyesi) hesabi, ses basing seviyesi, olgiim
say1s1 ve mesafe gibi ¢esitli unsurlar olduk¢a 6nemlidir. Ses kaynagi periyodik ise 6lgme zamani peri-
yodun tamamini en az {i¢ kere igermelidir [15]. Boyle bir periyot boyunca siirekli 6lgme yapilami-
yorsa O0lgme zaman araliklari her bir zaman arali§i ¢evrimin bir bdliimiinii temsil edecek sekilde ve

hepsi birlikte tiim ¢evrimi temsil edecek sekilde segilmelidir [16].

Sekil 2. Titresim 6l¢limii igin kullanilan SVANTEK Svan 958 marka titresim 6l¢iim cihazi ve cihazin kullanimi

Titresimin ozellikleri; frekans, biiyiikliik, yonii (x, y, z ekseni ) ve maruziyet siiresi (giinliik, y1l-
lik), maruziyet tlirii (devamli, aralikli, dinlenme aralikli) ve biriken maruziyet siiresine gore degis-
mektedir [17]. Calisanlar iizerinde gerceklestirilen El-Kol Titresim Olciimleri TS EN 5349-1 ve TS
EN 5349-2 standartlarina uygun olarak yapilmak zorundadir.

Kisisel titresim maruziyeti 6l¢limlerinde Sekil 2°de gosterilen SVANTEK Svan 958 marka titre-
sim Ol¢tim cihazi kullanilmistir. El kol titresim olgiimiinde transdiiserin x, y, z yonleri asagida belirtil-
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digi gibidir. Transdiiser 6lgiim yapilan kiginin sag eli ile borunun yiizeyi arasina yerlestirilmistir. Buna

gore;

X — yonii: El ayasinin altinda kalan eksendir.

Y — yonii: Iki eksene diktir ve bagparmaga olan yonde pozitiftir.

Z — yonii: Elin ii¢lincli parmaginin baglandig: tarak kemiginin uzunlamasina ekseni olarak tanimlanir

[18, 19].

3. Bulgular ve Tartisma

Bu béliimde Marmara bolgesinde faaliyet gdsteren bir kursun madenine iligkin 2021 ve 2023
yillar1 arasinda elde edilen giiriiltii ve titresim degerleri karsilastirmalar tablo, ¢izelge ve grafikler

yardimi ile asagidaki gibi hesaplanmis ve sonuglar analiz edilmistir.
3.1. 2021 ve 2023 Yillar1 Arasindaki Giiriiltii Ol¢iim Analizleri
Kursun madenine iliskin yapilan islerin tanimi ve ¢alisan sayis1 gibi bilgiler Tablo 1’de asagidaki

gibidir.

Tablo 1. Giiriiltii 6l¢iim analizi yapilan madenin isletme bilgileri

Yil Isletme Bolimii Yapilan Isler Calisan Sayisi
2021 A Galerisi Yer altt maden ocaginda delik 31
delme, maden ¢ikarma, yiikleme

islemleri yapilmaktadir.
2023 A Galerisi Yer altt maden ocaginda delik 40
delme, maden ¢ikarma, yiikleme

islemleri yapilmaktadir.

Kursun madeninin ortam sicakligi, basinci ve nemi gibi 6zellikleri ise asagida gosterilmistir.

Tablo 2. Giiriiltii olgiim analizi yapilan madenin ortam olgiimleri

Olgiim Ta- Ortam Sicakligt Ortam Basinc1 Ortam
rihi ‘c) (hPa) Nemi
(%RH)
16.06.2021 17 10154 74
08.09.2023 28,8 1013,2 51

TS EN 1SO 9612-2009 standardina gére gorev tabanl giiriiltii maruziyet 6l¢iim sonuglar1 2021 ve
2023 yillar1 i¢in verilmis olup, Sekil 3°de ise Lexs(dBA) yani en diisiik maruziyet eylem degeri ve Pe.
pe(dBC) degerlerinin yillara gore degisim grafigi asagida sunulmustur.
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Tablo 3. TSEN ISO 9612-2009 standardina gore Qorev tabanl giiriiltii maruziyet 6l¢iim sonuglart

Gergeklestirilen Isler | Olgiim [MaruziyetA-Agirliklamal C-
OlgiimPersonel|  Olgiim Stiresi (dKk)| Siiresi Agirliklama
Yii | Adi Yapilan Gorev Tammmi | Siire dk) Lexg(dBA) | Prgpe (ABC)

Bolim dk

2021 | X Kisisi A Delik Delme | 180 30 180 120,3 139,9
Galerisi

2023 |Y Kisisi A Maden Cikarma | 180 15 180 96,7 125,1
Galerisi

LEX8(dBA) ve P TEPE(dBC) Degerlerinin Yillara Goére Degisimi

140 —&— P TEPE (dBC)
—m - LEXS (dBA)

130+

Degerler
[
N
o
]
1
I
!
!

110f ~——

100 Teea

2021 2023
Olgtm Yih

Sekil 3. Lexg(dBA) ve P1gpe(dBC) degerlerinin degisim grafigi

Bu sonuglara gore, 2021'den 2023'e giiriiltii maruziyet seviyelerinde bir diisiis goriilmektedir.
Ancak her iki y1l i¢in de Lexg(dBA) Ve Pregpe degerleri, TS EN ISO 9612-2009 standardinda belirtilen
kabul edilebilir sinirlarin {izerindedir. Ozellikle Lexg(dBA) degeri, en diisiik 8 saatlik maruziyet eylem
degerini ifade eder ve giinliik giiriiltii maruziyetinin 80 dBA'nin iizerinde olmas1 durumunda koruyucu
onlemlerin alinmasi gerektigini belirtir. Prgpe degeri ise anlik giiriilti zirvelerini belirtir ve yasal olarak
135 dBC'nin altinda olmalidir. Bu degerler, ¢alisanlarin ciddi isitme kaybi riski altinda oldugunu gos-
termektedir. Glirtiltii maruziyet seviyelerindeki bu diisiis, alinan 6nlemlerin etkisini gosteriyor olabilir.
Ancak, degerler hala yiiksek oldugundan, daha etkili giiriiltii kontrol stratejilerinin gelistirilmesi ge-
rekmektedir. Giiriiltiiyli azaltma yontemleri (6rnegin makinelerin bakimi, ses yalitimi) ve ¢alisma pra-
tiklerinin (6rnegin maruziyet siirelerinin kisaltilmasi) iyilestirilmesine devam edilmelidir. Caligsanlara
yonelik egitim programlari ile giiriiltiiniin potansiyel saglik etkileri ve korunma ydntemleri hakkinda
bilgilendirme yapilmalidir. Giiriiltii seviyeleri kabul edilebilir limitlerin {izerinde oldugunda, isitme
koruyucularin kullanimi zorunludur. Kisisel koruyucu donanimlarin dogru kullanimi ve bakimi konu-
sunda ¢alisanlar diizenli olarak egitilmelidir. Bununla beraber, Kursun madeni i¢in i¢ ortam giiriiltii
Olciimlerine ait bilgi ve degerler Tablo 4’da gosterilmistir.
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Tablo 4. I¢ Ortam Giiriiltii Olciim Sonuclar:

Olgiim Olgiim Yapilan Boliim Zemin | Olgiim Siiresi LegA Prere
Yilt Bilgileri (dk) (dBA) (dBC)
2021 A Galerisi Toprak 5 74,40 133,6
2023 A Galerisi Toprak 5 100,2 121,1

LegA (dBA) Degerleri: LeqA, belirli bir siire zarfinda maruz kalinan ortalama giiriiltii seviyesi-
dir ve genellikle igitme kaybi riskinin degerlendirilmesinde kullanilir. TS EN ISO 9612-2009 standar-
dina gore, 80 dBA iizerindeki degerler isitme koruyucu kullanimimi gerektirirken, 85 dBA ve iizeri
uzun siireli maruziyet ciddi saglik riskleri olusturur. 2021'de LeqA degeri 74,40 dBA iken, 2023'te
100,2 dBA'ye yiikselmistir. Bu artis, calisma ortamindaki giiriiltii seviyesindeki 6nemli bir yiikselisi ve
potansiyel saglik risklerinin artisin1 gostermektedir. Prgpe, maruz kalman maksimum anlik giriiltii
seviyesidir. Anlhk giriiltii darbeleri, isitme {izerinde aniden zararli etkiler yapabilir. TS EN 1SO
9612-2009 standardina gore, 135 dBC'nin altindaki degerler genellikle giivenli kabul edilir. Her iki y1l
icin de Prepe degerleri (133,6 ve 121,1 dBC) kabul edilebilir sinirlar i¢indedir, ancak yliksek seviyeler
isitme korumasinin 6nemini vurgular.

Bes dakikalik zaman zarfi igerisinde maruz kalinan ortalama giiriiltii seviyesi ve maruz kalinan

maksimum anlik giiriiltii seviyesine ait Olglimlerin yillara gore degisimi Sekil 4’te gosterilmistir.

LegA (dBA) ve P TEPE (dBC) Degerlerinin Yillara Gore Degisimi

e —e— LegA (dBA)
130k TTTTTEe—e -m- P TEPE (dBC)
120} i
110+

A
e
@
TN
& 100

90+

80}

2021 2023

Olctim Yili

Sekil 4. LegA (dBA) ve Prgpe (dBC) degerlerinin degisim grafigi
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Arka plan giiriiltiisii, 6l¢iim yapilan ortamdaki ana islemler disindaki giiriiltiidiir ve genel maru-
ziyet degerlendirmesinde dikkate alinmalidir. 2021 yilinda arka plan giiriiltii seviyesi 56,3 dBA olarak
Olciilmiis, ancak 2023 yilinda bu deger verilmemistir. Arka plan giiriiltiisiiniin diisiik olmasi, ana is-

lemlerin giiriiltii maruziyetindeki asil katkiy1 gosterir.
3.2.2021 ve 2023 Yillar1 Arasindaki Titresim Ol¢ciim Analizleri

2021 ve 2023 yillar1 arasinda titresim Ol¢limiiniin yapildigi Kursun madeninde isletme bilgileri
ve ortam olgtimleri yukarida verilen Tablo 1 ve Tablo 2’deki gibidir. TS EN ISO 5349-1, 2 Standardi-
na gore El Kol Titresim degerleri; el-kol titresiminde; sekiz saatlik ¢alisma siiresi i¢in giinliik maruzi-
yet siir degeri yani MSD: 5 m/s® sekiz saatlik calisma siiresi icin giinlik maruziyet eylem degeri yani
MED: 2,5 m/s? dir. El-kol titresiminde maruziyet diizeyinin degerlendirilmesi sekiz saatlik bir referans
doneme A(8) normalize edilen giinlilk maruziyet degerinin hesaplanmasina dayali olarak, frekans agir-
likli ivme degerlerinin karelerinin toplaminin (RMS) karekokii olarak ifade edilir. Ayrica; Tiim viicut
titresiminde; sekiz saatlik ¢alisma siiresi i¢in giinliik maruziyet smir degeri: 1,15 m/s? ve sekiz saatlik
calisma siiresi i¢in giinliik maruziyet eylem degeri: 0,5 m/s® olarak belirlenmistir. [20]. Aldigimiz
Olciim Sonuglarindan elde ettigimiz veriler asagida Tablo 5’de, bu degerler yardimi ile gizilen grafik
Sekil 5°te ve dl¢lim yillarina gore ortalama RMS degerleri ise Tablo 6’°de asagidaki gibi gosterilmistir.

Tablo 5. TS EN 1SO 5349-1,2 Standardina gére El Kol Titresim Olgiim Sonuglar

Oliim|  Olglim Ol¢iim | Maruziyet | Olgiim RMS A(8) <MED | <MSD

Yih Yapilan Alman | Siiresi Siiresi Degerleri Titresim m/sn m/sn
Boliim Konum | (dk) (saniye) m/sn Degerim/sn
6,808
3,832
5,346
6,660
4,482 4,651 2,5 5
4,892
6,615
5,882
3,345
8,502
7,771
5,303
8,204
5,861 6,114 2,5 5
3,819
10,641
7,577
5,358

20

A Galerisi
2021 Havali Sag El 120 20
Tabanca

20

60

A Galerisi
2023 Havali Sag El 120 60
Tabanca

60

N|[<|X|N|<|IXINI<[|X|N|<|[X|N|<|X|IN|I<IX
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2021 ve 2023 Yillari RMS Degerleri Degisimi

X icin RMS
9,000 | —e— Y icin RMS
—e— Zicin RMS
8,000
b
T 7,000}
27,
193]
=
o
6,000
5,000 >
20I21 20‘23
Yil
Sekil 5. Olgiimlere gore ortalama RMS degerleri
Tablo 6. Olciim yillarina gére ortalama RMS degerleri
Olgiim Yillari RMS Degerleri (m/s?)
X icin RMS: 6,695
2021 Y i¢in RMS: 4,808

Z icin RMS: 4,606

X i¢in RMS: 9,179
2023 Y i¢in RMS: 7,121
Z icin RMS: 4,880

Titresimin biiyiikliigii, hareketin ivmesinin ortalama degeri, genellikle karelerin toplaminin ka-
rekokii olan RMS (Root Mean Square) degeri ile verilir. RMS degerlerinin artisi, 6zellikle X, Y ve Z
eksenlerinde, is¢ilerin maruz kaldig titresim giiciinde belirgin bir artis oldugunu gostermektedir. Bu
artig, uzun vadeli maruziyetin sonuglar1 agisindan endise vericidir. Ciinkii el-kol titresimine bagli sag-
lik sorunlari doza ve siireye baglidir. Yiiksek RMS degerleri, vaskiiler, norolojik ve kas-iskelet sistemi
tizerinde olumsuz etkilere yol agabilir bu da Raynaud fenomeni (beyaz parmak), ndropati ve tendonitis
gibi meslek hastaliklarina neden olabilir [21]. Olgiim siiresinin 20 saniyeden 60 saniyeye ¢ikarilmasi,
elde edilen verilerin gilivenilirligini artirir ve gercek ¢aligsma kosullarinin daha iyi bir temsilini saglar.

Bu, risk degerlendirmesinin dogrulugunu artirarak, alimacak onlemlerin daha etkili olmasini saglar.
442



International Journal of Pure and Applied Sciences 10(2); 433-445 (2024)

A(8) degeri 8 saatlik frekans agirlikli toplam titresim degeri olup; A(8) degerindeki artig, isgilerin
giindelik maruziyetlerinin zamanla arttigini ve bu durumun is¢i sagligi iizerinde olumsuz etkiler yara-
tabilecegini gosterir. A(8) degeri, is¢ilerin titresim maruziyeti agisindan giivenli sinirlarin belirlenme-
sinde kullanilir. Bu degerlerin artmasi, is¢ilerin el-kol titresim sendromu riskinin arttigini gosterir.
RMS ve A(8) degerlerindeki artig, mevcut ekipmanin ve is pratiklerinin gézden gegirilmesini gerekti-
rir. Ekipmanin modern, daha az titresim iireten modellerle degistirilmesi, is pratiklerinin titresim ma-
ruziyetini azaltacak sekilde diizenlenmesi, titresim soniimleyici materyallerin kullanimi, iscilerin dii-
zenli araliklarla mola vermesi ve farkli isler arasinda rotasyon yapmasi gibi 6nlemler uygulanabilir.
Iscilere el-kol titresimine bagli riskler ve 6nleyici stratejiler hakkinda egitim verilmesi dnemlidir. Bu,

iscilerin maruziyeti azaltmak i¢in kendi sagliklarini koruma bilincini artirir.

4. Sonuc ve Tartisma

Marmara Bolgesinde faaliyet gosteren bir yeraltt kursun madeninde 2021 ve 2023 yillarinda
gerceklestirilen giiriiltii ve titresim Olglimlerinin analizlerinden elde edilen sonuglar su sekildedir:
Tablo 3°de agikc¢a goriildiigii gibi 2021 ve 2023 yillar arasinda giiriiltii maruziyet seviyelerinde goz-
lenen diisiis olumlu bir gelisme olmakla birlikte, degerlerin hala TS EN ISO 9612-2009 standardinin
onerdigi limitlerin lizerinde olmasi, ig saglig1 ve giivenligi acisindan ciddi endiseler dogurur. Giriiltii
yonetmeligine gore belirlenen maruziyet limit degerleri, igyerlerindeki giiriiltii diizeylerinin ¢alisan
saglig1 iizerindeki olumsuz etkilerini en aza indirmek amaciyla konmustur. Yonetmelik genellikle
giinliilk maruziyet limitini ve pik giiriiltii degerlerini belirler. 2021 yilinda alinan 6lgiim delik delme
islemi sirasinda gergeklesmis, toplam calisma siiresi 180 dakika iken, giiriiltiiye maruz kalma siiresi 30
dakika olarak kaydedilmistir. A-agirliklamada 120,3 dBA ve C-agirliklamada 139,9 dBC olarak 6lgii-
len degerler, genellikle kabul edilen giinliik en yliksek maruziyet limiti olan 85 dBA'nin ¢ok iistiinde-
dir. Ayrica, C-agirliklamada 6lgiilen pik deger, genellikle kabul edilen (giinliik en yiiksek maruziyet
limiti) 140 dBC'nin altinda olmasina ragmen, bu seviyeye yakin bir deger gostermektedir. Bu durum,
isitme korumasi ve diger onleyici tedbirlerin gézden gegirilmesini zorunlu kilar. 2023 yilinda Y Kisi-
si’nin maden ¢ikarma islemi sirasinda gergeklestirilen Ol¢iimde, A-agirliklamada 96,7 dBA ve
C-agirliklamada 125,1 dBC olarak giiriiltii seviyeleri belirlenmistir. Bu degerler de yonetmelikte belir-
tilen giinliikk 85 dBA limitini agmaktadir. Maruz kalinan siire 15 dakika olmasina ragmen, giiriiltii dii-
zeylerinin yiiksekligi nedeniyle risk degerlendirmesi ve giiriiltii kontrol stratejileri 6nem arz etmekte-
dir. Genel olarak iki 6l¢iim karsilagtirildiginda yonetmelik degerlerini asan giiriiltii seviyelerini ortaya
cikmaktadir. Bu durum, ¢alisma ortaminda isitme kayb1 riskinin yiiksek oldugunu gostermekte, 6zel-
likle madencilik gibi yiiksek giiriiltii seviyelerinin oldugu sektorlerde, is sagligi ve giivenligi onlemle-
rinin gii¢lendirilmesi, giiriiltii maruziyetini azaltacak teknik ve idari tedbirlerin uygulanmasimi vurgu-
lamaktadir. Ayrica, diizenli saglik kontrolleri ve igitme koruyucu donanimlarin kullanimi, bu tiir risk-
lerin yonetilmesinde kritik rol oynar. Bu baglamda, maden isletmelerinin giiriiltii maruziyetini azalt-
mak igin siirekli olarak stratejiler gelistirmesi ve uygulamasi, ¢alisan sagliginin korunmasi agisindan
hayati 6neme sahiptir. Bu stratejiler, teknik kontroller, organizasyonel degisiklikler, siirekli denetimler
ve calisanlarin egitimi gibi ¢esitli 6nlemleri mutlaka igcermelidir.

Tablo 5°de belirtilen degerlere gore; 2021'den 2023'e titresim 6l¢iim sonuglarindaki degisiklikler,
isyerindeki mevcut risk degerlendirme ve kontrol stratejilerinin yetersiz kaldigini gostermektedir. Tiir-

kiye'de is saglig1 ve giivenligi kapsaminda, el-kol titresimi i¢in giinlilk maruziyet eylem degeri (MED)
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2,5 m/s* ve gilinliikk maruziyet limit degeri (MSD) 5 m/s? olarak belirlenmistir. 2021 yilinda yapilan
Ol¢iimlerde maruziyet limit degerine yakin bir sonug olarak 4,651 olarak A(8) Titresim degeri hesap-
lanmis iken, 2023 yilinda maruziyet limit degerinin {istiine ¢ikarak 6,114 olarak hesaplanmigtir. Artan
maruziyet degerleri, hem igverenler hem de isgiler i¢in ciddi saglik ve giivenlik riskleri olusturur. Bu
nedenle, titresim maruziyetini azaltmak i¢in kapsamli bir yaklagimin benimsenmesi gerekmektedir. Bu
yaklagim, risk degerlendirmelerinin giincellenmesi, ekipman ve is pratiklerinin iyilestirilmesi, maki-
nelerin tutma kollarinin titresim 6nleyici malzeme ile kaplanmasi, séniimleyici eldiven gibi koruyucu
donanimlar kullanilmasi, doniisiimlii ¢alismaya riayet edilmesi, is¢i egitimi ve saglik izlemesinin arti-
rilmasini ve diizenli denetimleri igermelidir. Bu dnlemler, isci sagligmi korumak ve isyerindeki gii-

venligi artirmak i¢in kritik 6neme sahiptir.

Cikar Catismasi

Yazarlar bu makaleyle ilgili herhangi bir ¢ikar ¢atismasi olmadigini bildirir.
Arastirma ve Yayin Etigi Beyam

Yazarlar bu ¢aligmanin arastirma ve yayn etigine uygun oldugunu beyan eder. Bu makale Prof.
Dr. Sezgin AYGUN damsmanhginda yapilan “Bir Kursun Madeninde Fiziksel Risk Etmenlerinin
Olgiilmesi ve Degerlendirilmesi” baslikli doktora ¢alismasindan faydanilarak iiretilmistir. Calismamizin

yayinlanmasi siirecinde degerli vakitlerini ayirarak, makalemizin eksiklerinin giderilmesi i¢in goriisle-

rini sunan hakemlerimize tesekkiirlerimi sunarim.
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Abstract: The purpose of this study was to evaluate the efficacy of Nigella sativa oil
on serum responses in rainbow trout. Fish were injected intraperitoneally (i.p.) with
1% and 10% doses of NSO. Serum bactericidal activity, lysozyme activity, myelop-
eroxidase, total protein and total immunoglobulin levels were analyzed 3, 7, 14 and 21
days after injection. The same procedure was performed in a control group. There
were significant changes in all immunological parameters among the treatment
groups except for total protein and immunoglobulin levels. In conclusion, the present
study showed that the immune parameters of rainbow trout were increased. Therefore,
injection of Nigella sativa oil leads to a positive effect on the immune response of
rainbow trout.

Keywords: Rainbow trout; Oncorhynchus mykiss; Nigella sativa oil; immune re-
sponse

Arastirma Makalesi

Nigella sativa Yagimin Gokkusagi Alabahgi (Oncorhynchus mykiss)’nin
Bagisikhk Mekanizmalar Uzerindeki Etkileri

Ozet: Bu calismanin amaci, Nigella sativa yagmin gokkusag alabaliginda serum
yanut1 lizerindeki etkinligini degerlendirmektir. Baliklara %1 ve %10 dozlarinda NSO
intraperitoneal (i.p.) olarak enjekte edilmistir. Serum bakterisidal aktivite, lizozim
aktivitesi, miyeloperoksidaz, total protein ve total immiinoglobulin seviyeleri
enjeksiyondan 3, 7, 14 ve 21 giin sonra analiz edilmistir. Ayni prosediir bir kontrol
grubunda da gergeklestirilmistir. Tedavi gruplar1 arasinda total protein ve

immiinoglobulin seviyeleri hari¢ tiim immiinolojik parametrelerde anlaml
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degisiklikler olmustur. Sonug¢ olarak, bu c¢alisma gokkusag: alabaligimnin immiin
parametrelerinin arttigin1 gostermistir. Bu nedenle, Corek otu yagi enjeksiyonu
gokkusagi alabaliginin immiin yanit1 iizerinde olumlu bir etkiye yol agmaktadir.

Anahtar Kelimeler: Gokkusagi alabaligi; Oncorhynchus mykiss; Nigella sativa yagt;
bagisiklik yanitt

1. Introduction

Intensive culture systems, characterized by associated stress and various husbandry risks, signifi-

cantly increase the risk of infection. In addition, the high density of fish in aquaculture exacerbates the
spread of disease [1]. A significant number of plants have been used in traditional medicine for the
treatment and control of a wide range of diseases, including [2]. Many medicinal plants possess the
ability to enhance the immune system has been demonstrated including Nigella sativa [3]; black cumin
oil [4]; Allium sativum [5], Muscari comosum [6], Zingiber officinale, Urtica dioica and Viscum album
[7] in several fish species. The results indicate that the plants studied have significant potential as al-
ternative therapies for bacterial fish diseases.
Nigella sativa is an annual herbaceous plant of the Ranunculacceae family, commonly known as black
cumin seed. It has been traditionally used for centuries in the world for the treatment of various dis-
eases [8]. Nigella sativa and its oil showed antioxidant [9], bronchodilatatory and anticholinergic [10]
anticancer [11], hepatoprotective [12], anti-ulcer [13], antiviral [14], anti-inflammatory [12], an-
ti-diabetic [15] improves growth performance [16] and has immunomodulatory properties [3].

The supplementation of black seed oil derivatives in fish has been demonstrated to significantly
enhance growth performance and immune system function [17]. The addition of black cumin to fish
feed has been demonstrated to positively influence the growth rate of fish, while simultaneously re-
ducing microbial activity during storage [18]. It has been demonstrated that black cumin has the ca-
pacity to diminish the production of ammonia and biogenic amines during the storage of fish meat
[19].

Black seed oil boosts the immune system thanks to its thymoquinone [20] and antioxidant [21]
compounds. Black cumin oil added at 1% in the diet significantly improved fish growth,
hemato-biochemical parameters, and histopathologic tissues [22].

It was established that the nutritional attributes of black cumin oil were efficacious enough to el-
evate protein levels even when employed at minimal ratios in groups administered via the feeding
method [23].

Adding black cumin oil to fish feed is recommended to increase the growth rate of fish and to
protect fish health [24].

The aim of this study was to evaluate the effect of Nigella sativa oil (NSO) on serum bactericidal
activity, lysozyme activity, myeloperoxidase (MPQ), total protein and total immunoglobulin levels of
rainbow trout.
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2. Materials and Methods

2.1. Experimental fish

The research was conducted at the Fish Disease Laboratory of Kahramanmaras University, Faculty of
Agriculture, and Fisheries Department. Fish were obtained from a commercial fish farm in
Kahramanmaras and brought alive to the laboratory where the research was conducted. Approximately
200 rainbow trout with an average weight of 40+1.44 g were used. The fish were kept in 600 L fiber-
glass tanks with dimensions of 120x10x50 cm. Prior to the experimental study, the fish were accli-
mated for two weeks to adapt to the study conditions. During the acclimatization period, the fish were
fed commercial trout feed (Abalioglu Blueaq, Denizli, Turkiye) twice a day until satiation.

2.2. Nigella sativa oil (NSO)

The black cumin (Nigella sativa L.) oil employed in the experiment was procured from a com-
mercial enterprise and produced via cold pressing. The dose of black cumin oil employed in the study
was determined in accordance with the findings of previous studies [23]. Solutions were prepared with
1% and 10% of black cumin oil.

2.3. Experimental fish groups

The experiment was maintained in 600 L tanks. The fishes were divided into four groups (two is
the control and two experimental groups) of 50 fish each groups.

o Group I (negative control): Control fish (without Nigella sativa oil and sunflower oil)

e Group Il (positive control): Control fish (Fish were intraperitoneal injection with 100ul of
sunflower oil)

o Group IV (Nigella sativa oil, 1.0%): Fish were intraperitoneal injection with 100ul of 1.0%
Nigella sativa oil.

e Group V (Nigella sativa oil, 10.0%): Fish were intraperitoneal injection with 100ul of 10.0%
Nigella sativa oil.

2.4. Water quality parameters

During the research period, water temperature was measured regularly with a 0.1 precision ther-
mometer (WTW, Monoline Oxi 3310), pH with a 0.003 precision digital pH meter (HACH, HQ11d)
and dissolved oxygen levels with a 0.01 precision oxygen meter (WTW, Monoline Oxi 3310).
Throughout the experiment, dissolved oxygen, average water temperature, and pH were measured as
8.5+0.14 ppm, 12+0.22 °C, and 7.8+0.09 respectively.
2.5. Collection of Samples

At the end of the experimental period of 3, 7, 14, and 21 days, the fish were sedated with an an-
esthetic substance (2- phenoxyethanol). Analyses were performed on seven fish from each group at 3,
7, 14, and 21 days of exposure. Fish were not fed on sampling days. Blood was collected from the tail.
For serum separation, blood was transferred to serological tubes. The tubes were kept at room temper-
ature for two hours and then overnight at 4°C. The samples were centrifuged at 2500 rpm for 10
minutes. Serum was collected and stored at -20°C.
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2.6. Immunology study

Serum antibacterial activity against Yersinia ruckeri was determined according to Zhang et al.
Lysozyme activity was determined according to Zhang et al [25] with slight modifications. Total se-
rum myeloperoxidase activity was determined according to Quade and Roth [26] and Sahoo et al. [27]
Total protein levels were determined by the Biuret method [28, 29]. Total immunoglobulin levels were
determined by the method previously published by Siwicki et al [28].

2.7. Statistical analysis

All experiments were performed in triplicate, and the means and standard deviations of the im-
mune parameter data were calculated from the experimental data obtained. The mean significance of
the immune parameters for the experimental groups was analyzed by analysis of variance (ANOVA).

Differences between means were considered significant when P < 0.05.

3. Results and Discussion

Serum bactericidal activity and lysozyme activity were significantly increased in fish injected
with 10.0% NSO (Fig. 1 and Fig. 2). Lysozyme activity on days 3 and 7 was similar in the experi-
mental group. There was a significant increase in serum lysozyme activity (P < 0.05) compared to the
control group. On days 14 and 21, serum lysozyme activity had decreased but increased significantly
compared to control values (P < 0.05). In lysozyme activity, the maximum level was 2.06 + 0.23
ml/mg (in the 1.0% NSO group, day 7) and the minimum level was 1.29 + 0.40 ml/mg (in the 10.0%
NSO group, day 3) in the experimental group (Fig. 2).
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Figure 1. Changes in serum bactericidal activity of rainbow trout on the days after injection with NSO

* Significant difference compared to the control groups P < 0.05.
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Figure 2. Changes in lysozyme activity of rainbow trout on the days after injection with NSO.

* Significant difference compared to the control groups P < 0.05.

Myeloperoxidase levels in rainbow trout were affected by NSO. MPO levels were significantly
increased when rainbow trout were injected with NSO at all times tested. The maximum values of
myeloperoxidase activity were 0.813, 0.818, 0.238, and 0.203 (OD at 450 nm) for the experimental

and control groups, respectively (Fig. 3).
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Figure 3. Changes in myeloperoxidase content of rainbow trout on the days after injection with NSO

* Significant difference compared to the control groups P < 0.05.
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In the experimental group, total protein and total Ig levels at 3, 7, 14 and 21 days after injection
are shown in Fig. 4 and Fig. 5. The total protein and total Ig levels in the NSO-injected group were not
significantly different (P > 0.05) from those in the control group.
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Figure 4. Changes in total protein levels of rainbow trout on the days after injection with NSO
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Figure 5. Changes in total Immunoglobulin levels of rainbow trout on the days after injection with
NSO
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Influence of intraperitoneal injection administration of Nigella sativa oil at doses of 1% and 10%
was evaluated on some immunological factors (Bactericidal activity, Myeloperoxidase activity and
Lysozyme activities; Total protein and Total immunoglobulin) of rainbow trout.

Serum bactericidal activity represents a mechanism that enables the resistance of pathogen
growth [30]. Climbing perch (Anabas testudineus) of average weight 25+5 g were fed for 1, 2 and 4
weeks with diet supplemented 20 ml (20%), 30 ml (30%) and 40 ml (40%) 100 g-1 of Nigella sativa
Treatment groups fed the dose 30% Nigella sativa oil showed a significant enhancement in bactericid-
al activity [31]. Immunological parameters including bactericidal activity action of test fish increased
after treatment [32]. Serum bactericidal activity in Nigella sativa administered groups increased in
non-immunized fish on days 20 and 30 of treatment (P < 0.05) [33]. The effects of Nigella sativa were
examined at doses of 2%, 4%, and 6% on immunological parameters, including bactericidal activity.
The results of the present study revealed a significant increase in the bactericidal activity in day 14
with 4% Nigella sativa seed oil supplemented diet compared to the control group [34]. The objective
of this study was to investigate the effect of bactericidal activity black cumin seed oil (Nigella sativa)
at a rate of 1%, 2%, and 3% on the enhancement of immunity in rainbow trout (Oncorhynchus mykiss
Walbaum). The results of this study revealed significantly higher serum bactericidal activity in treat-
ment groups, especially in higher doses, i.e. and 3% of Nigella sativa oil [4]. In this study, serum bac-
tericidal activity was significantly increased in fish injected with Nigella sativa oil at levels of 10.0%
(P < 0.05). Itis likely that the increase in their functions led to the improvement of serum protein lev-
els.

The immune system comprises numerous components, and the activity of lysozyme is a signifi-
cant indicator of innate immunity in fish. This enzyme is ubiquitous among living organisms [35].
Lysozyme has been demonstrated to function as an opsonin in fish, activating the complement system
and phagocytes [36]. Awad et al. [4] studied Effect of black cumin seed oil (Nigella sativa) in a rate of
1%, 2% and 3% on enhancement of immunity in rainbow trout, Oncorhynchus mykiss (Walbaum) and
investigated Humoral immune parameters including lysozyme. Groups fed the highest doses, i.e. 3%
Nigella sativa oil, showed a highly significant difference (P<0.05) in lysozyme. The impact of Nigella
sativa (0.5; 1.0; 2.5; 5.0; 10.0 and 20.0 g/kg) on the nonspecific defence mechanisms of rainbow trout
(Oncorhynchus mykiss) was examined. With regard to lysozyme activity, the control group exhibited
similarities across all groups in accordance with lysozyme activity. However, notable differences were
observed between the experimental groups. The mathematical analysis revealed that the lysozyme
activity was significantly elevated at the doses of 1.0 and 2.5 g/kg. In the 25-day feeding experiment,
the highest lysozyme activity was observed in the 0.5 g/kg treatment group [37]. Celik Altinoglu et al.
[38] determined significant increase in lysozyme in 0.1 and 0.5 g/kg dose group. Serum lysozyme
activity increased significantly in immunized fish fed Nigella sativa supplemented diets for 20 and 30
days [33]. In this study, the lysozyme activity was similar on days 3 and 7 in the experimental group
(1.0% and 10.0%). There was a significant increase in serum lysozyme activity (P < 0.05) compared to
the control group. On days 14 and 21, serum lysozyme activity had decreased but increased signifi-
cantly compared to control values (P <0.05).

Myeloperoxidase (MPO) is a critical enzyme that reflects the cellular immune response in fish
and indicates antimicrobial activity [39, 40]. Awad et al. [4] investigated the impact of black cumin
seed oil (Nigella sativa) at concentrations of 1%, 2%, and 3% on the enhancement of immunity in
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rainbow trout. Additionally, they examined the effects on humoral immune parameters, including
myeloperoxidase. All doses of Nigella sativa led to the highest significant myeloperoxidase (P<0.05),
compared to the control which recorded the lowest value at all. Kumar et al. [41] It is abundantly pre-
sent in fish neutrophils. In the current study, myeloperoxidase levels in rainbow trout were affected by
Nigella sativa oil. The Myeloperoxidase content was significantly increased when rainbow trout were
injected with Nigella sativa oil for all the times tested. In agreement with this study, the activity of
Myeloperoxidase increased significantly in common tilapia fed with diets supplemented with different
levels of aqueous extract of false daisy leaf for one week. However, no significant increase was ob-
served when the feeding period was extended to two or three weeks [42].

Total serum protein is a key indicator of the general health of fish. [43]. The study conducted by
Awad et al. [4] demonstrated that the administration of Nigella sativa oil resulted in an elevation of
total protein levels, particularly in groups that received higher doses, which exhibited the most signif-
icant increase compared to the control group. A notable elevation in total serum protein levels was
observed in rainbow trout fed a basal diet supplemented with 1, 2.5, and 5% annual flowering plant
(Nigella sativa) compared to the control group. The present study demonstrated that the total protein
levels in the Nigella sativa oil injected group were not significantly different (P > 0.05) from those
observed in the control group [3]. These results are different from Awad et al. [4] and Dorucu et al. [3].
The total protein concentration in fish serum varies depending on a number of factors, including the
diet of the animal, its species, the time of year, its degree of sexual maturity, and the temperature of
the water in which it lives [44].

Serum immunoglobulin is an important part of humoral immune system of vertebrates [45]. Total
Ig levels in the Nigella sativa oil injected group was not significantly different (P > 0.05) than that in
the control group. The findings presented here differ from those reported by Dorucu et al. [3], who
observed a significant elevation in total immunoglobulin levels in rainbow trout fed a basal diet sup-
plemented with 1, 2.5 and 5% of the annual flowering plant Nigella sativa, in comparison to the con-
trol group. It has been previously reported that there is considerable individual variation in serum Ig
levels among fish. Some changes may be related to environmental conditions [46, 47] or disease status
[48, 49], size and/or age [50, 51].

4. Conclusions

Herbal extracts have a potential application as immunostimulants in fish culture mainly because they
are readily available, inexpensive, and effective against a wide range of pathogens. Most herbs and
herbal extracts are the most convenient method of immunostimulation. However, the effect is
dose-dependent and there is always a potential for overdose, so dosage optimization is strongly rec-
ommended. The use of such plant products as immunostimulants in fish culture systems may also be
of environmental value due to their biodegradability. Due to their beneficial properties, we conclude
that herbal extracts and animal-derived products can be used in fish culture as alternatives to vaccines,
antibiotics or chemotherapeutic agents. The results of the present study revealed that the administra-
tion of apricot oil (1% and 10%) by the injected route is a potential method in rainbow trout culture to
enhance the resistance of rainbow trout. Further studies are needed to elucidate the bioavailability of
apricot kernel oil and its role in immune response and disease resistance in fish.
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Abstract: This study investigates the connection between Environmental, Social,
Governance, and Controversies (ESGC) scores and financial performance in the energy
sector across 27 countries and 521 firms from 2000 to 2021 through algorithms and
machine learning techniques. The research employs advanced machine learning
methods such as clustering analysis (k-means, DBSCAN, Hierarchical Clustering, and
Affinity Propagation), violin plots, co-occurrence analysis, and regression techniques to
examine the effects of sustainable practices on corporate financial outcomes using a
dataset with 640 variables. The study highlights sector-specific and geographical dif-
ferences in the effectiveness of ESGC practices and demonstrates a positive association
between high ESGC scores and better financial indicators, such as profitability, earn-
ings quality, liquidity ratios, and leverage. By presenting a strong case for incorporating
ESGC scores into investment strategies, policy formulation, and corporate governance,
the study suggests that responsible and ethical practices lead to enhanced operational
efficiencies and better risk-adjusted returns. The findings, analyzed using machine
learning techniques, indicate that companies with strong ESG practices have higher
earnings quality and profitability, showing that sustainable practices benefit not only
the environment and society but also the financial base line.

Keywords: machine learning; clustering and regression algorithms; environmental,
social, governance, and controversies (ESGC) scores; ethical investing; energy sector

Enerji Sektoriinde Etik Yatirnma Dayali Finansal Performans Uzerindeki
ESGC Etkisini Agiga Cikarmada Algoritmik Yaklasimlar

Ozet: Bu calisma, 27 iilkede ve 521 firmada, 2000'den 2021'e kadar enerji sektoriinde
Cevresel, Sosyal, Yonetisim ve Tartigmalar (ESGC) skorlar ile finansal performans
arasindaki baglantiyr algoritmalar ve makine o&grenmesi teknikleri aracilifiyla
aragtirmaktadir. Calismada, kiimeleme analizi (k-means, DBSCAN, Hiyerarsik
Kiimeleme ve Affinity Propagation), keman grafikleri, esgorii analizi ve regresyon
teknikleri gibi gelismis makine 6grenmesi yontemleri kullanilarak, siirdiiriilebilir uy-
gulamalarin kurumsal finansal sonuglar iizerindeki etkileri 640 degiskenlik bir veri seti
iizerinden incelenmektedir. Arastirma, ESGC uygulamalarinin etkinliginde sektore
0zgii ve cografi farkliliklar1 vurgulamakta ve yiiksek ESGC skorlar ile daha iyi finansal
gostergeler, 6rnegin karlilik, kazang kalitesi, likidite oranlar1 ve kaldirag gibi, arasinda
pozitif bir iliski oldugunu ortaya koymaktadir. ESGC skorlarinin yatirim stratejilerine,
politika olusturmaya ve kurumsal yonetisime entegre edilmesi gerektigi yoniinde giicli
bir argiiman sunan c¢aligma, sorumlu ve etik uygulamalarin gelismis operasyonel
verimliliklere ve daha iyi risk uyarlamali getirilere yol agtigin1 one siirmektedir. Bul-
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gular, makine 6grenmesi teknikleriyle analiz edilen veriler 15181nda, gii¢lii ESGC uy-
gulamalarina sahip sirketlerin daha yiiksek kazang kalitesi ve karliliga sahip oldugunu,
stirdiiriilebilir uygulamalarin sadece gevre ve topluma degil, ayn1 zamanda finansal
temele de fayda sagladigini gostermektedir.

Anahtar Kelimeler: makine 6grenmesi; kiimeleme ve regresyon algortimalari;
cevresel, sosyal, yonetisim ve tartigmalar (ESGC) skorlari; etik yatirim; enerji sektorii

1. Introduction

Environmental, Social, Governance, and Controversial (ESGC) scores have become increasingly
vital for businesses, particularly energy firms, to demonstrate sustainability and responsibility. These
scores, along with sustainability practices and financial metrics, are pivotal for energy companies to
gain competitive advantage and stakeholder trust for long-term success.

This study explores the energy sector's critical role in addressing global challenges like energy
crises, geopolitical tensions, and pandemics. It emphasizes the complexity of investment decisions in the
sector, which must account for wide-ranging environmental, social, governance, and controversial
impacts.

The research investigates the influence of ethical investments in the energy sector through ESGC
elements. It aims to guide ethical investors in forming sustainable portfolios and understand how global
crises influence energy investments. By analyzing ESGC impacts on financial performance, the study
offers insights for strategic, sustainable decision-making in the sector.

This analytical endeavor aims to provide a detailed perspective on the energy sector's sustainable
trajectory, highlighting the critical role of ethical investments in addressing externalities. It's designed to
arm investors, policymakers, and stakeholders with the necessary insights for informed, responsible
investment choices amidst global challenges.

The study's core goal is to dissect the interplay between ESGC scores and financial metrics, as-
sessing their influence on financial risks. It will illustrate how ESGC scores can aid ethical investors in
crafting resilient, sustainable portfolios, particularly focusing on the financial implications of envi-
ronmental risks.

Through a detailed comparative analysis, the research will explore temporal changes and risk
profiles of companies with varying ESGC scores. It aims to offer profound insights into the effects of
ESGC factors on corporate performance and guide strategic, sustainable investment planning.

The study's novelty approach synthesizes a wide array of research on ethical investments, with a
special focus on the energy sector. It employs advanced quantitative methods like clustering, violin
plots, co-occurrence, and regression analyses to provide a thorough examination of the sector's financial
performance over the past two decades, marking its novelty in the realm of sustainable and ethical
investment research.

This study critically analyzes the financial performance and earnings quality of energy companies
with and without ESGC scores, shedding light on the management of non-systematic risks within the
sector. By examining 521 firms across 27 countries with a focus on the energy industry, it provides a
nuanced understanding of the interplay between ESGC factors and financial metrics. The investigation's
depth, covering a comprehensive temporal and geographical span, allows for a detailed exploration of
trends and outliers, offering significant insights for a wide array of stakeholders.

The research goes beyond measuring ESGC's impact on financial performance by examining how
these components are woven into the fabric of companies' risk management and sustainability strategies.
Offering a fresh and profound perspective on sustainable finance and investment in the energy sector,
the study paves the way for future exploration, aiming to guide investors, policymakers, and industry
participants in navigating the complexities of ethical and sustainable investment. This meticulous ap-
proach ensures that the findings are well-informed, relevant, and actionable, contributing to a more
sustainable and ethical future in the energy sector.
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The ongoing parts of the study are aimed at comprehensively examining the origins and multifac-
eted dimensions of ethical investment. Under the title "Origins of Ethical Investment Behavior," the
study thoroughly addresses the elements shaping the landscape of ethical investment. These include
Impact Investments, Socially Responsible Investments (SRI), ESGC Investing, Sustinabile Investing,
Faithful Investing and Culture. A "Systematic Literature Review" provides a rich synthesis of research,
bridging historical and contemporary trends while identifying literature gaps. The "Materials and
Methods" section outlines the empirical datasets, crucial for the study's depth and reliability.

Key analytical components like "Clustering Analysis" and "Violin Plot and Co-Occurrence
Analysis" utilize advanced statistics to uncover patterns and correlations in ethical investment. "Lasso
and Ridge Regressions" further the analytical rigor, focusing on predicting ethical investment outcomes.
The study culminates in "Conclusion" and "Policy Implications," synthesizing findings to guide poli-
cymakers, investors, and scholars, thereby informing ethical investment strategies. This comprehensive
approach ensures actionable insights, fostering a future where investments are as ethically informed as
they are financially prudent.

1.1. The Origins of Ethical Investing Behavior

Schwartz (2003) [53] characterizes ethical investment as an approach adding specific objectives
and restrictions to traditional financial criteria in investment processes. Since the 1990s, there's been a
surge in funds adhering to these principles. Ethical investment is noted for its emphasis on social impact,
environmental stewardship, and religious adherence, balancing positive impacts against potential neg-
ative externalities in sectors like defense, nuclear energy, and substances like tobacco and alcohol.

Ethical investment spans various domains like Impact Investing, SRI, ESGC scores, Sustainable,
Faith-Based and Culture Investing. While every investor primarily seeks profit through capital gains and
dividends, their strategies and motivations vary. Traditional financial and portfolio theories focus on
risk-return trade-offs, often through financial and price analyses. However, for those inclined towards
ethical investment, decisions might extend beyond mere financial indicators due to market information
asymmetries.

Investors focusing on ESGC aim to align investments with their values, seeking companies with
policies compatible with their views on environmental and social responsibilities. They often support
renewable and sustainable energy projects, particularly government-backed initiatives within the energy
sector. Yet, they remain cautious about the aggressive growth strategies of ethical funds and firms,
advocating for a more sustainable, healthy growth path in revenue and profitability.

This study explores both financial and non-financial indicators in the energy sector, analyzing how
companies with and without ESGC scores perform across various metrics. It aims to provide a nuanced
view of how ethical considerations impact financial performance, guiding investors towards more
informed, value-aligned investment strategies.

1.2. Impact Investing

Impact investing, as a branch of ethical investing, aims to achieve both financial returns and posi-
tive, measurable social or environmental impacts. It involves investments in various sectors like sus-
tainable agriculture, renewable energy, and accessible services such as housing and healthcare [11]. This
approach is redefining pathways to economic growth and social development.

The core elements of impact investing are intentionality, expected returns, diverse asset classes,
and impact measurement. Barber et al. (2021) [4] indicate investors may accept lower financial returns
(2.5-3.7%) for assets with social impact, though willingness varies among investor types and regions,
with some showing a higher propensity to invest in impact-driven assets.

Block et al. (2021) [7] suggest impact investors prioritize the authenticity of founding teams, the
importance of the societal problem addressed, and the venture's financial sustainability. Notably, they
value social impact criteria over business criteria, aligning with the notion that impact investors might
accept lower returns for significant social outcomes.

Saltuk et al. (2010) [52] provide a detailed market analysis, indicating that most investors assess the
impact of their investments regularly, with an average expected return for developed market equity
investments at 19% IRR and 18% for emerging markets. Despite challenges like limited track records,
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the market is growing and evolving, holding promises for investors and social ventures alike. This trend
underscores the dynamic nature of impact investing, reflecting a shift towards more socially conscious
investment strategies.

1.3. Socially Responsible Investing (SRI)

SRI blends ethical and social accountability into investing, seeking beyond just financial gains to
create environmental and societal value. Various research examines SRI's dual impact on financial
outcomes and social responsibility. Revelli and Viviani's (2015) [49] extensive meta-analysis of 190
studies finds no significant difference in financial performance between SRI and conventional invest-
ments, indicating that SRI neither costs more nor yields extra financial benefits. However, its financial
performance may differ based on market dynamics and social ratings used in SRI portfolio construction.

Sparkes (2002) [56] highlights environmental factors as critical in SRI's social responsibility ele-
ments, promoting a holistic "people, planet, and profit" (3P) approach due to rising global challenges.
Elkington (2018) [18] further advocates for this triple bottom line (TBL) approach, suggesting that
success measures extend beyond financials to encompass global welfare and environmental health.
Contrarily, Friedman (1970) [25] argued that free-market capitalism enhances social welfare, empha-
sizing that businesses' primary obligation is to shareholders.

Friedman (1970) [25] 's tenets provide a critical framework for SRI. They suggest that while
businesses should primarily focus on profit maximization and shareholder interests, they should also
consider social and environmental impacts within the free market's scope. SRI involves careful con-
sideration of government roles, stakeholder relations, and ethical standards, balancing financial health
with social and environmental responsibilities. Furthermore, innovation and long-term sustainability are
integral to SR strategies.

Inclusion and sustainability are central to SRI's ethos, addressing broader issues like income and
gender inequality. Lydenberg et al. (2018) [40] recognize that institutional investors are increasingly
aware of social injustices affecting portfolio returns. As a result, SRI is not only profit-driven but also
committed to addressing complex global challenges, thereby guiding investors and policymakers in
crafting more holistic and enduring investment strategies.

1.4. ESGC Scores

ESGC scores gauge a company's commitment to environmental, social, governance, and contro-
versial aspects. Increasingly critical for energy firms, these scores assess the balance between opera-
tional, societal, and sustainability responsibilities. High ESGC scores are indicative of a firm's dedica-
tion to lessening environmental footprints, upholding strong governance, and engaging in social re-
sponsibility, thereby contributing to long-term viability. Investors, considering ESGC scores for po-
tential growth, make them essential for energy firms seeking capital.

Kotsantonis et al. (2016) [35] address misconceptions about ESG and sustainable investing, sug-
gesting that these considerations can bolster shareholder value and company performance. Contrary to
the belief that ESG data is scarce and unreliable, the study demonstrates that companies with higher
ESGC scores achieve operational efficiency and market expansion. Despite myths of reduced returns,
firms committed to ESG often find competitive advantages, attracting more sustainable, long-term
investors. Moreover, while many investors endorse responsible investment principles, full integration of
ESGC into investment decisions remains limited.

Verheyden et al. (2016) [60] explore the impacts of ESG screening on investment returns, risks, and
diversification, challenging notions that it limits returns or increases risk. Their findings suggest that
ESG-integrated portfolios do not underperform conventional ones and contribute to diversification,
underscoring ESG's value beyond ethical implications.

Zehir and Aybars (2020) [64] examine ESG-based portfolio performances, aligning with the Effi-
cient Market Hypothesis that current prices reflect all information. Their study reveals that while top
ESG and Governance portfolios don't outperform market excess returns, portfolios with lower ESG
scores have shown better performance, attributed to size and value factors. The lack of significant
impact on performance from 2004 to 2018 offers insights for future SRI and performance research.

462



International Journal of Pure and Applied Sciences 10(2); 459-517 (2024)

In Figure 1, a word cloud analysis visualizes the components of ESGC scores. This graphical
representation highlights the frequency or significance of terms associated with ESGC criteria, with
larger and more prominent words indicating greater frequency or importance. The word cloud effec-
tively identifies predominant focus areas, prevalent themes, and the relative weight of various ESGC
aspects, offering a quick and intuitive understanding of the key components and priorities in ESGC
analysis.
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Figure 1. ESGC Scores (with its components) Word Clouds

The concept of ESGC underscores the growing importance of ethical and sustainability ap-
proaches in investment strategies. The historical development of ESGC gained momentum particularly
in the early 2000s, with the integration of sustainability and corporate social responsibility (CSR) into
financial decision-making. While the roots of ESGC can be traced back to CSR debates in the 1970s,
pivotal moments include the publication of the "Who Cares Wins" report by the United Nations in 2004
and the establishment of the United Nations Principles for Responsible Investment (UNPRI) in 2006
[59].

Extensive literature has examined the relationship between ESG and financial performance.
Friede et al. (2015) [24] conducted a meta-analysis that highlighted the positive long-term financial
impact of sustainability practices, demonstrating that ESG factors are not only ethical considerations but
also strategic tools enhancing business performance. Similarly, Berk and van Binsbergen (2021) [5]
noted that ESG practices positively influence stock performance by improving operational efficiency
and reputation, highlighting ESG’s value-creating potential for investors.

The historical evolution of ESG shows that environmental factors were initially emphasized,
followed by a growing focus on social responsibility and governance. Barber et al. (2021) [4] assessed
the impact of ESG factors on investment returns and particularly underscored the role of governance in
enhancing investor confidence, which in turn positively affects financial performance.

The importance of environmental and social components should not be overlooked. Fulton et al.
(2012) [26] argued that sustainability practices can reduce a firm's financial risks and help maintain
financial health. This is particularly relevant for high-risk sectors like energy, where ESGC scores play a
critical role. Pedersen et al. (2021) [46] detailed how sustainability strategies in the energy sector pro-
vide long-term competitive advantage and mitigate sector-specific risks, positioning ESG as a risk
management tool for investors.

1.5 Sustainable Investing

Sustainable investing transcends conventional financial analysis, anchoring in the triad of ESGC
factors. It represents a paradigm shift, asserting that long-term profitability and ethical stewardship of
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resources are mutually reinforcing. This approach recognizes the interconnectedness of business success,
environmental stewardship, and social responsibility.

Fiscal implications of sustainable investing are the subject of robust debate. Traditional perspec-
tives, epitomized by Milton Friedman, suggest corporate focus should be solely on maximizing share-
holder wealth, with sustainability as a secondary concern if considered at all. This view posits that
diverting resources to sustainability can dilute focus and erode competitive advantage by increasing
costs. Conversely, proponents of sustainable investing argue for its centrality in corporate strategy,
suggesting that ESG integration is essential for enduring value creation and can lead to strategic ad-
vantages, such as innovation, brand enhancement, and operational efficiency [47; 23; 6].

Sustainable investing sits alongside SRI and impact investing within the ethical investing frame-
work. SRI often involves exclusionary tactics, avoiding investment in companies not aligning with
certain ethical standards. Impact investing, on the other hand, is about generating positive social or
environmental impacts alongside financial returns. Sustainable investing represents a holistic approach,
integrating ESG factors into financial analysis to achieve balanced, sustainable outcomes.

Empirical research explores the synergy between sustainability and financial performance. Studies
by Khan et al. (2016) [34] have shown that companies with strong sustainability practices outperform
their less sustainable counterparts in the stock market, suggesting that material ESG considerations are
crucial to shareholder value. Rodriguez-Fernandez (2016) [50] supports this, demonstrating that good
corporate governance and social responsibility can enhance financial performance and align with Global
Reporting Initiatives (GRI) guidelines.

This evolution reflects a growing recognition that sustainable practices are not just ancillary but
central to long-term corporate success and shareholder value. As empirical evidence mounts, sustainable
investing is increasingly seen as both a prudent and forward-thinking approach, offering a compelling
model for future investment strategies that harmonize ethical imperatives with financial returns.

1.6. Faith Based Investing

Faith-based investing is a unique subset of ethical investing, where religious beliefs guide financial
decisions, aiming for positive social impacts while seeking financial returns [44]. Despite its value
alignment and risk management benefits, challenges include limited sector exposure and the complexity
of adhering to strict ethical and religious criteria, which may affect returns and diversification [2].

Religious beliefs significantly shape financial behaviors, influencing risk aversion, ethical corpo-
rate governance, and a preference for socially responsible norms [57]. This approach is manifested in
practices like Islamic finance, which prohibits interest and speculative trades, and Christian investing,
which varies from ethical discretion to active stewardship [30; 48]. While restrictive, faith-based funds
have shown resilience and competitive market performance, suggesting that ethical alignment does not
preclude financial success [38].

Faith-based investing is increasingly intersecting with broader ethical strategies like ESG and SRI,
reflecting a collective shift towards incorporating non-financial factors into investment decisions. It
offers a harmonious blend of moral adherence and financial objectives, growing in appeal as investors
seek value-driven portfolios. As part of the broader ethical investing movement, it stands as a testament
to the feasibility of integrating personal convictions with financial endeavors.

1.7. Culture

Finally, a positive and supportive culture is crucial for energy firms that seek to attract and retain
top talent, enhance productivity, and foster innovation. By prioritizing values such as inclusivity,
transparency, and ethical behavior, companies can create a culture that enhances their brand reputation
and contributes to long-term success. Moreover, a positive culture can lead to increased employee
engagement, lower turnover, and better productivity, all of which are critical for energy firms seeking to
maintain a competitive advantage [8; 29; 12].

1.8. Key Financial Ratios and Their Relations with ESGC Score
In the financial landscape, key financial ratios serve as vital indicators for evaluating an energy
company's financial health, stability, and growth potential. Ratios like return on investment,
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debt-to-equity, and current ratio inform investors about a company's operational efficiency, leverage,
and liquidity, thereby shaping investment decisions crucial for the sector's volatile and regulated envi-
ronment.

Earnings Quality Scores (EQS) and its components (see Figure 2) and ESGC scores are pivotal in
assessing a company's sustainability and ethical operations. High ESGC scores typically indicate robust
practices in environmental, social, and governance aspects, which can lead to sustainable risk man-
agement and operational efficiency, positively impacting earnings quality and profitability. Sustainable
practices, good governance, and social responsibility are not just ethical choices but strategic ones too,
often leading to cost reductions, improved brand value, and customer loyalty.

Controversies in ESGC matters, such as environmental incidents or ethical breaches, can signifi-
cantly tarnish a company's reputation, leading to decreased sales, stock value, and increased operational
costs. These controversies can result in direct financial losses from fines and cleanup costs and indirect
losses from operational disruptions, legal challenges, and increased borrowing costs. The long-term
sustainability of a company can be jeopardized, affecting its competitive edge and growth potential.

For energy companies, high fixed assets and debt, sensitivity to energy price fluctuations, and en-
vironmental and regulatory exposure make the impact of ESGC controversies particularly pronounced.
These impacts can manifest across various financial metrics, affecting gross and operational margins,
liquidity, leverage, and operational efficiency. For instance, an increase in controversies can inflate
operational costs, strain liquidity, increase financing costs, and disrupt asset utilization and revenue
streams.

Understanding and integrating financial ratios, ESGC scores, and the implications of ESGC con-
troversies are crucial for energy firms to navigate the complexities of sustainable investment, manage
risks effectively, and harness opportunities for long-term growth and stability. These considerations are
essential for investors and companies alike to foster a responsible and profitable energy sector.
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Figure 2. Earning Quality Score Components (Profitability, Leverage, Liquidty, Operating, DuPont/Earning
Quality)

Here's how ESGC factors might interact with various EQS and its financial components:

Earnings Quality Score: Governance factors, like board composition, audit committee strength,
and transparency, could interact with the earnings quality score. High governance standards might lead
to higher earnings quality by ensuring more accurate and reliable financial reporting.

Profitability Margins: Environmental efficiency measures can reduce costs, potentially increasing
Gross and EBITDA margins. Social factors, such as labor practices, can affect Operating and Pretax
margins by influencing productivity and operational efficiency.
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Asset Turnover: Companies with strong ESGC profiles may have better asset management prac-
tices, leading to higher asset turnover rates. For instance, environmental considerations can lead to more
efficient use of assets to reduce waste.

Liquidity Ratios: Social controversies or governance issues may lead to reduced investor confi-
dence, which could impact liquidity ratios by affecting the company's creditworthiness and market
reputation.

Leverage: Environmental risks may affect the cost of capital and insurance premiums, influencing
a company's leverage. Companies with better ESGC performance might have access to 'green financing'
with more favorable terms.

Operating Metrics: Good governance practices can improve accounts receivable and inventory
turnover by enforcing more disciplined and efficient operational processes.

ROIC: Companies that invest in ESGC initiatives might see long-term benefits that improve their
ROIC. For example, investing in renewable energy can reduce long-term operational costs.

Revenue per Employee: Social factors, such as employee engagement and training, can increase
productivity, potentially leading to higher revenue per employee.

Environmental Pillar Score: A higher score can suggest better management of environmental risks
and opportunities, which can influence capital expenditures, operational costs, and compliance costs.

Social Pillar Score: This can interact with labor costs, turnover rates, and productivity, all of which
are important components of financial performance.

Governance Pillar Score: Strong corporate governance can lower the risk of financial misstate-
ments, fraud, and the associated costs of capital, which can have a direct impact on financial indicators
like return on equity and overall market valuation.

2. Systematic Literature Review

The aim of the systematic literature review (Table 1) is to critically analyze and synthesize a diverse
array of scholarly works that delve into the interplay between ESGC and corporate financial perfor-
mance within the energy sector. The following table encapsulates a concise summary of the selected
studies, outlining their scope, objectives, methodologies, key findings, and practical implications. This
structured approach allows for a comprehensive understanding of the prevailing academic discourse,
trends, challenges, and opportunities in aligning ethical investment strategies with financial outcomes.
Through this review, the study endeavor to distill the nuanced complexities and glean insights that
inform and advance the practice of sustainable and responsible investing.

Table 1. Systematic Literature Review for Ethical Investing and Financial Metrics
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meta-analysis
that  aggre-
gates findings
from both
vote-count

studies  and
econometric
review stud-
ies, encom-
passing over
2200 individ-
ual studies.

The study
conducts a
comprehen-
sive analysis
of academic
research, re-
ports, and
meta-studies
to evaluate
the impact of
sustainable

investing on

pacts, especially
through strategies
that influence

supply chains, but
their effectiveness
varies based on
investor types and
market condi-
tions.

Reveals that ESG
investing compo-
nents are priced
differently by
investors.  Envi-
ronmental and
Social investing
practices signifi-
cantly impact
REITs' financial
performance, with
a positive pre-
mium for
S-investing.

Approximately
90% of the studies
find a nonnega-

tive ESG-CFP
relation, with a
large majority

reporting positive
finding. The posi-
tive ESG impact
on CFP appears
stable over time.

The research
identifies a posi-
tive  correlation

between sustaina-
ble investing and
enhanced finan-
cial performance,
demonstrating the
value of integrat-
ing ESG factors in
investment strate-
gies.

ing, suggesting
the need for
nuanced in-
vestment

strategies  to
balance finan-

cial returns
and social
impact  effec-
tively.

Suggests that
socially re-
sponsible in-

vestments can
lead to higher
returns and
lower system-
atic risk,
providing a
competitive
advantage for
REITs.

Reinforces the
business case
for ESG in-
vesting,

demonstrating
its  financial
benefits and
stability over
time.

Emphasizes

the signifi-
cance of ESG
factors in in-
vestment deci-
sions, sug-
gesting  that
sustainable

investing can
lead to
long-term val-
ue creation and
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The current literature offers insights into how ESGC practices vary across different regions,
highlighting both the similarities and divergences in approaches. For example, Landier and Lovo
(2020) [37] emphasize the complexities involved in managing Socially Responsible Funds (SRFs) in
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different market conditions, which suggests that the effectiveness of ESGC practices may depend sig-
nificantly on regional factors like investor behavior, regulatory frameworks, and economic stability.
Further expanding on these regional nuances would clarify how geographic contexts shape the appli-
cation and success of ESGC strategies.

The reviewed studies suggest several actionable strategies that companies, particularly those in
sectors like energy, can adopt to enhance their ESGC scores. For instance, Pedersen et al. (2021) [46]
and Fulton et al. (2012) [26] highlight the importance of integrating sustainability strategies to mini-
mize risks and improve long-term competitiveness. Expanding on such practical approaches and
providing concrete examples of how firms could implement these strategies would make the discus-
sion more relevant to practitioners.

3. Materials and Methods

3.1. Data

The data encompasses 27 countries and includes 640 variables related to ESGC and Financial ratios
for 521 firms operating in the energy sector across these countries, covering the years 2000-2021 (see
Table 2 and Table 3). The data for each company is collected from Thomson Reuters Refinitive Eikon.

The inclusion of 27 countries across continents ensures a comprehensive analysis that reflects
different regulatory environments, market maturities, and cultural attitudes towards environmental and
social issues. This diversity is crucial for understanding the universal applicability of ESGC principles
and the variability in financial performance. The countries selected are significant players in the global
energy sector, representing a range of energy markets and policies. This variety provides a rich dataset
for understanding how different energy sectors respond to ESGC criteria. These firms have been chosen
due to the availability of reliable and extensive data on firms' ESGC practices and financial perfor-
mance. Consistency and comprehensiveness of data are vital for robust analysis.

Table 2. Companies by Countries and Continental Over Time

Continent Country 8 3 3 3 3 88538333 J333I8858328
SSISJJIRJIRKRKKIKILIKIRJ/IRIK(II]IK]IKRRR
South
Africa 1111111111111 111111111
Africa
Hong
8 8 8 8 8 88 88 8 8 8 8 8 8 8 8 88 8 8 8
Kong
6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
India 8 8
6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
Asia
Indone- 5555555555555 55555 55
5 6
sia 5555555555 55555555525
3 333333333333313131313133
Japan 7 7
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Ka-
111111111111
zakh- 2 2
5 55555555555
stan
Malay- 3 3333333233233
6 6
sia 4 4 4 4 4 4 4 4 4 4 4 4
Saudi
1133 333333323133
Arabia

Taiwan 1 1

Thai- 1 1 3 3 3 3 3 33 33333

land 2 2000O0O0O0DO0OO0O0O0OO0OTGQO0

Austia 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Den-
mark

Finland 1 1 2 2 2 2 2 2 2 2 2 2 2 2

France 9 9

Greece 2 2 4 4 4 4 4 4 4 4 4 4 4 4

Europe Hunga-

ry
111111111111
ltaly 8 7
2 2 2 2 2 2 2 2 2 2 22
Nether-
4 4 4 4 4 4 4 4 4 4 4 4 4 4
lands
111111111111
Poland 5 5
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1111111111111 1111111
Portugal 0 O
8 8 8 83 88 8 8 8 8 8 8 888888 8 8

Roma-
1 1111111111111 11111111
nia
6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
Russia 9 9

Spain 5 5 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8

Turkey 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

North
Mexico 1 1 1 11 1111111111111 1111
America
1 1111111111111 111111
Brazil 8 8
South 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

America  Colom-

bia
Table 3. Continents by Country
Continent Included Countries Total Company
Count
Africa South Africa 1
Asia Hong Kong, India, Indonesia, Japan, Malaysia, Saudi Ara- 345
bia, Kazakhstan, Taiwan, Thailand
Austria, Denmark, Finland, France, Greece, Hungary, Italy,
Europe Netherlands, Poland, Portugal, Romania, Russia, Spain, 158
Tiirkiye
South Brazil, Colombia 16
America
N
ort.h Mexico 1
America

The energy sector is pivotal in global economic stability and growth, and it's under increasing
scrutiny for its environmental and social impacts. Analyzing this sector provides valuable insights into
how energy companies are adapting to ESGC criteria, which is crucial given the industry's significant
environmental footprint.
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The energy sector offers a unique case for studying the integration of ESGC due to its varying
levels of adoption across different types of energy (e.g., oil, gas, renewable energy) and across regions.
The period from 2000 to 2021 encompasses various economic cycles, including booms, busts, and
periods of stability. This timeframe allows for the examination of how ESGC factors and financial
performance interact over different market conditions. Over these two decades, there has been signifi-
cant development in ESGC awareness, regulation, and strategies. Starting from the early 2000s provides
a historical perspective on the evolution and increasing importance of these criteria in corporate gov-
ernance and investment decision-making.

Due to the large number of companies in the data, the analyses have been conducted over country
and continental clusters. For ethical investing, descriptive and inferential statistics related to ESGC
scores, which are associated with financial indicators, will be examined based on this grouping for ease
of analysis.

World Map of Average ESG Combined Scores by Country l4
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Figure 3. World Map of Average ESG Combined Scores By Country

The ESGC world map (see Figure 3) presents a visual representation of average ESGC scores
across different countries. Countries with higher ESGC scores are depicted in darker red shades, sug-
gesting a stronger emphasis on sustainability and governance practices. This trend is more pronounced
in regions with developed economies and stringent regulatory frameworks, particularly in Europe and
North America. In contrast, lighter shades in other regions, such as parts of Asia, Africa, and South
America, indicate lower average ESGC scores. This could be reflective of less stringent sustainability
regulations, emerging financial markets, or different prioritization of ESGC factors. The map under-
scores significant regional differences in ESGC adoption. Higher ESGC scores in Europe and North
America might be attributed to robust regulatory environments and a mature investor base that values
sustainability. Regions with lower ESGC scores may face challenges in attracting ESGC-focused in-
vestments, which could have broader economic implications, especially in the context of global efforts
to promote sustainable development.

Graph 1 includes firms that initially had zero ESG scores but subsequently began generating such
scores, as observed over the years across the 27 countries. For each year, the average values of the ESGC
scores and their components for the firms were calculated. This data was used to rank each country
annually within the set of 27 countries, and the results are depicted in the graph using parallel pipeline
graphics. The aggregated ESGC ranking by country and the positioning of components will provide a
crucial starting point for ethical investors. It will offer insightful guidance before conducting financial
ratio analysis, illuminating the landscape of ethical investing across these nations.
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Graph 1. ESGC (with their components) Rank Changes Over Time by (a) All Countries and (b) Continents
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In the ranking pipeline, countries are evaluated based on ESGC scores, with rankings reflecting
their average scores or the components of the ESGC score for all the firms within them for a given year.
These rankings provide insights into a country's progress or consistency in ESGC areas over time. Shifts
in rankings may indicate new policies, market changes, or global events, guiding investors and stake-
holders in making informed decisions.

Austria, with a leading environmental position and rising trends in social and governance, show-
cases strong capabilities in managing controversies, marking it suitable for ethical investment. Brazil,
despite volatility, indicates potential through upward environmental trends and controversy manage-
ment. Colombia's notable environmental rise, along with fluctuating but steady controversial ap-
proaches, presents a positive investment profile. Denmark, Finland, and France lead in environmental
efforts, with consistent or rising trends across all ESGC components, reflecting their ethical investment
appeal. Greece and Hungary demonstrate considerable progress, especially in environmental and social
governance, marking them as promising candidates.

Hong Kong, India, Saudi Arabia, and Italy show varying degrees of progress and commitment in
ESGC areas, each with specific strengths and challenges but generally positive trajectories towards
ethical investment. Spain and Malaysia's strengthened policies and consistent controversy management
enhance their investment appeal. Poland and Romania, with marked environmental improvements and
stable controversy handling, are emerging as considerable options. Kazakhstan and Mexico, despite
initial challenges, exhibit growing commitments and gradual improvements, positioning them as con-
sistent ethical investment choices.

Brazil and Indonesia display fluctuating performances but a general trend towards improvement,
particularly in environmental commitments and controversy management. Turkiye and Russia show
variability and face challenges, indicating the need for careful consideration but also potential for future
improvement in ethical investment standings.
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3.2. Clustering Analysis

Country profiles based on ESGC components have been thoroughly analyzed using rank pipeline
graphics and advanced machine learning techniques, enhancing ethical investment guidance. This
approach has combined annual financial performance metrics and ESGC scores, with a focus on the
energy sector, allowing investors to track signals from firms' ESGC dimensions and assess financially
quantifiable metrics. This facilitates the identification of outstanding characteristics for strategic in-
vestment decisions.

Key methods enhancing the analysis include:

K-Means Clustering (Elbow Method): Efficiently identifies natural groupings within countries
based on ESGC scores and determines the optimal humber of clusters, increasing clarity and relevance.

DBSCAN Clustering: Effective in identifying outliers and handling arbitrary shaped clusters,
providing insights into the distribution and relationship of countries in the ESGC context.

Agglomerative Hierarchical Clustering: Offers a detailed visual snapshot of the clustering process,
invaluable for understanding the hierarchical structure and grouping of countries.

Affinity Propagation Clustering: Adapts data to understand complex interrelations and affinities
between countries regarding their ESGC profiles.

These advanced techniques provide a multifaceted view of countries' standings in ESGC analysis,
offering valuable insights for ethical investing strategies. Incorporating ESG scores with financial
metrics presents a dynamic landscape, empowering investors with a nuanced understanding of potential
risks and opportunities in sustainable and ethical investments.

The K-means algorithm was used to identify natural groups in the dataset based on ESGC
scores and financial performance metrics. K-means is effective in classifying observations into groups
with similar characteristics, helping to identify differences in ESGC performance [41]. The clusters
created based on ESGC scores helped determine whether countries or firms share similar ESGC char-
acteristics, contributing to investment strategy development. Such group analysis is beneficial for
identifying firms or countries with potential for improving sustainability performance [33].

The DBSCAN algorithm was chosen to achieve density-based clustering and detect outliers.
This feature is particularly useful for ESGC data, where different cluster shapes may exist [21]. This
method helped identify density regions and anomalies in ESGC scores, assisting in determining unex-
pected trends in sustainability performance. This analysis reveals the potential risks of firms or coun-
tries exhibiting abnormal behavior, enabling investors to make more informed decisions [55].

The hierarchical clustering method was used to understand the similarities and differences in
ESGC scores at a hierarchical level. This method provides a more detailed classification by presenting
the data structure in subgroups [43]. This algorithm visually examines the similarities and differences
of countries based on ESGC scores, offering valuable insights into developing sustainability strategies.
Hierarchical structures help investors gain a deeper understanding of which countries share similar
ESGC profiles [42].

The Affinity Propagation algorithm was used to adapt itself to the data, providing insights into
more complex relationships between ESGC profiles. This algorithm identifies exemplars within the
data and clusters other points around them, providing valuable insights for ESGC analysis [22]. This
method helped identify which countries lead in terms of ESGC and the complex relationships between
these leaders and other countries. This analysis is useful for identifying best practices in ESG perfor-
mance [22].
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Figure 4. (a) K-Means (Elbow Methods) (b) DBSCAN Clustering (c) Agglomerative Hierarchical (d) Af-
finity Propogation Clustering For Countries (With and without ESGC Scores)

The clustering analysis in this study divides companies based on the presence or absence of ESG
scores, allowing a comparative assessment of countries based on their firms' ESGC profiles. Each
country undergoes clustering analysis according to the ESGC scores of its companies, comparing fi-
nancial ratios and ESGC scores to understand the overall ethical and financial landscape.

All clustering analysis utilizes all dataset columns, grouping countries based on overall similarity
across various metrics, including ESGC scores and financial performance. By visualizing these clusters
on a world map, it is possible to gain insights into regional patterns and how countries are grouped
together based on multidimensional factors like sustainability performance, financial health, and gov-
ernance quality. This methodological approach aids in identifying trends, potential investment oppor-
tunities, and areas for improvement in terms of sustainable and ethical business practices globally (see
Figure 4).

Earnings Quality Score - World Map

-150 -100 50 0 5 100 150 -

Figure 5. Earnings Quality Scores World Map

Figure 6. ESGC and Earning Quality Scores with t-SNE Clusters

Clustering analyses in the energy sector distinguish firms by Earning Quality and ESGC scores,
offering insights for ethical investing. Initially, firms' annual Earning Quality Scores are compared
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across countries and continents, considering the presence or absence of ESGC scores. Using algorithms
like K-Means and DBSCAN, firms are grouped by performance, highlighting potential investment
targets and risks. Agglomerative Hierarchical clustering provides a visual hierarchy of firm groupings
by ESGC engagement, while Affinity Propagation identifies exemplary firms within clusters. This
layered approach helps investors discern global patterns of ESGC engagement and align portfolios with
ethical standards (see Figure 5 and Figure 6).

High Performers: Firms located in countries like Denmark and Finland stand out with perfect
scores across all ESGC metrics, indicating exemplary performance and positioning them as potentially
ideal candidates for ethical investment. These firms may be leading in sustainability and social re-
sponsibility.

Solid Performers: Firms in Austria, with an overall score of 4.50, and France, with 4.25, are also
strong contenders in the ethical investment landscape, showing strength in environmental and contro-
versial issue management.

Steady Performers: Firms in countries such as Colombia, Hungary, India, Saudi Arabia, Italy,
Spain, Malaysia, Poland, and Romania all have consistent scores of 4.00 across the board, suggesting a
reliable and balanced approach to ESGC factors. These firms may be demonstrating a stable perfor-
mance in ESG areas.

Improvement Potential: Firms in countries like Brazil, Kazakhstan, Mexico, Indonesia, and Tu-
rkiye, each with an overall score of 3.00, may have room for improvement in their ESGC practices but
could represent emerging opportunities for investors focusing on progress and development in ESG
criteria.

Low Performers: Russian firms, with the lowest score of 2.00, may be considered a high-risk
country for ethical investors, reflecting significant challenges across all ESGC aspects. These firms
might need serious improvements in ESGC areas.

Graph 2. Yearly Avarage Earnings Quality Score By (a) Country and (b) Continent
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The cross-sectional analysis of EQS and ESGC scores over time reveals trends in financial integrity
and ESG performance across countries and continents. The classification based on annual averages
highlights the progression and regression in these scores, providing a crucial dataset for evaluating
firms' financial and ethical standings. This analysis helps investors understand the nuanced relationship
between financial reporting and ESG engagement, informing strategies for ethical and sustainable
investment across different regions. It underscores the importance of integrating financial health and
ESGC practices in investment decisions, reflecting the dynamic global investment landscape (see Graph
2).

The analysis of average EQS across 27 countries showcases a diverse range of financial reporting
guality. Greece, Austria, and Romania emerge as leaders with superior financial health and transpar-
ency. Turkiye and Hungary also exhibit strong financial reporting, while Hong Kong represents Asia's
commitment to robust financial standards. Variability in Asia is noted with Japan, South Korea, and
varying scores in Thailand, India, and Malaysia, reflecting different financial reporting standards. Eu-
ropean countries such as the Netherlands, Italy, Spain, and France show varying degrees of earnings
quality, influenced by regional economic conditions and sectoral strengths. Nordic countries, including
Finland and Denmark, maintain good quality, aligning with their strong governance reputation. Co-
lombia and Brazil represent South America with potential for improvement, contrasting with North
America's unexpected lower ranking for Mexico. At the lower end, Taiwan and Poland suggest average
quality with room for enhancement. This analysis provides a comprehensive picture of financial re-
porting quality globally, essential for impact investors prioritizing financial integrity and ESGC prac-
tices.
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Graph 3. Comparision of Avarage ESGC Scores and Earning Quality Scores by Country

40

30

Hong-Kong

Netherlands
Hong Kong
hailand
Indonesia
Portugal SdudeArabla Finland

20
SouttMiEsRia

Average Eamings Quality Score

10

0 Mexico South Africa

0 1 2 3 4
Average ESG Score

Such detailed scatter plot analyses can inform investment strategies, highlighting where firms are
not only excelling in financial reporting quality but also in their commitment to ESGC principles. This
comprehensive approach allows for a multifaceted evaluation of potential investments, ensuring that
ethical and impact investment portfolios are constructed with a balance of financial stability and social
responsibility (see Graph 3). Higher points on the scatter plot, indicating better financial health, are not
uniformly aligned with higher ESGC scores. This suggests that the correlation between ESGC practices
and financial performance is complex and influenced by multiple factors.

3.2.1. Country-Specific Trends and Anomalies

Outliers in the scatter plot, where countries exhibit high ESGC scores but lower financial perfor-
mance (or vice versa), are particularly insightful. These anomalies might reflect unique national cir-
cumstances, such as industry composition, economic stability, or governance quality. Such insights are
crucial in understanding the multifaceted nature of the relationship between ESGC practices and fi-
nancial health at the country level.

For sustainable and ethical investors, this analysis is particularly valuable. The plot underscores the
complexity and regional specificity of these relationships, providing valuable insights for a range of
policymakers, ethical investors, and businesses.

Romania, Hungary, and Turkiye show high EQS but more moderate ESGC scores. This suggests
that while firms in these countries have reliable financial reporting, there may be room for improvement
in their ESGC practices. Hong Kong shows high Earnings Quality Scores, reflecting the region's strong
regulatory environment and financial transparency.

Countries like Japan, Italy, Spain, and Brazil show moderate scores in both ESGC and EQS. This
indicates a balanced approach to both financial reporting and ESGC concerns, with neither aspect sig-
nificantly outperforming the other.

Kazakhstan and Mexico are positioned lower on the plot, indicating lower scores in both ESGC and
Earnings Quality. This suggests that firms in these countries might have significant room for im-
provement in terms of financial transparency and ESGC engagement. South Africa shows a low ESGC
score in the dataset but is known for high EQS, which could imply a focus on financial performance over
ESGC factors, or it could be indicative of data collection inconsistencies.
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Poland and Russia have reasonable EQS but lower ESGC scores, suggesting that while the finan-
cial reporting might be up to standard, these countries could focus more on enhancing their ESGC
practices. Denmark, known for high ESGC standards, shows a surprisingly moderate ESGC score in the
plot, which may call for a closer examination of the sectors or firms evaluated.

3.2.2. Violin Plot and Co-ocuurance Analysis

Expanding upon the previous analyses, the study delves deeper into the intricate relationships
between countries based on the aggregated annual data of firms' EQS and the components of ESGC
scores. To unravel these complexities, the study employs violin plot and co-occurrence analysis
methodologies.

Violin plots were used to visualize the distribution of ESGC components over annual data, high-
lighting variability in ESG performance [31]. Co-occurrence analyses were preferred to identify simi-
larities in ESGC performance across countries. Violin plots show the distribution and variation of spe-
cific ESGC components across different countries, indicating which countries perform consistently in
sustainability. This analysis helps in understanding variations in ESGC performance, which can influ-
ence investment decisions [31].

Expanding upon the previous analyses, the study examines the intricate relationships between
countries based on the aggregated annual data of firms' EQS and the components of ESGC scores. To
unravel these complexities, the study employs violin plot and co-occurrence analysis methodologies.
Some more specific observations that could be drawn from violin plots might include:

Consistency: Countries with tall, narrow violins for a particular pillar may have more consistent
policies and practices across their firms in that area.

Variability: Countries with wide violins may have a diverse set of practices, indicating that some
firms perform well while others do not.

Potential for Improvement: Countries with violins that extend towards the lower end of the score
range might have room for improvement in that ESGC component.

Violin plots analyses are essential tools for investors and policymakers to understand where firms
(and countries) stand in terms of ESGC practices and where they may need to direct attention to improve
their global ESGC standings. They can also help identify which countries exhibit best practices in each
ESGC component, potentially guiding investment decisions towards more responsible and sustainable
firms.

Co-occurrence Analysis

This approach complements Violin Plots by examining the frequency of countries sharing similar
rankings in the relevant metrics when aggregated firm data is considered. It provides insights into the
clustering patterns and affinities between countries, reinforcing findings from previous clustering and
scatter plot analyses. It investigates how often countries share similar or identical ranks in financial and
ESGC metrics, aiming to visualize the proximity of countries' performances in these areas.

The co-occurrence relationship between two countries stems from their shared rankings in financial
and ESGC metrics. In essence, when two countries exhibit similar performance levels, they are linked in
this analysis, creating a network of interconnected performance indicators.

The objective is to illuminate the similarities and differences in countries' performances regarding
financial and ESGC metrics, using this information to better understand their positions within the global
economic and social structures.

In constructing the graph, a Graph Neural Network (GNN) was utilized to visually represent these
relationships and similarities among countries. This method allows for the exploration of more complex
connections and patterns, offering valuable insights for investors, policymakers, or researchers looking
to understand the intertwined nature of financial performance and ESGC commitments.

For the period 2000-2021, an average ranking for each country's financial ratios (Profitability,
Liquidty, Leverage, DuPont/Earning Power, Operating) and ESGC metrics was calculated. The re-
sulting co-occurrence graph illustrates the interrelationships that represent similar ranking profiles
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between countries. An edge in this graph signifies that two countries share similar average rankings
across any of the metrics, which can be leveraged to visualize overall trends and connections.

According to the analysis, the countries and years showing the most frequent co-occurrences (the
nodes with the most connections) are highlighted, signifying that these nodes are pivotal in under-
standing the broader patterns of financial and ESGC performance. These findings can be instrumental in
crafting investment strategies that not only seek financial returns but also align with ethical and sus-
tainable practices, reflecting a shift towards responsible investing in the global marketplace.

In co-occurrence analyses, centrality indicates the position and significance of nodes (countries, in
this case) within the network. A country's centrality implies a high degree of similarity with many other
countries in terms of shared characteristics or rankings. Scientifically, a few interpretations can be
drawn:

Similar Policies and Practices: Central countries are more frequently associated with others that
have similar values in financial and sustainability metrics like ESGC scores and liquidity ratios, indi-
cating analogous economic structures, policies, or market dynamics. For instance, a cluster of countries
with similar approaches to ESGC practices or sharing comparable economic conditions may reflect
these similarities in their rankings and thus in the co-occurrence network.

Information Flow and Interaction: Central countries can play a more active role in the network's
information flow and interactions. From the perspective of social network analysis and diffusion theory,
central nodes (countries) can act as pivotal points in the dissemination of innovations, trends, or policy
shifts. If a country exhibits similarities with many others across various ESGC metrics or financial
ratios, it suggests a central role in the diffusion of related knowledge and practices.

Network Resilience and Risk Management: In network theory, central nodes present both oppor-
tunities and challenges for network resilience. Central countries are potentially more sensitive to
changes or shocks, as alterations in these countries might rapidly propagate throughout the network.
This centrality suggests a need for careful risk management and policymaking, as the impact and spread
of changes can be significant due to the interconnected nature of the network.

Graph 4. ESGC Scores (with its components "Environmental Pillar Score (Weight 34.5%)", "Social Pillar Score
(Weight 42.0%)", "Governance Pillar Score (Weight 23.5%)", "ESG Controversies Score™)
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Table 4. ESGC Score Distribution and Observations Table

Narrow Distri- Wide Distri- Significant
Score Type _ _ Key Observations

butions butions Peaks
ESGC  Overall  yyngary, Japan, Austria, Den- Mexico, Neth- Stability vs diversity in ESG
Scores Portugal mark erlands practices across countries
Environmental India, South Greece, Fin- Romania, Consistency vs variability in
Pillar Korea land Saudi Arabia  environmental practices

Kazakhstan, Brazil, South Mexico, Saudi Uniformity vs diversity in
Social Pillar

Taiwan Africa Arabia social engagement
Governance Hong-Kong, Netherlands, Colombia, Consistent vs varied corpo-
Pillar Malaysia Spain Romania rate governance

Stable vs diverse public

Controversies Italy, Nether- Hungary,

Japan, Thailand perception and management
Pillar lands South Africa

of ESG issues

Score Type: The specific ESGC component and financial ratios being analyzed, such as overall
scores, environmental, social, governance, or controversies scores.

Narrow Distributions: Refers to countries that have shown a relatively tight range of scores for
a particular ESGC component and financial ratios. This indicates a level of consistency or uniformity
among the firms within these countries. Narrow distributions suggest that firms are mostly aligned in
their practices or performances concerning the specific ESGC and financial ratios aspect.

Wide Distributions: Represents countries with a broad range of scores for a particular ESGC
component. This indicates a high degree of variability and diversity in how firms within these countries
approach or perform in the specific ESGC aspect and financial ratios. Wide distributions suggest that
firms within these countries may be implementing a wide array of strategies, or they might be at dif-
ferent stages of ESG and financial ratios and adoption or performance.

Significant Peaks: Indicates countries where a particular score or range of scores is prominently
represented among firms for a specific ESGC component and financial ratios. This could suggest that
there is a prevalent practice, regulation, or condition in these countries that leads to a concentration of
firms around certain ESGC performance and financial ratio levels. Significant peaks can highlight areas
where firms are excelling or, conversely, where they may face common challenges.

Key Observations: Summarizes the essential insights or trends derived from the distribution pat-
terns of ESGC scores and financial ratios. This column provides a brief narrative or commentary on
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what the distributions might imply about the firms' approaches, performance, and strategies in relation
to ESGC components in different countries (see Graph 4 and Table 4).

Graph 5. Violin Plots for Profitability Metrics (with its components “Gross Margin”, “EBITDA Margin”,

“Operating Margin”,

“Pretax Margin”,

“Effective Tax Rate”, “Net Margin”) by Country and Year
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Table 5. Profitability Metrics Distribution and Key Observations

Narrow Distributions

Wide Distributions

Key Observations

Score Type
Austria, Denmark, Gross margin variability indicates
Gross France, Indonesia, Rus-
. Greece (Consistent different levels of market competi-
Margin sia (Diverse margins)
margins) tiveness and cost structures.
EBITDA margin variations high-
Austria, Colombia, Brazil, France,
EBITDA light differences in operational
Denmark (Uniform Hong-Kong (Diverse
Margin leverage and management effi-
profitability) operational efficiency)
ciency.
Austria, Colombia, Brazil, France, Operating margin consistency or
Operating
Denmark  (Consistent Hong-Kong (Diverse variability reflects operational cost
Margin
performance) operational performance) management and profit generation.
Pretax Austria, Colombia, Brazil, France, Pretax margin distributions show
Margin Denmark (Uniform  Hong-Kong (Varied the degree of homogeneity or
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profitability before tax) market conditions) diversity in overall profitability

before taxes.

Effective tax rate variations reveal
Effective Various (Similar tax Hungary (Diverse strate-
the complexity of tax environments

Tax Rate rates) gies)
and strategies employed by firms.
Brazil, France,
Austria, Colombia, Net margin variations underscore
Hong-Kong (Significant
Net Margin Denmark  (Consistent final profitability and impact of
disparity in net profitabi-
net profitability) overall efficiency and strategy.
lity)

Table 5 summarizes the distributions and key observations for various profitability metrics as
analyzed through violin plots for different countries (see Graph 5). The "Narrow Distributions™ column
highlights countries with consistent performance in a profitability component metric, suggesting ho-
mogeneity or effective management. "Wide Distributions” indicates a broad range of performance,
reflecting diversity in strategies or market conditions. "Significant Peaks" refers to notable extremes in
the data that may suggest prevalent industry practices or outlier performances. Finally, "Key Observa-
tions" provides insights into what these distributions might imply about operational efficiency, market
conditions, and financial strategies of firms in the analyzed countries.

Graph 6. World Co-Occurance Ranks Profitability (with its components “Gross Margin”, “EBITDA Margin”,
“Operating Margin”, “Pretax Margin”, “Effective Tax Rate”, “Net Margin”) Metrics and ESGC

Component Scores
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The co-occurrence network map (see Graph 6) reveals a complex web of interconnections
among countries, reflecting their alignment in financial and ESG performance metrics. Indonesia, Bel-
gium, and Colombia and centrality in the network underscores its role as a pivotal financial hub, inter-
facing with a multitude of countries. European nations such as Austria, Denmark, Sweden, and the
Netherlands are also nodes with substantial linkages, suggesting their conformance to global trends in
both financial benchmarks and ESGC adherence. In contrast, countries with sparser connections, such as
Turkiye, exhibit a blend of commonalities and distinctive characteristics, indicating nuanced financial
and ESGC profiles that diverge from the more interconnected nodes. The network’s overall density
signifies a considerable degree of shared performance rankings, yet each country retains unique aspects
of its economic and social fabric. This map serves as a crucial analytical tool for investors and poli-
cymakers to decipher the intricate tapestry of global economic and social structures, providing insights
into the collective and individual country performances within the international arena.

Graph 7. Violin Plots for Du/Pont Earning Power Metrics (with its components “Asset Turnover”, —“x Pretax
Margin”, “Pretax ROA”, “x Leverage (Assets/Equity)”, “Pretax ROE”, “x Tax Complement”, “ROE”, “x Earn-

ings Retention”, “Reinvestment Rate”) by Country and Year
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Table 6. DuPont/Earning Power Metrics Distribution and Key Observations

Narrow Distribu- Wide  Distribu-
Score Type Significant Peaks  Key Observations
tions tions
Asset turnover var-
Colombia, Brazil, India, Austria, Mexico, iability reflects
Greece, Indone- Russia (Diverse Turkiye (Concen- differences in oper-
Asset Turnover

Pretax Margin

Pretax ROA

Leverage

sets/Equity)

Pretax ROE

(As-

sia (Homogenous

asset efficiency)

Austria, Japan,

Spain  (Uniform

pretax profitabil-

ity)
Most  countries
except Brazil

(Consistent asset

profitability)

Austria,  Japan,

Spain  (Uniform
leverage practic-

es)

Austria, Mexico,

efficiency in asset

use)

France,
Hong-Kong, Sau-
di Arabia (Di-

verse pretax prof-

itability)
Brazil, Russia,
India (Varied

effectiveness in
profit generation
from assets)
Hong-Kong, In-
dia, Italy (Signif-
icant variability in
leverage)

Brazil, France,

trated around spe-

cific values)

Brazil, South Af-
rica (Peaked dis-
tribution indicating
common

profita-

bility level)

Not specified

Not specified

Not specified

ational practices and
asset utilization
efficiency.

Pretax margin di-
versity indicates
varying market
conditions and fi-
nancial strategies.
Pretax ROA distri-
butions reflect con-
sistency or variabil-
ity in how assets
generate profits.
Leverage distribu-
indicate the

tions

degree of financial

risk and capital
structure  homoge-
neity.

Pretax ROE varia-
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Taiwan  (Con- Thailand (Diverse tions signal different
sistent returns on return on equity levels of firm effi-
equity) performance) ciency in using

equity to generate

profits.

Table 6 organizes the DuPont/Earning Power Metrics into categories based on their distribution
characteristics—narrow, wide, and significant peaks (see Graph 7)—along with key observations that
reflect the implications of these distributions for the firms' financial management practices and opera-
tional efficiency. Each metric offers insights into different aspects of firms' earning power and financial
strategies, helping stakeholders understand the nuances of financial performance across countries and
industries.

Graph 8. World Co-Occurrence Ranks DuPont/Earning Power Metrics (with its components; Asset Turnover,
X Pretax Margin, Pretax ROA, x Leverage (Assets/Equity), Pretax ROE,  x Tax Complement
ROE, x Earnings Retention, Reinvestment Rate) and ESGC Component Scores

Graph 8 the co-occurrence network map, which plots the similarity in DuPont/Earning Power
metrics and ESGC component scores across various countries, presents a rich tableau of interconnect-
edness based on financial performance and sustainability practices.

Central to this network are countries like Colombia, Mexico, Hong-Kong Malaysia, and Taiwan
which exhibit numerous connections, suggesting that these nations have companies with financial and
ESGC metrics that often rank similarly to those in many other countries. This could indicate that firms in
these countries are closely aligned with global market practices and sustainability standards, or that they
share economic characteristics with a broad array of countries.
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Some peripheral countries appear as a particularly interconnected node, suggesting its compa-
nies' financial practices and ESGC performance are representative of a larger trend within the network.
This could imply that peripheral countries’ corporate strategies are reflective of wider, perhaps region-
ally influenced, business practices that resonate across multiple countries.

On the other end of the spectrum, countries like Denmark, Austria, and Netherlands which are
less densely connected, may reflect unique national circumstances that affect company performance
metrics differently from global patterns. These could be due to distinctive industry structures, local
economic policies, or varying stages of development in ESGC practices.

Peripheral nodes in the network, which include countries with fewer connections such as Russia,
could indicate more isolated economic behaviors or alternative business practices that do not co-occur
frequently with the majority. The specifics of these connections could reveal insights into how certain
national policies or industry-specific factors are shaping financial and ESGC performance distinctly
from the global norms.

Clusters within the network—subsets of countries with dense interconnections—might suggest
regional similarities or shared economic and regulatory environments. For example, if European coun-
tries form a tight cluster, this could reflect the influence of European Union regulations and market
dynamics that standardize financial and ESGC practices across member states.

Graph 9. Violin Plots for Liquidity Metrics (with its components "Quick Ratio”, "Current Ratio™, "Times Interest
Earned", "Cash Cycle (Days)") by Country and Year
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Table 7. Liquidity Metrics Distribution and Key Observations

Score Narrow Distribu- Significant

Wide Distributions Key Observations
Type tions Peaks
Quick Austria, Colombia, Hong-Kong, Indone- Hong-Kong, Quick ratio variability
Ratio Denmark  (Con- sia, Russia (Variable Taiwan (Con- reflects differences in
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Current

Ratio

Times
Interest

Earned

Cash
Cycle

(Days)

sistent

liquidity

management)

Austria, Colombia,

Denmark  (Uni-
form working
capital  manage-
ment)

Austria, Colombia,

Denmark

sistent

(Con-

debt ser-

vicing capacity)

Austria, Colombia,

Denmark (Similar

cash

cycles)

conversion

liqguid asset manage-

ment)
Saudi Arabia,
Hong-Kong, India

(Diverse approaches to

working capital)

Thailand, Russia
(Varied ability to cover

interest expenses)

India (Variable cash

conversion efficiency)

centration
around specific
values)
Indonesia, Ka-
zakhstan, Russia
(Common li-

quidity levels)

Portugal, Rus-
sia, South Korea
(Standardized

financial capac-

ity)

Not specified

short-term asset man-
agement and liquidity
strategies.

Current ratio distribu-
tions show consistency
or diversity in firms'
short-term  financial
health and operational
efficiency.

Times Interest Earned
variability highlights
differences in firms'
profitability and debt
management  strate-
gies.

Cash cycle distribu-
tions reflect opera-
tional efficiency and
how quickly firms

convert operations into

cash.

Table 7 organizes the Liquidity Metrics into categories based on their distribution characteris-
tics—narrow, wide, and significant peaks (see Graph 9)—along with key observations that reflect the
implications of these distributions for the firms' liquidity management and short-term financial strate-
gies. Each metric offers insights into different aspects of firms' liquidity, helping stakeholders under-
stand the nuances of financial health and cash flow management across countries and industries.
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Graph 10. World Co-Occurrence Ranks Liquidity (with its components "Quick Ratio”, "Current Ratio", "Times
Interest Earned"”, "Cash Cycle (Days)") Metrics and ESGC Component Scores

Soul fca

The co-occurrence network graph (see Graph 10) portrays Italy and South Korea as central hubs,
indicating that these countries’ companies likely exhibit liquidity and ESGC metrics that are
well-aligned with global patterns, suggesting they could serve as benchmarks for best practices. In
contrast, nations like Russia and Indonesia, positioned more peripherally, might represent unique
business environments with distinct liquidity management and ESGC strategies that diverge from the
global norm. The network also hints at potential regional clusters, such as European countries, whose
dense interlinkages could reflect uniformity in economic policies and ESGC regulations. Turkiye’s
specific positioning, with noticeable but not overly dense connections, might reflect a blend of practices
that align with both central hubs and peripheral countries, indicating a diverse but integrated economic
landscape. This graph thus offers a succinct visual summary of how countries compare in financial
health and sustainability, providing valuable insights for international economic analysis and investment
strategy development.

Graph 11. Violin Plots For Leverage Metrics (with its components “Assets/Equity”, “Debt/Equity”, “% LT Debt
to Total Capital”, “(Total Debt - Cash) / EBITDA)”) by Country and Year
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Table 8. Leverage Metrics Distribution and Key Observations

{Total Debt - Cash) / EBITDA

Narrow Distribu- Wide Distribu- Significant
Score Type _ _ Key Observations
tions tions Peaks
Germany, Japan, Brazil, Russia Assets/Equity  variability
. Switzerland (Con- (Significant vari- Not speci- indicates different levels
Assets/Equity
sistent  financial ability in financ- fied of financial risk and
leverage) ing) strategies.
Debt/Equity distributions
Not speci- reflect how firms balance
Debt/Equity Not specified Not specified
fied debt and equity in their
capital structure.
Long-term debt distribu-
% LT Debt to Not speci- tions provide insights into
Not specified Not specified
Total Capital fied firms' long-term financial
stability and risk.
This ratio indicates firms'
(Total Debt - ability to cover debt with
Not speci-
Cash) /' Not specified Not specified operating earnings, re-
fied
EBITDA flecting financial health

and risk.

Table 8 organizes the Leverage Metrics into categories based on their distribution characteris-
tics—narrow, wide, and significant peaks—along with key observations that reflect the implications of
these distributions for the firms' financial structure and risk management. Each metric offers insights
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into different aspects of firms' financial leverage, helping stakeholders understand the nuances of capital
structure and financial strategies across countries and industries (see Graph 11).

Graph 12. World Co-Occurrence Ranks Leverage (with its components “Assets/Equity”, “Debt/Equity”, “% LT
Debt to Total Capital”, “(Total Debt - Cash) / EBITDA)”) Metrics and ESGC Component Scores

Central Nodes with Multiple Connections: Japan and South Korea: These two countries are
central nodes with a high number of connections, indicating that they share similar financial leverage
and ESGC rankings with many other countries. This could suggest that their corporate financial struc-
tures and ESGC practices are reflective of or influential in global trends.

Germany: Another central node with many connections, pointing to Germany's position as a
country with financial and ESGC metrics that are like those of many other countries. This aligns with
Germany's role as a major global economy with substantial influence in international financial standards
and sustainability practices.

Dense Clusters with Strong Interconnections: European Cluster: Countries like France, Italy,
and Spain show a dense interconnection, suggesting shared financial and ESGC profiles, likely due to
similarities in European Union regulations and economic practices.

Asian Cluster: Hong Kong, Singapore, and Thailand appear to be closely connected, which may
reflect shared economic dynamics in the Asian region, common market practices, or similar stages of
economic development.

Sparse Connections Indicating Unique Profiles: Russia and Tirkiye: These countries have
fewer connections compared to central nodes, implying a more unique set of financial and ESGC
characteristics that may not align as closely with the global average or may indicate differing economic
or regulatory environments.

Countries with Specific Connections: Brazil: Connected to both European and Asian nodes,
Brazil's position could indicate a diverse range of financial leverage practices or a varied ESGC profile
that aligns with different global regions. Denmark and Sweden: These Nordic countries, while con-
nected to the broader European cluster, also have specific connections that might highlight their lead-
ership in certain ESGC practices or financial strategies (see Graph 12).
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Graph 13. Violin Plots For Operating Metrics ((with its components “A/R Turnover”,

BT

sasowIng AUl JBAOWIN 1855V PaXL] e = e v 9~ o
s ® & % ¢ e ® w = N e ~ & & &8 & &
= S & & 4 8 & & & &
Kayin,
fopiny |¢| pUENELL
pUB|IE(L
uemieL
uteds 1
B2UON LINOS h
31 1NoS
eiqely ipnes €
— Bissy ¢
eIUELLIGY +
[ebnuod 4+
4 pue|od ]
SPUELSEN t g
m. + 2 e rm\
uglsyezen
E < 3
8 <
<
—q eisauopu| ]
—_— —q eipuj -1
KieBuny >
—————————==m = | buoy buoy +
¥ 338810 >
|4 @IUeL
pueuy
| Aeilusg
IgWo|e | eiquioje)
nzeig 1 zesg RUISNY
RSNy | eusy i
sheq uhy By sheq dny By fejdwy Jad 2nuan:
. e ®» ® T o 9 (6 Jo %) @3uEMO|lY 1950 PeR o an@ ki
= s = S s & e = ] o« o 3 _ =i = = & &
font 2 8 & s & 3 - .
e
+ fanpny -+ puE(RyL
4 pueRyL 1
u { Ueitie]
ei05 oS ———
5L 1IN0S 22103 Uynog
eiqely ipnes 3057 LNoS
eiqely (pnes
{ eSS
+ elURLIod 1
4 ebnsod 4
~ i puejod H
= i SpueLiRaN I
£ | e z }
5 1\ esfejey £ ]
g 1 ueysipiezey 2
8 b4
<
+
[3
-
-
-
I

9D a0 e
gEESEE:
§2oEE"a
=25 §
23 8
6T B

2

ol
pueUY
eiquojed Aewiag
|zex eIquojod
eLsny 1ze1g
T . . eUIsny sy
sheq Aioiuanul By
- ] MOID S2(ES / IM
-~ & & & & =& s @ v ¢« & o
- o o o =1 o
AapunL
puejieyl Aanpn]
uemie puBjieiLL
uieds

Cauntry
Country

ensny

eusny

consistent  re-

Key Observations

indicates
ceivables collection effi-

A/R Turnover uniformity

Significant
Peaks
Not specified

Distribu-
496

Not specified

tions
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Table 9. Operating Metrics Distribution and Key Observations
Narrow  Distribu-
tions
Austria, Denmark,
Finland (Consistent
receivables  man-

Score Type
Turnover

AR
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Avg. AR
Days

Inv  Turn-
over
Avg. In-
ventory
Days
Avg. A/P
Days
Fixed As-
set Turno-
ver
WC / Sales
Grow

agement)

Austria, Denmark,
Japan (Uniform
collection period)

Austria, Denmark,
France (Consistent

inventory manage-

ment)

Austria, Denmark
(Uniform  holding
period)
Austria, Denmark
(Consistent  pay-

ment period)

Austria, Denmark,
Japan (Consistent
asset utilization)

Austria, Denmark,
ltaly  (Consistent

capital usage)

Russia, Kazakh-
stan (Varied col-
lection days)
Malaysia, Neth-
erlands (Diverse

inventory strate-

gies)

Poland  (Varied

holding days)

Brazil, France

(Varied payment

days)

Finland, Greece
(Diverse asset
efficiency)

Brazil, France
(Vvaried  growth

strategies)

France, Po-

land  (Con-
centrated

collection

days)

Not specified

India (Con-
centrated

holding days)

India (Con-
centrated
payment
days)

France,
Hong-Kong
(Concentrated
asset  turno-
ver)
Hong-Kong,
India

(Con-

centrated

ciency.

Avg. A/R Days variability
reflects differences in credit
terms and collection effi-

ciency.

Inventory Turnover uni-
formity indicates consistent
sales and inventory effi-
ciency.

Avg. Inventory Days varia-
bility suggests differences
in stock management and
operational efficiency.
Avg. A/P Days variability
indicates differences in

payment strategies and cash

management.

Fixed Asset Turnover uni-
formity reflects stable asset
utilization and operational

efficiency.

WC / Sales Grow variability

indicates  different

ap-

proaches to  managing
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growth rates)

Austria, Brazil, Hong-Kong,
Bad Debt Greece, Turkiye
Denmark (Uniform India (Con-
Allowance (Diverse bad debt
credit risk man- centrated
(% of A/R) expectations)
agement) allowances)
Kazakhstan,
Malaysia
ROIC Not specified Not specified
(Common
ROIC levels)
Hungary, India, South Korea
Revenue Brazil, France
Portugal (Con- (Concentrated
per Em- (Varied income
sistent revenue revenue  per
ployee distribution)
generation) employee)

working capital and growth.
Bad Debt Allowance varia-
bility reflects differences in
credit risk assessment and
management.

ROIC distributions reflect
variations in capital effi-
ciency and return genera-
tion.

Revenue per Employee
variability highlights dif-
ferences in productivity and

operational efficiency.

Table 9 organizes the Operating Metrics into categories based on their distribution characteris-
tics—narrow, wide, and significant peaks (see Graph 13)—along with key observations that reflect the
implications of these distributions for the firms' operational efficiency and financial strategies. Each

metric offers insights into different aspects of firms' operations, helping
nuances of operational performance across countries and industries.
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Graph 14. World Co-Occurrence Ranks Operating (with its components “A/R Turnover”, “Avg. A/R

Days”, “Inv Turnover”, “Avg. Inventory Days”,  “Avg. A/P Days”, “Fixed Asset Turnover”, “WC /

Sales Grow”, “Bad Debt Allowance (% of A/R)”, “ROIC”, “Revenue per Employee ($)”’) Metrics and
ESGC Component Scores

ward

Central Countries: These countries are typically located near the geometric center of the graph
and have strong connections with many other countries. These connections reflect similarities in fi-
nancial and ESGC performance. Moreover, they are often considered central players in the global
economy or regional leaders. Examples include European countries like Greece, Denmark, and Austria.

Peripheral Countries: Peripheral countries are usually situated on the outer edges of the graph
and have fewer connections. This indicates that their economic structures or ESGC performances may
differ from other countries. For instance, examples can be found in countries like Japan, Thailand and
some smaller European countries.

Dense Connections: Countries with dense connections are linked to each other with thick lines
on the graph. This suggests that these countries have tight economic and social relationships and are
likely part of similar economic blocs. For example, the dense connections observed around Germany
indicate strong economic ties with many other countries.

Weak Connections: Countries with weak connections have not established direct links with
many other countries. These countries often exhibit unique economic structures or differ in ESGC
performance from others. For example, some Asian countries may fall into this category and have fewer
connections (see Graph 14).

To more strikingly present the outcomes of violin plot analyses, below are the comparative
analyses of averages. These analyses serve to highlight the distribution and density of data points for
various financial indicators, providing a vivid depiction of how ESGC scores influence company fi-
nancial metrics. By comparing the means, the analysis underscores the distinct financial patterns and
trends between companies with and without ESGC scores, offering a clear visual and statistical repre-
sentation of the relationship between ESGC commitment and financial performance. Before moving on
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to regression analyses, key ratios that are significant for both professional and individual investors have
been compared in terms of averages, and significant differences have been identified based on the
presence or absence of ESGC scores. These findings are reported in Table 10.

Table 10. The Impact of ESGC Performance on Financial Indicators: Comparative Analysis of
Companies with and without ESGC Scores

General Av- Average of Those with Average of Those Without

Indicator
erage ESGC Score ESGC Score

Earnings ualit

g Quality 20.52 41.86 17.61
Score
Exchange Rate 0.13 0.36 0.10

— -0.00

Profitability 7 0.0103 -0.0102
Gross Margin 0.13 0.29 0.11
EBITDA Margin -0.77 0.032 -0.88
Operating Margin -1.11 -0.56 -1.19
Pre-Tax Margin -0.81 -0.50 -0.85
Net Margin -0.74 -0.49 -0.78

In the comparative analysis in Table 10 companies with ESGC scores generally demonstrate
enhanced financial performance across various indicators compared to those without, with specific
figures emphasizing the impact:

Earnings Quality Score: Companies with ESGC scores show a significant increase in earnings
quality (41.86) compared to those without (17.61), indicating robust financial integrity and transpar-
ency.

Exchange Rate: Firms with ESGC scores experience higher exchange rate variability (0.36)
versus those without (0.10), suggesting broader international exposure and operational scope.

Profitability: ESGC-engaged companies exhibit a positive average profitability of 0.0103,
contrasting with a negative average of -0.0102 for their non-ESGC counterparts, reflecting the benefi-
cial impact of ESGC practices on profitability.

Gross Margin: A noticeable increase in gross margin for ESGC firms (0.29) compared to those
without ESGC scores (0.11), suggesting that ESGC investments may lead to more effective cost man-
agement and profitability.

EBITDA Margin: Companies with ESGC scores report a higher EBITDA margin (0.032) as
opposed to a lower margin for non-ESGC companies (-0.88), indicating enhanced operational efficiency
through ESGC practices.

Operating Margin: Although negative for both, companies with ESGC scores have a less neg-
ative operating margin (-0.56) compared to those without (-1.19), implying a more stable operational
stance with ESG integration.
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Pre-Tax Margin: Similarly, a less negative pre-tax margin is observed for ESGC firms (-0.50)
versus non-ESGC firms (-0.85), suggesting a mitigated financial risk through sustainable practices.

Net Margin: The net margin for ESG companies (-0.49) is less negative than for their
non-ESGC counterparts (-0.78), indicating a trend towards better net profitability with ESGC en-

gagement.

Overall, these figures underline that companies with ESGC performance tend to have more fa-
vorable financial metrics, advocating for the integration of ESGC considerations into business and
investment strategies for better financial outcomes.

3.3. Lasso ve Ridge Regression Results
Lasso and Ridge regressions are statistical methods used especially in complex datasets to

manage features and prevent overfitting. In this study, Lasso and Ridge regression methods were used
to examine the impact of ESGC scores on financial performance. These methods were selected to pre-
vent overfitting and control multicollinearity [58; 32]. Lasso and Ridge regressions were used to iden-
tify the financial metrics that have the greatest impact on ESGC scores, providing valuable insights
into understanding the effect of sustainability practices on financial returns [65]:

Lasso Regression (L1 Regularization):

Feature Selection: Effectively identifies and eliminates irrelevant features, simplifying the
model.

Reduces Complexity: Helps in reducing overfitting, enhancing model generalizability.
Ideal for Numerous Features: Useful in scenarios with many potential predictors.

Ridge Regression (L2 Regularization):

Shrinks Coefficients: Reduces the impact of less important features without completely elimi-
nating them.

Prevents Overfitting: Imposes a penalty on large coefficients, maintaining model performance
on unseen data.

Handles Multicollinearity: Effectively distributes coefficients across correlated predictors.

Common Reasons for Applying Lasso and Ridge:

Feature Selection with Lasso: Useful for identifying relevant financial ratios related to targets
like the "ESG Combined Score" in large datasets.

Preventing Overfitting: Both methods add regularization terms to penalize large coefficients,
maintaining more robust and generalizable models.

Regulated Modeling: Control model complexity and enhance generalization performance.

Managing Multicollinearity: Financial ratios often correlate highly; Lasso and Ridge can
manage these effectively.

Model Complexity and Overfitting: They mitigate the risk of overfitting in datasets with many
features, improving generalization capabilities.

These tools are instrumental in refining models for better prediction and understanding, par-
ticularly in financial contexts [13; 45; 51; 62; 3; 27].

The Shapiro-Wilk Normality Distribution Test:

501



International Journal of Pure and Applied Sciences 10(2); 459-517 (2024)

Particularly the Shapiro-Wilk test, is a cornerstone in data analysis for determining whether a
dataset conforms to a normal distribution, which is a fundamental requirement for many statistical tests
and modeling techniques.

Purpose: Assesses if a dataset follows a normal distribution.

Hypothesis Testing: Null hypothesis (HO) states data are normally distributed. A small p-value
(<0.05) rejects HO, indicating non-normality.

Test Statistic (W): Measures how well data align with a normal distribution, ranging between 0
and 1, where values near 1 suggest normality.

Importance in Data Analysis:

Small Sample Suitability: Especially powerful for small samples, it remains effective for larger
Oones.

W Interpretation: A W value near 1 indicates a close approximation to normal distribution.

Regression Analysis: Useful in evaluating normality of residuals in regression models, where
error term normality is a standard assumption.

Application in Regression:

Error Term Normality: Critical for the validity of inferential statistics and hypothesis testing in
regression analysis.

Pre-Regression Analysis: Helps determine the need for data transformation or alternative
modeling approaches to address non-normality, enhancing accuracy and reliability [63; 28; 16].

Table 11. Shapiro-Wilk Normality Test Results for Financial Ratios (ESGC Present and ESGC Absent

Companies)

Financial Ratio w (ESGC P-Value (ESGC W  (ESGC P-Value (ESGC

Present) Present) Absent) Absent)
Earnings Quality Score 0.927764 5.799447e-24 0.666243 0.0
Period End FX Rate

0.684006 4.231921e-43 0.420670 0.0
(D/USD)
Profitability 0.097146 0.0 0.004729 0.0
Gross Margin 0.863737 1.785859e-31 0.012682 0.0
EBITDA Margin 0.060180 0.0 0.008183 0.0
Operating Margin 0.021291 0.0 0.015303 0.0
Pretax Margin 0.023693 0.0 0.026346 0.0
Effective Tax Rate 0.033054 0.0 0.005973 0.0
Net Margin 0.025452 0.0 0.026809 0.0
DuPont/Earning Power 0.138202 0.0 0.054860 0.0
Asset Turnover 0.837409 9.296636€-34 0.005639 0.0
X Pretax Margin 0.023528 0.0 0.026287 0.0
Pretax ROA 0.292400 0.0 0.005149 0.0
X Leverage (Assets/Equity) 0.027238 0.0 0.034484 0.0
Pretax ROE 0.448807 0.0 0.011814 0.0

502



International Journal of Pure and Applied Sciences 10(2); 459-517 (2024)

X Tax Complement 0.036580 0.0 0.047114 0.0
ROE 0.379588 0.0 0.009981 0.0
X Earnings Retention 0.211279 0.0 0.007938 0.0
Reinvestment Rate 0.283268 0.0 0.010421 0.0
Liquidity 0.140292 0.0 0.022594 0.0
Quick Ratio 0.727794 6.713060e-41 0.040495 0.0
Current Ratio 0.297211 0.0 0.018809 0.0
Times Interest Earned 0.017436 0.0 0.006780 0.0
Cash Cycle (Days) 0.094735 0.0 0.002307 0.0
Leverage 0.152835 0.0 0.038443 0.0
Assets/Equity 0.026486 0.0 0.034786 0.0
Debt/Equity 0.020995 0.0 0.024781 0.0
% LT Debt to Total Capital 0.199059 0.0 0.005665 0.0
(Total Debt - Cash) [/

0.072192 0.0 0.005544 0.0
EBITDA
Operating 0.140282 0.0 0.023068 0.0
AJ/R Turnover 0.430620 0.0 0.002161 0.0
Avg. A/R Days 0.144631 0.0 0.010888 0.0
Inv Turnover 0.266292 0.0 0.003237 0.0
Avg. Inventory Days 0.131476 0.0 0.002017 0.0
Avg. A/P Days 0.068950 0.0 0.002093 0.0
Fixed Asset Turnover 0.314299 0.0 0.022944 0.0
WC / Sales Grow 0.053371 0.0 0.015416 0.0
Bad Debt Allowance (% of

0.177236 0.0 0.008089 0.0
A/R)
ROIC 0.556923 0.0 0.053769 0.0
Revenue per Employee ($)  0.055925 0.0 0.013569 0.0

Note: This table includes the "W' values of the Shapiro-Wilk test, which test for normality in the data distribution, and the 'P-Value' associated with each "W' value.

A P-Value close to zero suggests that the null hypothesis of normality is rejected for the distribution of that particular financial ratio.

Earnings Quality Score: Both ESGC present and absent companies show a deviation from
normality, but it is more pronounced in companies with ESGC presence. This may indicate that
ESG-related activities could be associated with more complex earnings patterns.

Period End FX Rate (D/USD): This shows a significant deviation from normality for both
groups, with a lower W value for ESGC absent companies, suggesting exchange rates impact these
companies differently, perhaps due to their varying exposure to international markets.

Profitability Metrics (Profitability, Gross Margin, EBITDA Margin, etc.): Across these metrics,
the W values are very low, especially for ESGC absent companies, indicating a strong rejection of
normality. This could imply that profitability measures are highly skewed or have heavy tails, which
could be attributed to outlier firms or sector-specific characteristics.
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Margin Ratios (Operating Margin, Pretax Margin, Net Margin, etc.): Similar to profitability,
these ratios are far from normally distributed. For companies without ESGC, the deviation is severe,
which could reflect a more heterogeneous group with differing operational efficiencies.

Asset Turnover and Related Ratios: These ratios also show a significant departure from nor-
mality. Asset efficiency might vary widely across firms, which could be due to different investment
strategies or industry characteristics.

Leverage Ratios (Leverage, Debt/Equity, etc.): The very low W values, particularly for ESGC
absent companies, suggest that leverage metrics are not normally distributed. This can be due to dif-
ferent capital structures and risk profiles between firms.

Liquidity Ratios (Quick Ratio, Current Ratio): The departure from normality is noted here as
well, which might be influenced by industry-specific cash and asset management practices.

Activity Ratios (A/R Turnover, Inventory Turnover, etc.): These ratios are also not normally
distributed, particularly for ESGC absent companies. This might be due to different management prac-
tices and operational efficiencies.

ROE and ROIC: Both ratios are key measures of financial performance, and they show a sig-
nificant deviation from normality, especially for companies without ESGC. This could be due to a
variety of factors including different industry risks, company sizes, and financial policies.

Revenue per Employee: This ratio also deviates from a normal distribution, which could be
because firms vary greatly in how labor-intensive they are, or in their use of automation and outsourcing
(see Table 11).

Lasso and Ridge regressions do not require the independent variables (features) to be normally
distributed. They are primarily concerned with regularization — adding a penalty to the model to pre-
vent overfitting and to handle multicollinearity, rather than relying on the distribution of the variables.
Both Lasso (L1 regularization) and Ridge (L2 regularization) are particularly useful in preventing
overfitting and addressing multicollinearity, common issues in regression analyses with many predictors.
This is beneficial regardless of the predictors' distribution. In the context of regression analysis, while
the normality assumption is typically about the error terms (residuals) rather than the predictors them-
selves, Lasso and Ridge can still be valuable. They don't rely on the normality assumption for the error
terms and instead focus on producing a more robust and generalized model. Both methods effectively
reduce model complexity by penalizing the size of coefficients. Lasso can even set some coefficients
exactly to zero, effectively performing feature selection.

Table 12. Lasso and Ridge Regression Results for ESGC Combined Score and Financial Ratios

Financial Ratio Lasso Coefficient Ridge Coefficient
Profitability 0.00 0.00
Gross Margin 0.00 0.01
EBITDA Margin -0.20 -0.30
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Operating Margin -1.13 -1.23
Pretax Margin -1.09 -1.18
Net Margin -0.97 -1.06
Quick Ratio 0.08 0.18
Current Ratio 0.20 0.30
Debt/Equity 0.86 0.95
A/R Turnover -0.05 -0.15

Fixed Asset Turno-
-0.44 -0.54
ver

The Lasso and Ridge Coefficients indeed provide valuable insights into how different financial
ratios relate to the ESGC Combined Score, reflecting the company's sustainability and social responsi-
bility performance (see Table 12).

3.3.1. Lasso Coefficients

Zeroing Out Some Coefficients: Lasso regression's capability to reduce some coefficients to
zero is a form of feature selection. This indicates that certain financial ratios might not be significant
predictors of the ESGC Combined Score. For instance, if the Lasso coefficient for a specific ratio like
Profitability or Gross Margin is zero, it suggests that these variables might not be crucial in predicting or
are not reliably related to ESGC performance under the model.

Simplifying the Model: By eliminating less relevant predictors, Lasso helps in simplifying the
model, making it easier to interpret and reducing the risk of overfitting.
3.3.2. Ridge Coefficients

Shrinking Coefficients: While Ridge also reduces the magnitude of coefficients, it does not set
them to zero. This suggests that all included financial ratios contribute some information to the model,
but their impact is regulated to prevent overfitting and manage multicollinearity.

Continued Inclusion of Features: All variables stay in the model, providing a comprehensive
view of the data's structure and how each variable, to a lesser or greater extent, relates to the ESGC
Combined Score.

Here's a detailed look into what these coefficients imply and how they shape the understanding
of the relationship between financial ratios and ESGC scores:

Profitability and Gross Margin

Lasso Coefficients at Zero: Suggests that Profitability and Gross Margin might not be signifi-
cant predictors of the ESGC score in the Lasso model, indicating a potential lack of direct association or
variability explained by these metrics.
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Positive Ridge Coefficients: Indicates that while these ratios don't have the strongest predictive
power (as suggested by Lasso), they still maintain a positive relationship with ESGC scores according to
Ridge regression. This could imply that while not the most critical factors, Profitability and Gross
Margin do reflect some aspects of financial performance affected by sustainable practices.

EBITDA Margin, Operating Margin, and Pretax Margin

Negative Coefficients: Both Lasso and Ridge indicate a negative relationship between these
margins and ESGC scores. This could suggest that higher operational costs or investments associated
with maintaining or achieving high ESGC standards may initially impact these profitability measures. It
reflects the potential short-term financial sacrifices companies might make for long-term sustainability
and ethical operations.

Net Margin

Negative Coefficients: Indicates a potential negative relationship between Net Margin and high
ESGC scores, possibly due to the initial costs or investments in sustainable practices impacting the
bottom line. Companies might experience a decrease in net profitability as they invest in sustainable
practices, which may not immediately translate into financial gains.

Quick Ratio and Current Ratio

Positive Coefficients: Suggests that companies with higher liquidity are better positioned to
manage and invest in sustainability initiatives. It may reflect a financial health aspect that supports
sustainable practices, indicating these companies might be more resilient or capable of maintaining
operations while pursuing ESGC goals.

Debt/Equity

High Positive Coefficient: Indicates a possible positive correlation between leveraging and
ESGC scores. Companies might be using debt financing to invest in ESGC initiatives, suggesting a
strategic approach to funding sustainable growth. This highlights the importance of managing debt
levels carefully, as they might reflect investment in long-term sustainability.

A/R Turnover and Fixed Asset Turnover

Negative Coefficients: Suggests an inverse relationship with ESGC performance. Lower A/R
Turnover might indicate slower collection processes, and lower Fixed Asset Turnover might indicate
less efficient use of assets. Both could potentially impact financial flexibility and capacity to invest in or
maintain sustainable practices.

3.4. Implications for Ethical or Green Investment Perspective

Identifying Key Financial Ratios: The Lasso and Ridge results can guide investors and corpo-
rate managers by highlighting which financial ratios are more closely associated with higher ESGC
scores. This could help focus on areas for improvement or investment that align with sustainability and
social responsibility goals.

Informing Investment Decisions: As ESGC scores become increasingly crucial for investors,
understanding the financial dimensions most affected by ESGC performance allows for more informed
decision-making. Investors might prefer companies with certain financial characteristics known to
correlate with higher ESGC scores.
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Shaping Corporate Strategy: Companies looking to improve their ESGC scores might analyze
these regression results to understand which financial aspects to focus on or adjust. Knowing how
various financial ratios impact their ESGC scores can inform strategy and operations to align with
ethical and green investment standards.

4, Conclusion

The study confirms a complex yet discernible relationship between ESGC scores and financial
performance. Firms with higher ESGC scores generally exhibit more favorable financial indicators such
as higher earnings quality, better profitability margins, and improved liquidity ratios, suggesting a
positive correlation between responsible corporate behavior and financial health. This relationship is
particularly pronounced in the energy sector, reflecting the critical importance of sustainability practices
in this industry. These findings are consistent with the growing body of literature that suggests that
sustainable practices and ethical operations contribute to enhanced financial performance, risk mitiga-
tion, and stock stability [24; 34]. The study's findings also complement the understanding that ESGC
engagement can lead to better operational efficiencies, reputational gains, and access to capital [10; 17;
15].

Investors and fund managers are increasingly considering ESGC factors as integral to investment
decisions. The study's findings support the notion that integrating ESGC considerations into portfolio
management is not only a moral or regulatory compliance issue but also a strategic one that aligns with
long-term value creation [54]. Ethical investing strategies that prioritize high ESGC scores may benefit
from improved risk-adjusted returns, aligning investors' ethical stances with financial prudence. Com-
panies with robust ESG practices not only contribute positively to social and environmental outcomes
but also demonstrate strong financial performance, resilience, and potential for long-term growth.

Energy firms with high ESGC scores tend to manage risks more effectively, showing resilience
in their stock performance. The research suggests that comprehensive ESGC strategies can mitigate
various risks, including operational, reputational, and regulatory risks, thereby protecting and poten-
tially enhancing shareholder value.

Firms are encouraged to balance short-term financial impacts with long-term ESGC goals.
While initial investments in ESGC practices might strain financial ratios like EBITDA or operating
margins, the long-term payoff in terms of reduced risks, better customer engagement, and regulatory
compliance can lead to improved overall performance.

The energy sector, in particular, is shown to benefit significantly from ESGC practices. Com-
panies in this sector are advised to integrate ESGC strategies into their core operations to manage in-
dustry-specific risks effectively and capitalize on emerging opportunities in the green economy.

The study finds a nuanced impact of ESGC scores on stock performance. While there is an in-
itial indication of higher costs or lower margins due to ESGC investments, these are often offset by
long-term benefits such as improved reputation, customer loyalty, and operational efficiencies. Con-
sequently, energy firms with higher ESGC commitments might experience more stable and potentially
superior stock performance over time.

In the intricate interplay between ESGC scores and financial performance, this study adds em-
pirical weight to the burgeoning body of systematic literature advocating for ethical investing. Aligning
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with the findings of Barber et al. (2021) [4] and Agrawal and Hockerts (2021) [1], this study underscores
the positive correlation between robust ESGC practices and enhanced financial metrics, such as earnings
quality and profitability. These correlations are not merely incidental but foundational to the philosophy
that ethical practices are integral to sustainable business success and long-term value creation.

The empirical findings resonate with the assertions made by Berk and Binsbergen (2021) [5]
and de Jong and Rocco (2022) [14], reinforcing the notion that ethical investing is not a trade-off be-
tween moral values and profitability but a synergistic strategy that leverages responsible practices for
better financial outcomes. This synergy is particularly evident in the operational efficiencies and risk
mitigation strategies observed in firms with higher ESGC scores, lending credence to the body of work
by Friede et al. (2015) [24], and Fulton et al. (2012) [26].

The nuanced relationship between ESGC and financial performance highlighted in this study
acknowledges the complexities and sector-specific impacts discussed in the works of Weston and Nnadi
(2023) [61] and Pedersen et al. (2021) [46]. This aligns with the broader academic discourse that calls
for a more refined understanding of how ESGC factors manifest in different corporate contexts and
geographic regions, emphasizing the need for sophisticated, context-sensitive investment analyses.

In advocating for refined analytical tools and methodologies, this study echoes the sentiment of
Chen and Xie (2022) [9] and Liu et al. (2022) [39], who emphasize the importance of advanced statis-
tical methods and sector-specific insights in accurately assessing the impact of ESGC factors on finan-
cial performance. These methodological advancements are crucial in enabling investors to navigate the
complexities of ethical investing and make informed decisions that align with both their financial ob-
jectives and ethical standards.

Enhanced Earnings Quality and Profitability: Firms with higher ESGC scores demonstrate a
notable increase in earnings quality and profitability. This suggests that ethical practices and sustainable
strategies contribute significantly to financial robustness, echoing the narratives of Barber et al. (2021)
[4] and Agrawal and Hockerts (2021) [1].

Operational Efficiency: Companies engaged in responsible and ethical practices tend to show
improved operational efficiencies, as indicated by higher gross and EBITDA margins. This aligns with
the assertions made by Berk and Binsbergen (2021) [5] and de Jong and Rocco (2022) [14], who high-
light the synergistic benefits of integrating ESGC considerations into business operations.

Risk Mitigation and Strategic Value: The findings resonate with the comprehensive analysis of
Friede et al. (2015) [24] and Fulton et al. (2012) [26], emphasizing that ethical investing not only mit-
igates risks but also adds strategic value by aligning companies with future sustainability trends and
regulations.

Sector-specific Impacts and Geographical Nuances: The study acknowledges the sec-
tor-specific impacts and geographical nuances of ESGC practices, suggesting that the benefits and
challenges of ethical investing vary across industries and regions, a notion supported by Weston and
Nnadi (2023) and Pedersen et al. (2021) [46].

The utilization of advanced statistical techniques, K-Means clustering, DBSCAN, Lasso, and
Ridge regression provide deep insights into the nature of the relationship between ESGC scores and
financial metrics. These methods reveal the nuanced ways in which different financial ratios are asso-

508



International Journal of Pure and Applied Sciences 10(2); 459-517 (2024)

ciated with ESGC performance, allowing for more targeted and effective strategies for improving both
financial and ESGC outcomes.

The study's findings, particularly through violin plots and co-occurrence analyses, offer in-
vestors robust tools for assessing the ESG and financial landscape of potential investments. By under-
standing the complex interactions between ESG factors and financial performance, investors can make
more informed decisions aligned with both ethical standards and profitability goals.

5. Policy Implications and Regulatory Considerations:

In the realm of ethical investing, this comprehensive study dovetails with the growing body of
systematic literature underscoring the multifaceted relationship between ESGC scores and financial
performance. The convergence of empirical findings with prior research highlights the evolving narra-
tive of ethical investing, not just as a niche strategy but as a robust approach that intertwines corporate
responsibility with financial viability.

This analysis echoes the sentiments of studies indicating that firms with higher ESGC scores
often exhibit superior financial metrics, such as enhanced earnings quality, operational efficiency, and
profitability margins. This relationship underscores the fact that ethical practices and sustainable oper-
ations are not merely compliance obligations but are integral to fostering long-term corporate health and
stakeholder value. These findings align with the broader trend of ethical investing gaining traction as a
mainstream investment philosophy, driven by both moral imperatives and economic rationale.

The positive correlation between ESGC engagement and financial performance found in this
study is corroborated by similar research, reinforcing the idea that sustainable business practices con-
tribute to operational excellence and risk mitigation. As indicated in the literature, companies that invest
in sustainable practices tend to benefit from reduced operational costs, enhanced brand reputation, and
increased customer loyalty—all of which culminate in stronger financial performance.

As the global investment community continues to grapple with environmental challenges, social
disparities, and governance issues, the impetus for ethical investing becomes increasingly compelling.
This study, supported by a systematic review of the literature, reaffirms the pivotal role of ethical in-
vesting in steering the corporate world towards a more sustainable and equitable future. It calls for a
concerted effort among investors, corporations, policymakers, and academics to foster a more sustain-
able financial ecosystem, where ethical considerations are seamlessly integrated into investment strat-
egies and corporate practices.

Investors can use ESGC scores as a risk assessment tool to evaluate the long-term sustainabil-
ity and risk management of companies in their portfolios. Companies with higher ESGC scores may
carry lower operational and regulatory risks, making them attractive investments. ESGC metrics also
help investors align their portfolios with environmental, social, and governance goals. The study ad-
vocates for the development and adoption of global ESGC standards to facilitate more accurate com-
parisons and assessments across firms and industries. This can enhance the reliability of ESGC metrics
and further integrate sustainability into mainstream investment strategies.
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Policymakers are urged to consider the findings of this study in shaping regulations and incen-
tives. Promoting transparency and accountability in ESGC reporting can further enhance the positive
impact of ESGC practices on financial performance and risk management.

Energy firms can enhance their ESGC scores by adopting strategies such as transitioning to
renewable energy, investing in energy-efficient technologies, and prioritizing worker and community
safety. Strengthening diversity and inclusion, ensuring transparency, and improving governance prac-
tices can also contribute to better ESGC performance.

While general recommendations for enhancing ESGC performance provide a strong founda-
tion, this study emphasizes the importance of tailoring these strategies to the distinct characteristics of
sub-sectors within the energy industry. Renewable energy firms, with their low carbon emissions and
focus on environmental sustainability, are well-positioned for ESGC performance improvements. Key
strategies include investing in innovative technologies like energy storage and improving grid integra-
tion to ensure reliable energy supply. Governments can accelerate growth through incentives such as
low-interest loans, tax credits, and subsidies, as seen in the EU’s Green Deal initiatives. Additionally,
companies must prioritize transparent environmental impact assessments and engage with local com-
munities to enhance project acceptance and social legitimacy, ensuring long-term sustainable growth.

To enhance ESGC performance, the fossil fuel sector must focus on reducing carbon emissions
through strategic measures. Investing in carbon capture and storage (CCS) technologies and prioritizing
cleaner fossil fuels like natural gas can aid the energy transition. Effective environmental risk man-
agement is crucial, requiring stricter regulations to prevent incidents like oil spills and gas leaks. Addi-
tionally, diversifying energy portfolios by investing in renewable projects can help fossil fuel firms
lower their environmental impact and tap into new market opportunities. Governments could facilitate
this shift by implementing targeted tax credits and financial incentives for firms that achieve measurable
reductions in carbon emissions. By contrast, fossil fuel companies face distinct challenges, necessitating
stricter environmental regulations and the implementation of carbon pricing mechanisms. Such policies
could encourage a gradual transition towards cleaner energy sources while simultaneously addressing
the sector’s significant environmental impact. Furthermore, nuclear energy firms must prioritize
transparency and safety in their ESGC strategies, given the sector’s unique risks. Strengthening regu-
latory frameworks that mandate regular safety audits and the disclosure of waste management practices
would not only enhance governance scores but also build public trust.

Nuclear energy offers low carbon emissions but faces significant environmental and social risks
related to safety and waste management. Companies must enhance safety protocols, invest in innovative
waste disposal technologies, and maintain transparent reporting to build public trust. Effective com-
munication with local communities is key to addressing public concerns. Additionally, investing in
research and development for next-generation reactors can improve safety and reduce waste, supporting
long-term sustainability in the sector.

Beyond sector-specific strategies, the role of governments and regulatory bodies is paramount
in creating a conducive environment for effective ESGC integration. A key recommendation of this
study is the standardization of ESGC metrics across countries and industries, addressing the inconsis-
tencies in scoring methodologies that can lead to information asymmetry and the risk of "greenwas-
hing." Establishing a unified global framework for ESGC reporting would enhance comparability,
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allowing investors to make more informed decisions. Collaborative efforts by international bodies, such
as the United Nations and IFRS, could be instrumental in developing these standards, thus ensuring
consistent and reliable disclosure practices. Moreover, governments can play a proactive role in pro-
moting green financing instruments, like green bonds and sustainability-linked loans, which provide
financial support to companies with strong ESGC performance. Introducing lower capital requirements
for banks that issue green bonds could incentivize financial institutions to channel resources towards
sustainable projects, thereby amplifying the positive impact of ESGC initiatives.

In conclusion, ESGC scores, sustainability practices, key financial ratios, worldwide govern-
ance indicators, and culture are essential for energy firms seeking to maintain and increase their com-
petitive advantage, gain the trust of stakeholders, and achieve long-term success. By prioritizing these
factors, companies can reduce their environmental impact, improve their financial health, enhance their
reputation, attract investment, and attract and retain top talent. As sustainability and social responsibility
become increasingly important to consumers and investors, energy firms that prioritize ESGC scores,
sustainability practices, financial ratios, governance practices, and culture are more likely to succeed in
the long run.

While the study covered a broad range of companies and countries, the availability and quality of
ESGC data might still be limited, especially for firms in emerging markets or smaller enterprises. This
limitation can affect the generalizability and depth of the findings. The study largely relies on static
snapshots of financial ratios, which might not fully capture the dynamic and evolving nature of com-
panies' operational and financial strategies influenced by ESGC factors. Future research should focus on
longitudinal studies that track the ESGC and financial performance of companies over time. Such
studies can provide more insight into the long-term impacts of ESGC initiatives and the evolution of
corporate strategies. Given the diversity across sectors in terms of ESGC impact and financial perfor-
mance, sector-specific studies could yield more nuanced insights. Understanding how ESGC factors
play out in different industrial contexts can inform targeted investment strategies and policy measures.
Incorporating alternative data sources, such as sentiment analysis from social media, detailed supply
chain assessments, or climate impact models, could enrich the analysis and provide a more compre-
hensive view of a company's ESGC performance. As governments and international bodies implement
new regulations or standards related to sustainability and corporate governance, future research should
assess how these changes impact ESGC practices and financial performance across industries and
regions. Understanding how the growing emphasis on ESGC factors shapes investor behavior, market
dynamics, and company strategies can provide valuable insights for both practitioners and academics.
This includes examining the role of ESGC in investment decisions, asset pricing, and market reactions
to ESGC-related news.
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Ozet: Mekanik sistemlerin tiikettikleri enerjilerin, sistemlere bagh yatirim
maliyetlerinin ve isletme maliyetlerinin ekonomi {izerindeki etkisi tartisiimazdir.
Ozellikle Tiirkiye gibi enerji tiikketimi yogun olan ve iklim kosullar1 iilke genelinde
sert olan iilkelerde yiiksek maliyet kalemlerinden biri olan sogutma/isitma
sistemlerine ayrilan maliyet 6nemli bir sorun olarak goérulmektedir. C6ziime yonelik
sistem sec¢imlerinde yatirnm ve igletme maliyetleri oncelikli 6lgiit olmaktadir.
Teknolojinin geligsmesiyle birlikte ¢elik borularin, kazanlarin, chiller gruplarinin ve
vanalarin yerini, paket halinde iretilmis ve igerisinde sogutma ¢evrimini
gerceklestirerek 1s1 alan ve tersinir olarak calisip 1s1 veren VRF (degisken sogutucu
akigkan akigi) sistemleri almistir. Bu gelisme ekipmanlari koruma altina almayi da
kolaylastirmistir. Bu ¢aligmada Marmara bolgesinde yer alan 300 odali bir otel esas
alinarak, Kazan-Chiller-Fancoil sistemi ile VRF sistemi yatirim, yaz-kis isletme ve
bakim maliyetleri ele alinarak kiyaslanmistir. Sonu¢ olarak VRF sisteminin ilk
yatirim maliyeti acisindan yaklasik olarak %16 daha dezavantajliyken, yaz-kis
isletme ve bakim maliyetleri ele alindiginda yaklasik olarak yillik %14 daha
avantajlidir ve bu sayede bir y1l gibi kisa bir siirede yatirim maliyetini amorti ettigi
hesaplanmuistir.

Anahtar Kelimeler: iklimlendirme; Kazan-Chiller-Fancoil; maliyet analizi; VRF

Selection and Cost Analysis of Climate Control Systems (VRF-CHILLER
BOILER FCU): A Hotel Example

Abstract: The impact of the energy consumption of mechanical systems, their
associated investment costs, and operating costs on the economy is undeniable. In
countries with high energy consumption and harsh climate conditions across the
country, such as Turkey, the cost allocated to cooling/heating systems—one of the
significant cost items—is a major concern. When selecting systems for solutions,
investment and operating costs are the primary criteria. With technological
advancements, VRF (Variable Refrigerant Flow) systems, which perform cooling
cycles and operate reversibly to provide heating, have replaced steel pipes, boilers,
chiller units, and valves. This development has also facilitated the protection of
equipment. In this study, a comparison was made between a Boiler-Chiller-Fancoil
system and a VRF system in terms of investment, summer-winter operating, and
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maintenance costs for a 300-room hotel located in the Marmara region. The results
indicate that while the VRF system is approximately 16% more disadvantageous in
terms of initial investment costs, it is approximately 14% more advantageous in terms
of summer-winter operating and maintenance costs, thus amortizing the investment
cost within a short period of about one year.

Keywords: Climate control; Boiler-Chiller-Fancoil; cost analysis; VRF

1. GIRIS
1.1. Genel Bakis

Kentlerdeki popilasyon ve toplu yasamdaki hizli artig, enerji talebinin ¢ok ciddi miktarda
artmasina sebep olmaktadir. Uluslararasi Enerji Ajansina (IEA) gore bina ve bina insaati sektorleri,
kiiresel nihai enerji tiikketiminin iigte birinden fazlasindan sorumludur [1]. Insaat tekniginin gelismesi
ve modern yiiksek yapilarin ¢ogalmast HVAC(isitma, havalandirma ve iklimlendirme) sektoriinde de
yenilikleri beraberinde getirmektedir. Gelismekte olan iilkeler, HVAC sistemleri i¢in binalarin toplam
enerji tiikketiminin yaklasik olarak yarisini  kullanmaktadir [2-4]. Enerji maliyetlerinin de
yiikselmesiyle birlikte, enerji tiikketimi ve ilk yatirim/bakim maliyetleri daha diisiik olan sistem
arayislart kaginilmaz olmugtur. VRF sistemleri, istenilen termal konforda kayiplart minimum seviyede
tutarken, enerji sarfiyatin1 diisiirmek i¢in en uygun iklimlendirme sistemlerindendir. Free cooling
(Bedava Sogutma), 1s1 pompasi, toprak kaynakli 1s1 pompalari, 1s1 geri kazanim sistemleri, buz ve su
bankalar1 gibi sistemler de enerji maliyetlerini diisiirmek acisindan ¢ok yararli olmuslardir. Mevcut
literatirde de VRF; degisken sogutucu hacmi [5], ¢ok bolmeli VRFS [6], ¢ok evaporatorlii
iklimlendirme sistemi [7-10] veya ¢oklu 1s1 pompasi olarak da anilmaktadir. Bilindigi gibi, yillardir
tamami havali, tamami sulu veya su-hava karma sistemler biiyiilk yapilarda alternatifsiz olarak
kullanilmig, sonrasinda split klimalar ve split klimalarin ¢oklu ve gelismis sistemi olan VRF
sistemlerinin yayginlasmasiyla birlikte klasik sistemlerin kullanimi ciddi anlamda azalmistir. 1982
yilinda Japonya’da pazara sunuldugu giinden bugine VRF sistemleri, Avrupa, Cin ve ABD
pazarlarma hizla yayilmis olup, giinlimiizde Cin iklimlendirme pazarinin (ticari) %35'ini
olusturduklan diisiiniilmektedir [11]. Kiiciik villalardan apartman dairelerine, otellerden aligveris
merkezlerine ve biiyiik is merkezlerine varan genis bir yelpazede, en popiiler iklimlendirme ydntemi

olarak VVRF sistemleri tercih edilmektedir.

VREF sistemleri, tatmin edici kismi yiik performansi [12-16], esnek bireysel kontrol [17], kanal
dagitim kaybinin olmamasi [18,19] ve kolay kurulum ve bakim [20, 21] gibi ¢esitli avantajlari
sayesinde 6ne ¢ikmayi basarmistir. Bu avantajlarina ragmen VRF sistemleri, 6zel dis hava sistemi
(DOAS) adi verilen ek bir havalandirma {initesi bulundurmaktadir. Bu dezavantaj heniiz
iyilestirilememis olup, yiliksek temiz hava ihtiyaci olan durumlarda VRF uygulamasim
zorlastirmaktadir [22, 23]. Giintimiizde dort nesil VRF sistemi gelistirilmistir ve pazarda bu dort nesil

VREF sistemini gérmek miimkiindiir. Son nesil VRF sistemleri, degisken sogutucu akigkan sicakligi
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gibi bir takim yeni Ozellikler sunarken, eski nesillerde sogutucu akiskan sabit sicakliktadir. Yik
azaldikca sogutucu akigkan sicakliginin artmasiyla birlikte sistem verimliliginde artig elde edilmesi
basarilmistir. Ayrica son nesil VRF sistemlerinde sicak mod aktifken siirekli 1sitma yapilmaktadir, bu
sayede soguk mevsimlerde ya da mevsim gecislerinde 1sinma ihtiyact duyulmasi halinde 6zellikle
sicakligin ¢ok disiik oldugu durumlarda buz ¢0zme sorununun ¢oziimiini kolaylagtirmistir.
Ginumizde VRF sistemlerinin dis hava sogutma kapasiteleri yaklasik 150 kW'a ulasmakta ve 55°C
iistii ortam sicakliklarinda dahi ¢alisabilmektedir [24].

1.2. VRF Sistemleri

Hizla biiyiiyen VRF iklimlendirme teknolojisinin kiiresel 6l¢ekte performansini artirmak icin
cesitli caligmalar yapilmistir. Zhang vd. [25] VRF sistemleri iizerinde deneysel, teorik ve sayisal
incelemeleri, VRF sistemlerinin avantajlar1 ve bu alandaki son gelismelerin kapsamli bir incelemesi,
Zhu vd. [21] yaptigt ve VRF sistemlerinin performansi ve kontrol analizi igin gelistirdigi genel
simulasyon modelleri, Li vd. [26] {iretici firmalarin performans parametrelerini ve verilerini kullanarak
gelistirdigi su sogutmali VRF igin 6zel simiilasyon modiilii bu ¢aligmalardan yalnizca bir kagini
olusturmaktadir. Temelini EnergyPlus kodlarinin olusturdugu Li modiilii, EnergyPlus yazilimina
entegre edilmis ve testlerden sonra, sogutma siiresi boyunca Fancoil ve temiz hava (FPFA) sisteminin
su sogutmali VRF sistemine kiyasla yaklasik %20 daha fazla giic harcadigi sonucuna ulasilmistir.
Zhou vd.[27] EnergyPlus ortamini esas alarak farkli bir VRF modiili gelistirdi ve VRF sistem
tilkketimini degisken hava hacmi (VAV) ve Fancoil+temiz hava sistemi ile kiyasladi. Sonuglara gore
VRF sistemi, enerji tiiketim performansinda VAV ve FPFA sistemlerine kiyasla sirasiyla yaklagik

olarak %22 ve %11 daha fazla tasarruf saglamstir.
1.3. VREF Sistemleri Calisma Prensibi

VRF sistemleri, ters Rankine buhar g¢evrimi tizerine tasarlanmigs olan DX (dogrudan
genigleme) teknolojisi sistemleridir. Bu nedenle VRF sistemleri termodinamik olarak birlesik
sistemlere ve diger DX sistemlere benzemektedir. Ayrica kompresor, genlesme valfi, kondansatorler
ve buharlagtiricilar gibi ekipmanlarin birgogu da ortaktir. Sekil 1, VRF dis iinitesinin i¢ aksamlarini
icermektedir. VRF sistemi, iki veya daha fazla i¢ {initenin ortak bir ya da birden fazla dis tniteye
baglanmasi, degisken kapasiteye sahip i¢ ve dig iiniteler, bireysel ayarlamaya izin veren mahal
kontrolii, dort borulu sistem {izerinden ayn1 anda 1sitma ve sogutma yapabilme gibi 6zellikleriyle diger
DX sistemlerinden farklidir. Hava sogutmali ve su sogutmali kondenser VRF sistemleri
bulunmaktadir. Sekil 2, dis ve i¢ iinite ve kalan ekipmanlart igerecek sekilde bir VRF sistemini
gostermektedir. VRF sistemlerinde 1s1, dis liniteyle sartlandirma yapilmak istenilen alanlara kurulmus
olan (genelde kaset tipi) i¢ linite arasinda aktarim yapilarak gergeklestirilir. VRF sistemlerinin esas
farki, sartlandirilan mahalin 1sitma veya sogutma ihtiyacina gore sogutucu akis hizini rejime sokmak
i¢in her bir i¢ linitenin icerisinde yer alan elektronik genlesme vanasi bulundurmasidir. Sartlandirilmak

istenilen mahalde oda tipi termostat yer alir ve 6zel bir CPU (merkezi islem birimi-islemci) bulunan i¢
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iinite, ihtiya¢ duyulan sogutucu akisinin mahalin 1s1 yiikiiniin kargilanmasimi saglayacak sekilde bu
valfi konumlandirir. fhtiyag duyulan sogutucu akisi, ig iinitelere seri olarak monte edilen CPU'lara
baglanan, dis {initeye monte edilen bir PCB (baskili devre karti1) tarafindan hesaplanir. Son olarak
PCB, bolgelerin degisen toplam yiik talebini olusturmak i¢in kompresor hizin1 degistirir. Kompresor
devri veya hiz kontrolii, dis {initeye monte edilen bir devre olan invertdr araciligtyla saglanir. Invertor
iki pargadan olusur. Doniistiiriicii devresi (veya dogrultucu), AC (alternatif akim) girisini DC'ye
(dogru akim) degistirir ve invertdr devresi, degisken frekansla DC'yi tekrar AC'ye degistirir. Bu
frekans da kompresor devrini belirler. PCB ayrica boru agindaki gerekli sogutucu akisini siirdiirmek
icin dis Uinitenin ¢ikisindaki bir vanayi da diizenler. Her bolgede bir termostat bulunur ve 6zel bir CPU
kullanan ig¢ finite, gerekli sogutucu akisinin bdolgenin ylikiinii karsilamasini saglayacak sekilde

elektronik genlesme valfini buna gore ayarlar [28].

VRF sistemleri bir ya da daha fazla degisken kapasiteli kompresdr ile donatilmiglardir.

Sekil-1. VRF Dis Unitesi I¢ Aksamlar1 [29]
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Sekil 2. Dis, I¢ ve Ara Ekipmanlartyla VRF Sistemi [30]

Ik olarak, invertdr kompresor sistem kapasitesinin tam olarak %50'sine ulasana kadar kademeli
olarak yiik altina girer. %50 kapasiteye ulastig1 anda invertor kompresorii ivedi olarak bosaltilir ve tek
hizli kompresdr devreye girer. %50'den fazla kapasiteyle caligmak i¢in standart kompresor
devredeyken, sistem tam kapasiteye erisene dek invertdr kompresor kademeli olarak yiik almaya

devam eder. Calisma modlarina goére VRF sistemleri ti¢ kisimda incelenir;

- Sadece sogutma ya da 1sitma, 1s1 pompalar1 ve IGK (1s1 geri kazanimu),

- Ayni anda sogutma ve 1sitmanin miimkiin oldugu, kullanimi her gecen giin yayginlasan 1si
geri kazanim sistemleri,

- Baz alanlarda sogutma ihtiyaci, bazi alanlarda i1sitma ihtiyaci olmasi halinde, sogutulan
alanlardan yayilan istenmeyen 1s1, 1sitma ihtiyaci duyulan alana iletilecektir. Bu sayede VRF
sistemi 1s1 pompasi kullanilarak 1s1 tiretimi gerektirmez. Yalnizca ihtiyag¢ disi 1s1, ihtiyag olan
bolgeye tasinir.

VRF IGK sisteminin ¢ok sayida tiirii mevcuttur. Bazi ofis binalarinin, rack kabinetlerin yer aldigi
server odasinda meydana gelen 1s1 kullanilarak isitilmasi gibi uygulamalarda, donemsel gegis
mevsimlerinde, kabinetlerin saglikli ¢alisabilmesi i¢in mahallerin sogutulmasi gerekilirken, kalan
alanlarin 1sitilmas1 gerekebilir. IGK sistemlerinin kullanilmasi, enerji tasarrufu agisindan da dnemli

katkilar sunabilmektedir.
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2. SISTEM SECIiM KRITERLERI

Iklimlendirme sistemlerinde se¢im yapilirken pek ¢ok kriter goz dniinde bulundurulmaktadir.
Secim kriteri, isletme sahibi veya satin alma birimlerinin taleplerine ve tercihlerine gore degisiklik

gosterebilir. Ancak oncelikli olarak dikkat edilmesi gereken kriterler su sekilde siralanabilir;
2.1. Maliyet-LCC

Sistem se¢imi yapilirken, sistem maliyetlerini degerlendirmek icin ilk yatirim maliyetinin
disinda, sistemin aktif ¢alisma siiresince(Omiir) tiikettigi enerji miktar1 ve bakim maliyetlerini de

iceren sistemin toplam maliyeti (Life Cycle Cost) degerlendirilmelidir.
2.1.1. Yatirnm Maliyeti

Tavsiye edilen sistemin, nihai kullanici ya da yatirnmcinin talep ettigi konfor sartlari ve
miisteri portfoyline uygun olmasina ek olarak, projenin ilk yatirim maliyetinin baslangigta planlanan
biitceye dahil olmasina ve alternatif olabilecek diger sistemlerin tamaminin maliyet analizlerinin

yatirimciya sunulmasina dikkat edilmelidir.
2.1.2. isletme Maliyeti

Enerji birim fiyat tarifelerinde meydana gelen artis ve kiiresel 1sinma konusunda yiikselen
hassasiyet, enerji tiiketimine ve maliyetlere verilen 6nemi arttirmaktadir. Bu sebeple, kullanilacak
iklimlendirme sisteminin performansi ve enerji tiikketimi kaginilmaz olarak 6nemli bir parametre halini
almaktadir. Ek olarak, 1000 m? ve {izeri alana sahip merkezi sistem cihazlarinin kullanildig1 binalarda,
sistemin isletilmesi igin teknik bir personel de bulunmalidir. Bu durumda sistemin dmiir boyu isletme

maliyeti yikselmektedir.
2.1.3. Bakim Maliyeti

Sistemin bakim araliklar1 ve is¢ilik maliyetleri, sistemin toplam maliyetini bazi durumlarda

ciddi sekilde etkilemekte ve sistem se¢iminin degismesine sebep olmaktadir.
2.2. Konfor

HVAC tesisat1 yapmanin temel amaglarindan biri konfor ihtiyacidir. Ortamda beklenen konfor
sartlarinin tamami, degisen hava kosullar1 ve kullanic1 yogunlugunda binanin kullanim amacina uygun

sekilde belirli degerlerde tutulabilmelidir.

Konfor sartlari, yatirimeci talepleri ile, standartlar ve yoOnetmeliler dogrultusunda miisteri

portfoyline gore birlikte belirlenir. Bu konfor sartlari asagidaki gibi olabilir;

e Sicaklik (I¢ ortam dizayn sart1: 23°C-26°C KT-%50 bagil nem)
o Taze hava miktar1 (Kisi sayis1 ve kullanim amacina goére belirlenir, 8-10 It/saniye)
o  Giiriiltii kirliligi (Kullanim amacina gore 40-60 dB(A))
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o Nem (%40-60 aras1, %40’ altinda bogaz ve cilt kurulugu, %60 iizerinde ter, bakteri tiretimi
ve performans diigiikligiine sebep olmaktadir)

o Temizlik (Kisi sayisinin fazla oldugu alanlarda ortamin ve verilen taze havanin filtrasyonu
onemlidir. Kaba filtre yaninda, torba filtre de glinlimiiz ofislerinde kullanilmalidir)

e Sistemin rejime girme hizi (Ortamdaki hava hizi calisanlari rahatsiz etmemelidir. insan
yiizeyinden gegen hava hizi 0,25 m/s’den fazla olmamalidir)

2.3. Servis Bakim Sikhig1 ve Kolayhig

Satis sonrasi servis hizmetlerinin (SSH) problemsiz bir sekilde gergeklesebilmesi i¢in binanin
test, ayar ve servis iglemlerine uygun bir sekilde tasarlanmasi ve sistemin buna gore secilmesi gerekir.

Ayrica, sistem secilirken deprem ve yangin risk analizlerine de dikkat edilmelidir.
2.4. Binamin Kullanim Amaci

Binada uygulanacak en verimli sistemi secerken binanin hangi amagcla kullanilacagi, bina
icerisinde bulunacak odalarin kullanim amaci, odalardaki insan miktar1 ve ekipmanlar goz Oniinde
bulundurulmalidir. Ofis tiirii yapilarda kullanilacak olan sistemler, yatirimcinin binay1 satma veya
kiralama opsiyonuna gore, bazi1 durumlarda ise Shell&Core (Kabuk&Cekirdek-kaba ingaat) sekline
gore de degisiklik gosterebilmektedir. Ornegin bina sahibi binay1 bir hastaneye kiraya verecek sekilde
tasarliyorsa, bu durumda havalandirma planlamasinin hastane yonetmeligine uygun olacak sekilde

yapilmasi gerekeceginden sistem sec¢imi de buna gore yapilmalidir.
2.5. Binamin Tipi (Mimari Zorluklar)

Binanin formu ve ebatlari, bulundugu sehrin dokusuna uyumu, cografi konumu, yonii, yast
(tarihi konumu), konstriiksiyon yapist ve yapim sekli sistem se¢imini dogrudan etkilemektedir.
Bununla birlikte sistem se¢imi, yatirimcinin ve proje mimarinin tercihine gore mekanik cihazlarin bina
icerisindeki yerlesimi, bina ve kat yiikseklikleri ve binada mekanik tesisata ayrilacak alana gore de

degisiklik gostermektedir.
3. SISTEM SECIiMINDE ONEMLI NOKTALAR

VREF sistemlerinde se¢im yapilirken, 2. boliimde detaylandirilmig olan maddeler disinda g6z

oniinde bulundurulmasi gereken etkenler bulunmaktadir. Bu boliimde bu etkenler verilecektir.

Bir mahalde 1sitma istenilirken, farkli bir mahalde sogutma istenilen durumlarda Heat
Recovery (l¢ borulu) Fancoil ¢ozimleri tercih edilmelidir. Heat Pump (iki borulu) Fancoil sistemi
tercih edilecekse, bina yonline ve mimariye gore zonlama yapilmalidir. Shell&Core projelerde
sonradan ilave edilecek bolmeler dikkate alinmalidir. Kot farklarinin ve borulama mesafesinin ¢ok
uzun oldugu durumlarda ya da klima santralleri kapasiteleri VRF c¢oziimiine uygun degilse
Chiller-Fancoil sistemi tercih edilmelidir. Bina popiilasyonunun fazla oldugu durumlarda taze hava
kullanimi dikkate alinmalidir. Bina cephesinin radyasyon emis miktar1 sistem se¢imini dogrudan

etkileyebilmektedir. Cam cephe binalarda, radyasyonla 1s1 kazanimi énemli oldugundan IGK tercihi
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g6z Onilinde bulundurulabilir. Konferans salonu, toplanti odalari gibi insan yogunlugunun hizli
degistigi mahallerde taze hava ihtiyac1 géz onilinde bulundurularak klima santralleri tercih edilmelidir.
Ancak klima santralleri DX bataryal tasarlanarak VRF dis iinitesine entegre ¢alistirilabilir. Ozellikle
toplant1 odalar1 gibi akustik Onemi yiiksek alanlarda i¢ {inite desibel seviyesi de gbz Oniinde
bulundurulmalidir. Server-Elektrik odas1 gibi mahallerde yaz-kis fark etmeksizin sistem sagligi icin
sogutma ihtiyact bulunmaktadir ve 20°C’ye kadar sogutma gerekebilir. Bu nedenle, data odalarina 6zel

olarak adapte edilecek 2 ayr1 SkyAir sistemi (1 asil, 1 yedek) uygun bir ¢oziimdiir.
Genel olarak;

e Esnek boliimleme gerektigi durumlarda,

e Sirkiilasyonun fazla oldugu kiiciik alanlarda,

e  Sicakligin siki kontrol gerektirdigi durumlarda,
o Giiciin orantil1 bolinmesi gerektigi durumlarda,

DX sistemleri daha uygun bir ¢6zimddir.

e Tek sicaklik ayar noktasindaki biiyiik alanlarda,
e Yiiksek kapasite gerektiren sogutma yiiklerinde,
e Yiksek kapasitede taze hava beslemesine ihtiya¢ duyulan mahallerde,
e 7000 m? ‘den biiyiik binalarda
Merkezi sistemler daha uygun bir ¢ozimdur.

4. KIYASLAMA KRiTERLERI

Marmara bolgesinde 300 odali bir otel projesi igin iklimlendirme sistemleri se¢imi, yatirim ve
bakim maliyeti ve isletme maliyeti basliklar1 altinda incelenecek, sistemler arasindaki farklilik ve

amortisman suresi analiz edilecektir.
4.1. Yatirnm ve Bakim Maliyeti

Tablo 1’de otel projesi igin tasarlanmis olan 4 borulu Fancoil-Chiller-Kazan ve Heat Recovery

VREF sistemlerinin mali yonden karsilastirmasi goriilmektedir.
Tasarlanan sistemleri su sekilde agiklamak miimkiindiir;
-Fancoil-Chiller-Kazan Sistemi;

Sekil-3te Fancoil-Chiller-Kazan sisteminin semasi gorillmektedir.
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Sekil 3. Fancoil-Chiller-Kazan Sistemi [31]
FCU Sec¢iminde gerekli veriler su sekildedir;

Soguk su sart1 (6-10°C, 6-11°C, 7-12°C)

Sicak su sart1 (90-70°C, 70-50°C)

Mahal sart1 (Sogutmada 25°C KT ve 18°C YT veya %50 bagil nem)
Yuksek devirde, orta devirde (Ses desibeli)

Gizli tavan tipi tiniteler i¢in cihaz dis basinci,

o gk~ 0w E

FCU tipi (Her FCU tipi i¢in kapasite verileri degiskendir)

-3 Borulu Is1 Geri Kazanimh VRF (Heat Recovery)

Sekil 4’te hava sogutmali 3 borulu 1s1 geri kazanimli VRF sistemine ait sema goriilmektedir.

526



International Journal of Pure and Applied Sciences 10(2); 518-532 (2024)

—| —

Yiiksek Basigh Gaz
Distik Basingl: Gaz

Sivi Gaz
CokluPort CHKumsu | | e==mmeeee Faaliyette Degil
O Agik Vana
e e » Kapal: Vana
r_‘; J‘l; | ‘ |
Isitma Isitma Isitma Sogutma Yalnizca Sogutma
Sekil 4. 3 Borulu IGK’l1 VRF Sistemi [32]
Sistemlerin yatirim maliyetleri;
Tablo 1. Sistemlerin Maliyet Analizi
VRF Heat Recovery
Adet Birim Fiyat Toplam Fiyat 4 Borulu FCU Sistemi Adet Birim Fiyat Toplam Fiyat
Sistemi
Dis Unite 22 985 $ 21670 $ 4 Borulu FCU 300 54 % 16200 $
Hava Sogutmali
i¢ Unite 300 2% 21600 $ 1 16340 $ 16340 $
Chiller-900 kW
Sirkiilasyon
BS Kutusu 300 50 $ 15000 $ 2 370 % 740 $
Pompasi-Chiller
Kumanda 300 83 2400 $ Kazan-720 kW 1 6565 $ 6565 $
Sirkiilasyon
Joint 110 9% 990 $ 2 75% 150 $
Pompasi-Kazan
Joint 66 12% 792 % Oda Termostatt 300 3% 900 $
3 Yollu Oransal Vana Kiti
Joint 110 6% 660 $ 300 6% 1800 $
(Motor+Vana)
Toplam Cihaz Bedeli 42.695 $
Toplam Cihaz Bedeli 43270 $ Toplam Otomasyon Bedeli 7.990 $
Toplam Montaj Bedeli 19.842 $ Toplam Montaj Bedeli 3.590 $
Yatirim Maliyeti 63.112 $ Yatirim Maliyeti 54.275 $
Toplam Yillik Bakim Bedeli 1.280 % Toplam Bakim Bedeli 975 $
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Tablodan da anlasilacag1 gibi VRF sisteminde otomasyon bedeline ihtiyag duyulmamaktadir.
Yatirim ve bakim maliyeti toplamlarina bakildiginda; VRF sistemi 64.392 $, 4 Borulu FCU sistemi
55.250 $ olarak hesaplanmaktadir.

4.2. Isletme Maliyeti
Tablo.2’de sistemlerin yaz-kis karma maliyetleri gortlmektedir.

Tablo 2. Sistemlerin Karma Isletme Analizi

VRF Heat Adet Birim Toplam Calisma Toplam 4 Borulu FCU Adet Birim Gig Toplam Caligma Toplam
Recovery Glg Gig Saati (kwh) Sistemi (kW) Gli¢ (kW) Saati kwh-m?
Sistemi (kw) (kw)
Dis Unite 22 11,3 249 2920 727.080 4 Borulu FCU 300 0,084 kW 25,2 kw 2920 73.584
I¢ Unite 300 0,089 26,7 2920 77.964 Hava Sogutmali 1 319 kW 319 kW 1460 465.740
Chiller-900 kW
BS Kutusu 300 0,005 15 2920 4.380 Sirkilasyon 2 15 kw 15 kw 1460 21.900

Pompasi-Chiller

Kumanda 300 - - - - Kazan-720 kW 1 1,92 kw 1,92 kw 1460 2.803,2

Joint 110 - - - - Sirkiilasyon 2 1,5 kW 1,5 kW 1460 2.190

Pompasi-Kazan

Joint 66 - - - - Oda Termostat 300 - - - -
Joint 110 - - - - 3 Yollu Oransal 300 0,1 kw 1,8 kW hmal 32.059,77-
Vana Kiti Edildi
(Motor+Vana)
Toplam Elektrik Tuketimi (kWh) 809.424 Kazan Dogalgaz 1 720 kW - 730+365 145.726 m®
Tuketimi (mevsim
gecisleri
dahil
edilmistir)
isletme Elektrik Birim Bedeli 0,090 $ Toplam Elektrik Enerjisi Tuketim Bedeli 51.222,05$
isletme Dogalgaz Birim Bedeli 0,22% Toplam Dogalgaz Tiiketim Bedeli 32.059,77 $
Toplam Yillik Isletme Maliyeti 72.848,16 $ Toplam Yillik isletme Maliyeti 83.281,82 $

*Tablo-2’de yer alan dogalgaz tiiketimi fiyatlandirmas yapilirken 2024 Agustos ay1 IGDAS fiyatlari esas alinmugtir.[33]
**Tablo-2"de yer alan elektrik tiiketim fiyatlandirmasi yapilirken 2024 Agustos ay1 CK Enerji Bogazi¢i Elektrik fiyatlar esas alinmustir.[34]

**]sletme maliyetleri 2024 Agustos ay1 TL/Dolar kur fiyat1 esas alinarak degerlendirilmistir.

5. Sonuglar

Fancoil-Chiller-Kazan sistemlerinde tesisat 6mrii VRF sistemlerine kiyasla daha kisa siirelidir.
Tesisat omriinii uzatmak, verim kayiplarmin oniine gegmek ve olasi tikanikliklara 6nlem almak igin
tesisatta kimyasal sartlandirma yapilmasi oOnerilmektedir. Kimyasal sartlandirma ilave maliyet

olusturdugundan bir¢ok isletmede tercih edilmemektedir. Tamamen kullanici inisiyatifinde olmasi
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nedeniyle kimyasal sartlandirma hesaplamalara dahil edilmemistir. Yapilan hesaplamalar, yalnizca
sistemin devreye alinmasi, rutin bakimlariin yapilmasi ve calisir vaziyette kalmasi icin gerekli

unsurlar gdz 6niinde bulundurularak olusturulmustur.

Yapilan hesaplamalar neticesinde, Tablo-1’den de acikca goriildiigii lizere VRF Sistemi
yatiim asamasinda Fancoil-Chiller-Kazan sisteminden yaklasik olarak 9.000 $ daha maliyetli bir
sistemdir. Ancak isletme kosullar1 goz oniine alindiginda VRF sistemi yaklasik olarak yillik 10.500 $
daha diisiik sarfiyat avantaji saglamakta ve Marmara bolgesinde yer alan 300 yatakli bir otel i¢in
yatirim maliyetini Fancoil-Chiller-Kazan sistemine kiyasla bir y1l gibi kisa bir siirede isletme maliyeti
uzerinden telafi etmektedir.

Kullanim kolayligi, bakim-onarim siirecinin kolay yonetilebilir olmasi, enerji sarfiyatlarinin
daha diigiik seviyelerde olmasi, tesisat ve cihaz yogunlugu bakimindan ¢ok daha kiiglik alanlara
gereksinim duyulmasi gibi avantajlar1 sayesinde VRF sisteminin tercih edilmesinin daha makul oldugu

gOrilmiistiir.
Sembol ve Kisaltmalar

VREF: Degisken Sogutucu Akiskan Akist
FCU: Fancoil

IEA: Uluslararasi Enerji Ajansi

HVAC: Isitma, Havalandirma ve Iklimlendirme
DOAS: Ozel Dis Hava Sistemi

FPFA: Fancoil ve Temiz Hava Sistemi
VAV: Degisken Hava Hacmi

DX: Dogrudan Genigleme Teknolojisi
PCB: Baskili Devre Karti

AC: Alternatif Akim

DC: Dogru Akim

CPU: Merkezi islem Birimi-Islemci
IGK: Is1 Geri Kazanimi

LCC: Yasam Dongiisti Maliyeti

dB: Desibel

SSH: Satis Sonrasi Servis Hizmetleri
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Cikar Catismasi
Yazar bu makaleyle ilgili herhangi bir ¢ikar ¢atismasi olmadigini bildirir.
Arastirma ve Yayin Etigi Beyam

Yazar bu ¢alismanin arastirma ve yayin etigine uygun oldugunu beyan eder.
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Ozet: Bu galismada, geri déniistiiriilme oran1 %25 olarak iiretilen 2 mm kaliligin-
daki Al6016 (AL6-HDI-TZ-U) serisi saclardan birlestirme numuneleri elde edilmis-
tir. Test numuneleri igin 6zel fikstiir tasarlanarak iiniversal kalip¢1 freze tezgahina
entegre edilmistir ve birlestirmeler yapilmistir. Birlestirici takim ucu geometrisi 10
derece konik, yiiksekligi 2.9 mm, omuz ¢ap1 15 mm olacak sekilde 2379 malzeme
olarak secilmis ve yiizey sertligi 62-65 HRC’ye c¢ikartilmigtir. Kaynak bekleme siiresi
4 sn olarak sabit tutulmustur. Birlestirmeler 600, 1200, 1800, 2400, 3000, 3600 rpm
olarak 6 farkli devirde siirtiinme karistirma nokta kaynagi yapilmistir. Birlestirilen
test numune baglantilarinin 1s1 girdileri hesaplanarak sertlik testi, gekme kesme testi
ile makro ve mikroyapisal analizleri incelendi. 600, 1200, 1800, 2400, 3000, 3600
rpm hizlarda yapilan birlestirmeler basarili oldu, tim hizlarda SZ bélgesinde en ince
tane yapisi, HAZ bolgesinde en kalin tane yapist oldugu tespit edilmigtir. 600 rpm de
en yuksek ¢ekme kesme yikiini Rm:109 MPa olarak gorildu. En yuksek sertlik de-
gerleri, 600 rpm'de BM, SZ, TMAZ ve HAZ i¢in sirastyla 108 £ 2, 101 +£3,95+ 3
ve 87 £ 5 HVy1 olarak tespit edildi. 600 ve 1200 rpm hizlardaki birlestirmelerde
gevrek, diger hizlarda siinek kirilma modu goriilmiistiir. Birlestirme bolgesi, dina-
mik olarak yeniden kristallesen karistirma bolgesi (SZ), termo-mekanik olarak etki-
lenen bolge (TMAZ), 1sidan etkilenen bolge (HAZ) ve ana metal (BM) olarak ta-

nimlanmustir.

Anahtar Kelimeler: Al6016; siirtinme karistirma nokta kaynagi; geri doniistiiriil-

miig malzeme; C2379

Investigation of Weldability of 25% Recycled Al6016 Series Sheet Metal
Materials Used in Automotive by Friction Stir Spot Welding

Abstract: In this study, joint samples were obtained from 2 mm thick Al6016
(AL6-HDI-TZ-U) series sheets produced with a recycling rate of 25%. A special
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fixture was designed for the test samples and integrated into the universal mold
milling machine and joints were made. The joint tool tip geometry was selected as
2379 material with a 10-degree conical, 2.9 mm height, and 15 mm shoulder diameter
and the surface hardness was increased to 62-65 HRC. The welding waiting time was
kept constant as 4 s. The joints were made by friction stir spot welding at 6 different
speeds as 600, 1200, 1800, 2400, 3000, 3600 rpm. The heat inputs of the jointed test
sample connections were calculated and hardness test, tensile shear test and macro
and microstructural analyzes were examined. The joints made at speeds of 600, 1200,
1800, 2400, 3000, 3600 rpm were successful, the finest grain structure was found in
the SZ region and the coarsest grain structure was found in the HAZ region at all
speeds. The highest tensile shear load was observed as Rm:109 MPa at 600 rpm. The
highest hardness values were determined as 108 £ 2, 101 £ 3,95+ 3 and 87 £ 5 HVq
for BM, SZ, TMAZ and HAZ at 600 rpm, respectively. Brittle fracture mode was
observed in joints at speeds of 600 and 1200 rpm, while ductile fracture mode was
observed at other speeds. The joining zone was defined as the dynamically recrystal-
lising stir zone (SZ), thermo-mechanically affected zone (TMAZ), heat-affected zo-
ne (HAZ) and base metal (BM).

Keywords: Al6016; friction stir spot welding; recycled material; C2379

1. Giris

Siirtlinme karistirma kaynagi, aliiminyum alasimlari, bakir alasimlari, titanyum alasimlari, pas-
lanmaz celik ve magnezyum alagimlari gibi gesitli alasimlar1 birlestirme kabiliyetinden dolay1 endUst-
ride giderek artan bir kati hal birlestirme yontemi olarak bilinmektedir [1]. Bu yontemde, silindirik bir
omuza sahip ve profilli bir pimle sonlanan donen bir takim, alt tabaka plakasina sikistirilmig bir mal-
zemeye daldirilir. Daha sonra takim, malzeme boyunca hareket ettirilir. Takim (omuz ve pim) ile mal-
zeme arasindaki siirtiinme 1sis1 ile is pargasini plastiklestirir. Dénen takim, karistirilan bélgeyi olus-
turmak i¢in is parcasi boyunca gevrildik¢e siddetli plastik deformasyon ve plastiklestirilmis metalin
akis1 meydana getirir. Stirtiinme karigtirma nokta kaynagi (SKNK) ile birlestirilmis malzemenin Kkesiti
dort bélgeden olusmaktadir; ana metal, 1sidan etkilenen bolge, termo-mekanik olarak etkilenen bélge ve
karigtirilan bolgedir.

Demir dis1 metaller, 6zellikle aliiminyum ve alasimlari, hafifli§i ve yiiksek mukavemet/agirlik
orani nedeniyle otomotiv ve havacilik endiistrilerinde yaygin olarak tercih edilir. Yari mamul irtinle-
rinin iglenmesi sirasinda, talas ve atik seklinde biiyiik miktarda hurda olustugu bilinmektedir. Bu hurda
genellikle eritme islemine geri dondiiriiliir ve burada bir miktar metal geri kazanilir ve tekrar {iretim
stirecinde kullanilir. Buna geleneksel geri doniisiim siireci denir. Aliiminyum hurdasinin geleneksel geri
doniisiimiinde metal verim orami ¢ok disiiktiir, sadece %55'tir [1]. Kullanim &mrii sonu hurdasi ve
tiretim hurdas1 olmak (izere iki tir hurda vardir. Uretim hurdas1 diizenli olarak bulunur, cevherden daha
saftir ve bu nedenle eritmeden iriinlerin dogrudan iiretimi i¢in uygun bir malzemedir. Bu ydntemi

kullanarak aliiminyum, bakir, magnezyum, ¢elikler ve metalik matrisli kompozitler dahil olmak iizere
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malzemelerin yapisini degistirme girisimlerinin faydali oldugu bulunmustur [2]. SKNK islemi, muka-
vemet, stineklik, sertlik, yorulma émrii, kirilma toklugu ve korozyon direnci dahil olmak iizere malzeme
mekanik 6zelliklerini iyilestirdigi bulunmustur [3]. Karistirilan bélgedeki metal 6zellikleri, tane aritma,
ikinci faz partikiillerinin homojenizasyonu, kusurlarin giderilmesi ve yiizey modifikasyonu yoluyla
geligtirilmigtir [2-6]. Prosediiriin gézenekliligi ve mikro ayrismayi ortadan kaldirdig1 gosterilmistir [7].
Yogunlagtirilmis karistirma islemi genellikle ikinci faz partikiillerini neredeyse normal boyuta ayirir ve
bunlar1 karistirilan bélgede homojen bir sekilde dagittigi bilinmektedir [5, 8]. Aliminyum alagimlarinda
karistirilmig bolgenin mikro yapisi iizerine yapilan calismalar, plastik deformasyon ve siirtiinme 1sin-
masindan kaynaklanan es eksenli ve ince yeniden kristallesmis taneciklerden olustugunu gostermistir.
Islenmis 1050, 1100, 6061 ve 7050 aliiminyum alasimlarinda gelistirilen tane boyutlarmin 0.5 pm-10
pum arasinda degistigi bulunmustur [9-11]. Boyut, sogutma sicaklig1 kontrolii yoluyla modifiye edilen
ana metallerden yaklagik 10 kat ila 100 kat daha kiigiiktiir. Malzemenin yapisinin siirtiinme karistirma
kaynagi ile birlestirilmesi, daha ince es eksenli taneler, daha ince ikinci faz pargaciklari, en aza indi-
rilmis kusurlar ve daha homojen bir yapi ile sonuglanmistir [9-11].

Takim ile ilgili siirtlinme karistirma kaynagi parametrelerinin farkli malzemeler {izerindeki etki-
leri aragtirilmistir. Parametreler: donme hizi, bekleme siiresi, dikey basing, egim agist ve takimin geo-
metrisidir [1, 7, 9, 12, 13]. Tane biiyiikliigiiniin takim dénme hizindaki artigla dogru orantili oldugu
bulunmustur [5, 11]. Hizdaki artig, artan siirtinme 1sinmasi ve dolayisiyla sicakligi arttirmaktadir.
Sonug olarak, tane biiyiime hiz1 arttirmigtir. Ek olarak, en yiiksek sicakligin takim iizerindeki dikey
basingla 6nemli 6l¢iide arttig1 bulunmustur [13]. Bu yiizden; Is1 {iretimini tesvik eden igleme paramet-
relerinde bir artig ile tane biiyiimesi gozlenir.

Siirtiinme karigtirma kaynakli numunelerin normalde oda sicakliginda yavasca sogumasina izin
verilir. Ultra ince tanelerin 1s1ya uzun siire maruz kalmasi, tane biiyiimesine yol acar. Bununla birlikte,
bir sogutucunun uygulanmasi biiylimeyi durdurdugu bulunmustur [12-14].

Islenmis malzemenin bir boliimiindeki Vickers mikro sertlik profilinin su sirayla arttig1 bulun-
mustur: termo-mekanik olarak etkilenen bolge, karistirilan bolge, 1sidan etkilenen bolge ve ana metal.
Yazarlar, karistirilan bolgenin yumusamasinin (ana metale kiyasla) sertlestirme fazi parcaciklarinin
parcalanmasi, ayrismasi ve asiri yaslanmasindan kaynaklandigini 6ne siirmiiglerdir [4, 14]. Ter-
mo-mekanik olarak etkilenen bolge ile 1sidan etkilenen bdlge arasindaki gegiste minimum sertligin
meydana geldigi bulunmustur [15]. Bu noktada, sicaklik genellikle yiiksek ve deformasyonun etkileri
azalmigtir. Sonug olarak, 1s1 malzemeyi biiylik 6l¢lide yumusatarak minimum sertlige yol agmistir. En
diistik sertlik noktasinin yiiksek kalint1 gerilimi icerdigi ve ¢ekme kirilmasi igin bir bdlge oldugu bu-
lunmustur [16-17].

De Caro, D. ve arkadaslari farkli hurda igerigine sahip Uretilen sac-aliminyum 6181 alagimi analiz
edilmis ve birincil iiretimden gelen bir 6181 alasimi ile karsilastirilmistir. ikincil iiretimlerden gelen
alasimlarin daha yiiksek miktarda manganez, demir ve bakir igerdigini gostermistir. Cekme 6zellikleri
onemli 6l¢iide degismedigi, ancak muhtemelen artan Cu ve Mg igerigiyle baglantili olarak mukavemette
kiigiik bir artig gozlemlemislerdir. Bununla birlikte, stineklik 6nemli dl¢iide degismese de kirilma bas-
langiclarinda kapanimlar seklinde kusurlar bulunabilirligi tespit etmislerdir [18].

D.N. Wang’ombe ve arkadaslari; siirtiinme karistirma kaynag: sirasinda ekstriide geri doniistii-
rilmiis Al 6061 alasiminin donme hizi ve ilerleme hizinin mikro yapisi, ¢ekme 6zellikleri ve Vickers
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mikro sertligi izerindeki etkilerini arastirmistir. Siirtiinme karistirma kaynag ile ilgili mevcut calis-
malar, esas olarak, alagim igerigi geri doniistiiriilmiis Al 6061'inkinden farkli olan birincil Al 6061'e
odaklanmigtir. Alasimin mikro yapisi, ana metal, 1s1dan etkilenen bolge, termo-mekanik olarak etkile-
nen bolge ve karistirma bdlgesi olmak iizere dort bolgede idi. Islenmemis malzemenin ortalama tane
boyutu 93 pum idi. Alasimi 530 dev/dak ve 100 mm/dak'da birlestirildi, ana metalde, 1sidan etkilenen
bolgede ve karigtirilan bolgede sirasiyla 93 um, 183 um ve 7 pm ortalama boyutta taneler ile sonuglandi.
Cekme hasari, yiliksek 1s1ya maruz kalan 1sidan etkilenen bdlgede meydana geldi. Alasim sertligi 1s1dan
etkilenen bolgede minimuma diistii, ardindan termo-mekanik olarak etkilenen bolgede kisa bir artig oldu
ve karistirilan bdlgede baska bir maksimuma ulasti. Islenmis bolge sertligi takim hiziyla ters orantili
oldugu bilinmekteydi ve hizdaki artis, 6zellikleri bozan artan 1s1y1 artirdigr tespit edilmistir [19].

Bu calismada, 2 mm kalinhigindaki %25 geri doniistiiriilme oranina sahip AL6016
(AL6-HDI-TZ-U) aliminyum plakalarin siirtiinme karistirma nokta kaynagi birlestirme metoduyla
omuz ¢ap1 15 mm, 10 derece konik ve yiiksekligi 2.9 mm uca sahip 2379 malzeme olarak secilmis ve
ylizey sertligi 62-65 HRC’ye birlestirici takim ucu kullanilarak, 4 sn’ye kaynak bekleme siiresin sabit
tutularak 600, 1200, 1800, 2400, 3000, 3600 rpm olarak 6 farkli devirde kalip¢1 freze tezgahinda yapilan
bindirme nokta birlestirilmelerindeki baglant1 bolgelerinin mekanik ve i¢ yap1 6zelliklerine etkileri
amaclanmaktadir.

2. Materyal ve Metod
2.1. Deneylerde kullanilan malzemeler
Birlestirmelerde test malzemesi ticari olarak kullanilan AL6016 aliminyum plakalardan segil-

mistir. Al 6016 (AL6-HDI-TZ-U) sac 2 mm kalinliginda 200 mm genisliginde 600 mm uzunlugunda
temin edilmistir. Birlestirici takim ucu malzemesi olarak C2379 secilmistir ve yiizey sertligi 1s1l islem
ile 62-65 HRC’ye ¢ikartilarak kullanilmistir. Test numunelerin ve takim ucuna ait mekanik ve kim-
yasal degerler liretici firmanin kalite belgelerinden alinmistir. Kimyasal bilesim oranlar1 Tablo 1’de,
mekanik ozelliklerini ait bilgiler Tablo 2’de verilmistir. Batici takim ucu geometrisi, tezgah baglantisi

diizenegi Sekil 1’ de gdsterilmistir.

Tablo 1. Test numunesi ve takim ucu kimyasal bilesimi (%)

Tanim Al C Si Mn Cr Ti Fe
AL6016 98 - 0.51 0.15 0.1 0.02 0.22
C2379 - 1.50 0.3 0.5 12 0.01 85

Tablo 2. Deney numunelerinin ve takim ucu mekanik ézellikleri

Tanim (6aK) (Gmax) Uzama (%o) Sertlik (HVo.1)
AL6016 101 MPa 178 MPa 23 105
C2379 1150 MPa 1550 MPa 730
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1 == Takim Baglanti
‘ = — Tutucu Noktasi
- &

Birlestirme Malzeme

Balgesi : .~ (Ale016)

Sekil 1. SKNK takim ucu; a) Isil islem 6ncesi, b) Isil islem sonrasi, ¢) U¢ geometri 6lcileri, d) Freze baglantist

d: mm (batic1 ug ¢api), h : mm (batici ug yliksekligi), a: derece (batic1 ug sekil acist), D: mm (Batict

ucun omuz ¢api/siirtiinen yiizey)

2.2. Siirtiinme karistirma nokta kaynag birlestirme yontemi

SKNK slreci U¢ asamaya ayrilir Sekil 2°de verildigi gibi, ilk asamada, takim donmeye ve plaka-
lara dogru dalmaya baslar. Ikinci asamada, dénen alet en alt noktaya ulasir ve bekleme siiresini korur.
Son asamada, donen takim geri ¢ekilir ve ardindan SKNK islemi tamamlanir. SKK prosesinden farkli
olarak, SKNK prosesindeki donen takim egim acis1 veya enine hareket olmadigi bilinmektedir. Bu
nedenle, SKNK prosesindeki sicaklik dagilimi ve malzeme akis davranisi, SKK prosesindekilerden
oldukga farklidir ve ayri olarak incelenmesi gerekir [20-21].

{

Catlak
{ 2mm Al6016 )

\\“ u \-f Delik

{2 mm Al6016 | \ ~— | \

Dalma Dénme Geri Cekilme

j

Sekil 2. SKNK birlestirme prensibi [21].

2.3. Uygulanan metod

Birlestirmeler, 2379 ¢eligi takim ucu ile %25 geri doniistiiriilmiis 2 mm 6016 Al serisi saclarda
bindirme pozisyonunda nokta siirtiinme karistirma yontemi kullanilarak yapilmistir. Uygulamalar i¢in
freze tezgéhi sisteminde tam otomatik mod kullanilmistir. Sekil 1(d)’de nokta birlestirme pozisyonuna
uygun 0zel bir aparat yapilmis olup freze tezgahina baglanmistir. Farkli devir hizlarinda (600, 1200,
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1800, 2400, 3000, 3600 dev/dak) birlestirilmek tizere 2x200x600 mm aliiminyum plakalar lazer kesim
ile 2x100x30 mm Olgiilerinde test numuneleri olacak sekilde hazirlanip 30 mm'lik bir ortiisme ile bin-
dirmeli baglant1 pozisyonunda uygulanmistir. Dalma derinligi, dalma hiz1 ve egim agis1 punta kaynagi
parametreleri sirasiyla 3 mm, 0.1 mm/s ve 0" 'de sabit tutulmustur. Takim dondiiriilmesi ve aletin omzu
malzemenin {ist ylizeyine temas edene kadar 0,1 mm/s hizla is pargasina yavas¢a daldirilmistir. Kulla-
nilan alet, 15 mm omuz ¢api, 3 mm pim ¢ap1 ve 2.9 mm pim uzunlugu boyutlarinda gelikten (C2379)
yapilmigtir. Takim, Sekil 1'de gosterildigi gibi diiz bir omuza ve konik bir pime sahiptir. Takim geo-
metrisi konik ve takim malzemesi 2379 olarak segilmistir [22-24].

Birlestirme parametreleri olarak, takim devir hizi, batict ucun malzemesi, batici ucun geometrisi,
batici uc ¢ap1 (d: mm), batici uc yiiksekligi (h: mm), omuz ¢ap1 (D: mm), D/d, takim egim agis1, kaynak
suresi(sn) Tablo 3’te belirlenmistir.

Tablo 3. Siirtiinme karistirma nokta kaynagi (SKNK) parametreleri.

Takim

Takim Takim Uc  Takim u¢ Takim
Kalinhk Kaynak Takim Takim ucu Oomuz Birlestirme

Ana Metal Doénme Hiz1 Capi (d: Yiiksekligi D/d Aqist
(mm) Suresi (sn) Malzemesi Geometrisi Capi Pozisyonu
(Rpm) mm) (h: mm) )
(D: mm)

600
1200
1800
AL 6016 2 4 2379 Konik 3 2.9 15 5 90 Bindirme
2400

3000

3600

Uretilen SKNK baglantilari, makroyap: degerlendirmesi, mikroyapi incelemesi ve sertlik testi i¢in
kesitlere ayrilmistir. Kesit numuneleri, 2400 kuma kadar SiC kagitlarla zimparalanmistir, daha sonra
0.04 um'lik aliimina ile parlatilmigtir. Parlatilmis numunelerin kimyasal agindirilmasi i¢in Keller ayiraci
(25 mL nitrik asit (HNO3), 25 mL hidroklorik asit (HCI), 25 mL metanol (CH3;OH) ve bir damla hid-
roflorik (HF) asit) kullanilmistir. Birlestirme boliimleri asindirmak igin farkli konsantrasyonlarda birkag
Keller reaktifi kullanilmis olsa da AA6XXX Al-alagim grubunun asindirilmasinin zorluklari nedeniyle,
karistirllmis bolgeyi (SZ) ve ana malzemeyi ayiran sinirlarin tanimlanmasi gerceklestirilememistir.
Sertlik testi, punta kaynakli baglantilarin enine kesitleri boyunca sertlik degerlerini elde etmek icin
yapilmistir ve alt ve {ist saclardan iki ayr1 hat olarak sertlik degerleri tespit edilmistir. Numunelerin
mikro sertlik degerleri EN ISO 6507 standardina gére 100 gr yiik altinda piramit batic1 uca sahip cihaz
olan Vickers yontemiyle sira sertlik degerleri alinmistir. Her iki girinti arasindaki mesafe, kaynaklarin
enine kesiti boyunca 1 mm olarak ayarlanmistir. Cekme-kesme testi (yik tasima kapasitesi), oda si-
cakliginda ZwickRoell Z100 cihazinda ISO 6892—1:2001 standardina gore yapilmistir. SKNK baglan-
tilart, 0.1 mm/sn'lik sabit bir yiikleme hiziyla test edilmistir. Cekme kesme test numuneleri ASTM E
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8M-04'e gore kesilmis ve hazirlanmigtir. SKNK ile farkli takim donme devri ile tiretilen AL6016 ek-
leminin gekme-kesme test numunesinin sematik ¢izimi Sekil 3’de gosterilmistir. 2 mm kalinligindaki
600, 1200, 1800, 2400, 3000 ve 3600 rpm'de Uretilen SKNK’da ¢ekme-kesme testinden sonra, kirik
ylzeyler optik mikroskop kullanilarak incelenmistir.

Sekil 3. SKNK ¢ekme-kesme testi numune 6lgiileri

3. Sonuclar ve Tartisma
3.1. Is1 girdileri ve Cekme deney sonuclari

SKNK sirasinda fiiretilen 1s1 girdisi esas olarak takim omuz profiline, pim geometrisine, doniis
hizina, siirtiinme katsayisina, eksenel asagi dogru kuvvete ve bekleme siiresine bagli oldugu tespit
edilmistir [25-27]. SKNK sirasindaki termo-mekanik islem, tiretilen mekanik enerjiyi takim doniisi
yoluyla ig parcasindaki 1s1 girdisine doniistiirdiigii gézlemlenmistir. SKNK prosesi (Q) ig¢in 1s1 girdisi
Denklem (3.1) kullanilarak hesaplanabilir [28-29].

13 P
Q= EHE(D” 0))

(3.1)

Burada P(N): asag1 dogru uygulanan kuvvet, Ka: omuz profilinin temas alaninin takim kesit ala-
nina orani, ® (rad/s) 2znn'ye esittir n: kullanilan doniis hizi, t (s): SKNK islemi sirasinda uygulanan
bekleme suresi ve r (m): takim ucu yarigapi. p (takim ile aliiminyum alagimi arasindaki siirtiinme kat-
say1st): 0.4'e esittir [28].

shoulder radius®— pin radius?

KA=

0.9375 (3.2)

shoulder radius?

Denklem (3.1) ve (3.2)'den, A16016’nin farkli spot bindirme baglantilarini iiretmek i¢in 1s1 girdi-
si, Denklem (3.3) kullanilarak hesaplanabilir [28].

Q=1.1859x 103 xPxnxt, (3.3)
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Sekil 4’te SKNK sirasinda 600 ila 3600 rpm arasinda uygulanan farkli ddnme hizlarinda iretilen
1s1 girdileri ve maksimum ¢ekme-kesme kuvvetleri gostermektedir.

a *+Xs » Rm(MPa) e 15t girdlisi (K]}

c Heat generated by friction

S 1 girdisi (ij); 10,2 at the tool/workpiece
151 girdisi (K)); 5,1 151 girdisi (Kj); 6,8 wsigirdist (K); 8,5 3 P

11 girdisi (kj); 1,7 151 girdisi (kj); 3,4 d . — , interface |

—

Heat generated .

1800
SKNK DEVIR (RPM) Diffusional ¢— i
7 heat flow ¢ by plasticity —»

| ] |
Y Y Y Y Y VY VY v v v

Heat flow in the backing plate

8 Sher

@ 2 F y o5 7

Sekil 4. SKNK a) 1s1 girdileri ve ¢cekme mukavemet degerleri, b) 1s1 Uretimi/transfer noktasi ve c) 1s1

Uretimi/transfer semasi

SKNK’nin ¢ekme kesme performansinin kaynak islemi parametrelerinden 6énemli 6lciide etki-
lendigi bildirilmistir [29-31]. 600, 1200, 1800, 2400, 3000 ve 3600 rpm doniis hizlarinda {iretilen
SKNK bindirmeli baglantilarin maksimum ¢ekme kesme yiikii Sekil 4’te gosterilmektedir. Burada, 4
sn bekleme siiresinde 600 rpm doniis hizinin SKNK kosulunun, diger punta kaynakli baglantilarin yiik
tasima kapasitesine kiyasla en yiiksek ¢gekme kesme yiikiinii (Rm:109 MPa) gosterdigi tespit edilmistir.
Cekme kesme testindeki tasima kapasitesindeki bu artig, daha biiyiik bir tam bagli kesit boyutuna bag-
lanabilir. Ek olarak, SZ'deki sertlik, diger SKNK baglantilarinin 600 devirde 6lgulen sertlikten daha
fazla oldugu goriilmistiir. Buna karsilik, Sekil 4(a)’da 600, 1200, 1800, 2400, 3000 ve 3600 rpm'de
iiretilen kaynakli bindirme levhalari, ¢gekme-kesme testi sirasinda tamamen ayrildigi goriilmiistiir.
2400, 3000 ve 3600 rpm gibi daha yiiksek doniis hizlarinda birlestirilen punta kaynaklarinin ¢ekme
kesme yiiklerinin tagima kapasitesi, maksimum ¢ekme kesme yiikiinde bir azalma oldugunu gdster-
mektedir. Cekme kesmesindeki bu diigiis, muhtemelen artan 1s1 girdisi ve omzun altindaki {ist tabaka-
nin daha diisiik kalinligi ile SZ'deki artan termal yumusamadan kaynaklandigi diistiniilmektedir. Xie
ve ark. [32] ve Ohashi ve ark. [33], SKNK bindirme eklemlerinin mekanik 6zelliklerinin esas olarak
hem omzun altindaki iist tabaka hem de bagl alan tarafindan yonetildigi sonucuna varmistir. Cokelti
kabalagmasi nedeniyle tane sinirlari etrafindaki ¢okeltisiz bolgelerin SZ'nin mukavemetini azaltmis
olabilecegi de belirtilmistir.

Takim doniis hiziyla bindirme-kesme ayirma yiikiindeki degisim yalnizca siirtiinme 1sisiyla degil,
ayn1 zamanda baglanmig bolgenin boyutunu ve kancalama 6zelliklerini de etkileyen malzeme akisiyla
da ilgili oldugu bildirilmistir.
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Sekil 5. SKNK a) termal sicak nokta alanlari, b-c) 2400 ve 3000 rpm birlestirmelerdeki 6rtiisen yiizey alanlari

SKNK baglantilarinin alttan gériintimii, termal sicak nokta alanlarim (siirtiinme karigtirma isle-
minden etkilenen alanlar) gostermektedir. Bu termal sicak nokta alanlari, Sekil 5(a)'da goriilebilecegi
gibi, nokta bekleme siiresi boyunca iiretilen 1s1 girdisinin artmasi sonucu déonme hizinin artmasiyla
olustugu tespit edilmistir. Ayrica Sekil 5(b, c) 1s1 girdisi arttiginda birlesim bolgesi ara mesafesinde
deformasyonlarin oldugu goézlemlenmistir. Buda birlesimin tutunma temas ylizeyini azalttigimi ve
kopma mukavemet degerinin diisiik olmasim desteklemektedir.

3.1.1. Cekirdek ¢ap olusumlari

Sekil 6, SKNK sirasinda 600 ila 3600 rpm arasinda uygulanan farkli donme hizlarinda tiretilen
¢ekirdek ¢aplar1 ve maksimum ¢ekme-kesme mukavemetleri gostermektedir. Ist girdisinin artis1 ge-
kirdek caplariin biiylimesine neden olmustur ve ¢gekme mukavemetlerini diisiirdiigii tespit edilmistir.
600 rpm birlestirmede en diisiik ¢ekirdek i¢ ¢ap1 3.05 mm iken en yliksek cekme mukavemeti yine 600
rpm’de 109 MPa olarak tespit edilmistir.

== Cekirdek Capi-Dis (mm) e Cekirdek Capi-ig (mm) b Gekime Mukavemeti (Mpa)

cap({nan)

awnBLHEBERERSEHEEHALRE B RS

365 3385 374 418 4,46 467

SKNK DEVIR (RPM)

.

Sekil 6. SKNK ¢ ve dis cekirdek ¢aplar1 ve gekme-kesme mukavemetleri
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3.1.2. SKNK Birlesim ve Kirillma Yiizeylerinin Goriiniimii

600 ila 3600 rpm arasinda uygulanan farkli donme hizlarinda iiretilen ve 4 sn bekleme siiresinde
islenen SKNK bindirmeli baglantilarin kirilma yiizeyi goriiniimiiniin fotograflar1 Sekil 7°de verilmis-
tir.
Iki kirilma modunun (siinek ve kirilgan) tespit edildigi, alt sacin iist bolgesinde farkli gukur boyutlart
ve {ist sacin alt kisminda s1g uzun ¢ukurlar agisindan aliiminyum matrisin gosterdigi stinek kirilmanin
gorildiigi, gevrek kirilma ise Mg,Si ve (Fe, Mn)3SiAli, ¢okeltilerinin varligi bilinerek, cokeltilerin
¢ekilmesinden kaynaklanan mikro bosluklar, iki tabakanin kirilma yiizeyinde de tespit edilmistir.

Sekil 7. SKNK bindirmeli baglantilarin kirilma yiizeyi goriiniimleri

Gorsel bir inceleme sonucunda, uygulanan farkli takim devir hizlar1 ve diger parametre degerleri
AL6016 levhalar arasinda SKNK baglantilar iiretmek i¢in uygun oldugu goézlemlenmistir. Sekil 8’de
punta kaynakli baglantilarin Kesit goriiniimii i¢in, uygulanan farkli parametrelerde omuz ¢ikintisina
bagl dairesel girintilerin gozlendigi ve omuz ¢ikintisinin yanlarina parlayan ekstriide malzemenin
hemen hemen benzer oldugu gozlemlenmistir. Karisma yeterliligine bakildiginda iist plakada 1s1 art-
tikga incelmenin de arttig1 tespit edilmistir.
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Yigima Karisma Yeterlilgi Kenar Deformasyonu b

SKNK DEVIR (RPM)

Sekil 8. SKNK a) baglanti1 bolgeleri, b) baglant1 bolgesi 6l¢iisel degiskenler

3.2. Sertlik test sonuglari

Birlestirilecek ana malzemenin durumu, SKNK'dan sonraki sertlik davranisini etkiledigi bilin-
mektedir. Bu ¢alismada, kaynak bolgesinin enine kesiti boyunca sertlik ¢izgisi Uzerinden belirlenen
noktalardan iki hat olarak izlenmistir. AI6016 ana metaller, 2 mm sac kalinlig1 i¢in 107 + 2 HV, orta-
lama sertlik degerini gostermistir. SKNK islemleri sirasinda iiretilen siirtiinme 1sisinin neden oldugu
Al6016 ana metalin tavlanmasi nedeniyle SKNK baglantilarinin kaynak bélgesinin sertligi uygulanan
tim doniis hizlarinda 6nemli dl¢lide azaldig Sekil 8’de goriilmektedir. Kaynak bolgesi arasindaki her
bir punta kaynakli baglanti i¢in, tane yapisi ve asir1 yaslanma etkileri nedeniyle HAZ'da minimum
sertlik degerleri gézlenmistir. Buna karsilik, Ahmed ve ark. SZ'de daha ylksek sertlik, esas olarak
dinamik yeniden kristallestirilmis ince taneli yap1 ve sogutma g¢evrimi iizerinde gerceklesebilecek ye-
niden ¢okeltme islemi nedeniyle olustugunu bildirmistir [24]. TMAZ'n sertligi SZ'den daha diisiik
degerler ve HAZ'dan daha yiiksek sertlik degerleri gostermektedir. TMAZ sertliginin HAZ {izerindeki
artis, SKNK islemi sirasinda plastik deformasyon tarafindan olusan yuksek 1s1 yogunluguna baglana-
bilir. En yiiksek sertlik degerleri, 600 rpm'de kaynaklanmis punta baglantisinin BM, SZ, TMAZ ve
HAZ igin sirasiyla 108 + 2, 101 £ 3, 95 + 3 ve 87 + 5 HV 1 olarak Sekil 9’da gosterilmistir.

SERTLIK HATTI- 1 SERTLIK HATTI- 2
=600 =l=1200 =k 1800 2400 =—3¢=3000 =-—e—3600 —4—600 =8—1200 -—d&—1800 2400 =—#=3000 =-—e—3600

120 120

SERTLIK (1)
SERTLIK ()

P-9 P-8 P-7 P-6 P-5 P-4 P-3 P-2 P-1 PO P1 P2 P3 P4 PS5 P6 P7 P8 P9 P-9P-8P-7P-6P-5P-4P-3P-2P-1 PO P1 P2 P3 P4 PS5 P6 P7 P8 P9
SERTLIK NOKTALARI SERTLIK NOKTALARI

Sekil 9. SKNK birlestirme bolgesi sertlik degerleri
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3.3. Makro yapilarin incelenmesi

Sekil 9, SKNK AL6016 baglantilarinin enine kesit makrograflarim1 gostermektedir. Ust Uste bi-
nen levhalar arasindaki arayiiziin, takim piminin dénmesi ile olusan plastik deformasyon ve malzeme
akis1 nedeniyle kaynaklandigi gozlemlenebilir. Daha once yapilan ¢alismalarda, punta kaynak bolge-
sinde ti¢ farkli bolgenin kuruldugu bildirilmistir. Bu bolgeler, donen takim omzunun altindaki akis
gecis bolgesi, takim piminin etrafindaki SZ ve pimin altindaki burulma bélgesidir. Aslinda, SKNK'nin
baglant1 verimliligi, kaynak malzemesi, makine parametreleri (donme hizi, bekleme siiresi ve asagi
dogru kuvvet) takim malzemesi ve tasarimi dahil olmak {izere ¢esitli parametreler tarafindan kontrol
edildigi bilinmektedir [1,25,27].

SKNK birlestirmesi tamamlandiginda takim cekildikten sonra nokta kaynakli eklemin merke-
zinde bir "anahtar deligi" olusturdugu tespit edilmistir. Anahtar deliginin her iki tarafinda iki simetrik
kaynak bolgesi goriilmistiir. Bir SKNK birlestirmesi, anahtar deliginin ¢evresinden taban malzemesi-
ne dogru sirayla dort farkli mikro yapisal bdlgeyi olusturmustur: sirasiyla dinamik olarak yeniden
kristallesmis karistirma bdlgesi (SZ), termo-mekanik olarak etkilenen bolge (TMAZ), 1sidan etkilenen
bolge (HAZ) ve taban metali (BM) Sekil 10°da gosterilmistir. Aydin ve ark. BM mikro yapisi, hadde-
leme yoninln bir sonucu olarak iri ve uzun tanelerle karakterize edildigini ve ince Mg.Si ve iri (Fe,
Mn)3SiAls,, a-Al matrisinde gozlenen birincil pargaciklar oldugunu bildirmislerdi. Isil ¢evrime tabi
tutulmus ancak deforme olmamigs HAZ mikro yapisi, BM'ye gore nispeten daha iri taneli oldugunu
tespit etmigtir.

Gatlak Ortugen Yuzey Ayrilmas: b

MM

100 2300
SKNK DEVIR (RPM)

Sekil 10. SKNK a) kesit alanlari, b) birlestirme i¢ bdlge dlciisel degiskenlikler

Yikleme kosullarinda, mikro catlaklar kancanin ucundaki kismen bagli bolgede basladigi ve
nokta baglanti arayiiziinde yatay yonde yayildigi ayn1 zamanda SZ'yi keserek arizaya neden oldugu
gozlemlenmistir. Alt tabakalardaki iki eklemin kirllma yiizeyi, ana metallere kiyasla ¢ok kii¢iik derin
cukurlar agisindan tipik olarak siinek 6zellikler gosterdigi tespit edilmistir. Alt ve {ist tabakanin ara-
sindaki bosluk 1s1 girdisinin artmasiyla arttigi goriilmiistiir. En fazla agiklik 3600 rpm deki birlestir-
melerde 0.24 mm olurken en diisiik ara mesafe 600 rpm deki birlesmede 0.15 mm olarak goriilmiistiir.
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600 ve 1200 rpm hizlarinda ¢atlak yonii iist saca dogru ilerlerken diger hizlarda alt saca dogru ilerledi-
gi tespit edilmistir. En uzun ¢atlak 600 rpm hizda, en kisa ¢atlak 3600 rpm hizda oldugu goriilmiistiir.
3.4. Mikro yapilarin incelenmesi

Sekil 11(a), cesitli parametrelerde SKNK islemi ile elde edilen farkli bolgeleri agikliga kavus-
turmak i¢in optik bir mikroskop kullanilarak incelenen konumlari (S1-S3) gostermek icin SKNK bag-
lantilarinin enine kesiti igin temsili bir ¢izim ornegidir. Sekil 11(b)’deki S1, S2, S3°teki optik mikrog-
raflar, SKNK'dan sonra 600, 1200, 1800, 2400, 3000 ve 3600 rpm'lik farkli doniis hizlar1 kullanilarak
4 sn'lik sabit bir bekleme siiresinde verilen ¢esitli SKNK bdélgelerini (SZ, TMAZ ve HAZ) gostermek-
tedir.

Sekil 11. a) Enine kesit gorseli, b) SKNK bolgesinin mikroyap1 incelemesi igin segilen noktalarin (S1-S3)

konumlari
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Ana metal ve S.Z bolgelerinin mikroyapi analizi, tane morfolojileri ve boyutlarinda belirgin
degisiklikleri Sekil 11’de dogrulamaktadir. AL6016 ana metal levhalarinin uzatilmis taneleri, uygula-
nan tiim parametrelerde dar bir aralik dagiliminda esit tanelere evrilmektedir. Tanelerin morfolojisin-
deki ve boyutundaki bu degisiklik, SZ yoluyla dinamik yeniden kristallesme ile aciklanabilir
[15,26,27,33]. Yasanan yiiksek sicaklik ve bu yiiksek sicakliktaki gerinim miktari, dinamik yeniden
kristallesmenin ger¢eklesmesine izin verdigi bulunmustur. Aliminyumun SKNK'nin, dinamik yeniden
kristallesme yoluyla yeni ince tane yapisinin olusumuna neden olan yiiksek bir sicaklik ve yiiksek
gerinim orant ile sonuglandigi bildirilmistir [30,33]. Aliminyumun SKNK sirasinda, yukarida belirtil-
digi gibi, sicaklik deneyimi 210 ila 420 °C arasinda degisir ve bu, yasanan yiiksek gerinim hizinda
dinamik yeniden kristallesmeye izin verecek kadar yiiksek oldugu tespit edilmistir. Boylece, 2 mm
AL6016 BM'in tane boyutu, sirasiyla 600, 1200, 1800, 2400, 3000 ve 3600 rpm'de punta kaynakli
baglantilarin karistirma bolgeleri i¢in tane boyutunda kiiglilme oldugu goriilmiistiir. Sekil 11, Is1 girdi-
sindeki artisa bagli olarak doniis hiz1 600'den 3600'e ¢ikarilarak SZ'nin ortalama tane boyutu arttiril-
mustir. BM'lerdeki (Fe, Mn)sSiAlix'nin iri pargaciklari, SZ'deki karistirma etkisi nedeniyle kiigiik par-
caciklara ayrilmig ve aliiminyum matris i¢inde yeniden dagitilmistir, oysa ince c¢okeltiler (Mg2Si)
SZ'de kabadir, bu da kaynagin termal dongiisii sirasinda ¢oziinme ve yeniden bilyiimeye, ardindan
hava sogutmasina agiklanabilir [27,34]. Ayrica, Sekil 11(S2)’de TMAZ tanecikleri takim malzemesi-
nin karistirma hareketi sirasinda malzeme akisi ile birlikte gozle goriiliir sekilde dondiiriiliir ve defor-
me oldugu gorilmistiir. Sekil 11(S3)’de HAZ'daki tane boyutu, plastik deformasyondan degil, stir-
tiinme 1s1s1 olusumundan etkilendigi tespit edilmistir. Béylece, BM tane boyutuna kiyasla HAZ'da bir
tane blyumesi gozlenecegi diisiiniilmektedir. SKNK islemi sirasinda HAZ ve TMAZ'daki termal ma-
ruziyet, ¢Okeltilerin kabalasmasina neden oldugu ile ag¢iklanabilir. Son olarak, farkli punta kaynak
bolgelerinin (SZ, TMAZ, HAZ) tane boyutunun, diger proses parametreleri sabit tutuldugunda doniis
hiz1 ile dogrudan iligkili oldugu sonucuna varilabilir. Sekil 11'de verildigi gibi, tiim birlestirmelerin
birlesim bolgelerinde SZ en ince tane yapisina HAZ en kalin tane yapisina sahip oldugu tespit edilmis-
tir.

4. Sonuclar

Calismada, 2 mm'lik farkli AL6016 kalinliktaki levhalar, 4 sn sabit bekleme siiresinde ve 600,
1200, 1800, 2400, 3000 ve 3600 rpm'lik farkli doniis hizlarinda siirtiinme karigtirma puntast kaynakli
hale getirildi. Punta kaynakli baglantilar, makro, mikroyapi, sertlik ve ¢ekme kesme testi ve kirilma
yiizeyi agisindan karakterize edildi. Elde edilen sonuglara dayanarak, asagidaki sonuglar 6zetlenebilir;

4 sn'lik sabit bekleme siiresi ve 600, 1200, 1800, 2400, 3000 ve 3600 rpm'lik farkli doniis hizla-
rinda uygulanan SKNK parametreleri, konfigiirasyonunda AL6016 malzemesinin birlestirmeleri basa-
r1l1 oldugu goriilmiistiir.

600 rpm doniis hizinin SKNK kosulunun, diger punta kaynakli baglantilarin yiik tasima kapasi-
tesine kiyasla en yiiksek ¢ekme kesme yiikiinii (Rm:109 MPa) gosterdigi tespit edildi. Ayrica 600 rpm
birlestirmede en diisiik ¢ekirdek i¢ ¢ap1 3.05 mm goriilmiistiir. Burada 1s1 artis1 birlestirmenin mekanik
ozelliklerini azalttigim gostermektedir.

En yiiksek sertlik degerleri, 600 rpm'de kaynaklanmis punta baglantisinin BM, SZ, TMAZ ve
HAZ igin sirasiyla 108 = 2, 101 £ 3, 95 + 3 ve 87 £ 5 HV1 olarak tespit edilmistir. Ayrica tiim birles-
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tirmelerde HAZ en diisiik sertlik olan bdlge oldugu goriilmiistiir. Is1 artisinin birlesim bolgesindeki
sertligi olumsuz etkiledigi goriilmiistiir.

600 ve 1200 rpm'lik en diisiik doniis hizinda islenen punta kaynakli baglantilarinda gevrek, diger
hizlarda siinek kirilma modu goriilmiistiir.

Alt ve st plakalarin arasindaki bosluk 1s1 girdisinin artmasiyla arttigi goriilmiistiir. En fazla
aciklik 3600 rpm deki birlestirmelerde 0.24 mm olurken en diisiik ara mesafe 600 rpm deki birlesmede
0.15 mm olarak 6lglilmiistiir.

600, 1200, 1800, 2400, 3000 ve 3600 rpm'de punta kaynakli baglantilarin SZ bolgesinde en ince
tane yapisi, HAZ bolgesinde en kalin tane yapis1 oldugu tespit edilmistir.
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Abstract: Extreme and sudden weather events experienced with global warming and
climate change reveal the importance of accurate air temperature prediction. For this
reason, it can be used to optimize decision-making processes for a wide range of ap-
plications from health and agricultural planning to energy consumption strategies.
Artificial intelligence methods are successfully applied in many application areas due
to their flexibility and efficiency. Traditional weather forecasting models are ineffi-
cient in detecting sudden fluctuations and complex, irregular patterns in data. Artifi-
cial intelligence methods overcome these limitations thanks to their ability to process
big data and capture long-term temporal dependencies. In this study, the aim is to
predict future temperature changes more accurately by capturing patterns in past data
with the developed CNN-LSTM hybrid model. The developed hybrid model is
compared in detail with RF, SVM, CNN, and LSTM. The compared models were
tested using daily average temperature data between 1961-2024 and hourly temper-
ature data between 2020-2024. Experiments have shown that CNN-LSTM outper-
forms the compared models with R? value above 0.97 in all scenarios.

Keywords: air temperature prediction; deep learning; machine learning; CNN;
LSTM

Uzun ve Kisa Vadeli Sicaklik Tahmini i¢in Hibrit CNN-LSTM Modeli:
Bingol ve Tunceli Icin Bir Vaka Cahismasi

Ozet: Kiiresel 1stnma ve iklim degisikligi ile birlikte yasanan asir1 ve ani hava olay-
lari, hava sicakliginin dogru bir sekilde tahminin 6nemini ortaya koymaktadir. Bu
sebeple saglik ve tarimsal planlamadan enerji tiiketim stratejilerine kadar genis bir
uygulama alani igin karar verme siire¢lerinin optimize edilmesinde kullanilabilir.
Yapay zeka yontemleri, esneklikleri ve verimlilikleri sebebiyle bir¢ok uygulama
alaninda basarili bir sekilde uygulanmaktadir. Geleneksel hava tahmin modelleri,
verilerdeki ani dalgalanmalar1 ve karmasik, diizensiz oriintiileri tespit etmede verim-
siz kalmaktadir. Yapay zeka yontemleri bilyiik verileri isleme ve uzun-vadeli za-
mansal bagimliliklar1 yakalayabilme kabiliyetleri sayesinde bu sinirliliklarin iiste-
sinden gelmektedir. Bu calismada gelistirilen CNN-LSTM hibrit model ile gecmis
verilerdeki Oriintiileri yakalayarak gelecekteki sicaklik degisimlerini daha dogru bir
sekilde tahmin etmek amaglanmistir. Gelistirilen hibrit model RF, SVM, CNN ve
LSTM ile detayl bir sekilde karsilastirilmistir. Karsilagtiritlan modeller 1961-2024
tarihleri arasindaki giinliik ortalama sicaklik verileri ve 2020-2024 tarihleri arasindaki
saatlik sicaklik verileri kullanilarak test edilmistir. Deneyler, CNN-LSTM'nin tim
senaryolarda 0,97'nin tizerinde R? degeri ile karsilastirilan modellerden daha basarili
oldugunu gdstermistir.
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Anahtar Kelimeler: hava sicaklik tahmini; derin 6grenme; makine 6grenmesi; CNN;
LSTM

1. Introduction

Since the beginning of human history, weather conditions have significantly affected human life.
People began to make weather predictions, observe, and predict in ancient times [1]. In ancient times,
observations were based on the positions of celestial bodies and stars [2]. Weather prediction methods
and accuracy have also increased with technological developments. From the first observations to the
present day, the development of technologies has led to a significant development of weather predic-
tion methods. Today, weather prediction is essential in many areas of our lives. Sectors such as agri-
culture, transportation, energy production, and tourism make plans using weather prediction data [3].
In addition, weather prediction is also essential for predicting and preventing natural disasters. For
example, weather prediction data helps to predict natural disasters such as storms, hurricanes, floods,
and avalanches in advance and to take the necessary precautions. Meteorology can now make much
more detailed and accurate predictions thanks to technological developments [4]. In addition, weather
prediction data has become instantly accessible through smartphones and other devices. In this way,
people can follow weather conditions and plan accordingly.

Weather prediction is the study of predicting meteorological events that can be seen in a particu-
lar country, region, or center within a certain period using subjective or objective methods based on
observations and analyses [5]. Weather prediction has three stages: observation, analysis, and predic-
tion [6]. In weather prediction, observations are obtained from ground observations, ship observations,
upper atmosphere observations, radar data, satellite images, and data from meteorological stations.
The collected ground level and upper atmosphere observation data are processed on maps during the
analysis process [7]. Experts evaluate the ground, sky, satellite, radar, and numerical prediction anal-
yses during the prediction process, create weather prediction reports, and make meteorological infer-
ences.

Weather predictions from analyzing meteorological observation data directly affect deci-
sion-making processes in many application areas such as agriculture, economy, daily life, tourism,
transportation, and energy management [3]. Accurate weather prediction is vital in increasing effi-
ciency and effectiveness in the mentioned sectors and minimizing the risks that natural disasters may
cause. In the tourism sector, route planning depends on weather conditions, possible disruptions in
transportation, and crop growth and harvest in agricultural activities depend on temperature and
weather conditions [8]. Similarly, animal health and meat and milk yield in animal husbandry activi-
ties are directly related to weather conditions and temperature. In addition, increased air conditioning
use in high temperatures and increased natural gas and fossil fuel use in low temperatures are directly
related to air quality and energy management [9].

Traditional methods used in air temperature prediction are based on statistical, mathematical,
and physical models. However, traditional models may be inefficient in dealing with increasing data
[10]. For this reason, artificial intelligence methods are prominent in weather prediction. With the
increasing effects of climate change, the consistency of weather predictions is becoming more critical.
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The role of artificial intelligence in increasing the consistency rate in predictions also comes to the
fore. Artificial intelligence can make more accurate, more precise, and more efficient weather predic-
tions than traditional methods with its speed and ability to analyze past weather events [11]. Thanks to
its capacity to process big data and its ability to learn complex relationships, artificial intelligence
methods overcome the limitations of traditional methods. Artificial intelligence methods can deter-
mine future temperature trends for a specific city or region by analyzing past weather data [12]. In
addition, artificial intelligence methods increase prediction performance with new data provided since
they can learn without requiring human intervention. In this way, it can quickly adapt to changing
climate conditions or sudden weather events.

In this study, the CNN-LSTM hybrid model was created to increase weather prediction perfor-
mance and efficiency. The developed model was compared extensively with RF, SVM, CNN, and
LSTM. The novelty of this study can be summarized as follows:

— A data-driven approach was presented for predicting 65-year daily mean temperature values and
5-year hourly temperature values for Bingdl and Tunceli.

— A hybrid CNN-LSTM model was created for long-term and short-term weather temperature pre-
diction.

— CNN-LSTM was compared in detail with efficient and popular methods such as RF, SVM, CNN,
and LSTM.

— This is the first study in the literature using this dataset.

N

. Related Works

Aydin et al. presented a comparative analysis of deep learning models using air quality data from
15 stations located in the central Anatolia region and its surroundings [13]. In the study, an
LSTM-based model was developed for predicting PMio concentration. Experiments showed that the
LSTM outperformed the compared deep learning model.

Bekkar et al. presented a comparative analysis of deep learning models for air quality prediction
[14]. In the study, hybrid models were created using CNN and LSTM and CNN and GRU models. The
created hybrid models were compared with base models and Bidirectional LSTM. Experiments
showed that CNN-LSTM outperformed the benchmark models with 0.989 R? in daily forecasting and
0.979 R? in weekly forecasting.

Ay, and Ekinci presented a comparative analysis of XGBoost, LSTM, and Artificial Neural
Network (ANN) models to predict ozone levels in Kocaeli, Sakarya, and Canakkale cities [15]. The
study used approximately four years of hourly observation data between 2018-2021. Polluting param-
eters PMig, SOz, NO, NO,, and O3 were used as inputs for the modeling. Experiments showed that
LSTM has 0.94 R? for Kocaeli, 0.83 R? for Sakarya, and 0.94 R? for Canakkale.

Karabulut and Topcu presented a comparative analysis of SVM and LSTM to predict the air
temperature of Kars province [16]. The study used monthly and daily observation values between
2010 and 2021. Experiments showed that LSTM outperformed SVM, with 0.9867 R? in monthly pre-
diction and 0.9937 R? in daily prediction.

Subbiah et al. proposed the BFS-Bi-LSTM model for wind speed estimation, which eliminates
non-linearity, dimensionality, uncertainty, and overfitting problems [17]. They compared the proposed
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model with LSTM, BFS-LSTM, MLP, and BFS-MLP models. The developed model showed better
performance than the compared models with 0.530 MAE, 0.784 RMSE, and 0.8766 R2.

Shakya et al. developed a prediction model using Gated Recurrent Unit and Encoder-Decoder
models for predicting PMzs concentrations in New Delhi [18]. Approximately three years of New
Delhi's 1-hour, 8-hour, and 24-hour data were used in the study. Experiments were carried out for
different combinations of parameters: meteorological data, motor vehicle data, and emission values.
The developed model was compared with XGBoost, LSTM, ANN, and RF. Experiments showed that
the created model had the most successful results, with 0.959 R? in the 1-hour weather forecast.

Esager and Unli presented an applied analysis of CNN, GRU and LSTM for the prediction of
hourly PM. s concentrations of Tripoli [19]. The dataset used in the study consists of 3-month, hourly
PM2s observation data. Experiments were performed with different node numbers for the compared
models. Experiments showed that CNN outperformed the compared models with 0.04 Mean Absolute
Percentage Error (MAPE).

The studies in the reviewed literature demonstrate the advantages and effectiveness of various
deep-learning models in weather and air quality forecasting. The literature has consistently shown that
models such as LSTM, CNN-LSTM, and hybrid methods outperform traditional methods in terms of
accuracy and efficiency. Deep learning models are more effective for processing complex patterns in
nonlinear and large datasets.

The CNN-LSTM hybrid model developed in this study is a significant step forward in improving
temporal and spatial weather prediction accuracy. This model's success underscores the potential of
combining deep learning architectures to enhance forecasting performance in complex weather sys-
tems. It also reinforces the promising trajectory of related studies in this field, offering optimism for
the future of weather and air quality prediction.

3. Material and Method

This section explains the dataset used, compared traditional methods and created hybrid
CNN-LSTM model in detail. It explains the analysis of 65-year daily average temperature values and
5-year hourly temperature data belonging to Bingdl and Tunceli provinces and the data pre-processing
process. It emphasizes the basic structures of the traditional prediction methods LR, RF, SVM, CNN,
LSTM, and CNN-LSTM models and their performances in temperature prediction. Finally, the struc-
ture and development process of the hybrid CNN-LSTM model created in this study are explained.

3.1. Dataset
This study used real-time air temperature data provided by the 13th Regional Directorate of Me-

teorology, Elazig. The daily average temperature data provided cover the period of April 1961-2024.
Hourly air temperature data cover April 2020-April 2024. Figure 1 shows the daily average tempera-
ture values change for Bing6l and Tunceli for 1961-2024.
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Figure 1. The change in daily average temperature values for Bingdl and Tunceli for the period of 1961-2024

Figure 2 shows the change in hourly temperature values for Bingdl and Tunceli for the date
range April 2020-April 2024.
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Figure 2. The change in hourly temperature values for Bingdl and Tunceli for April 2020-April 2024

Table 1 shows the minimum, average and maximum temperature values for daily average tem-
perature values (1961-2024) and hourly temperature values (April 2020-April 2024).

Table 1. Temperature values

Dail t -
aily average tempera Hourly temperature

ture
Temperature (2020-2024)
(1961-2024)
Bingol Tunceli Bingol Tunceli
Min -20.70 -24.40 -16.20 -16.50
Mean 12.24 12.79 13.96 14.08
Max 33.00 39.50 39.50 41.20
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As seen in Table 1, the column with daily average temperature values shows the lowest, mean,

and highest average temperature values for Bingdl and Tunceli. The hourly temperature column shows
the lowest, mean, and highest temperature values observed according to hourly temperatures.
The lowest average temperature between 1961-2024 was recorded as -20.70 for Bing6l and -24.40 for
Tunceli. These temperature values show the average, and it is concluded that night temperatures are
lower, especially. According to the hourly temperature values between 2020-2024, the lowest temper-
ature was measured as -16.20 for Bingol and -16.50 for Tunceli. However, the most alarming trend is
the increase in summer and winter temperatures in recent years due to the effect of global warming.

3.2. Prediction Models

LR is a machine learning model used to express a dependent variable with a linear model by one
or more independent variables [20]. The main purpose is to understand the relationship between the
dependent variable and the independent variables and to predict the value of the dependent variable

using this relationship. LR uses vy, =g, + g, *x +¢ equation. In this equation, X; refers to the obser-

vations of the independent variable and y; the observations of the dependent variable. The s fixed

coefficient refers to the p slope coefficient. & refers to the difference between real values and

predicted values. X refers to the independent variable and Y refers to the dependent variable [21].

RF is a machine learning model that is formed by combining many decision trees. Each decision
tree is trained on a randomly sampled subset of data, and these trees are created with random features
[22]. This process ensures that the trees are independent of each other and can make different deci-
sions. Each decision tree makes its prediction. In classification problems, each tree makes a class pre-
diction, and the class with the most votes is the final prediction of the model. In regression problems,
the final result is obtained by taking the average of the predictions of the trees [23].

SVM is used to classify data as belonging to a particular class. SVM works to separate data with
a line or hyperplane [24]. This line or hyperplane is chosen to separate the data as best as possible.
SVM works by maximizing the distance between two classes on this line or hyperplane. SVM can be
used to classify both linear and non-linear data. Linear data is data that a line can separate. Non-linear
data cannot be separated by a line [25]. SVM uses different kernel functions to classify non-linear data
as well.

CNN, which is used in the form of 1D in the time series, effectively removes local patterns in the
data [26]. In the time series context, trends and patterns in the data are removed at a particular time.
Convolution layers make the property subtraction by processing the data in a rocking window of a
specific size. Pooling layers reduce the data size to learn more general features [27]. Full-linked layers
are used to learn the features of higher levels than those extracted by conviction, and pooling layers
are used to learn and create final predictions.

The primary purpose of the LSTM is to solve the problem of learning long-term addictions in
Recurrent Neural Network (RNN) models. Although RNNs theoretically have the potential to learn
long-term addictions, they may encounter problems with the disappearance of a gradient in practice
[28]. LSTM can solve these problems with unique cell structures (forgetting, input, and output), keep

the information in memory for long periods of time, and use it when necessary [29]. These cells de-
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termine what to remember and what to forget. If the incoming input is trivial, it is forgotten; if it is
essential, it is transferred to the next stage. Decide which information will be kept or forgotten. Infor-
mation from the previous hidden layer and current information passes through the Sigmoid activation
function [30]. The closer the value is to 0, the more forgotten it will be; the closer to 1, the more it will
be held.

3.3. Developed Hybrid Prediction Model

The dataset used in this study is a time series data consisting of daily and hourly air temperature
observation values. For this reason, it is necessary to transform the dataset into regression problem
structure. The sliding window method was used for this purpose. This method ensures that the given
input is set to the specified window size, and the data point in the next time step is set as output. For

instance, if the window size is 3, t, t, and, t; will be the input, and t, will be the output, as

shown in Fig. 3.

u] [e] [8],[«] [8] [w] [v] [8] [©] [uno

Add

l Sliding window |

[«] (2] [e] ]
(2] (o] [v] (o]
(o] [#] [&] o

Input timestamps Output timestamp

Figure 3. Transform the dataset into regression problem

Experimental studies showed that the lowest error rates were obtained when the sliding window
size was 9. After transforming the data into the regression problem structure, it was scaled using
MinMaxScaler. 20% of the dataset was used for testing and 80% for training. 10% of the train data
was used for hyper-parameter optimization. For each compared model to achieve the most successful
result, the hyper-parameters of the models were adjusted using grid search. Grid Search attempts to
find the best combination of certain hyperparameters to improve the performance of models. This
method systematically tries all possible combinations of the specified hyperparameter ranges and se-
lects the most suitable parameter set. When applying Grid Search, the hyperparameter space is first
determined. Then, parameter values are defined and all combinations are tried and the most successful
hyperparameter combination is selected. Developed CNN-LSTM model architecture is seen in Figure
4,
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Figure 4. Developed hybrid CNN-LSTM model

CNN is responsible for extracting features in time series data and learning the relationships and
patterns between the data. LSTM enables increasing prediction performance by learning long- and
short-term dependencies between data. CNN-LSTM takes daily or hourly air temperature observation
values as input. After the data is transformed into a regression problem structure using a sliding win-
dow, it is scaled using the MinMax scaler. The CNN component uses convolution layers to discover
patterns in the data and perform feature extraction. The LSTM component models complex relation-
ships in the data by processing feature maps sent from the CNN. In this way, LSTM learns the data's
long and short-term dependencies. Grid search is used to optimize the hyper-parameters of
CNN-LSTM. The number of convolutional layers for the CNN component is 2; the activation function
is ReLU, the pool size is 2, and the number of filters is 64. The LSTM component has 128 neurons,
and the Adam optimizer was used. The dropout rate is 0.2, the epoch is 50, and the batch size is 64.

4. The Experimental Results

In this study, RMSE, MAE and R? metrics were used to evaluate the models. RMSE, MAE, and
R2 are statistical metrics used to measure the predictive performance of a model. They are used to an-
alyze the difference between the predicted values and the actual values, especially in regression prob-
lems. RMSE is the root mean square of the errors between the predicted values and the actual values.
MAE is the mean of the absolute values of the differences between the predicted values and the actual
values. R? measures how well the model explains the relationship between the independent variables
and the dependent variable. R2 expresses the explanatory power of the model.
Experimental results for the average temperature values for Bing6l and Tunceli between 1961-2024
are shown in Table 2 and Figure 5.

Table 2. Experiments for the average temperature values for Bingdl and Tunceli between 1961-2024

Bingol Tunceli
Model RMSE MAE R* RMSE MAE R
LR 1.650 1.253 0973 1.635 1.248 0.976
RF 1.600 1.217 0975 1576 1.214 0.977
SVM 1.597 1215 0975 1565 1209 0.978
CNN 1.559 1178 0977 1501 1.149 0.980
LSTM 1462 1160 0981 1351 1.050 0.985

CNN-LSTM  0.864 0.695 0.996 0.850 0.667 0.994
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As seen in Table 2 and Figure 4, the CNN-LSTM hybrid model had 0.864 RMSE, 0.695 MAE
and 0.996 R2 For Tunceli, CNN-LSTM had 0.850 RMSE, 0.667 MAE and 0.994 R Experiments
showed that CNN-LSTM was quite successful in predicting the air temperature with an accuracy of
approximately +- 0.6 °C and a success rate of over 0.99 in daily average temperature prediction.
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Figure 5. Experimental results for the average temperature values for Bing6l and Tunceli between 1961-2024

Experimental results for the hourly temperature values for Bingdl and Tunceli between

2020-2024 are shown in Table 3 and Figure 6.

Table 3. Experiments for the hourly temperature values for Bingdl and Tunceli between 2020-2024

Bingol Tunceli

Model RMSE MAE R* RMSE MAE R
LR 0987 0.700 0990 1.138 0.814 0.987
RF 0967 0.672 0991 1.118 0.802 0.988
SVM 0938 0.659 0992 1.069 0.766 0.989
CNN 0950 0.665 0991 1.061 0.776 0.989
LST™M 0836  0.612 0993 1.011 0.730 0.991
CNN-LSTM  0.617  0.478 0.997 0.808 0.584 0.998
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Figure 6. Experimental results for the hourly temperature values for Bingdl and Tunceli between 2020-2024

As seen in Table 2 and Figure 5, the CNN-LSTM hybrid model had 0.864 RMSE, 0.695 MAE
and 0.996 R2 For Tunceli, CNN-LSTM had 0.850 RMSE, 0.667 MAE and 0.994 R2. Experiments
showed that CNN-LSTM was quite successful in predicting the air temperature with an accuracy of
approximately +- 0.6 °C and a success rate of over 0.99 in daily average temperature prediction.

CNN-LSTM outperformed the compared models due to its ability to capture complex temporal
and spatial patterns. CNN is an effective model for extracting spatial and local patterns in data. By
filtering the noise, CNN extracts important features from noisy and sudden weather data. LSTM im-
proves the prediction quality by using the temporal patterns in this processed data. LSTM is effective
in learning long-term temporal dependencies. From temperature data, CNN extracts essential features
such as geographical changes, seasonal fluctuations, and abnormal weather events, enabling LSTM to
process this information throughout the time series. Combining CNN and LSTM in a hybrid model
enabled effective learning of both spatial and temporal patterns.

5. Conclusions

Air temperature forecast directly affects human behavior and the activities of various sectors. It
is essential to accurately predict air temperature for tourism and daily activity planning, as well as for
children, the elderly, and people with chronic diseases who are at risk in terms of health. In the agri-
cultural sector, the growth and maturation of crops and the harvest time change according to the air
temperature. Agricultural producers decide on irrigation, fertilization, and harvesting processes ac-
cording to the estimated air temperature values. In the transportation sector, sudden weather changes
such as icing or extreme heat in air, land, and sea transportation negatively affect transportation safety
and cause disruptions in transportation. Similarly, in the energy production sector, air temperature is
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directly effective. Temperature changes in the summer and winter increase energy consumption;
therefore, planning for energy production and distribution is related to air temperatures.

With global warming and climate change, the importance of air temperature forecasts is increas-
ing today. Climate anomalies increase the frequency of major temperature changes and extreme
weather events. Therefore, making accurate long-term and short-term air temperature forecasts is im-
portant for predicting natural disasters and reducing their effects. For this reason, this study aims to
increase forecast accuracy by using artificial intelligence methods. A hybrid CNN-LSTM model was
developed using the prominent and efficient features of CNN and LSTM. The potential impact of this
model on various sectors is significant. The developed model was comprehensively compared with RF,
SVM, CNN, and LSTM. The compared models were tested using the average temperature data of
Bingdl and Tunceli between 1961-2024 and hourly temperature data between 2020-2024. Experiments
showed that CNN-LSTM was more successful than the compared models with above 0.97 R2 in all
scenarios. This success underscores the potential of the CNN-LSTM model to revolutionize air tem-
perature predicting and its impact on various sectors.
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Ozet: Beyhan Baraj Golii’nde Subat 2022 ile Ocak 2023 tarihleri arasinda farkli goz
acikliklarina sahip (36-55 mm) monofilament sade aglar kullanilarak yapilan aylik
avcilik caligmalar1 sonucunda toplamda 642 adet Capoeta trutta 6rnegi elde
edilmistir. Populasyonda, disilerin erkeklere orani 1:1.97 ve yas dagilimi [-VIII
arasinda belirlenmigtir. Toplam uzunluk erkelerde 12.20-32.90 cm ve disilerde
12.60-35.60 cm; toplam agirlik ise erkeklerde 16.50-305.50 g ve disilerde
19.50-468.50 g; kondisyon degeri erkeklerde 0.79-1.38, disilerde 0.57-2.32 olarak
belirlenmistir. Total boy ve agirlik arasindaki iliski erkeklerde W=0.0086TL*%%
disilerde  W=0.0091TL*®™ ve popiilasyonun tamaminda W= 0.0086TL*"%
belirlenmistir. VBBP; L= 43.32 cm, k= 0.16 yil?, te= -1.72 yil, W,.= 760.72 g
olarak belirlenmistir. GSI degerlerinin haziran ayinda maksimum seviyeye ¢iktig1 ve
iireme zamaninin haziran-temmuz aylarinda oldugu belirlenmistir. Ilk olgunluk
boyunun disilerde 21.22 cm, erkeklerde 21.27 cm oldugu tespit edilmigtir. Bu
bulgular, C. trutta’nin siirdiiriilebilir balikgilik faaliyetlerinin saglanmasi agisindan
olduk¢a 6nemlidir.

Anahtar Kelimeler: Beyhan Baraj Golii; biiytime; iireme 6zellikleri; Capoeta trutta

Growth and Reproduction Characteristics of Capoeta trutta (HECKEL
1843) living in Beyhan Dam Lake

Abstract: A total of 642 Capoeta trutta specimens were obtained from Beyhan Dam
Lake between February 2022 and January 2023 as a result of monthly fishing studies
using monofilament plain nets with different mesh sizes (36-55 mm). In the
population, the ratio of females to males was 1:1.97 and the age distribution was
determined between I-VIII. Total length was 12.20-32.90 c¢cm for males and
12.60-35.60 cm for females; total weight was 16.50-305.50 g for males and
19.50-468.50 g for females; condition value was 0.79-1.38 for males and 0.57-2.32
for females. The relationship between total length and weight was W=0.0086TL>*%?**
in males, W=0.0091TL*%" in females and W=0.0086TL*%* in the whole
population. VBBP was determined as L..= 43.32 cm, k= 0.16 year™, t,= -1.72 year,
W.= 760.72 g. GSI values were maximised in June and reproductive time was
determined to be in June-July. The length at first maturity was 21.22 cm for females
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and 21.27 cm for males. These findings are very important in terms of ensuring
sustainable fishing activities of C. trutta.

Keywords Beyhan Dam Lake; growth; reproduction characteristics; Capoeta trutta

1. Giris

Beyhan Baraji Goli’niin insasiyla olusturulan rezervuar, balik popiilasyonlart i¢in 6nemli bir
yeni yagam alani haline gelmistir. Ancak, bu tiir rezervuarlarin olusturulmasi balik popiilasyonlari
farkli sekillerde etkileyebilir. Ozellikle rezervuarlar olusturuldugunda su seviyesi, su sicakligi, besin
kaynaklarinin miktar1 ve dagilimi gibi faktorler degisebilmektedir. Barajda olusan yeni habitatin balik
popiilasyonlar {izerindeki etkilerini anlamak ve bu popiilasyonlar siirdiiriilebilir bir sekilde yonetmek
icin, balik¢ilik biyolojisi ¢aligmalarinin yapilmasi gerekmektedir. Bu calismalar, baraj goliiniin
balike¢ilik potansiyelini, av sezonlarini belirlemek, stoklarin korunmasi i¢in dnlemler almak ve balik
popiilasyonlarinin saglikli bir sekilde biiylimesini ve gelismesini saglamak i¢in gereklidir [1].

Capoeta trutta’nin yayilim alani genellikle Firat ve Dicle havzasin1 kapsamaktadir. Bu tiiriin
farkl1 habitatlardaki popiilasyon parametrelerine iliskin birgok ¢alisma yapilmistir. Ornegin,Yapalak
ve Yiiksel [2], ireme Ozelliklerini; Basusta ve Cigek [3], uzunluk-agirlik iliskisini; Oymak vd. [4],
ireme Ozelliklerini; Kalkan [5], tireme ve bitylime 6zelliklerini; Patimar ve Farzi [6], habitat ve biyo-
lojik 6zelliklerini; Aydin vd. [7], biiylime parametrelerini; Giindiiz vd. [8], popiilasyon &zelliklerini;
Niya vd. [9], biiyime 6zelliklerini; Dogu [10] biiylime 6zelliklerini incelemislerdir. Bu caligmada,
Beyhan Baraj Golii'ndeki C. trutta’nin iireme donemi, eseysel olgunluk boyu ve biiyiime 6zellikleri ilk
kez incelenmistir. Elde edilen veriler, siirdiiriilebilir balik¢ilik, av yasaklari ve minimum boy sinirlarinin
diizenlenmesi agisindan biiylik 6nem tagimaktadir. Bu ¢aligsma, siirdiiriilebilir balik¢ilik faaliyetleri i¢in
temel veriler saglarken, benzer ekosistemlerdeki balik¢ilik yonetimi ve bilimsel literatiire de 6nemli

katkilar saglayacaktir.

2. Materyal ve Metot

Calismanin yiiriitiildiigli Beyhan Baraji, Elazig'in Palu ilgesinde, Murat Nehri iizerinde ve Palu
ilce merkezinin 15 km dogusunda, Beyhan Beldesi'nin ise 2.5 km kuzeydogusunda yer almaktadir.
Insaat1 Ekim 2014'te tamamlanan bu proje, 2015 yilinda faaliyete ge¢mistir. Beyhan Baraji, 582.10
MWe kurulu giice sahip olup, Tiirkiye'deki barajlar arasinda en biiyiik dokuzuncu kurulu giice sahip
olma &zelligine sahiptir. Ayni1 zamanda, Tirkiye'nin 6zel isletmeleri igerisinde ikinci Hidro Elektirik

Santrali unvanimi tagimaktadir [11].

Sekil 1. Beyhan Baraj Golii [12]
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2.2. Metod

Bu arastirma kapsaminda, ornekleme g¢alismalari Subat 2022-Ocak 2023 tarihleri arasinda,
Beyhan Baraj Golii (Sekil 1)’niin farkli bolgelerinde (kiyi-litoral) tiim popiilasyonu temsil edecek
sekilde aylik orneklemeler yapilarak gerceklestirilmistir. Farkli g6z acikligina sahip monofilament
sade aglar (36-55 mm) kullanilarak balik 6rneklemesi yapilmistir. Ayrica Avrupa Birligi'nin belirledigi
EN 14757 numarali ¢oklu goz genisligine sahip galsama aglar1 da balik 6rneklemesi i¢in kullanilmustir.
Baliklarin viicut agirliklart (0.1 g) ile gonad agirliklarinin (0.001 g) belirlenmesinde farkli hassasiyete
sahip teraziler ve baliklarin boy 6l¢iimlerinde 1 mm &lgekli 6l¢iim tahtasi kullanilmistir. Baliklarin
yumurta ¢aplari, okiiler mikrometre kullanilarak tespit edilmistir. Yas tayinleri [13-14] dorsal yiizgec
1sinindan alian kesitin mikroskopta okunmasiyla gergeklestirilmistir.

Kondisyon faktoriinii hesaplamada [15] formiilii kullanilmistir.

_ (Viicut agirligi—Gonad agirligt)
k= [ Balik boyu3 x 100 (2.1)

Boyca biiyiime parametreleri (Loo, K ve ty) [16] tarafindan 6nerilen FISAT- Il (FAO-ICLARM)
programiyla belirtilmistir. Boy-agirlik arasindaki iliski, Le Cren'in balikeilik i¢in uyarlanmis biiyiime
denklemi kullanilarak hesaplanmustir [17].

Boyca bilyiime performansi [18] tarafindan gelistirilen "Fi Ussii Katsayis1 (Pi Prime) (0)"
kullanilarak hesaplanmistir. Bu konuda yapilan aragtirma sonuglarinin yorumlanmasinda bu
formiil kullanilmis ve elde edilen sonuglar arasindaki fark "t testi" ile incelenmistir.

Boyca bityiime L, = Lo, x (1 — e K*(t=t) (2.2)
Agirlikca biiyime W = W,, x (1 — e ¥xt-t))p (2.3)
#=1logK + 2 xlog L (2.4)

Boy agirlik iliskisi W = a x L? (2.5)

Ureme zamanini belirlemek i¢in asagidaki formiiliinden faydalanilmistir [15,19].

Gonadosomatik indeks = ( Gonad agiriigt ) x 100 (2.6)

Viicut agirligi—Gonad agirligi

Yumurta ¢aplari okiiler mikrometre ile 6l¢iilmiis ve asagidaki formiilden yararlanilmigtir [20].
Yumurta ¢apt = [(Uzun eksen uzunlugu + kisa eksen uzunlugu) / 2] (2.7)

Fekonditeyi belirlemede; [21] tarafindan belirtilen gravimetrik metot kullanilmistir. Olgun
baliklarin olgunlasmamis baliklara oraninin %50'ye ulastigi boy ilireme boyu olarak tanimlanmistir
[15]. Ureme boyu ile ilgili verileri;

P=1/1+exp[—r(L —Ly)]) (2.8)
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denkleminden yararlanilarak ve lojistik egriler Cizilmistir. Ik eseysel olgunluk boyunu regresyon
islemi yaptiktan ve a ve b sabitlerini bulduktan sonra L= -a/b formiiliiyle belirlenmistir
[22-24]. Formiilde: P: tim boydaki cinsel olgunluga erismis baliklarin orani, L: toplam uzunluk, Lm=
ilk cinsel olgunluktaki uzunluk, r: elde edilen olgunluk grafiginin egimi olarak belirlenmistir.

Verilerin degerlendirilmesinde Microsoft Office Excel 2010 programi ve SPSS 22.0 paketi

kullanilmigtir. Caligma sonuglari [25] gore yorumlanmustir.
3. Bulgular

3.1 Yas ve esey dagilim

Calismada incelenen toplam 642 adet balik Orneginin %33.64’tiniin (216 adet) erkek,
%66.36’siin (426 adet) disi oldugu ve yaslarin I-VIII arasinda oldugu belirlenmistir (Tablo 1).
Popiilasyonda genellikle disilerin erkeklerden daha fazla oldugu; en fazla bireyin erkeklerde IV.,
disilerde ise V. yas grubundaki baliklarin olusturdugu tespit edilmistir. Disi:erkek orami 1:1,97
olarak belirlenmistir. Ki-kare testiyle yapilan cinsiyet oranlari arasindaki fark (X% 35>X% 64;p<0,05)

onemli bulunmustur.

Tablo 1. C. trutta popiilasyonunun yas kompozisyonu ve esey dagilimi

Erkek Disi Erkek+Disi
N %N N %N N %N
I 20 3.12 8 1.24 28 4.36 1:0.40 2.57 p>0.05
1 26 4.05 9 1.40 35 5.45 1:0.35 413 p<0.05
i 50 7.79 22 3.43 72 11.22 1:0.44 5.44 p<0.05
v 73 11.37 55 8.57 128 19.94 1:0.75 1.27 p>0.05
Vv 37 576 198 30.84 235 36.60 1:5.35 55.15 p<0.05

D/E X? p

Vi 7 1.09 102 1589 109 16.98 1:14.57 41.40 p<0.05
\1 3 0.47 23 3.58 26 4.05 1:7.67 7.69 p<0.05
Vil - - 9 1.40 9 1.40 - 4.50 p<0.05

Toplam 216 33.64 426 66.36 642 100.00 1:1.97 34.35 p<0.05

3.2. Boy ve agirhik dagilhimlari

Beyhan Baraj Goli'nde C.trutta’min viicut uzunlugu erkeklerde 12.20-32.90 cm ve
disilerde12.60-35.60 cm ol¢ilmistiir (Sekil 2). Viicut agirliginin erkek bireylerde 16.50-305.50 g
ve disi bireylerde ise 19.50-468.50 g arasinda oldugu belirlenmistir. Disi ve erkek baliklarin viicut

agirlig1 ve uzunluk degerlerinin istatistiki farkliliklar1 Tablo 2’de verilmistir.
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Sekil 2. C. trutta bireylerinin total boy gruplarina gore dagilimi

Tablo 2. Eseylere ve yas gruplarina gore total boy (cm) ve agirlik (g) degerlerinin dagilimi

Yas Total boy (cm) Agirhk (g)
(Y
grup tatd Ort+S.h. Min-Mak  t testi Ort+S.h. Min-Mak t testi
g 20 14.36+0.25 12.20-15.90 26.93+1.32 16.50-37.50
| p>0.05 p>0.05
Q 8 14.83+0.65 12.60-18.50 30.88+4.63  19.50-60.00
3 26 20.34+0.22 17.50-21.60 79.65+2.94  52.50-103.50
| p>0.05 p>0.05
Q 9 20.39+0.46 18.10-21.70 82.61.+4.72 56.50-93.50
3 50 22.60+0.09 21.40-23.90 108.11+1.95  87.00-172.00
i p>0.05 p>0.05
Q 22 22.90+0.15 21.80-24.20 112.07+3.00  90.00-140.00
3 73 24.73+0.09 23.50-26.10 140.29+2.15 108.00-184.00
v p<0.05 p>0.05
Q 55 25.01+0.11 23.30-26.40 147.36+£3.47 107.00-221.00
g 37 27.43+0.16 25.80-29.20 191.23+5.23  146.50-294.00
\Y/ p<0.05 P<0.05
@ 198 27.97+0.08 25.10-29.90 204.42+2.09  145.00-309.00
g 7 29.83+0.29 28.50-30.70 243.00+6.11 214.50-269.50
Vi p<0.05 P<0.05
@ 102 30.73+0.09 29.00-32.80 271.26+3.72  166.50-367.00
3 3 29.83+0.29 30.80-32.90 291.17+11.69 268.00-305.50
VIl p>0.05 p>0.05
Q 23 32.17+0.29 30.00-34.20 320.74+10.69 224.00-430.00
vin ¢ - -
Q 9 34.17+0.40 32.00-35.60 378.61+18.88 285.00-468.50

3.3. Uzunluk ve agirhk iliskisi

sonuglarina gore erkek, disi Orneklerinde

Uzunluk- agirlik iliskisi erkek, disi ve popiilasyon geneli i¢in ayr1 ayr1 hesaplandi. Yapilan t-testi

genelinde ise “pozitif allometrik” biiyiime (b>3, P<0.05) gosterdigi belirlenmistir.
: W= 0.0086*TL*%??* (R? = 0.98)
: W= 0.0091*TL*%™ (R? = 0.94)
: W= 0.0086*TL>%%?* (R* = 0.97) (Sekil 3)

Erkek
Disi
Erkek+Disi
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W = 0.0086TL3.0224
400 1 R* = 0.9686
N =641

Agirik (g)
™)
L
S

0 5 10 15 20 25 30 35 40
Total boy (cm)

Sekil 3. C. trutta populasyonunun erkek-+disi bireylerinde total boy-balik agirlig iliskisi

3.4 Biiyiime parametreleri

Von Bertelanffy biiyiime parametreleri, FISAT-II programiyla belirlenmis ve elde edilen
sonuclar Tablo 3 ve Sekil 4'te verilmistir. Calismada biiyiime performansi indeksi (%) popiilasyon
geneli i¢in 2.477 olarak hesaplanmisgtir.

Tablo 3. C.trutta populasyonunun Von Bertalanffy biiyiime parametreleri

Parametreler Erkek Disi Erkek+Disi
LootS.hata 37.75+6.22 42.67+5.88 43.32+6.19
K+S.hata 0.21+0.09 0.16+0.06 0.16+0.06
to=S.hata -1.37+0.8 -1.74+0.69 -1.72+0.65
Woo 501.85 726.89 760.72
Lt 37.75[(1_e-0.21(t+1.37)] 42.67[(1_e-0.16(t+1.74)] 43.32[(1_6-0.16(“1.72)]
Wit 501.85[(1-60'21(t+1'37)]3'0224 726[(1_e0.16(t+1.74)]3.0074 760.72[(1_e0.16(t+1.72)]3.0224

Species: Capoeta trutta (Al individual)
Parameters: Loo=43.32 ; K=0.16 ;and to=-1.72

443

332 o]

Length (cm)
N
ba
[

1.1

0.0 1 1 1 1
0.0 21 4.3 5.4 8.5
Age (years)

Sekil 4. C.trutta populasyonunun erkek+disi bireylerinde yas boy iliskisi
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3.5 Kondisyon faktorii

Kondisyon faktorii ortalama degeri erkeklerde 0.89-1.15; disilerde 0.87 -1.13 arasinda tespit
edilmistir. Minimum-maksimum degerler sirasiyla erkeklerde 0.79-1.38 ve disilerde 0.57-2.32 olarak
belirlenmistir (Sekil 5).“Duncan testine” gore istatistiki olarak erkek ve disi bireylerde subat ayinda
kondisyon faktorii degerlerinin diger aylardan farkli (p<0.05) oldugu bulunmustur.

3.6 Gonadosomatik indeks (GSI)

C. trutta bireylerinin iireme dénemini belirlemek icin bir y1l boyunca elde edilen GSI degerleri
Sekil 5’te verilmistir. Buna gore disi ve erkek baliklarin gonad gelisimi subat-mart aylar1 arasinda
yavas ilerledigi, mayis aymdan sonara haziran ayinda pik yaptig1 ve temmuz ayinda hizla distigi
goriilmektedir. GSI degerleri erkek baliklarin tamaminda %0.04, %12.42 arasinda oldugu
ortalamanin %1.90 + 0.65 bulundugu, disi baliklarda GSI degerlerinin ise %0.07 ile 20.60 arasinda
degistigi ve ortalama degerin %1.17 £ 0.60 oldugu tespit edilmistir. Gonad gelisiminin aylara gore her
iki cinsiyette istatistksel olarak anlamli oldugu tespit edilmistir. Aylik GSI degerleri arasindaki fark

Duncan testi kullanilarak analiz edilmis, erkek-disiler i¢in haziran ayinda fark oldugu bulunmustur.

3.7 Yumurta ¢api

Yumurta ¢apini belirlemek igin 72 adet C. trutta’nin ortalama aylik yumurta ¢ap1 degerleri (mm)
Sekil 5’te verilmistir. Ortalama yumurta ¢ap1, en diisiik subat-kasim aylarinda 0.77 mm ve en fazla
iireme donemi olan haziranda 1.91 mm olarak olgiilmiistiir. C. trutta'nin ovaryumlarinda farkli
boyutlarda ve renklerde yumurtalar bulundugunu tespit edilmigtir. Olgunlagmamig yumurtalar

genellikle yesilimsi-gri veya beyazimsi renkteyken, olgun yumurtalar daha belirgin bir sari-turuncu
renkte oldugu gézlemlenmistir.

mmmm Kondisyon disi s kondisyon erkek

==0==Gonadosomatik Indeks erkek Gonadosomatik indeks disi

e Yum.Cap1

10 ¢ 1 14
) L ]
> X
X 8 :
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,E g =)
=2 4 %
< E _g
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Aylar

Sekil 5. C. trutta populasyonunun GSi, kondisyon (%) ve yumurta gap1 degerlerinin aylara gore dagilimu.

3.8 Fekondite

Fekonditeyi belirlemek i¢in 72 adet C. trutta’nmin ovaryumlarinda bulunan toplam yumurta
iizerinden hesaplamalar yapilmistir. Ortalama mutlak fekondite IV. yas grubunda 5516 £1235 adet,
VIII. yas grubunda 132194898 adet oldugu belirlenmistir. Mutlak fekonditenin yas arttik¢a yumurta
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veriminin arttigt ve ortalamasimin 9539+425 adet oldugu tespit edilmistir. C. trutta’da tiim yas
gruplarinin  ortalamast alindiginda nispi fekondite 309.44 adet/cm ve 32.74 adet/g olarak
hesaplanmigtir. Yumurtali baliklarin yas gruplarina gore ortalama agirlign 291.37+8.39 ve ortalama
total boylar1 30.83+0.29 olarak belirlenmistir. Viicut agirligi-yumurta sayisi arasindaki iliskiyi
aciklayan denklem F= 28.489W+1230.4 olarak hesaplanmis ve viicut agirligi ile yumurta sayisi
arasinda orta diizeyde (r=0.57) bir iliski oldugu bulunmustur (Sekil 6). Viicut uzunlugu-yumurta sayist
arasindaki iliskinin denklemi F= 735.57TL-13139 olarak hesaplanmis ve orta diizeyde (r=0.51) bir

iliski oldugu saptanmistir (Sekil 7).

Tablo 4. C.trutta populasyonunun yumurta verimi

Ortalama yumurta

Yas N TL (cm)+SH W(g)+SH F/cm Flg
sayisi
v 4 24.76+0.22 139.75+3.88 5516 £1235 222.79 3947
V 16 28.42+0.24 226.69+8.50 8086 £736 28453 35.67
VI 34 31.29+0.15 298.32+5.42 9819 £570 313.82 32.92
VIl 12 32.84+0.29 349.21+12.04 10211 £1221 310.95 29.24
VI 6 34.67+0.37 409.83+12.93 13219 +£898 381.29 32.26
Toplam 72 30.83+0.29 291.37+8.39 9539+425 309.44 32.74
TL: Total boy W; balik agirlig1 F: Fekondite
20000 F =28,489W + 1230,4
= , + ,
ol I Lo
B 14000 N=72 o ° 0® °
2 Q
< 12000
£ 10000
=]
S 8000
$ 6000
(i
4000
2000
0 T T T T T T T T T T 1
0 100 200 300 400 500
Agirlik (g)

Sekil 6. C.trutta disi bireylerinde, Fekondite-Viicut agirlhigr iligki
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Sekil 7. C. trutta disi bireylerinde, Fekondite —Total boy arasindaki iligki

3.9 Eseysel olgunluk boyu

C. trutta populasyonuna ait 642 adet bireyin, eseysel olgunluk boyu disi baliklarda 21.22 cm ve
erkek baliklarda 21.27 cm oldugu belirlenmistir (Sekil 8).

Erkek Disi
110 4
100 4
90
80 1
S 70 3
-: 50 3 Erkek Disi
= a= 8,4475 a=6,7994
g 40 3 b=-0,3971 b=-0,3205
30 3 r2=0,9406 r2=0,8739
Lm=-21,273 Lm=-21,215
20
10 1
0 I— o000t . . . . . .
0 5 10 15 20 25 30 35 40

Total boy (cm)

Sekil 8. C. trutta populasyonunun erkek ve disi bireylerinde ilk eseysel olgunluk boyu
4. Tartisma

Beyhan Baraj Golii'ndeki C. trutta popiilasyonunda disi bireylerin oran1 %66.36, erkek bireylerin
orani ise %33.64 olup, disi:erkek orani 1:1.97 olarak hesaplanmistir. Bu oran, Shour Nehri (1:1.96) ve
Dicle Nehri (1:2.15) gibi akarsu habitatlariyla benzerlik gostermektedir (Tablo 5). Ancak, baraj goli
formundaki su kaynaklarina kiyasla, disi oraninin daha yiiksek oldugu goriilmiistiir. Beyhan Baraj Gold,
Murat Nehri iizerinde yeni bir rezervuar olmasina ragmen akarsu formuna 6zgii 6zellikler tasimaktadir.
Bu farkliliklarin habitat tiiri ve su kaynagmin ekolojik o6zelliklerinden kaynaklanabilecegi
diisiiniilmektedir. Literatiirde, bir¢ok tiirde cinsiyet oraninin genellikle 1:1’e yakin oldugu, ancak bu

oranin tiirler, popiilasyonlar ve ¢evresel faktorlere bagli olarak zaman iginde degisebilecegi belirtilmistir
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[26]. Beyhan Baraj Goli’ndeki disi birey oraninin yiiksekligi, habitatin ekolojik o6zellikleriyle
iligkilendirilebilir ve akarsu habitatlarina benzer ekolojik egilimler sergiledigini desteklemektedir.

Tablo 5. C.trutta populasyonunun yas kompozisyonu ve esey dagilimu ile ilgili yapilan ¢alismalar

. . Disi Erkek
Habitat Tiir % Disi % Erkek Kaynak
N N orani

Keban Baraj Goli ~ C.trutta 276 228 54.76 4524  1:1.21 [27]

Meymeh River C.trutta 210 156 57.38 42.62 1:1.35 [6]

Shour River C.trutta 513 261 66.27 33.73 1:1.96 [28]

Atatiirk Baraj Golii ~ C.trutta 1:1.03 [3]

Dicle nehri C.trutta 269 125 68.27 31.73 1:2.15 [29]

Keban Baraj Golu ~ C.trutta 136 123 52.50 4750 1:1.11 [7]
Bu ¢alisma C.trutta 426 216 66.36 33.64  1:1.97 Beyhan Baraj Golii

Beyhan Baraj Golii'ndeki C. trutta popiilasyonunda, erkek bireylerin toplam uzunlugu
12.20-32.90 cm, viicut agirhig: ise 16.50-305.50 g; disi bireylerin toplam uzunlugu 12.60-35.60 cm,
viicut agirlign ise 19.50-468.50 g olarak Ol¢lilmiistiir. Yapilan analizler sonucunda disi ve erkek
baliklarin, total uzunlugun IV., V. ve VI. yas gruplarinda ve viicut agirliginin V. ve VI. yas
gruplarinda istatistiksel agidan anlamli oldugu (p<0.05) bulunmustur. Bu calismadan elde edilen
baliklarin total boylart genel olarak tiiriin farkli habitatlarda yapilan g¢aligmalariyla benzerlik
gostermektedir (Tablo 6). [5] ve [6] ¢alismalarinda erkeklerin total boylart 13.13-34.95 cm ve
13.89-31.05 cm, disilerin total boylar1 ise 15.26-36.83 cm ve 14.09-32.00 cm olarak belirlenmistir.
Agirlik agisindan da benzer uyum gozlemlenmistir; [6] erkeklerde 16.93-347.10 g, disilerde ise
13.91-358.42 g araliginda 6l¢timler yaparken, [5] erkeklerde 19.78-549.68 g, disilerde ise 43.41-613.00
g aralig1 belirlenmistir. Baliklarin boy ve agirliklarinin besin kaynaklar1 ve su sicakligi gibi ¢evresel
faktorlerden etkilendigini belirtmistir [30]. Bu bulgular, Beyhan Baraj Goélii'ndeki biiyiime verilerinin
cevresel kosullara bagli olarak degisebilecegini ve farkli habitatlarda ortalama biiylime hizlarinin
farklilik gdsterebilecegini desteklemektedir.

Tablo 6. C. trutta'ya ait baz: biiyiime parametreleri

Calisma Esey N Yas a b R? BT B A
[29] 4+Q 543 2-9 0.0084 3.180 - - 16.31-37.81 63.07-906.64
[3] 4+Q 124 - 0.0031 3335 0.98 A+ 18.00-48.50 -
[4] 3+Q 422 29 - - - - 14.42-39-74 34.30-859.70
[5] 4 106 0-7 0.0115 2.932 - - 13.13-34.95 19.78-549.68
Q@ 104 1-7 0.0116 3.032 - - 15.26-36.83 43.41-613.00
4 156 1-6 0.0266 2.7134 0.91 A- 13.89-31.05 16.93-347.10
[6] Q@ 210 1-6 0.0258 2.7251 0.95 A- 14.09-32.00 13.91-358.42
d+Q 366 1-6 0.0260 2.7217 0.93 A- 14.03-32.50 15.42-352.76
4 78 - 0.0089 3.0149 - I 18.37 60.55
[28] Q@ 175 - 0.0094 3.0003 - I 20.27 81.66
4+Q 253 - 0.0090 3.0065 @ - I 19.47 72.23
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4 222 1-12 0.0096 2.9856 093 1 17.80-37.30 55.76-491.00

[8] @ 127 2-12 0.0052 3.1644 0.93 A+ 21.88-39.57 94.00-583.67

Jd+Q 349 1-12 0.0082 3.0327 0.94 A+ 17.80-38.66 55.76-546.60

4 216 1-8 0.0086 3.022 098 1 12.20-32.90 16.50-305.50

Mevcut gahsma Q@ 426 1-8 0.0091 3.007 094 1 12.60-35.60 19.50-468.50
J+Q 642 1-8 0.0086 3.022 0.97 +A

BT: Biiyiime tipi; TB: Total boy; A: Agirhik; A+: Pozitif allometri; A-: Negatif allometri; I: izometrik biiyiime

Bu ¢alismada, Beyhan Baraj Golii'ndeki C. trutta popiilasyonunun bityiime 6zellikleri ile farkli
habitatlardan elde edilen baliklarin bilyiime verileri (Tablo 6) verilmistir. Beyhan Baraj Golii'ndeki C.
trutta popiilasyonunun biiytime sekli, erkek ve disi bireylerde isometrik biiyiime (b=3.022 ve b=3.007)
olarak tespit edilmistir. Bu biiytime sekli, [28] tarafindan Shour Nehri'nde elde edilen (b=3.0149 erkek
ve b=3.0003 disi) biiylime sekliyle benzerlik gostermektedir. Popiilasyon genelinde ise Beyhan Baraj
Golii'ndeki biiytime sekli, [8] Uzungayir Baraj Golii ve [3] Atatiirk Baraj Golii'ndeki pozitif allometrik
biiyiime sekliyle (b=3.0327 ve b=3.335) uyum gostermektedir. Ancak, Beyhan Baraj Golii'ndeki bii-
yiime degeri, diger habitatlardaki popiilasyonlardan bir miktar daha diigiik bulunmustur. Bu farklilik,
cevresel faktorler, besin kaynaklarinin dagilimi ve habitat kosullarindaki farkliliklarla agiklanabilir.
Baliklarda boy-agirlik orani sabit degildir; ¢cevresel faktorler, beslenme kosullari, su sicakligi ve ireme
donemlerine bagl olarak degisiklik gosterebilir [30].

Beyhan Baraj Golii'ndeki C. trutta popiilasyonunun kondisyon faktorii erkek bireylerde 0.89 -
1.15, disi bireylerde ise 0.87 - 1.13 olarak tespit edilmistir. Bu degerler, [31], Uzun Cayir Baraj Golii ve
[32], Tatar Baraj Golii'nden elde edilen sonuglarla genel olarak benzerlik gostermektedir. Bunun yani
sira, [33], Atatiirk Baraj Golii ve [34b], Karakaya Baraj Goli gibi kaynaklardaki degerlerle de uyumlu
oldugu gozlenmistir. Ancak, bu ¢alismada elde edilen kondisyon faktorii degerleri, [35], Asag Firat
Suyu, [34a], Keban Baraj Gol ve [34c], Atatiirk Baraj Golii gibi kaynaklarda bildirilen daha yiiksek
kondisyon faktorleri ile kiyaslandiginda daha diisiik kalmistir (Tablo 8). Baliklarin tireme donemi ve
cevresel faktorlere bagl olarak kondisyon faktorlerinde 6nemli dalgalanmalar gozlendigini
belirtmistir [36]. Bu durum, farkli popiilasyonlarin yasadigi habitatlarin gevresel kosullari, besin
kaynaklar1 ve ekolojik ozelliklerine bagli olarak kondisyon faktorlerinde gesitlilik gosterebilecegini
ortaya koymaktadir.

Calismada ulasabilecekleri asimpotik boy (L.) degerleri erkek, disi ve tiim bireylerin sirasiyla
37.75, 42.67 ve 43.32 cm olarak hesaplanmistir. L., degerleri [27], [6] ve [8]" nin bulgularina olukga
yakin bulunmustur. Diger ¢alismalar ile farklhiliklar goriilmiistiir (Tablo 7). Biiylime parametreleri
tirden tiire, popiilasyondan popiilasyona ve ayni tiir iginde bile degisiklik gosterebilir. Bir su
kaynagindaki ekolojik kosullar ve beslenme aligkanliklarina bagli olarak bir popiilasyondaki birbirini
takip eden yil simflarinin biiyiimesi farklilik gosterebilmektedir. Munro’nun Fi Ussii () degerleri
VBBD degerleri ile hesaplanmistir (Tablo 7). Bu arastirma ile gesitli galismalarda belirlenen &
degerleri, karsilastirilmis ve yapilan karsilastirma sonuglarina gére populasyonlar arasinda bir farklilik

olmadig1 goriilmiistiir.
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Tablo 7. C. trutta’min VBBD parametrelerinin farkli arastirmalardan ve bu ¢alismadan elde edilen

Sonuclar

Calismalar  Esey N Loo K to [7]
3 228 41.13 0.35 -1.01 2.772
[27] Q 276 50.7 0.231 -1.18 2.774
3+0 504 4558 0.28 -1.25 2.765
[5] 3 106 76.4 0.06 -2.65 2.544
Q 104 89.5 0.057 -2.41 2.660
3 156 45.86 0.14 -1.15 2.469
[6] Q 210 50.79 0.13 -1.45 2.525
3+9Q 366 48.6 0.13 -1.28 2.487
3 222 46.89 0.09 -4.31 2.296
[8] Q 127 50.53 0.09 -4.24 2.361
3+9 349 49.58 0.09 -4 2.345
(0] 24.5 0.333 -2.54 2.301
Q 36.4 0.129 -4.02 2.233
[37] 3+Q 148 29.6 0.33 -0.57 2.461
BU 216 37.75 0.21 -1.37 2.476
426 42.67 0.16 -1.74 2.464
galisma o o 642 43.32 0.16 -1.72 2.477

Ureme dénemini belirlemek icin, GSI degerlerinin aylik degisimleri analiz edilmis ve iireme
doneminin haziran ayinda baglayip temmuz ayinda sona erdigi tespit edilmistir. Kondisyon faktorii
degerlerinin {ireme déneminde diisiik oldugu belirlenmistir. Ureme donemi ile ilgili yapilan farkli su
kaynaklarindaki calismalar Tablo 8’de verilmistir. Ureme donemi verileri ile diger calismalarin
verilerinin benzer oldugu gériilmiistiir (Tablo 8). Ureme zamanlarindaki bu ayrim su kaynagindaki
mevsimsel sicaklik dalgalanmalari, besin kalitesi ile miktarina bagli olarak degisiklik gosterdigi
sdylenebilir. Ureme boyunu disi bireylerde 21.22 cm ve erkeklerde 21.27 ¢cm olarak belirlenmistir.
Fakli calismalardan elde edilen boylar ile bu c¢aligmada elde ettigimiz boylarin uyumlu oldugu
goriilmektedir (Tablo 8) Ureme boyu, baligin bulundugu su kaynaginin sicakligi ile ortamda bulunan
besin miktarina bagl olarak degisiklik gosterebilir.

Yumurta ¢apinin en yiiksek ortalama degeri 1.91 mm olarak iireme dénemi olan haziran ayinda
belirlenmistir. Bu deger, diger arastirmalarla benzerlik gostermektedir (Tablo 8). Yumurta capi, ayni
tire ait farkli popiilasyonlarda, mevsime, yasa, balik biiyiikliigiine ve ovaryumdaki konumuna bagl
olarak degisiklik gosterebilir. Yumurta ¢apinin ¢evresel faktorler ve lireme donemindeki hormonal
degisikliklerle dogrudan iliskili oldugu belirtilmistir [26]. Ayrica, balik yumurtalarmin biiytikligi,
yalnizca tiirler arasinda degil, ayn1 tiirtin farkli popiilasyonlarinda da habitat kosullarina bagli olarak
farklilik gosterebilmektedir [36]. Bu caligma, yukaridaki literatiir bulgulari ile uyumlu olup, yumurta
capindaki farkliliklarin biyolojik ve gevresel faktorlerin bir sonucu oldugunu dogrulamaktadir.

Yas gruplarina gore ortalama yumurta veriminin 5516+1235 (IV. yas grubu) ile 13219+£898
(VIIL. yas grubu) arasinda degistigi belirlenmistir. Yumurta verimi ile ilgili yapilan aragtirmalarda elde
edilen sonuglar Tablo 8’de verilmistir. Yumurta verimliligi tiirler arasinda degistigi gibi ayni tiir iginde
¢evre sartlarina, baligin uzunluguna, yasina, besin kalitesine ve miktarina bagl olarak degisim
gosterebilir.
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Tablo 8. Capoeta trutta ‘ya ait tireme biyolojisi ile ilgili parametreler (* ¢atal boy)

. Eseysel Ureme  Yumurta  Yumurta Kondisyon
Kaynak Esey GSI . - e
Olg. Boyu  Dénemi Cap1 Verimi Faktorii
[35] S Haz 1259-20935 1,37-1,68
O 0.92-4.37
) 20.23* . 1.12-1.36
[33] May-Ags 0.47-1.76  8365-35198
Q 0.67-9.75 19.93* 1.12-1.36
[38] S Haz-Tem 0.60-1.85 11995-44939
Q 0.82-10.27
3 1.22-1.38+
[5] May-Haz  0.37-1.04
Q 0.29-7.91 1.15-1.33+
3 0.76-5.53 19.90*
[4] May-Haz 0.42-1.69  6871-33252
Q 0.89-8.65 19.90*
[34] 4 0.39-1.32 1.16-1.51
May-Haz 0.60-1.06  2870-29930
A Q 0.42-2.61 1.05-1.41
[34] 4 0.60-2.38 1.08-1.45
Haz-Tem 0.73-1.02 5192-56000
B Q 0.66-2.85 1.16-1.38
[34] 3 057-4.07 § 1.18-1.51
Haz-Ags 0.60-1.95 3381-45125
C Q 0.91-7.95 1.17-1.52
4 0.52-2.69 19.35 0.82-1.09
[31] May-Tem  0.30-1.07 4679-11430
Q 0.85-4.18 20.77 0.87-1.16
) 0.35-4.55 20.74 0.91-1.09
[32] Haz-Tem 0.68-1.58  7123-19778
Q 0.82-4.72 21.55 0.92-1.14
Bu ) 0.25-7.68 21.27 0.89-1.15
Haz-Tem 0.77-1.91  5516-13219
calisma Q 0.64-8.84 21.22 0.87-1.13

A:Keban Baraj Golii; B:Karakaya Baraj Golii; C: Atatiirk Baraj Golii

5. Sonu¢ ve Oneriler

Bu ¢alisma sonucunda balik¢ilik yonetimi konusunda iki dnemli ¢ikti elde edilmistir. Bunlardan
birincisi C.trutta’nin iireme doneminin belirlenmesidir. Baraj goliinde avcilik ¢aligmalarinin iireme
donemi disindaki aylarda yapilmasi, haziran-temmuz aylarinda av yasak kontrollerinin siki ve diizenli
yapilmasi gerekmektedir.

Calismanin ikinci 6nemli ¢iktis1 C.trutta popiilasyonunun eseysel olgunluk boyunun belirlenmis
olmasidir. Eseysel olgunluk boyunun belirlenmesinin amaci baliklarin en az bir kere lireme sansinin
verilmesi, bir su kaynagindaki balik stoklarinin devamliligii saglayacaktir. iste bu sebeple
balik¢ilarm avladiklar1 baliklarin boy kontrollerinin diizenli ve siki yapilmasi gerekmektedir. Ureme
donemi, eseysel olgunluga ulasma boyu siirdiriilebilir balikgilik igin verilecek kararlari etkileyen
bilgilerdir.
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Abstract: The genus Chenopodium is distributed almost all over the world, including
Turkey. The species belonging to this genus are used in the traditional medicine of
different countries in the treatment of various diseases. Different species of the genus
Chenopodium show anticancer, antifungal, and antibacterial effects. There is a sig-
nificant gap in the literature regarding Chenopodium foliosum (C. foliosum). In this
study, the biological activities of the methanol extract of C. foliosum were investi-
gated. The anticancer activity was evaluated using the
3-(4,5-Dimethylthiazol-2-y1)-2,5-Diphenyltetrazolium Bromide (MTT) assay against
HCT116 and A549 cell lines. The antibacterial and antifungal activity were examined
using the minimum inhibitory concentration (MIC) assay. Methanol extract of C. fo-
liosum reduced cell viability of HCT116 and A549 cell lines to 73.4 + 3.3 % and 78.7
+ 2.3 % respectively. C. foliosum also decreased the viability of the Candida albicans
(C. albicans) to 91.2 %. Our research suggests that the methanol extract of C. folio-
sum slightly reduces the viability of HCT116 and A549 cell lines.

Keywords: Chenopodium foliosum; antibacterial; antifungal; anticancer

Chenopodium foliosum Metanol Ekstraktinin Biyolojik Aktivitelerinin

Arastirilmasi

Ozet: Chenopodium cinsi Tiirkiye dahil hemen hemen
diinyanm her yerinde yayilis gostermektedir. Bu cinse ait tiirler farkl iilkelerin ge-
leneksel tibbinda ¢esitli hastaliklarin tedavisinde kullanilmaktadir. Chenopodium
cinsinin farkli tiirleri antikanser, antifungal ve antibakteriyel etkiler gostermektedir.
Chenopodium foliosum (C. foliosum) ile ilgili literatiirde biiyliik bir bosluk bulun-
maktadir. Bu ¢aligmada C. folisoum bitkisinin metanol ekstraktinin biyolojik aktivi-
teleri arastirildi.  Antikanser aktivitesi, HCT116 ve AS549 hiicre hatlarinda
3-(4,5-Dimetiltiazol-2-il)-2,5-difeniltetrazolyum bromiir (MTT) analizi kullanilarak
degerlendirildi. Antibakteriyel ve antifungal aktivitesi minimum inhibisyon kon-
santrasyonu (MIK) tahlili ile incelenmistir. C. folisoum'un metanol ekstrakt,, HCT116
ve A549 hiicre hatlarmin hiicre canliligini sirasiyla %73.4 + 3.3 ve %78.7 + 2.3'e
diistirdtigii saptanmigtir. C. foliosum ayrica Candida albicans'm (C. albicans) hiicre
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canliligini %91,2'ye diigiirdiigii saptanmustir. Arastrmamiz C. folisoum metanol
ekstraktmm HCT116 ve A549 hiicre canliliini kontrole gére azaltigini géstermek-
tedir.

Anahtar Kelimeler: Chenopodium foliosum; antibakteriyel; antifungal; antikanser

1. Introduction

Cancer is one of the diseases that threatens life by invading and disrupting the surrounding tis-
sues, along with the irregular proliferation of abnormal cells [1]. Many advances have been made in
cancer treatment methods, but the incidence and mortality rates still remain very high [2]. Since most
cancer treatment methods are not selective, they cause many side effects. Most cancer patients, on the
other hand, turn to complementary medicine (herbs or herbal supplements) to alleviate the effects of
cancer treatment [3]. There have been reports of pro-apoptotic and anti-proliferative effects of phyto-
chemicals and antioxidants that are naturally found in plants. Half of the 200 chemical compounds that
have been licensed for use in cancer treatment come from natural sources [4].

One of the critical problems for human health is diseases caused by pathogenic microorganisms
[5]. In the treatment of pathogenic diseases, medicinal plants have been used by humans since ancient
times. Approximately 80% of people in developing countries use medicinal herbs to treat infectious
diseases [6]. It has been reported that the roots, stems, leaves, and seeds of various plants have antimi-
crobial and free radical scavenging abilities, making them useful as both antibiotics and antioxidants
[7-8]. A large number of species of bacteria and fungi are known to cause serious human diseases.
Escherichia coli (E. coli) causes harmful diseases in humans, such as endemic problems, intestinal
problems [9]. Pseudomonas aeruginosa (P. aeruginosa) causes nosocomial infections such as pneu-
monia [10], urinary tract infections (UTIs) [11], wounds [12], and bloodstream [13]. Staphylococcus
aureus (S. aureus) is one of the most common pathogens worldwide and known to cause a large num-
ber of diseases, including moderately severe skin infections, fatal pneumonia and sepsis [14-15]. In
recent years, Candida species (Candida albicans, Candida glabrata, Candida tropicalis, Candida
parapsilosis and Candida krusei) have been identified as causes of invasive infections and mortality
[16-17].

Traditional medicine has employed several Chenopodium species to treat a wide range of ill-
nesses. Biological activities of different Chenopodium species have been reported, including antipru-
ritic, antinociceptive, antimicrobial, anthelmintic, tumor-inducing, vermifuge, antiviral, hemagglutina-
tion", antifungal, immunomodulatory, cytogenetic, cytotoxic, hypotensive and spasmolytic activity
[18]. C. foliosum has been used in traditional medicine in various countries. It has been used in eye
infections and constipation complaints in Pakistan [19], as an immunostimulant and in cancer treat-
ments in Bulgaria [20], and against shortness of breath in Erzurum-Turkey [21].

For these reasons, it was aimed to investigate the anticancer, antibacterial and antifungal proper-
ties of the methanol extract of C. foliosum. MTT analysis was performed on A549 (human lung ade-
nocarcinoma cell line) and HCT116 (human colorectal carcinoma cell line) cell lines to determine the
anticancer activity. MIC analysis was performed on two gram-negative bacteria (E. coli and P. aeru-
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ginosa) and one gram-positive (S. aureus) bacterium to determine the antibacterial activity. Addition-
ally, MIC analysis was performed on the Candida albicans (C. albicans) and Candida glabrata (C.
glabrata) to determine the antifungal activity.

2. Material and Methods
2.1.Plant materials & preparation of extract

The plant has been systematically collected and described by Pelin Yilmaz SANCAR. Plant sam-
ples were collected during the fruiting period [C. foliosum (Moench) Aschers., B8-Elazig: Baskil,
Haroglu mountain, steppes, 1800-1900 m., 03.07.2022]. The leaves and fruit parts of the plant were
dried. The powdered plant materials were extracted with methanol for 72 hours and then evaporated in
a sterile cabinet. After that, a whatman filter paper was used to filter the plant extracts. The plant ex-
tract was dissolved with DMSO [22].

2.2. Anticancer activities

Two cancerous cell lines, A549 and HCT116, were used to determine anticancer properties. All
cells were allowed to grow in a DMEM medium supplemented with 10% fetal bovine serum, 1% pen-
icillin and streptomycin at 37°C in an atmosphere of 5% CO,. The cells were grown in a 96-well mi-
croplate at a density of 10* cells with a medium volume of 100 ul per well. After 24-hour incubation
the cells were washed with 1x PBS and treated with different concentrations of plant extract for 24
hours ranged from 800 pg/mL to 50 pug/mL. MTT (5 mg/mL) reagent was added to each well and in-
cubated for 4 hours. After incubation, DMSO was added to the wells and incubated for 15 minutes.
Then, the absorbance was measured using a microplate reader at a wavelength of 570 nm. ICs, was
calculated based on linear cell viability percentages. The following formula yields the percentage of
cell viability [23].

Cell viability (%) = 22ofsample alSTOMm \ 4 2.1)

OD of control at 570 nm

2.3. Antimicrobial activities

Two gram-negative bacterial species, E. coli, P. aeruginosa and one gram-positive S. aureus bac-
terial species were used for antibacterial tests. C. albicans and C. glabrata fungal species were used
for antifungal tests. The BMD (Broth Microdilution) test was utilized for determining the MIC in an-
tifungal [24] and antibacterial analyses [25]. Plant stock solution was diluted in serial dilutions with
YPD (Yeast Peptone Dextrose) medium (2% peptone, 2% glucose, 1% yeast extract) for yeasts, LB
(Luria-Bertani) broth medium (1% tryptone, 1% NaCl, 0.5% yeast extract) for bacteria and added to
96-well plates. Yeast (1-5x10° CFU/mL) and bacterial (1x10° CFU/mL) solutions (inoculums) were
prepared in sterile water and added in equal volumes to 96-well plates containing different concentra-
tions of plant extract. The plates were incubated at 37°C for 24 hours. Following incubation, the MIC
was determined spectrophotometrically at 540 nm for yeasts and analyzed by eye for bacteria. The
MIC value was measured as the lowest concentration of drugs that did not cause noticeable growth of
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bacteria and as the lowest concentration of drugs that caused at least a 50% or more decrease in
growth in yeasts compared to the control (non-drug) group.

2.4, Statistical analysis

A two-tailed student’s t-test was used to compare the effects of the applied concentrations with the
control group. It was assumed that the data showed a normal distribution and there was a homogeneity
of variance between the groups.

3. Results and Discussion

Medicinal plants have been used in traditional health systems since prehistoric times and remain a
significant source of health for a large part of the world's population [26]. It has been reported that
species belonging to the genus Chenopodium are used in traditional treatments and possess various
medicinal properties. These plants are employed in the treatment of various diseases, such as chest
complaints, coughs, abdominal pain, lung congestion, and nerve disorders [18]. Additionally, phar-
maceutical researchers have reported antibacterial, antifungal, and anticancer activities of these plants
[27-31]. Phytochemical analyses have been reported in the aerial parts of the C. foliosum and com-
pounds found in the methanol extract include carbohydrates, flavonoids, saponins, and alkaloids/amine
[32]. Secondary metabolites found in medicinal plants, including terpenoids, phenolic acids, lignans,
tannins, flavonoids, quinones, coumarins, and alkaloids, exhibit significant antioxidant activity and are
crucial in cancer treatment [33]. Numerous investigations have demonstrated the anti-inflammatory,
antitumor, antimutagenic, and anticarcinogenic properties of antioxidant substances [34]. Therefore,
medicinal plants play an essential role in combating cancer and addressing current and future health
needs. Thanks to the secondary metabolites of medicinal plants, it is possible to prevent diseases such
as cancer and treat them with fewer harmful side effects [35].

The anticancer activity of C. foliosum methanol extract was tested against two cancer cell lines
A549 and HCT116 with 5 increasing concentrations (50-800 pg/mL). Cells treated with the methanol
extract for 24 hours were evaluated for cytotoxicity using MTT analysis. It was revealed that C. folio-
sum methanol extract reduced cell viability of the HCT116 to 73.4 + 3.3 %, 75.6 £4.2 %, 81.1 £ 6.2 %,
88.8 + 7.3 %, and 88.7 = 9.6 % at 800 pug/mL, 400 pg/mL, 200 pg/mL, 100 pg/mL and 50 pg/mL
respectively (Figure 1). A similar trend was observed against A549, as cell viability was reduced to
78.7+2.3 %,79.8+4.15%,91.4+2.8%,96.2+1.5% and 98.4 + 5.5 % at 800 ug/mL, 400 pg/mL,
200 pg/mL, 100 pg/mL and 50 pg/mL respectively (Figure 1). In addition, ICsy values for HCT116
and A549 cell line were found to be 1.494 mg/mL and 1.678 mg/mL, respectively.
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Figure 1. Effect of C. foliosum methanol extract on the viability of HCT116 and A549 cell lines based on MTT
assay. The results represent mean + SD. The asterisk mark (*) indicates significant difference (p<0.05) when

analyzed using Student’s t-test.

Data on the cytotoxic and anticancer activities of Chenopodium species are limited. According to
the literature, methanol extract of C. bonus-henricus and some of its compounds have been reported to
show cytotoxic effects depending on concentration (IC50 doses ranging from 124.5 to 258 pg/mL) in
various cell lines (HL-60, SKW-3, Jurkat E6-1, BV-173 and K-562) [36]. A strong antitumor effect
and the potential to prevent cancer formation of C. ambrosioides L. have been reported [37-38]. Asca-
ridole, which has been detected in C. foliosum essential oil by GC-MS analysis [39], has been reported
to have a cytotoxic effect against various tumor cell lines (CCRF-CEM, HL 60, MDA-MB-231) [40].
It has been reported that 30-normedicagenic acid glycosides isolated from C. foliosum show signifi-
cant cytotoxic activity in BV-173, SKW-3 and HL-60 leukemic cell lines and exhibiting possible im-
munomodulatory properties by moderately increasing the production of interleukin-2 in
PHA/PMA-stimulated Jurkat E6.1 cells [41]. In this study, the cytotoxic effect of C. foliosum metha-
nol extract was evaluated in two cancerous cell lines. The current findings showed that C. foliosum
methanol extract has cytotoxic effects on both A549 and HCT116 cells at 800 and 400 pg/mL. How-
ever, its effect remained low compared with previous studies. This discrepancy may be caused by dif-
ferences between species and also among the same species grown in different areas, as their chemical
composition may vary.

Plant extracts have long been used traditionally to treat bacterial, fungal, viral, and other microbi-
ological illnesses [42]. The antimicrobial activities of C. foliosum methanol extract were determined
according to the BMD procedure. Testing of antibacterial activity was conducted with E. coli, P. ae-
ruginosa, S. aureus and antifungal activity was examined against C. glabrata and C. albicans with 5
different increasing concentrations (50-800 ug/mL). Effect of the C. foliosum on strains treated with
the methanol extract for 24 hours was determined by MIC values. Although it was observed that the
cell viability of C. albicans reduced to 91.2 = 0.18 %, 93.9 £ 0.21 %, 94.2 £ 0.20 %, 93.7 + 0.22 %,
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and 95.4 £ 0.18 % at 800 pg/mL, 400 pg/mL, 200 pg/mL, 100 pg/mL, and 50 pg/mL, respectively
(Figure 2), these decreases were not statistically significant (p > 0.05). However, there was no effect
on C. glabrata (Figure 2).
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Figure 2. Antifungal effect of C. foliosum methanol extract on C. albicans and C. glabrata. The results represent
mean + SD.

We have also evaluated antibacterial effect of C. foliosum methanol extract on S. aureus, E. Coli and P.
aeruginosa. Our result showed that there is no effect on tested bacteria (Table 1).

Table 1. The effect of C. foliosum methanol extract on S. aureus, E. coli and P. aeruginosa

Concentration MIC
(ng/mL) . - .
Gram positive Gram negative bacteria
bacteria
S. aureus E. coli P. aeruginosa
800 NA NA NA
400 NA NA NA
200 NA NA NA
100 NA NA NA
50 NA NA NA

(NA: Not active).
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According to the literature, aqueous and methanolic extracts of C. glacum have been reported as
strong antimicrobial agents [43]. Antibacterial properties have been reported in species such as C.
ambrosioides and C. album [44-45], and hexane extracts of C. ambrosiodes are reported to inhibit the
growth of filamentous fungi [46]. In our research, the antimicrobial activities of the methanol extract
were determined by broth microdilution procedure and tested at different concentrations. According to
the MIC results, the extract of C. foliosum reduced viability on C. albicans but did not show any effect
on the tested bacteria.

4. Conclusion

In contrast to previous research indicating that the genus Chenopodium exhibits strong antibacterial,
antifungal, and anticancer effects on various organisms and cell lines, our results showed that C. foli-
osum has a relatively reduced cytotoxic effect against A549 and HCT116 cell lines. These controver-
sial results may be caused by different species used in these experiments as they distributed almost all
over the world, including Turkey. This situation may lead different levels and amounts secondary me-
tabolites that show anti-cancer and anti-microbial effects. However, more research is required to de-
termine the precise function of it.
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Ozet: Bu calisma, Tiirkiye'nin Tunceli ilindeki at diskilarindan anaerobik gut fun-
guslarmi (AGF) izolasyonu, karakterizasyonu ve enzim Ozelliklerine odaklanmak-
tadir. At digkisindan Piromyces cinsine ait iki izolat MUBAM_F1 ve MUBAM_F2,
morfolojik ve molekiiler teknikler kullanilarak izole edilmis ve kismen
tanimlanmigtir. ITS bolgesinin Blast analizi, her iki izolatinda Piromyces cinsi icer-
isinde bir tiir oldugu dogrulamistir (sirasiyla %98.24 ve %98.87 benzerlik). Enzimatik
analizler, her iki izolat i¢in de 6nemli ksilanaz ve karboksimetil seliilaz aktivitesinin
oldugunu goéstermistir. MUBAM_F1, toplam 47.13+0.10 umol/dak/ml (spesifik ak-
tivite: 2153.93 pumol/dak/mg protein) ksilanaz aktivitesi gosterirken, toplam 35.56
pmol/dak/ml (spesifik aktivite: 1626.52 pmol/dak/mg protein) karboksimetil seliilaz
aktivitesi gostermisti. MUBAM_F2, 57.5340.08 pmol/dak/ml'de daha yiiksek top-
lam ksilanaz aktivitesi gdstermis (spesifik aktivite: 2630.11 pumol/dak/mg protein)
ancak 23.93+1.41 pmol/dak/ml'de daha diisik karboksimetil seliilaz aktivitesine
(spesifik aktivite: 1098.66 pmol/dak/mg protein) sahip oldugu belirlenmistir.
Calismada elde edilen veriler, Piromyces sp. MUBAM_F1 ve MUBAM_F2'nin ksi-
lanaz ve karboksimetil seliilaz enzimlerinin umut vadeden kaynaklari oldugunu
gostermektedir.

Anahtar Kelimeler: Anaerobik gut funguslar; piromyces sp.; at; ksilanaz ve kar-
boksimetil seliilaz

Fibrolytic Activity and Molecular Identification of Anaerobic Gut Fungi
(Piromyces spp.) in Pure Culture Samples, Isolated from Local Horse

Faeces of Tunceli

Abstract: This study focuses on the isolation, characterization, and enzyme proper-
ties of anaerobic gut fungi (AGF) isolated from horse feces in Tunceli province,
Turkiye. Two Piromyces strains, MUBAM_F1 and MUBAM_F2, isolated from horse
feces were identified using morphological and molecular techniques. Blast analysis of
the ITS region confirmed that both isolates are belong to the genus Piromyces
(98.24% and 98.87% similarity, respectively). Enzymatic analyses showed significant
xylanase and carboxymethyl cellulase activities for both isolates. MUBAM_F1
showed total xylanase activity of 47.1340.10 pmol/min/ml (specific activity: 2153.93
umol/min/mg protein) while total carboxymethyl cellulase activity of 35.56
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umol/min/ml (specific activity: 1626.52 pmol/min/mg protein). MUBAM F2 was
determined to have higher total xylanase activity at 57.5340.08 pmol/min/ml (specific
activity: 2630.11 pmol/min/mg protein) but lower carboxymethyl cellulase activity at
23.93+1.41 pmol/min/ml (specific activity: 1098.66 pmol/min/mg protein). The data
obtained in the study indicate that Piromyces sp. MUBAM_F1 and MUBAM_F2 are
promising sources of xylanase and carboxymethyl cellulase enzymes.

Keywords: Anaerobic gut fungi; piromyces sp.; horse, xylanase and carboxymethyl
cellulase

1. Giris

Herbivor canlilar arasinda ruminant ve ruminant olmayan bir¢ok hayvan bulunmaktadir. Bu her-
bivor canlilarin sindirim kanali da anatomik olarak farkliliklar gostermektedir. Ruminant hayvanlarin
mideleri dort boliimden olusmakta iken diger hayvanlarin mideleri tek bolmeden olusmaktadir [1].
Herbivorlar bitkisel besin tiiketimi agiz, safagus, mide, ince bagirsak ve kalin bagirsak seklinde bir
sindirim kanali yolu izlemekte ve agiz kismimin bitkisel {iriinlerin mekanik olarak ilk sindirim yeri
olduklar1 giiclii az1 disleri sayesinde sindirimin ilk basamagini gergeklestirmektedir [2]. Atlar,
mikrobiyal fermantasyon yoluyla bitki yapisal polisakkaritlerinden enerji ve besin elde etmelerini
saglayan genislemis arka bagirsak adaptasyonuyla, otlak ortamlarinda serbest dolasan otgullar olarak
evrimlesmistir. Arka bagirsak (hindgut); birlikte sindirim kanali hacminin iicte ikisini olusturan iki ana
fermentatif odadan, ¢cekum ve kolondan olusur. Arka bagirsagin toplam kapasitesi 200 L'nin
iizerindedir [3] ve diyet parcaciklarinin ortalama geg¢is siiresinin (23-48 saat) %75'ini olusturur [4].
Arka bagirsak bakterilere, anaerobik funguslara, metanojenik arkelere ve protozoalara ev sahipligi
yapar. Bunlardan anaerobik funguslar (Neocallimastigomycetes), eksiksiz ve ¢ok etkili bitki hiicre
duvar1 bozunma enzim setleri sayesinde bitki liflerini par¢alama agisindan en giiglii olanlardir [5-7].
Atin arka bagirsaginda dogumdan [8] sonraki birka¢ hafta i¢cinde bulunmalarina ragmen, anaerobik
funguslara iliskin mevcut bilgilerin neredeyse tamami ruminant hayvanlara dayal ¢alismalardan elde
edilmektedir.

Anaerobik funguslarin 20 cinsi, filamentli monosentrik (Neocallimastix, Piromyces, Oontomyces,
Buwchfawromyces, Ghazallomyces, Aklioshbomyces, Agriosmyces, Capellomyces, Joblinomyces,
Khoyollomyces, Tahromyces, Aestipascumyces, Paucimyces), filamentli polisentrik (Orpinomyces,
Anaeromyces ve Pecoramyces) ve soganli (Caecomyces ve Cyllamyces) miselyum igerenler de dahil
olmak tizere, yetistirilen temsilcilere dayanarak gegerli bir sekilde tanimlanmustir [5,9], yakin zamanda
yeni monosentrik cins Feramyces [10] ve Liebetanzomyces [11] ile genisletilmistir. Bununla birlikte,
bu cinsler, Neocallimastigomycetes i¢indeki potansiyel olarak yeni, heniiz kiiltiirlenmemis kusaklara
ait olan veri tabanlarindaki ¢ok sayida ve giderek artan sayida kopyalanmis Internal Transcribed
Spacer (ITS1) bolge 1 dizilerinin gosterdigi gibi anaerobik fungus ¢esitliliginin yalnizca bir kismini
temsil etmektedir. Anaerobik Gut Fungus (AGF)’larin filogenetik analizi yapilirken en fazla kullanilan
dizilim metodudur. ITS bolgesi korunakli olmakla beraber AGF’lar arasindaki farkliliklar1 bu bolge
iizerindeki ¢aligmalarin dnemini artirmistir. ITS bolgesi icin her canliya ait 6zel primer tasarlanmaya
gerek olmamasi ve kromozomal kiitiiphaneye gerek duyulmamasi da bu bdlgenin tercih edilmesinde
onemli bir etkendir. Yetistirilen anaerobik fungus cinsleri, at 6rneklerinde smirli olarak bulunmustur
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(Caecomyces'in %4-12'si, Neocallimastix'in %2'si, Piromyces'in %0.3"i, Anaeromyces'in %0.1-0.3"%).
Bu sonuglar, atlarin sindirim sisteminin biiylik 6l¢iide yeni, heniiz kiiltiire edilmemis anaerobik fun-
guslar tarafindan isgal edildigini ve bunlarin daha 6nce 6n bagirsak otcullarindan tanimlananlardan
farkli oldugunu gostermektedir. Piromyces, otgullarin sindirim kanallarinda bulunan anaerobik gut
funguslarin bir cinsidir. AGF’lar, ruminant hayvanlarin bitki materyallerinin sindirmesinde katkida
bulunurlar [12]. Simdiye kadar Piromyces iizerine yapilan aragtirmalarin birgogu tiir tanimlama,
metabolik yollar1 ve enzim aktivitelerini kapsamaktadir. Piromyces mae ve Piromyces dumbonica,
strasiyla sporangium tizerindeki papilla benzeri yapilar ve C seklinde uzun bir sirkumflagellar halka
gibi benzersiz morfolojik &zelliklerle ayirt edilen ilk tanimlanan tiirler olarak ortaya ¢ikmaktadir [13].
Sahra esseklerinin kurtulmus diskisindan izole edilen bagka bir tiir olan Piromyces rhizinflata, morfol-
ojik ve ultra yapisal 6zellikleri bakimindan farklilik gdsteren bir tiirdiir [14]. Atlarin kdr bagirsagindan
izole edilen ve digerlerinden belirgin morfolojik ve metabolik 6zelliklere sahip yeni bir anaerobik
mantar olan Piromyces citronii’dir [15]. Piromyces polycephalus, ayirt edici kiiresel ila oval bazal
gdvdesi ve ¢cok sporangiatli sporangiyumlariyla karakterize edilen bir diger yeni tiirdiir [16,17]. Atlarin
anaerobik gut fungus ¢esitliliginin molekiiler bazh analizi (ITS1 bazli klon kiitliphaneleri) digki nu-
muneleri lizerinde gerceklestirilmistir [18]. Ancak hala, at gibi tek toynakli otoburlarda tanimlanmasi
gereken birgok AGF bulunmaktadir. Ayrica Piromyces tiirlerinin metabolik ve enzimatik yetenekleri,
konakgilarinin sindirim siireglerindeki 6nemlerini ve biyoteknolojideki potansiyelleri hakkinda eksik
bilgiler bulunmaktadir. Yukarida belirtilen durumlar gz 6niine alindiginda at gibi tek toynakli (Pe-
rissodactyla) otoburlardan izole edilen AGF’lar hakkindaki bilgiler ¢ok azdir. Bu agidan bu ¢aligmada
Tunceli bolgesindeki ¢iftliklerde bulunan at diski 6rneklerinden AGF izolasyonu yapilarak morfolojik,

molekiiler tanimlanmasi ve fibrolitik 6zelliklerinin arastirilmasi amaglanmaistir.

2. Materyal ve Metod
2.1. Diski 6rneklerinin toplanmasi

Diski 6rnekleri, Tunceli bolgesinde bulunan halk elinde yiik hayvani olarak kullanilan atlardan
(10 farkli 6rnek) alinmistir. Yaklasik 20 gram taze diski ornekleri toplanmistir. Numuneler etiketli
plastik kaplara yerlestirilerek laboratuvara nakledilmis ve izolasyona tabi tutulmustur. Kullanilmayan

ornekler tekrar kullanilmak tizere -20 °C’de muhafaza edilmistir.

2.2. Anaerobik besi ortaminin hazirlanmasi

Anaerobik fungus ortami daha 6nceden tarif edildigi gibi (150 ml/L rumen sivisi, 6 g/L NaHCOs,
2,5 g/L yeast extract, 10 g/L pepton, 1 g/L L-sistein hidrokloriir ve 1 mg/L resazurin, 150 ml/L) min-
eral ¢ozeltisi I. %0,3 K,HPO,, 150 ml/L mineral ¢6zeltisi 1I: %0,3 KH,PO,, %0,6 NaCl, %0,6
(NH,).SO4, %0,06 CaCl, ve %0,06 MgSQO,4) tamamen oksijensiz formda hazirlanmigtir [52] . Anaero-
bik besi yeri Hungate tiipleri (16 x 125 mm, Bellco Glass Inc., Vineland, NJ. U.S.A.) igerisine son
konsantrasyon 5 mg/ml olacak sekilde enerji kaynagi (glikoz, seliiloz, ksilan ve bugday samani) ko-
yulmast ile elde edilmistir. Samanli besi ortami 121 °C’de 15 dk, glikozlu besi ortami ise 110 °C’de 10
dk otoklav edilmistir [19].
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2.3. Anaerobik fungus izolasyonu, saflastirmasi, alt kiiltiire almasi ve morfolojik tanimlanmasi

Toplanan digki 6rneklerinden AGF izolasyonu igin anaerobik teknikler kullanilarak 39°C'lik
inkiibasyon sicakligi saglanmistir. Besi ortamlarinda bakteriyel kontaminasyonun oniine gegmek
amaciyla antibiyotik karisimi (kloramfenikol: 100 pg/ml, ampisilin: 100 pg/ml, streptomisin: 140
pg/ml, eritromisin: 200 pg/ml) kullamlmstir. izolasyon Theodorou ve ark.'min [20] seyreltme ydnt-
emine gore yapilmistir. Bu yonteme gore 10 g digki 6rnegi anaerobik ortamda 100 ml bazal sivi be-
siyerinde eritilerek 107,102, 103, 10, 10°, 10° da seyreltmeler yapilmis ve i¢lerinde bugday bulunan
Hungate tiiplerine aktarilmistir ve inkiibatérde 39°C'de 3—20 giin inkubasyona birakilmistir. Ureme
goriilen kiiltiirler, Hungate yontemi esas alinarak Joblin'in "Roll Tube" yontemi kullanilarak
saflagtirilmigtir. Bu saflastirma iglemi her numune i¢in t¢ kez tekrarlanmistir. Cins diizeyinde
saflastirmasi tamamlanan AGF'nin tanimlanmasi i¢in 6rneklerin koloni morfolojileri ile siv1 ve kat1
ortamdaki farkliliklari morfolojik olarak incelenmistir. Saflagtirilmis olan anaerobik funguslarin cins
diizeyinde tanimlanmas1 Leica 151k mikroskobu altinda yapilmistir.  Anaerobik funguslarin morfolo-
jik tamimlanmasi Comlekgioglu ve ark., [21] ve Bhagat ve ark., [22] gore yapilmistir. Tanimlanan
ornekler gerek ilerdeki ¢aligmalar gerekse c¢alismada kullanilmak iizere uzun siireli stoklama igin,
saflagtinlan kiiltiirler, enerji kaynagi olarak bugday samani i¢eren Hungate tiiplerine aktarilmistir.
Yeterli miktarda iireme gdsteren kiiltiirlerden samanda ¢imlenen anaerobik funguslar pipetle birlikte
alinarak anaerobik kosullar altinda steril cryovial tliplere aktarilmistir. Bu tiiplere 1 ml %15 (h/h) glis-
erol eklenmistir. Karyoviyallerin kapaklar1 kapatildiktan sonra énce -20°C'de dondurulmus sonrasinda
ise s1v1 nitrojen igerisine konularak uzun siireli stoklar olusturulmustur.

2.4. DNA Ekstraksiyonu

DNA, iireticinin talimatlarina gore QIAamp DNA Tabure Mini Kiti (Qiagen, Hilden, Almanya)
kullanilarak saf AGF kiiltiirlerindeki hiicre kisimlarindan ¢ikarildi. Ekstraksiyondan once, her nu-
munenin 200 mg" lizis tamponunda homojenize edildi ve 6zellikle mantar hiicre duvarlar i¢in tam
hiicre lizisi saglamak amaciyla boncuk dévme teknigi kullanilarak mekanik par¢alanmaya tabi tutuldu
[23]. Ekstrakte edilen DNA'nin varligr ve konsantrasyonu agar jel elektroforezi ve bir NanoDrop
spektrofotometresi (Thermo Scientific, Wilmington, ABD) ile dogrulanmustir.

2.5. AGF ITS bolgesi Amplifikasyonu ve Molekiiler tanimlamasi

AGF ITS bolgesi, fungus oOrneklerinin molekiiler olarak belirlemek igin polimeraz zincir
reaksiyonu (PZR) amplifikasyonu kullanilmigtir. Amplifikasyon i¢in kullanilan primerler, anaerobik
mantarlarin ribozomal DNA'sin1 hedeflemek iizere 6zel olarak tasarlanmis olan daha onceki ¢alisma
[24] baz alinarak kullanilmistir (Tablo 1). Bu primerler, 6zgiilliikleri nedeniyle mantar ITS bdlgesi
amplifikasyonu i¢in kullanigh primerlerdir. PZR reaksiyonlari, 20 pL. PZR Master Mix (Thermo Sci-
entific), her primerden 1 pL (10 uM), 1 puL sablon DNA ve 18 pL niikleaz igermeyen su igeren 40 pL
reaksiyon karisiminda gergeklestirilmigtir. PZR dongii kosullari: 94°C'de 5 dakika boyunca ilk dena-
tiirasyon adimi, ardindan 94°C'de 30 saniye boyunca 35 denatiirasyon dongiisii, 58°C'de 30 saniye
boyunca yapisma ve 72°C'de 1 dakika uzatma, son olarak 72°C'de 10 dakika uzatma adimi. Tiim PZR
reaksiyonlar1 bir Bio-Rad termal dongii cihazi (Bio-Rad, Hercules, ABD) kullanilarak
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gerceklestirilmistir. Her PZR numune 6rnegi iki kez tekrarlandi ve daha sonra amplifikasyon 6rnekleri
agaroz jel elektroforezi ile dogrulandi.

Tablo 1. Anaerobik gut funguslardaki ITS bélgesinin PZR amplifikasyonunda kullanilmis olan pri-

merler
Primer adi Primer dizisi (5°...3’) Tm (°C) Uzunluk Kaynak
ITS F 5-CTA CCG ATT GAA TGG CTT AGT G-3 58 ~830 bp [24]
ITS R 5-AGT TCA GCG GGT ACT CTT ATC TG-3 58

2.6. AGF ITS bdélgelerinin Dizilenmesi ve Filogenetik Analizi

Izole edilen ve morfolojik tanimlamalari gergeklestirilen AGF drneklerinin PCR amplifikasyon-
lar, ileri ve geri primerleri (Tablo 1) kullamlarak her iki yonde dizilendi. Dizileme reaksiyonlar
BigDye® Terminator v3.1 Dongii Dizileme Kiti (Applied Biosystems, Foster City, ABD) kullanilarak
gerceklestirildi ve bir ABI PRISM 3130 Genetik Analiz Cihazi (Applied Biosystems) iizerinde analiz
edilmistir. Elde edilen diziler, Clone Manager 10 ve Chromas yazilimi kullanilarak elle diizenlendi ve
birlestirildi. Taksonomik tanimlama igin, ITS dizileri Basic Local Alignment Search Tool (BLAST)
kullanilarak GenBank veritabaniyla karsilastirllmistir. %97'den fazla benzerlige sahip diziler bilinen

tiirler olarak kabul edilmistir.

2.7. Filogenetik analizler

Anaerobik gut funguslar arasindaki evrimsel iligkileri aragtirmak i¢in, ITS dizileri kullanilarak
bir filogenetik aga¢ olusturulmustur. Coklu dizi hizalamas1t MUSCLE algoritmasi kullanilarak olustu-
rulmus ve filogenetik analiz, MEGA'da (siiriim 6.0) uygulanan maksimum olasilik yontemi
kullanilarak gergeklestirilmigtir [25, 26]. Dallar i¢in istatistiksel destegi degerlendirmek amaciyla 1000
tekrarla 6nyiikleme analizi gergeklestirilmistir.

2.8. Attan izole Edilen AGF’larin Enzim Aktiviteleri

Izole edilen, tiim Piromyces spp. samanli, seliiloz ve ksilan iizerinde yetistirildikten sonar Ksi-
lanaz ve seliilaz aktiviteleri belirlendi. Daha 6nceki galismalarda [27,28] belirtildigi gibi, DNS yont-
emi [29] kullanilarak hiicre 6rneklerinin, ksilanaz ve seliilaz aktivitelerinin optimum pH ve sicaklik
degerleri hesaplanmistir. Tiim enzim analizleri iki tekrar ve {i¢ paralel ile gerceklestirilmistir. Enzim

aktivitesi birimi 1 dakikada elde edilen 1 umol indirgenmis seker olarak kabul edilmistir.

2.9. Protein Tahmin Yontemi

Enzim preparatlarinin protein konsantrasyonlari, sigir serum albiimini (10, 25, 50, 75, 100, 250,
500, 750 ve 1000 mg/ml) igeren ticari bir protein analiz kiti (Favorgen Biotech. Corp.) kullanilarak
belirlenmis ve 595 nm'de spektrofotometrik olarak okunmustur.

2.10. istatistiksel Analiz
Deneyde kullanilan tiim islemler {i¢ tekrarli olarak yapilmis olup, sonuglar ortalamatstandart

sapma olarak verilmistir.
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3. Bulgular ve Tartisma

3.1. Anaerobik gut funguslarin izolasyonu, Morfolojik ve Filogenik dzellikleri

Tunceli ilindeki ciftcilerdeki yiik hayvani olarak kullanilan 10 farkl at digkisi 6rneginden sadece
2 adet AGF izolasyonu yapilmigtir, MUBAM_F1 ve MUBAM F2 seklinde adlandirilan AGF 6rnekle-
ri stoklanmig ve saflastirma islemi gerceklestirilmistir. Anaerobik mantarlar (Neocallimastigomycota)
atlarin arka bagirsaginda yaygin olarak bulunsa da [30], diskilarindan izolasyon sinirli sayida olmustur
[31,32]. Morfolojik tanimlama, anaerobik gut funguslarimin cins diizeyinde belirlenmesinde kullanila-
bilecek bir yontemdir. At midesinden izole edilen AGF'nin morfolojik tanimlamasi cins diizeyinde
tanimlama anahtarlar1 kullanilarak yapilmistir [21,22]. Atlarin diski 6rneklerinden izole edilen her bir
fungusun farkli caplarda oldugu ve ¢ok hizli cogaldig1 belirlenmistir. Onceki ¢alismalar atlardan izole
edilen Piromyces spp. drneklerinin 15 giinden daha kisa, ¢ok daha hizli bir biiyiime oranina sahip ol-
dugunu da gdstermistir [33]. AGF izolatlarinin (Munzur Universitesi Biyoteknoloji Arastirma Merkezi
Funguslari: MUBAM_F1 ve MUBAM F2) 39°C'de anaerobik sivi besiyerinde bir ay ekimden sonraki
mikroskobik morfolojileri Sekil 1'de gosterilmektedir. Sonuglar, izole edilen iki farkli AGF'nin benzer
morfolojilere de sahip oldugu goriilmistiir (Sekil 1). Saflastirilmis koloni 6rneklerini daha ayrmntili
olarak tanimlamak i¢in floresans mikroskop (Leica floresans mikroskobu) kullanilmistir. Zoosprolari-
nin tek kameili, vejetatif formlarinin filamentli rizomiselyumlar1 oldugu goriilmiistiir (Sekil 1A-B).
Piromyces, monoflagelle zoosporlara ve filamentli rizoit sistemine sahip monosentrik bir mantardir
[34]. Bu morfolojik 6zellikler, 1990'larda ITS1 dizi verilerinin filogenetik analizine dayanarak cinsin
polifiletik oldugu bildirilmesine ragmen, cinsin tanimlayici bir 6zelligi olarak kabul edilir. Benzer
ozelliklere sahip 2015’ten beri yeni fungus cinsleri olan Buwchfawromyces, Oontomyces, Pecoramy-
ces, Liebetanzomyces, Agriosomyces, Aklioshbomyces, Capellomyces, Joblinomyces, Khoyollomyces
ve Tahromyces [35,36] tanimlanmis olmasi morfolojik Ozellikleri iizerinden tanimlama yapilirken
dikkatli olunmasini gerektirmektedir. Mikroskobik olarak, Piromyces cinsindeki tiirler cogunlukla tek
kamgili zoosporlar iiretir (Sekill A), ancak ara sira iki kamgili zoosporlar da iiretebilirler. Piromy-
ces, hem endojen hem de ekzojen (Sekil 1 B) sporangiyumlara sahip monosentrik bir tallusa sahiptir
[34]. Bahsi gecen morfolojik 6zellikler MUBAM_F1 ve MUBAM_F2 6rneklerinde de goriillmiistiir.
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Sekil 1. Bugday samani iizerinde kiiltiire edilmis filamentli bir rizomiselyuma sahip monosentrik  anaerobik

bir mantarin 151k mikroskobu goriintiisii (A: Zoospor, B: Gelismekte olan AGF).
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Calisma sonunda izole edilen ve morfolojik olarak tanimlanmasi yapilan AGF 6reklerinin DNA
izolasyonu basart ile yapilmig ve ITS bdlgesine ait primerler kullanilarak yaklasik 830 b¢ uzunlugunda
bir bolge elde edilerek DNA dizileme iglemi yapilmistir. Molekiiler tanimlama ve filogenetik analizler
icin ham veriler diizelenmis ve NCBI-BLAST analizi yapilmigtir. MUBAM F1 ve MUBAM _F2 sus-
larinin ITS bolgelerine ait BLAST analiz sonuglari siraliyla, 9%98.24 (Ac. No. MT085685.1)
ve %98.87 (Ac. No. MT085679.1) oraninda Piromyces sp. oldugu belirlenmistir. NCBI veri banka-
sindaki daha onceki ITS boélgeleri kullanilarak elde edilen filogenetik agacta calismada izole edilen
AGF’larin Piromyces cinsi i¢erisinde oldugunu agikca gostermektedir (Sekil 2). Bagka bir ifadeyle her
iki izolatta yiiksek destek degerleri gostererek, monofiletik gruplardan olusan en azindan cins diize-
yinde daha once tanimlanmis AGF cinsleri icerisinde kendilerine yer bulmuslardir (Sekil 2). At’lar
tizerine yapilan daha onceki ¢aligmalarda bu ¢alismay1 dolayisiyla at diskisindan Piromyces sp. ornek-
lerinin izole edilmesini destekler niteliktedir. Bugiine kadar at bagirsagindan en az alt1 cins izole edil-
mis ve tanimlanmistir.
ces , Orpinomyces , Neocallimastix , Anaeromyces , Caecomyces ve Khoyollomyces) [15,37]. Ayrica
yeni nesil dizileme teknolojilerinin gelistirilmesiyle birlikte, yeni birkag tiirlin varlig1 ortaya ¢ikar-
tilmis ancak tanimlanmasi yapilmamistir [38]. Hess ve ark. [39] tarafindan simdiye kadar belirlenen
AGF genom verileri degerlendirilerek yapilan bir ¢aligmada, atlarda yaygin olarak Piromyces fin-
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Aestipascuomyces
| H Joblinomyces
‘ Neocallimastix
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Sekil 2. Filogenetik agac dizileri

Onceki calismalarda belirlenen AGF cinslerindeki tiirlerin ITS bolgelerinin DNA dizileri, bu ¢a-
lismada tanimlanan AGF suslart MUBAM F1 ve MUBAM_F2'nin ITS dizileriyle birlikte analiz edil-
di. Jukes-Cantor modeli ve maksimum olabilirlik yontemi kullanilarak 1000 6nyiikleme tekrari ile bir
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filogenetik agac¢ olusturuldu. Bu ¢alismadan elde edilen ITS dizileri agacta sar1 renkle vurgulanmistir
ve daha dnce tanmimlanan AGF ITS bolgeleriyle benzerlikleri gdsterilmistir.

3.2. Tammmlanan Anaerobik gut funguslarin enzimatik potansiyeli

At diskisindan izole edilen Piromyces sp. MUBAM_F1 ve MUBAM_F2, bitki hiicre duvari po-
lisakkaritlerinin par¢alanmasi i¢in 6nemli enzimlerden olan ksilanaz ve karboksimetil seliilaz aktivite-
leri gostermektedir. Tablo 2’de 6zetlendigi gibi, ¢alismada elde edilen anaerobik gut fungus izolatlar1-
nin 6nemli ksilanaz ve karboksimetil seliilaz aktiviteleri sergiledigi gortilmiistiir. Ancak, MUBAM_F1
her iki enzim agisindan daha yiiksek spesifik aktivite sahip oldugu, bunun sonucunda MUBAM F2'ye
kiyasla birim protein basina daha fazla aktif enzim iirettigini gostermektedir. Bunun sebebi, Piromyces
sp. MUBAM_F1’i tarafindan iretilen enzimlerin yapisindaki farkliliklar, ifade seviyeleri veya trans-
lasyon sonras1 modifikasyonlar gibi faktorlerden olabilir [41]. Piromyces gibi anaerobik gut mantarlar,
karmagik enzim sistemleri nedeniyle lignoseliilozik biyokiitleyi par¢alama konusundaki olaganiistii
yetenekleriyle bilinirler [42,43]. Otcullarin sindirim kanallarindan izole edilen Piromyces tiirleri tize-
rine yapilan ¢aligsmalarin birgogunda bakteri veya diger fungus tiirleriyle ko-kiiltiir yapilarak elde edi-
len enzim kapasitesini [44], bu c¢alismadaki izolatlar tek baslarma gostermisti. MUBAM F1 ve
MUBAM_F2 sirasiyla 47,13 umol/dak/ml ve 57,53 pumol/dak/ml toplam ksilanaz aktiviteleri goster-
mektedir (Tablo 2). Bu degerler benzer mantar suslari i¢in daha 6nce bildirilen araliklardan énemli
Olciide daha yiiksektir. Bu, izolatlarin at sindirim sistemindeki spesifik adaptasyonlari, susa 6zgii gen
diizenlemesindeki farkliliklari, enzim performansini artiran translasyon sonrast modifikasyonlar nede-
niyle iistiin ksilanaz tiretimi sergiledigi soylenebilir [45]. Yine diger AGF ile yapilan ¢alismalar ince-
lendiginde, koyun rumeninden izole edilen Neocallimastix frontalis'in iki susunda seliilaz {iretiminden
ve s1g1ir rumeninden izole edilen Caecocmyces cinsininde karboksimetil seliillaz (CMCase) ve ksilanaz

aktivitelerinden fazla oldugu goriilmistiir [46,47].

Tablo 2. At diskilarindan izole edilen  Piromyces sp. MUBAM_F1 ve MUBAM F2 ’nin hiicresel
toplam (umol/dak/ml) ve spesifik (umol/dak/mg protein) ksilanaz ve karboksimetil seliilaz aktiviteleri

Ksilanaz Karboksimetil seliilaz
izolasyonlar  Toplam Aktivite Spesifik Aktivite Toplam Aktivite Spesifik Aktivite
2153.93+101. 1626.52+93.1
MUBAM_F1 47.13£0.10 35.56+0.27
- 97 0
2630.11+134. 1098.66+118.
MUBAM_F2 57.53+0.08 T 23.93+1.41 @

Piromyces MUBAM_F1 ve MUBAM F2 orneklerinin ksilanaz ve karboksimetil seliilaz
enzimler icin sicaklik ve pH optimum degerleri incelendiginde, her iki izolat da 50°C'de optimum
karboksimetil seliilaz aktivitesi gosterirken, ksilanaz yoniinden MUBAM_F1 50 °C'de, MUBAM_F2
ise 40 °C'de optimum aktivite gostermektedir (Sekil 3A ve 3B). Ksilanaz aktivitesi i¢in optimum pH,
MUBAM F1 igin yaklasik 6.0 ve MUBAM_F2’de yaklagik 6.5 olarak belirlenmistir. Karboksimetil
selillaz aktivitesi i¢in optimum pH her iki sus i¢in de yaklasik 6.0'dir. Ksilanaz ve karboksimetil

seliilaz i¢in pH optimumlar izolatlar arasinda bariz bir farklilik goriilmemistir. Bu enzimler i¢in pH
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optimumu 5,5 ile 7,0 arasindadir ve bagirsak ortaminin hafif asidik ila nétr kosullarin1 yansitmaktadir
[48]. Izolatlarimizin enzim aktivite profilleri atlardaki sindirim sisteminin fizyolojik kosullarina iyi
adapte olduklarin1 dogrular [49]. Ayrica her iki susun pH aktivite profilleri (Sekil 3C ve 3D)
incelendiginde, her iki enzim igin de belirgin optimum pH araliklar ile karakteristik ¢an egrileri
gosterdigi goriiliir. Bu bulgular, her izolatin enziminin belirli bagirsak kosullar1 altinda optimum
sekilde islev gorecek sekilde evrimlestigini gostermektedir (49). Piromyces rhizinflata ile yapilan bir
calismada [50] iki farkli seliilaz gen bolgesinin (Cel5B ve Cel6A), optimum aktivite kosullari, Cel5B’
icin pH 6,0 ve 50 °C ve Cel6A’ i¢in pH 6,0 ve 37-45 °C olarak belirlemislerdir. Yine baska bir
calismada Piromyces rhizinflata ait [51] gen bolgesi CelcdN'C’ igin optimum aktivite kosullart pH 5,5
ve 50°C olarak bulunmustur. Calismada elde edilen veriler, Piromyces spp. MUBAM F1 ve
MUBAM_F2'nin ksilanaz ve karboksimetil seliilaz enzimlerinin umut vadeden kaynaklar1 oldugunu
gostermektedir. Ayrica aktiviteleri ve degisen kosullara uyum saglayabilmeleri g6z 6niine alindiginda,
biyokiitle bozunumu, biyoyakit iiretimi ve gida isleme gibi endiistriyel uygulamalar i¢in potansiyel
adaylar haline getirmektedir. Gelecekteki c¢alismalarda, bu enzimlerin kinetik o&zellikleri ve
kararliliklar1 da dahil olmak {izere daha fazla karakterizasyonu, belirli uygulamalarda kullanimlarini

optimize etmek i¢in 6nemli olacaktir.

Ksilanaz ——MUNBAM_F1 Karboksimetil Seliilaz ——MUNBAM_F1

—m—MUNBAM_F2 100 —B—MUNBAM_F2
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Sekil 3. Piromyces sp. MUBAM_F1 ve MUBAM_F2’ye ait ksilanaz (A) ve karboksimetil seliilaz (B) enzimleri-
nin farkli inkiibasyon sicakliklarinda gosterdigi aktiviteler. Yine ayni funguslara ait ksilanaz (C) ve

karboksimetil seliilaz (D) enzimlerinin farkli pH araliklarindaki aktiviteleri

4. Sonuc ve Tartisma

Sonug olarak, bu calisma, atlardaki anaerobik gut mantar topluluklar1 hakkindaki bilgimize
onemli bir katkida bulunmaktadir. Bulgular, kiiltiirlenmemis AGF tiirlerinin rolleri ve sindirim siire-
cindeki etkileri konusunda daha fazla arastirma yapilmasi gerektigini ortaya koymustur. Piromyces
sp. MUBAM_F1 ve MUBAM_F2'den elde edilen veriler, bilimsel literatiirde bildirilen diger izolatlar-
la karsilastirildiginda daha yiiksek enzimatik 6zellikler sergilemektedir. Calismada atlardan izole edi-
len bu AGF’larin ksilanaz ve seliilaz aktiviteleri daha 6nce tanimlanan Piromyces sp. suslarindan daha
yiiksek aktiviteye sahip olmasi, biyoteknolojik uygulamalar i¢in potansiyelini vurgulamaktadir. Gele-
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cekteki genomik ve proteomik analizler, bu yliksek enzimatik aktivitenin altinda yatan mekanizmalari

ortaya ¢ikarabilir ve bunun bir sonucu olarak endiistriyel kullanilmalarinin 6niinii acabilir.
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Abstract: In this study, an AI/PTCDI-C8/p-Si organic-inorganic (Ol) heterojunction
diode (C1) was fabricated by depositing a PTCDI-C8 thin film onto p-Si using the
spin coating method. Likewise, a conventional Al/p-Si metal-semiconductor (MS)
diode (C0) was fabricated without the use of an interlayer. 1-V and C-V measurements
of the CO and C1 diodes were taken in the dark and at room temperature. The recti-
fying properties of both diodes were good. From the 1-V characteristics, the ideality
factor, barrier height, and series resistance of the C1 diode were determined to be 2.1,
0.74 eV, and 248 kQ, respectively. The BH value obtained for the C1 heterojunction
is higher than the value obtained for the conventional CO diode. The electrical pa-
rameters of both the C1 and CO diodes, particularly the series resistance, were re-
calculated using Cheungs and Norde methods. At room temperature, the C-V meas-
urements of the diodes were carried out at various frequencies. From the evaluation of
the C-V characteristics, the diffusion potential (Vg), barrier height (®nc-v)), and free
carrier density (Na) of both diodes were calculated. Additionally, the device's pho-
tovoltaic parameters were measured under illumination conditions. The C1 hetero-
junction shows a photodiode behavior with the obtained photovoltaic parameters Voc
and Isc.

Keywords: Heterojunction diode; PTCDI-C8; thin films; electrical characterization

Ptcdi-C8/P-Si Heterojunction Diyot: Yapisi ve Elektriksel Karakterizasyonu

Ozet: Bu galismada, p-Si iizerine spin kaplama yontemi kullanilarak PTCDI-C8 ince
filmi buyuttlerek Al/PTCDI-C8/p-Si organik-inorganik (OI) heteroeklem diyotu (C1)
tiretildi. Benzer sekilde, geleneksel Al/p-Si metal-yar1 iletken (MS) diyotu (CO0) ara
katman kullanilmadan {iretildi. CO ve C1 diyotlarin I-V ve C-V &lglimleri karanlikta
ve oda sicakliginda alindi. Her iki diyot da iyi dogrultucu ozellikler gosterdi. I-V
karakteristiklerinden, C1 diyotunun idealite faktorii, bariyer yiliksekligi ve seri direnci
strastyla 2,1, 0,74 eV ve 248 kQ olarak belirlendi. C1 heterojunsiyonu i¢in elde edilen
BH degerinin, geleneksel CO diyot igin elde edilen degerden daha yiiksek oldugu
gozlendi. Hem C1 hem de CO diyotlarin elektriksel parametreleri, o6zellikle seri
direng, Cheungs ve Norde yontemleri kullanilarak yeniden hesaplandi. Oda
sicakliginda, diyotlarin C-V olglimleri farkli frekanslarda gerceklestirildi. C-V
karakteristiklerinden, her iki diyotun difiizyon potansiyeli (Va), bariyer yiiksekligi
(®b(C-V)) ve serbest tasiyict yogunlugu (Na) hesaplandi. Ayrica, C1’in fotovoltaik
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parametreleri aydinlatma kosullart altinda 6lgiildii. C1 heteroeklemi, elde edilen
fotovoltaik parametreler Voc ve Isc ile bir fotodiyot davranisi gostermektedir.

Anahtar Kelimeler: Heteroeklem diyot; PTCDI-C8; ince film; elektriksel karak-
terizasyon

1. Introduction

Organic molecules are of great interest due to their unique optical and structural properties and are
widely utilized in various fields [1]. Organic semiconductor compounds are widely used in many op-
toelectronic devices and applications such as solar cells [2-4], transistors (OFET) [5-7], diodes [8-10],
sensors [11-12] and detectors [13-14]. Among organic semiconductor compounds, perylene derivative
PTCDI (Perylene-3,4,9,10-tetracarboxylic diimide) is shown as a promising small molecule organic
semiconductor [1, 15, 16, 17]. PTCDI molecules are n-type materials and have good thermal and pho-
tostability properties [18]. There are different Ptcdi derivatives. The electron-accepting photoactive
compound N,N'-dioctyl-3,4:9,10-perylene tetracarboxylic diimide (PTCDI-C8) has an aromatic core
and two opposing alkyl chains, each with eight C atoms [19, 20]. Fig. 1 shows the chemical structure of
PTCDI-C8. Perylene bisimides; owing to the planar core's m-electron system, they also want to bond
with other atoms, making them an excellent candidate in relation to organic electrical devices and with
electron mobility up to 1.7 cm?. Additionally, PTCDI-C8 exhibits strong absorption in the visible
spectrum's blueshift region (400-600 nm), with peaks at 488 nm, 523 nm, and 567 nm, making it an
attractive material for use as an acceptor material in organic photovoltaic devices [21].

Figure 1. Chemical structure of PTCDI-C8

In the context of semiconductor devices, the metal-semiconductor (MS) contact has a fundamental
and predominant function. MS contacts are an important field of study for optoelectronic applications as
they form the basis of semiconductor device structures [22]. There is a significant influence of the
interface barrier properties on the characteristics of MS contacts. It is possible to modify the electrical
properties of the MS contact if a suitable organic semiconductor intermediate layer is placed between
the metal and the semiconductor [23]. To date, there are many scientists who have examined the elec-
trical characteristics of the organic based Schottky barrier diodes (SBDs) utilizing various organic
compounds. For instance, in one of the first studies on this subject, according to Forrest et al. [24],
metal-insulator-semiconductor (MIS) connections were created by sublimating non-polymeric organic
films onto a semiconductor wafer, followed by the evaporation of several metals. The ideality factor and
barrier height (BH) were then measured. Campbell et al. [25] have placed an organic film at the MS
interface. They reported that the effective BH could be changed in this way. Huang et al. [26] reported
the electrical parameters of the Al/Alg3/p-Si diode by measuring the current and capacitance versus
voltage. The diode's ideality factor and BH values were found to be 1.53 and 0.78 eV, respectively, and
it was reported that the BH of the Al/Alg3/p-Si heterojunction was higher than that of the standard
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Al/p-Si diode (0.58 eV). Thus, they discovered that the diode's carrier transport at the contact interface is
regulated by the organic Alg3 layer.

There are many experimental studies on the effect of organic semiconductor materials such as
perylene derivatives, perylene tetracarboxylic dianhydride (PTCDA) and PTCDI, in optoelectronic
device applications [27]. To be utilized in these kinds of applications, a device's characteristic properties
must be understood. In this paper, a thin film of organic semiconductor material (PTCDI-C8) grown by
the sol-gel method was used as an interface layer between Al and p-Si in a conventional SBD. The
PTCDI-C8 is an organic material with high mobility and n-type semiconductor properties, which is very
suitable for electronic and optoelectronic devices. This study explores the potential of Ptcdi-C8 as an
organic semiconductor in interfacial Schottky diode applications, highlighting its capacity to provide
innovative solutions in the field of organic electronics. The findings hold substantial importance for
advancing both fundamental scientific understanding and cutting-edge technological applications. The
Al/PTCDI-C8/p-Si heterojunction is designed to improve the electrical and photoelectric properties of
the traditional diode. By examining I-V (current to voltage) and C-V (capacitance to voltage) charac-
teristics, the PTCDI-C8/p-Si heterojunction was electrically characterized. Diode's series resistor (Rs)
value, which gives us information about the interface properties, was calculated by Norde and Cheung's
methods. I-V characteristics under illumination have also been used to study the photovoltaic properties.

2. Experimental

In this study, PTCDI-C8 was used and purchased from Sigma Aldrich. A single-sided polished
p-type silicon wafer (p-Si) with 400 um thickness, [100] orientation and acceptor concentration of
1.04x10 cm (purchased from MTI Corporation, USA) was used as inorganic semiconductor sub-
strate. For chemical cleaning, the wafer was first dipped in boiling 3-chloroethylene to degrease and
washed with ultrasonic vibration in acetone and methanol for 5 minutes. Then, the semiconductor was
etched by immersion in a H,O/HF (10:1) solution for 30 seconds to remove the natural oxide layer on its
surface. The Si wafer was washed in Deionized (DI) (18 MQ) water following each procedure. To create
ohmic contact, metal (Al) with 110 nm thickness and 99.99% purity was evaporated in high vacuum
(3x10%) on the unpolished side of the Si substrate. In a N2 gas environment, thermal annealing was
carried out for three minutes at 570 °C to provide a low resistance back contact. The oxide layer on the
p-Si wafer surface was removed with 10% HF solution, as mentioned above. and rinsed for 60 seconds
in 18 M DI water and dried before forming a PTCDI-C8 film layer on the wafer. Chloroform was used as
a solvent for PTCDI-C8 solution. Spin coating was used to create an organic PTCDI-C8 thin film on the
p-Si substrate. The spin coating process was carried out with 1200 rpm rotation speed, 30s time and 10
repetitions of the process. After the formation of the AlI/PTCDI-C8/p-Si structure, Al metal was ther-
mally evaporated onto the PTCDI-CS8 thin film using a shadow mask to form the top contact under a
high vacuum condition (107° Torr). As a comparison, an interlayer-free Al/p-Si (C0) diode was also
created. The schematic representation of the manufactured Al/PTCDI-C8/p-Si (C1) heterojunction is
shown in Figure 2.

Light

IMeasurement Zystem

Figure 2. Schematic representation of the Al/PTCDI-C8/p-Si heterojunction diode as constructed.
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At room temperature and in the dark, measurements of I-V and C-V were made using the
4200-SCS (Keithley Institute, USA). I-V measurements under light were performed with a Science-
tech-SF150 (Sciencetech inc., London) sun simulator with an AMZ1.5filter to study photovoltaic prop-
erties.

3. Results and Discussion
3.1. Analysing the I-V Properties in the Dark

Critical metrics in the electrical characterization and quality assessment of a SBD are the reverse
saturation current, ideality factor, and Schottky BH [22]. The semi-log plot of forward (Fwd)-reverse

(Rev) I-V characteristics of the CO diode and C1 heterojunction diode in darkness are shown in Fig.3.
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Figure 3. Semilogarithmic |-V characteristics of the CO diode and C1 heterojunction diode.

The diodes have good rectification properties, as shown in Fig 3. For rectifying contacts, the
ideality factor (n) is determined as in the Eq. (1).

q dv 1

"= kT d(nD @
where, q is the charge, k is the Boltzman constant, T is the temperature, V is the applied voltage, and the
diode's current is represented by I. The ideality factor values of the CO diode and the C1 heterojunction
diode were determined from the slope of the linear part of the forward current region of the
semi-logarithmic 1-V characteristic and were found to be 1.58 and 2.1, respectively. These n values are
slightly higher than unity. The unique interface structure, in particular the interface dipoles at the in-
terface brought on by series resistance, and manufacturing defects are the secondary factors responsible
for very high n values. According to another research [28], the high n values are attributed to the broad
distribution of low Schottky barrier patches, which result from lateral barrier inhomogeneity [28, 29].
The dark current for CO and C1 diodes can be expressed by the non-ideal diode form in Eq. (2)[30].
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I:IO

e(V — IR,)

Here, lo is the diode’s saturation current and is given as:

qfl’bo) 3)

Iy = AA*T? (—

0 exp T

where A is the diode’s contact area, Richardson Constant, A", for p-Si is 32 A/lcm?K?, and ¢ is the

effective Schottky BH at zero bias. The reverse saturation current, lo is obtained by extrapolating the

linear region of the Fwd |-V curves to the zero applied voltage. The reverse saturation currents at room

temperature were determined as 1.44x107 A and 6.41x10° A for C0O and C1 diodes, respectively. It is

understood that the use of the PTCDI-C8 interlayer in the Al/p-Si structure makes a significant change

in the saturation current. Experimental ¢no values were calculated from the I and V characteristics from
the following relationship.

é le (AA*TZ

=—7In
b0 =g I,

) (4)

From Equation (4), experimental ¢no values for CO and C1 diodes in the dark were obtained as 0.66
eV and 0.74 eV, respectively. In the literature, there have been some studies showing that the BH is
modified by the use of organic thin films as an interlayer in MS contacts. Recently, Maril [31] published
an article about the organic interlayer AI/PVO-Cu2Te/p-Si diode with a barrier height of 0.692 eV and
an ideality factor of 1.85. The obtained BH value of this diode was reported to be bigger than conven-
tional Al/p-Si (¢n0=0.576 eV) and evaluated that the organic substrate improved the performance of MS
diode by increasing BH. In another study, Karadeniz et al. [32] found the BH values of Al/p-Si and
Al/rubrene/p-Si diodes to be 0.649 and 0.771. They attributed the increase in BH to the rubrene layer
might significantly alter the metal’s work function and the electron susceptibility of the semiconductor,
whereas the organic layer gave an increase of 0.122 eV. Imer et al. [33] fabricated the Sn/MY/p-Si and
Sn/p-Si diodes, and obtained the BH value of the Sn/MY/p-Si diode bigger than the Sn/p-Si device.
They explained this increase in terms of interfacial states charges and the use of an organic interlayer to
passivate unsaturated bonds on the surface of the Si substrate. Furthermore, results from earlier studies
have demonstrated that the electrical conductivity of the organic semiconductor to be used in the fab-
rication of the MS device, the organic film's preparation method, and the thickness of the film all have a
substantial impact on the device's electronic parameters and performance [34]. Based on the experi-
mental results we obtained and those mentioned above, we evaluate that the conventional MS diode can
be designed to exhibit the desired properties with the appropriate organic molecule selection.

Another important parameter for the Schottky barrier diodes (SBDs) is the series resistance (Rs).
At relatively high voltages, the fwd bias I-V plots of the diode deviate from linearity due to Rs. Here, the
well-known Cheungs and Norde methods are used to calculate the Rs values. According to Cheung and
Cheung [35], the Rs values of the SBDs can be calculated from the following functions:

v IR kT :
d(nn st ®)
H(D) = n¢, + IR (6)

H(I)-1 and dV/dIn(l)-1 graphs of CO and C1diodes derived from Equations (5) and (6) are shown
in Figure 4 and Figure 5, respectively.
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Figure 4. H(1)-(1) and dVv/d(Inl)-I graph of CO reference diode.
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Figure 5. H(I)-(1) and dV/d(Inl)-I graph of C1 diode.

Both of these graphs will be linear. The series resistance (Rs) is obtained from the slope of the
dVv/diIn(l)-1 plot, and the ideality factor is obtained from intersection of the y-axis. Similarly, the Rs is
obtained from the slope of the H(l)-I plot and the barrier height is obtained from intersection of the
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y-axis. Series resistance and other parameters obtained from Cheungs' functions for C1 and conven-
tional CO diodes are given in Table 1.

—)— codiode
14— —— c1diode

F(V) (Volt)

0 04 0.8 1.2 1.6 2
Voltage (V)

Figure 6. F(V)-V (Norde) plots of CO (blue) and C1 (red) diodes.

The greater series resistance of the C1 heterojunction diode than the CO diode is attributed to the
presence of the interlayer, the presence of interfacial states, and the natural/accumulated interlayer
barrier inhomogeneity at the metal-semiconductor interface [29, 31]. In addition to this, ¢, values ob-
tained from both TE and Cheung methods for both diodes were obtained quite consistently. The Norde
method is another recommended way to calculate the Rs value [36]. The Norde function modified by
Bohlin [37] for SBDs with high series resistance and ideality factor is defined as follows.

V kT <I(V) >

Here vy is an integer constant larger than n and I(V) is the value corresponding to V voltage in
current-voltage data. In Figure 6, F(V)-V graphs for diodes CO and C1 are displayed. Once the minimum
of the F-V graph has been found, the barrier height value of the diodes can be determined using Eq. 8.

Vo KT
¢b:F(V0)+7_7 )]

where F(Vo) is the min. value of F(V) and V, is its matching voltage value. According to the Norde
method, Rs of the diode is calculated via the following relationship:
kT(y —n
r Ko —n

T ®

Here lg is the forward bias current at Vo. Parameters and values used for C1 and CO diodes in Norde
functions are Vo: 0.14-0.1 V, F(Vo): 0.725-0.648, y =3-2, 15:1.575x10, respectively It was taken as
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-6-7.64x10-8 A. The Rs and BH values calculated from Norde functions were obtained as ¢:
0.787-0.672 eV and Rs: 248-6.12 kQ, respectively, and are shown in Table 1. The values derived from
the Cheungs functions are lower than the values derived from the Norde functions in terms of Rs. This is
because; the Norde function is generally valid for ideal SBD. In addition, Norde functions are applied to
all fwd bias I-V characteristics, while Cheungs functions are applied only to the relatively high voltage
non-linear region of fwd bias I-V characteristics [38].

Table 1. Electronic parameters of CO and C1 diodes.

Cheungs Functions Experimental Norde Functions
dv/d(Int)-1 H(1)-I In -V F(V)-V
Sample Rs N RskQ) ¢y (eV) n ¢p (V) Rs(kQ) ¢y (eV)
(k)
Al/p-Si (CO) 4.82 2.88 6.78 0.679 1.58 0.662 6.12 0.672
Al/PTCDI-C8/ 86 2.87 142 0.758 2.10 0.742 248 0.787

p-Si (C1)

3.2. Analysis of the Capacitance-Voltage Characteristics in the Dark

Measurements of capacitance-voltage (C-V) are one of the crucial methods used to determine the
interfacial state densities, giving information about the quality of MIS diodes. The C-V characteristics
of C0 and C1diodes were measured between 10 kHz and 1 MHz in the dark and at room conditions. The
C-V graphs of diodes C0 and C1 are shown in Figure 7 and Figure 8 respectively.
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i 15E0090 — ——— 300 kHz
(] 400 kHz
2 S
= . 1 MHz
[*]
[+
3
0 1E-009 —
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0 T | | | | | |
-2 -1 0 1 2
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Figure 7. C-V characteristics of CO diode from 20kHz to 1MHz.
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Figure 8. C-V characteristics of C1 diode from 10kHz to 1IMHz.

In general, the measured capacitance for the rectifier contact depends on the rev bias voltage and
its frequency [39]. As seen in Figures 7 and 8, as the frequency increases, the capacitance value de-
creases at reverse bias voltages and disappears at forward bias voltages. This is because the interface
states do not significantly contribute to the capacitance at high frequencies because they are unable to
follow the alternate current (AC) signal [39]. The relationship between capacitance and voltage for
Schottky diodes is expressed as [40]:

20V + V)
 qA%gN,

-2

(10)

where, A is the diode’s effective area, N, is the carrier concentration, ¢s is dielectric constant of the
semiconductor (e, = 11.8¢, ), and Vq represents the diffusion potential with no bias. The BH value of
the diodes from C-V can be determined from the relationship:

p(C—V) =q(c2Vy + V) 11

where c; is a coefficient equal to n, Vp is the potential difference between the Fermi level in the
neutral region of p-Si and the top of the valence band and is calculated as:

v, = kTl (N”) (12)
= nl|l—
14 Na

where Ny is the density of effective states and for p-Si this value is N, = 1.04 - 101° cm. The C?
-V graphs ploted from C-V measurements of CO and C1 diodes at 500 kHz are shown in Fig. 9 and 10,
respectively.
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Figure 9. The C-V (black circles) and C2-V (red rings) graphs of CO diode at 500kHz.
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Figure 10. The C-V (black circles) and C2-V (blue rings) graphs of C1 diode at 500kHz.

N. is obtained by measuring the linear portion of the C2-V graph's slope and Vy is obtained from
the intersection of the C2 axis at zero bias. There BH values of CO and C1 diodes derived from C-V
characteristics were determined to be 0.765 eV and 0.938 eV, respectively. The parameters of CO and
C1 diodes obtained from the C-V are given in Table 2. The ¢y values derived from the C-V are larger
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than the ¢y, values derived from the I1-V. Excess capacitance and BH inhomogeneities could be the cause
of the discrepancy between the BHs measured from C-V and |-V [41]. The BH derived from C-V
approach is usually larger because it is not affected by possible variations on length scales less than the
area-charge width that the C-V method averages over the whole area for [32,33,34].

Table 2. The parameters of CO and C1 diodes obtained from the C-V characteristics

Sample ¢ (C—-V) N, (cm?) Va (V) Vy (V)
(eV)

Al/p-Si (C0) 0.765 1.23x101 1.533 0.233

Al/PTCDI-C8/p-Si 0.938 6.85x10% 1.983 0.247

(C1)

Conductivity-voltage measurements are also important in terms of showing series resistance.
Conductivity-voltage (G-V) properties of CO and C1 diodes were measured between 10 kHz and 1 MHz
in the dark and at room conditions. The G-V graphs of CO and C1 diodes are shown in figures 11 and 12,
respectively.
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Figure 11. Conductivity-voltage (G-V) characteristics of CO diode.
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Figure 12. Conductivity-voltage (G-V) characteristics of C1 diode.

In Figures 11 and 12, it is seen that the AC conductivity increased with increasing frequency. This
can be explained by attributing the existence of the Schottky barrier and the effect of the series re-
sistance. The frequency-dependent Rs can be obtained from the C-V and G-V measurements with the
following equation:

Gm

s = Grtwen? (13)

Where G and Cr, represent the measured capacitance and conductance, respectively and w is the

angular frequency. Rs -V plots of C0O and C1 diodes at different frequencies (10 kHz-1 MHz) are shown

in figures 13 and 14. As can be seen in Figs. 13 and 14, the Rs values are quite high and these high Rs
values have a great influence on the non-ideal behavior of the diode.
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Figure 13. The Rs -V plots of CO at different frequencies (20 kHz-1 MHz).
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Figure 14. The Rs -V plots of C1 at different frequencies (10 kHz-1 MHz).

Besides, as also seen in Rs -V plots, Rs provides a peak in the rev. bias region. With decreasing
frequency, the peak position of the Rs moves to the higher reverse bias area, and at high enough fre-
guencies, it nearly vanishes. The change in peak intensity indicates the interface states following the
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AC. However, the peak disappears after 500 kHz for CO and C1 diodes, respectively, indicating that the
interface states cannot follow AC [42].

3.3. Photovoltaic characteristics

The semi-logarithmic In(1)-V graphs of C0 and C1 diodes under light are (100 mW/cm?) shown in
Figures 15 and 16, respectively.
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Figure 15. The semi-log I-V plots of CO diode under dark and light (100 mW/cm?).
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Figure 16. The semi-log I-V plots of C1 diode under dark and light (100 mW/cm?).
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The open-circuit voltage Voc: 80 mV and the short-circuit current lsc: 9.66 LA were obtained for
the CO diode from the 1-V feature under the light. The photosensitivity value for the heterojunction was
defined as the rate of photo current to dark current (Iph/ldark) [39, 43]. The CO diode exhibits a pho-
tosensitivity of 48.2 under 100 mW/cm?light illumination at -2V. The Voc: 320 mV and the Isc: 1.91 pA
were obtained from the 1-V feature of C1 under light illumination. The C1 heterojunction diode exhibits
a photosensitivity of 1418.7 under 100 mW/cm? light illumination at -2V. It has been noted that illu-
mination significantly increases the photocurrent in the device's reverse bias. The photovoltaic effect in
the heterojunction can be explained as follows; PTCDI-C8 organic semiconductor absorbs light and
charge is transferred to Si, giving off photocarriers produced in this generation Ol interface and in turn
countercurrent increases efficiency significantly [44]. The photovoltaic properties show that the light
absorption by the active layer generates carrier that contribute to the photocurrent due to the production
of excitons and their subsequent dissociation into the free charge carriers at the barrier, i.e.,
PTCDI-C8/p-Si interface [39].

4. CONCLUSIONS

The electrical properties of CO reference diode and C1 heterojunction diode were investigated
with 1-V and C-V characteristics. For the CO reference diode, the experimental BH ¢, =0.662 eV and
ideality factor n= 1.58 were calculated from the data obtained from the I-V characteristic under dark and
at room temperature. The saturation current (lo) of the diode was obtained as 1.44x107 A. Under the
same conditions, the experimental BH, n and I values of the PTCDI-C8 thin-film interlayer diode were
obtained as 0.742 eV, 2.1, and 6.41x10°°, respectively. The fact that these diode parameters obtained
from CO were different from those of C1 indicates that the PTCDI-C8 organic thin layer modifies the
BH due to the shift in the metal's work function and the semiconductor's electron affinity. It is also
evidence of the existence of a thin-film interlayer. In a recent study, Tezcan et al. [45] found the ideality
factor and barrier height of the Al/PyMIs/p-Si/Al diode to be 2.51 and 0.77 eV, respectively. In another
recent study, Sahin et al. [46] found the ideality factor and barrier height of newly synthesized
n-conjugated BODIPY dye based Au/n-Si diode to be 2.66 and 0.907 eV in the dark, respectively. A
great deal of research has been done using various organic interlayers in Al-pSi diode [45-50]. The
contact parameters of AlI/PTCDI-C8/p-Si structure were compared with those of other organic/p-Si
structures (Table 3). In order to examine the effect of series resistance (Rs) in diodes, the values of R,
BH and n were calculated by using modified Norde functions and Cheung's method, which are the most
common methods. The C-V measures of the diodes were made at various frequencies and room tem-
peratures. Diffusion potential (Vqg), barrier height BH (¢, (C —V)) from C-V and free carrier concen-
tration (Na) values were calculated from the C -2 -V graphs of the diodes. Photovoltaic parameters and
light sensitivity were determined by taking current-voltage measures of both CO and interlayer C1
diodes at room temperature and under illumination (100 mW/cm?). The C1 heterojunction diode showed
much better photovoltaic behavior with a photosensitivity value of 1418.7 compared to CO with a
photosensitivity value of 48.2. Therefore, PTCDI-CS8 is a suitable candidate for optoelectronic devices,
and the C1 heterojunction diode can be considered as a photodiode or photosensor in optoelectronic
applications.

Table 3. The parameters of CO and C1 diodes obtained from the C-V characteristics

Junction parameters

Devices
n @y, (eV) Isc (WA) Voc (mV)
This study 2.10 0.74 191 320
Allazure/p-Si [48] 1.15 0.64 26.5 134
Al/PyMIs/p-Si [45] 2.51 0.77 13.8 320
Al/p-Si/Coumarin: TiO2%5 [49]  2.66 0.76 5.32 310
Au/BOD-Dim/n-Si [46] 2.66 0.91 0.36 150
AU/PYR(G)/p-Si [39] 2.70 0.83 180 500
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Al/PVO-Cu2Te/p-Si [31] 1.85 0.69 - -
AI/IPA2N/p-Si [47] 1.78 0.89 0.017 130
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Abstract: Numerical semigroups form a subset of non-negative integers. Of these
semigroups, symmetric ones have an important place. It is of particular importance to
examine and classify telescopic numerical semigroups, which form a class of sym-
metric numerical semigroups. Especially finding their Frobenius numbers and spaces
is a problem in itself. In this study, we will examine some telescopic numerical
semigroups that will contribute to the solution to this problem. Here we will charac-
terize all telescopic numerical semigroups produced by three elements with multi-
plicity 12. We will also give formulas to calculate the genus, determine number and
Frobenius number in these semigroups.
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Kathhg 12 Olan Buttin Uclu Teleskopik Sayisal Yangruplar

1. Introduction

Ozet: Sayisal yarigruplar, negative olmayan tam sayilarm bir alt kiimesini
olustururlar. Bu sayisal yarigruplardan simetrik olanlar &nemli bir yere sahiptir.
Simetrik sayisal yarigruplarin bir smifint olusturan teleskopik sayisal yarigruplar
incelemek ve bunlar1 siniflandirmak ayr1 bir 5nem tasimaktadir. Ozellikle bu sayisal
yarigruplarin Frobenius sayilarini ve bosluklarini bulmak bagli bagina bir problemdir.
Bu calismada bu probleme ¢dziim icin bir katki saglayacak bazi teleskopik sayisal
yarigruplari inceleyecegiz. Burada, katliligi 12 olan, ii¢ elemanla iretilen tiim
teleskopik sayisal yarigruplar karakterize edecegiz. Ayrica bu yarigruplarda cins,
belirteg sayisi ve Frobenius sayisini hesaplamak i¢in formiiller verecegiz.

Anahtar Kelimeler: teleskopik sayisal yarigrup; frobenius; cins,

Numerical semigroups, which emerged towards the end of the 19th century, are an important subject
within Algebra and Number Theory, which has an important place in mathematics. The issue of nu-
merical semigroups emerged when the problem known as the "Frobenius Problem™ was put forward by

1JPAS 2024, 10(2) https://doi.org/10.29132/ijpas.1579207 https://dergipark.org.tr/tr/pub/ijpas
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Sylvester [1] . The subject of numerical semigroups has very important features in commutative algebra,
algebraic geometry and coding theory ( For details see [2,3,4,5] ).

Numerical semigroups are especially popular in the 21st century. Because in this century, the
formation of numerical semigroups and their applications in other areas of mathematics can be done
faster and easier with the help of computer programs. For example GAP programing [2] .

Let N={u € Z:u > 0} be nonnegative integers set, where Z is integers set. Wecalled U € N
is numerical semigroup;
if (i)0e€U, (ii)N\U isfineteand (iii) uy + u, € U, forall u,,u, € U.

The smallest 0 # u € U is called multiplicty of U, and denoted by m(U). The element of the set
N\U is called gap of U, and the set of gaps of U denoted by g(U). The number Card(g(U))
is genus of U, and denoted by A(U), i.e. A(U) = Card(g(U)) ( here,Card(A) is the numbers ele-
ments of the set A ). The largest element of the set g(U) is called Frobenius number of U, and de-
noted by A(U). If U =N then 4(U) =—-1. [6,7]. Finding the Frobenius number of a numeri-
cal semigroup is difficult. However, formulas have been developed for the Frobenius number of some
special numerical semigroups [8, 9].

It is known that every numerical semigroup is finitely generated. We say that U is generated by a
set Y ={y;,y,,...,¥s} ifevery x € Ucan be written as a linear combination of elements of Y such
that vy, <y, <...<y, and. In other words,

x =kyy; + kyy,+...+kgy, where kq,k,,...,ks € N We note that, if U is generated by set
Y ={y1,¥2,...,¥s} then we write U =<Y >=<y,,y,,...,y >. We say that Y is the minimal
system of the generators of U if no proper subset of Y generates U. In this case, we can write,
U=<y1,¥Y2,....,7s >={kiy1 + kyy1+... tksys ki, ko, ... ks € N} = {0 = ug,uq,up,..., uy, —...}
where w; <wu;yq for i=0,12,...,r=n(U) , and the means arrow is wu, € U such that
p>rand peN. If Y ={y;,y,,..,y5} is the minimal system of the generator of U then we
called the number of elements in Y is embedding dimension of U, denoted by B(U). In generally,
BU) <m(U) for a numerical semigroup U. If B(U) = m(U) then U is called maximal embed-
ding dimension (MED).
Let U be a numerical semigroup and its Frobenius number is A(U). Then the number

Card({0,1,2,...,4(U)} n U) is called determine number of U, and denoted by n(U) [7,9].

The numerical semigroup U is called symmetric if A(U) —a €U forall ae€Z\U .If U

A(U)+1

is a symmetric numerical semigroup then n(U) = A(U) = . Moreover, it well known that

every U =< y;,y, > numerical semigroup is symmetricand A(U) = y;y, —y; —y, [10].
Let U =<y1,¥2,...,¥s—1,¥s > be a numerical semigroup and k = gcd(yy,¥2,..-,Vs-1). If

Y1 Y2 Vs—1
Vs ES == ST

Pt >then U is called telescopic numerical semigroup. We note that every tele-

scopic numerical semigroup is symmetric.U =< y;,y,,y3 > iscalled triply generated telescopic

Y1

numerical semigroup if y; €< 7,% > where k = gcd(yq,y,) (For details see [11] ).

Recently, a lot of work has been done on telescopic numerical semigroups. Kirfel and Pellikaan
worked on the minimum distance of codes in a sequence coming from telescopic semigroups [12].
Garcia et al. studied Apery sets and Feng-Rao numbers on telescopic numerical semigroups [13]. ilhan
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showed that a numerical semigroup of the form U =< wu,u + 2,2u + 1 > is telescopic, where u >
2 is even integer [14] .

Suer and ilhan classified telescopic numerical semigroups produced with three elements and hav-
ing multiples of 4,6,8,9 and 10. They derived formulas for the Frobenius number, the determine num-
ber and the genus in these classes [15, 16, 17, 18].

Wang et al. characterized all telescopic numerical semigroups with embedding dimension four and
multiples of 8 and 12. Additionally, they calculated the Frobenius number and Genus in these semi-
groups [19].

In the numerical semigroups theory symmetric numerical semigroups ones have an important place.
It is of particular importance to examine and classify telescopic numerical semigroups, which form a
class of symmetric numerical semigroups. Especially finding their Frobenius numbers and spaces is a
problem in itself. In this study, we will examine some telescopic numerical semigroups that will con-
tribute to the solution to this problem. Here we will characterize all telescopic numerical semigroups
produced by three elements with multiplicity 12. We will also give formulas to calculate the genus,
determine number, and Frobenius number in these semigroups.

2.Triply Telescopic Numerical Semigroup with Multiplicity 12
In this section, we give characterization of all telescopic numerical semigroups with embedding
dimension 3 and multiplicity 12. We obtain the number of these numerical semigroups with the fol-
lowing Lemma 2.2. We note that gcd(12,x) # 1 and gcd(12,x) # 12 in U =< 12,x,y >triply
telescopic numerical semigroup.
Proposition 2.1. ([10]) Let U =< uq,u, > be numerical semigroup. Then,
(1) A0) =wuy —uy — Uy

_ uluz—ul—u2+1
(2) A(U) = ttaztazirtt

Lemma2.2. Let U=<12,12k + a,b > be triply telescopic numerical semigroup, where a, b,k €
N and b > 12k + a is odd. Then, the number triply telescopic numerical semigroup U is 7.
Proof. Let U =< 12,12k + a,b > be triply telescopic numerical semigroup, where a,b,k € N
andb > 12k +a. Let’s gcd(12,12k + a) = d. So, we write d|12 and d|a.
In this case, we have d = 2,3,4,6.
i) If d=2 then2|a. Thus, we find that a=2,46,810.
ii) If d =3then 3la. Thus, we find that a=3,69.
iii) If d =4then4|a. Thus, we find that a=4.8.
iv) If d =6 then6|a. Thus, we find that a=6.
Thus, we obtaina = 2,3,4,6,8,9,10. That is, we have 7 triply telescopic numerical semigroups.
In Lemma 2.2 the seven triply telescopic numerical semigroups families are characterized by the
following theorem.
Theorem 2.3. Let U be a numerical semigroup with multiplicity 12 and embedding dimension 3.
Then U is a telescopic numerical semigroup if and only if U is member of one of the following fam-
ilies:
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_{< 12,12u + 2,C >:C=12u+2+(2p+1),p¢3m+1and}
" lp#3r,for 0<sm<3u—-1land0<r<u—1,p€EN '
0, ={<12,12u+3,C >:C =12u+3+p,p # 3qand q € N}.

0; ={<12,12u+4,C >:C=12u+4+ (2p+1),p € N}.

0, ={<12,12u+6,C >:C=12u+ 6+ (2p +1),p € N}.

0s ={<12,12u+8,C >:C =12u+8+ (2p + 1),p € N}.

0 ={<12,12u+9,C >:C =12u+9+p,p # 3tand t € N}.

0 :{< 12,12u +10,C >:C=12u+10+(2p+1),p¢3m+1and}
7T p#3r+2,for0<m<3u+land0<r<u-1,peN

Proof. Let U =<12,X,Y > be a telescopic numerical semigroup with multiplicity 12 and embed-
ding dimension 3. Let’s gcd(12,X) =d. Thus,Y €< %,% > sinceU =< 12,X,Y >. In this

case, we have d =1,2,3,4,6,12.
(i) If d=1 then Y €< 12,X > . But, itis nottrue since U =< 12,X,Y > has embedding dimen-
sion three.
(ii) If d = 12 then this contradicts that U =< 12,X,Y > has embedding dimension three.
(iiiy If d=6 then X =12u+6,u € Z*. Thus, we write that 12<12u+6<Y and
gcd(12,12u+6,Y) =1 since U =< 12,X,Y > is a numerical semigroup.
So, gecd(12,12u+6,Y) = gcd(6,Y) =1,ie. Y =12u+6+ (2p + 1) isodd. In this case,
we obtain,
U=<1212u+612u+6+ (2p + 1) >€ 6,.
(iv) If d =4then X =12u+4 or X =12u+8,u € Z*.
(@) Let’s X =12u+4,u € Z*.
Then, we have 12 < 12u+4 <Y and gcd(12,12u+4,Y) =1 since U =< 12,X,Y >is a nu-
merical semigroup. So, gcd(12,12u+4,Y) =gcd(4,Y) =1, ie. Y =12u+4+2p+1) is
odd. In this case, we obtain
U=<12,12u+412u+4+ (2p + 1) >€ 65.
(b) Let’'s X =12u+8,u € Z*. Then, we have 12 < 12u+8 <Y and
gcd(12,12u+8,Y) =1 since U =<12,X,Y > is a numerical semigroup. So, gcd(12,12u +
8,Y)=gcd(8Y)=1,ie. Y=12u+8+ (2p+ 1) isodd. In this case, we obtain
U=<1212u+812u+8+ (2p + 1) >€ 6;.
(v) If d=3then X=12u+3 or X =12u+9,u € Z*.
(@) Let’s X =12u+3,u € Z*. Then,we have 12 < 12u+3 <Y and
gcd(12,12u+3,Y)=1 and Y # 3k, k € N since U =<12,X,Y >is a numerical semigroup.
S0, gcd(12,12u+3,Y) = gcd(3,Y) = 1. In this case, we obtain
U=<1212u+3,12u+3 +p >€ 6,,forp +# 3q,q € N.
(b) Let’'s X =12u+9,u € Z*. Then,we have 12 < 12u+9 <Y and
gcd(12,12u+9,Y) =1 and Y # 3n,n € N since U =< 12,X,Y > is a numerical semigroup. So,
gcd(12,12u+9,Y) = gcd(9,Y) = 1. In this case, we obtain
U=<1212u+912u+9+p >€ 6, for p # 3t,t € N.
(vi) d=2then X =12u+2o0r X = 12u+ 10,u € Z*.
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(@) Let’s X =12u+2,u € Z*. Then,we have 12 < 12u+2<Y and gcd(12,12u+2,Y) =1
since U =< 12,X,Y > is a numerical semigroup. So, gcd(12,12u+2,Y) = gcd(2,Y) =1, i.e.
Y > X isodd. In this case, we obtain
Y=12u+2+(2p+1)
Here, it is not p =3m+1lorp =3r, where 0 <m<3u—land0<r<u-1peN. Ifp=1
(form = 0) then we have
Y=12u+2+R2+1)=12u+2)+3€<66u+1>
namely, there exist t,n € NsuchthatY = (12u + 2) + 3 = 6t + (6u + 1)n.
This is cannot. Because, it not exist ¢t € N such that 3 = 6¢t.

Ifp=0 (forr =0,i.e. for u=1) then we have,
Y=12u+2+1=12u+2)+1=15€e<6,6u+1>=<6,7 >.
But, it is not true. Because, not there exist g, v € Nsuchthat Y = 15 = 6q + 7v.
Thus, it mustp #3m+1orp #3r, where 0<m<3u—1land 0<r <u-—1,p € N. Finally,
we find that, U =< 12,12u + 2,12u+ 2 + (2p + 1) >€ 6,.
(b) Let’s X =12u+ 10,u € Z*. Then, we have 12 < 12u+ 10 <Y and

ged (12,12u+10,Y) =1 sinceged (12,12u+ 10,Y) = 1 is a numerical semigroup So,
ged(12,12u+10,Y) = ged(10,Y) = 1,ie. Y > X is odd.
In this case, we write Y = 12u+ 10+ (2p + 1).
Here,itisnot p=3m+1lorp=3r+2,where0<m<3u+land0<r<u-—1p€eN,
If p=1 (form=0) then we have Y =12u+10+ 2+ 1) = (12u+10)+3 €< 6,6u+1>
namely, there exist ¢,n € Nsuchthat Y = (12u+10) + 3 = (12u+ 12) + 1 = 6t + (6u + 1)n.
So, we find thatt = 2,n = 2 from this equailty. But, this is not true. Because, the left side of this
equation is odd but the right side is even.

ifp =3r+2 then we have, Y =12u+ 10+ 2QBr+2)+1)=(12u+6r)+15=6CQu+r +
2)+3€e<6,6u+1>. But,itisimpossible. Because, there is not exist g, v € N such that,
Y=6Q2u+r+2)+3=6qg+ (6u+ 1)v. Thus,itmust p #3m+ 1or p # 3r + 2,
where 0 <m<3u+land 0<r<u-—1,p€eN.
Finally, we find that we obtain
U=<12,12u+10,12u+ 10 + (2p + 1) >€ 6,.
On the contrary, let U € 8;(forl <i < 7) be the numerical semigroup in the Theorem.

(i) IfU =< 12,12u+ 2,C > then gcd(12,12u +2) = 2.
So,we write,

C=12u+2+(2p+1)=12u+2+2(3m—1)+1=12u+6m+1€<%,122+2

>=< 6,6u +

1>.
That is,
U=<12,12u+ 2,C >€ 6, istelescopic numerical semigroup,
where
C=12u+2+Q2p+1),p#3m+1land p#3r,for0<m<3u-—1 and
0<r<u-1,peN.
(i) If U=<1212u+3,C > then gcd(12,12u+ 3) = 3.
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So, we write, C = 12u+ 3+ p,p # 3q and q € N. In this case
p=3q+1or p=3q+2q€N.
@lfg=0
then we write,
C=12u+3+1=4Bu+1)€E<44u+1> or
C=12u+3+2=1(4u+1)+4.Qu+1) e<44u+1>
That is,
U=<12,12u+ 3,C >€ 6, istelescopic numerical semigroup.
(b) If g =1 then,
C=12u+3+4=3@u+1)+14€e<44u+1> or
C=12u+3+5=4GBu+2)€E<44u+1>
Thatis, U =< 12,12u+ 3,C >€ 6, istelescopic numerical semigroup.
If we continue like this, we see that the numerical semigroup
U=<12,12u+ 3,C >€ 0, is telescopic.
(iii) If U =<12,12u+4,C > whereC =12u+4+ (2p +1),p €N.
Then,we findthat C =12u+4+ (2p+1)€<33u+1>.
Because,
@If p=0then C=12u+4+1=2@Bu+1)+3Qu+1)€e<33u+1>;
(b)If p=1then C=12u+4+3=4CBu+1)+13€e<33u+1>;
()If p=2then C=12u+4+5=30Mu+3)e<33u+1>;

If we continue like this, we see that U =< 12,12u + 4, C >€ 65 is a telescopic numerical semigroup.
The remaining classes of numerical semigroups can be seen in a similar way to be telescopic.

We will obtain the Frobenius number, genus and determine number of each of the telescopic
numerical semigroup classes in the theorem given above with the help of the following Lemma 2.4.

Lemma2.4. ([1]) Let U =< y4,y5,,...,¥s > be a numerical semigroup and

k=gcd(y1,y2,---,¥s-1)-
"y Ys-1
If W=< e T Vs > then

(D) AWU) = kA(W) + (k — 1)ys.

(2) AU) = ka(w) + E20=0,

Proposition 2.5. Let the numerical semigroup U belong to one of the classes given in Theorem 2.3.
In this case,

(1) If U€o, then A(U) =60u+C—2 and A(U) =30u+—.
(2) If U€ 8, then A(U) =36u+2C—3 and A(U)=18u+C—1.

(3) If Ue o, then A(U) =24u+3C—4 and A(U) = 12u+ 22
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5(C-1)

(4 IfU€B, then AU)=12u+5C—-6 and A(U) =6u+ >

3C+5

(5) If U€bs then A(U) = 24u+3C+4 and A(U) = 12u+==

(6) If Ue€ 6, then A(U) =36u+2C+15 and A(U) =18u+C +8.

(7) If U€6, then AU) =60u+C+38 and A(U)=30u+2,

Proof. LetU € 6,. Then U =< 12,12u+2,C > and gcd(12,12u+2) =2
where, C =12u+2+ 2p+1),p#3m+1landp #3r,for0<m<3u—1 and
0<r<u-—1,peN.

12 12u+2
So, M/5:<:?;, 2

>=<66u+1>

and we find that,
AW) =6(6u+1) —6 —6u—1 = 30u — 1 from Proposition 2.1. Thus, we obtain
A(U) =24(W) +C =230u—1)+C =60u+C—2 and

A(U) = 2A(W) + % = 2(15u) +% — 30u+ %

from Lemma 2.4. Other cases in the Proposition can be proven in a similar way.
Example 2.6. Weput u =1 and € =20 in U =< 12,12u + 3,C >€ 6,.
Then,
U=<12,15,20 >=
{0,12,15,20,24,27,30,32,35,36,39,40,42,44,45,47,48,50,51,52,54,55,56,57,}
59,60,62,63,64,65,66,67,68,69,70,71,72,74, ...

is a telescopic numerical semigroup since gcd(12,15) =3 and 20 €< %1?5 >=<45> .

This, we find the Frobenius number and genus of U is A(U) =36.1+2.20—-3 =73
A(U) =18.1 + 20 — 1 = 37 from Proposition 2.5/ (2).

AW+1 _

We write, B(U) = 3,m(U) = 12,n(U) = A(U) = —;

37,

and we find that U not MED sincef(U) # m(U).
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Abstract: Plasmonic gold nanoparticles exhibit exceptional optical properties, par-
ticularly Localised Surface Plasmon Resonance, which makes them ideal candidates
for sensor applications. These nanoparticles are highly sensitive to changes in their
surrounding environment, allowing for precise detection of molecular interactions
and environmental shifts. In this study, we investigate the sensor properties of gold
nanoparticles produced via Pulsed Laser Deposition, a clean and versatile method
that allows for precise control over particle size, morphology, and distribution with-
out the need for chemical reagents. Pulsed Laser Deposition process was optimized
by adjusting laser fluence, pulse duration, and deposition time to produce gold na-
noparticles with tunable plasmonic properties. The structural and optical characteris-
tics of gold nanoparticles were analyzed using scanning electron microscopy, and
UV-Vis spectroscopy, confirming that the size and morphology of the particles were
controllable through the deposition parameters. The sensor performance of gold na-
noparticles was evaluated through localised surface plasmon resonance measure-
ments, which demonstrated their sensitivity to small changes in the refractive index
of the surrounding medium. Specifically, the shift in localised surface plasmon res-
onance peak was measured upon exposure to different analytes, including protein A
where a wavelength shift of 50 nm measured, indicating the high sensitivity of these
nanoparticles for biosensing applications. The results suggest that Pulsed Laser
Deposition-produced gold nanoparticles possess promising sensor properties for re-
al-time detection and environmental monitoring, offering an efficient and reproduci-
ble platform for a wide range of sensing applications.
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Puls Lazer Depozisyonu Yontemiyle Uretilen Plazmonik Altin
Nanoparcaciklarin Sensor Ozelliklerinin Arastirilmasi

Ozet: Plazmonik altin nanopargaciklar (Au NP'ler), 6zellikle Lokalize Yiizey Plazmon
Rezonans1 (LSPR) sayesinde, sensor uygulamalari i¢in ideal adaylar olarak 6ne ¢ikan
istiin optik 6zelliklere sahiptir. Bu nanopargaciklar, ¢evrelerindeki ortamdaki degisim-
lere kars1 yiiksek hassasiyet gosterir ve bu sayede molekiiler etkilesimlerin ve ¢evresel
degisimlerin hassas bir sekilde tespit edilmesini saglar. Bu ¢alismada, kimyasal reak-
tiflere ihtiyag duyulmadan parcacik boyutu, morfolojisi ve dagilimi {izerinde hassas
kontrol imkani taniyan temiz ve ¢ok yonlii bir yontem olan Puls Lazer Depozisyonu
(PLD) ile iiretilen altin nanopargaciklarin sensor 6zellikleri incelenmistir. PLD islemi,
ayarlanabilir plazmonik 6zelliklere sahip altin nanoparcaciklar iiretmek icin lazer akisi,
puls siiresi ve biriktirme siiresi ayarlanarak optimize edilmistir. Altin nanopargaciklarin
yapisal ve optik 6zellikleri, taramali elektron mikroskobu (SEM) ve UV-Vis spektros-
kopisi kullanilarak analiz edilmis ve parcacik boyutu ile morfolojisinin biriktirme pa-
rametreleri ile kontrol edilebildigi dogrulanmistir. Altin nanopargaciklarin sensor per-
formansi, ¢evrelerindeki ortamin kirilma indisi degisimlerine duyarhiliklarini gosteren
LSPR olgiimleri ile degerlendirilmistir. Ozellikle, LSPR piki, protein A dahil cesitli
analizlere maruz birakildiginda 50 nm dalga boyu kaymasi ile 6l¢iilmiis ve bu nano-
pargaciklarin biyosensor uygulamalari i¢in yiiksek hassasiyete sahip oldugunu goster-
mistir. Sonuglar, PLD ile iiretilen altin nanopargaciklarin ger¢ek zamanl algilama ve
cevresel izleme i¢in umut vadeden sensor Ozelliklerine sahip oldugunu ve genis bir
sensor uygulama yelpazesi i¢in verimli ve yeniden iretilebilir bir platform sundugunu

gostermektedir.

Anahtar Kelimeler: Au nanopargaciklar; LSPR; plazmonik; PLD

1. Introduction

Gold NPs (Au NPs) have attracted significant attention in recent years due to their unique plas-
monic properties, which make them highly sensitive to changes in their surrounding environment
[1-3]. These properties stem from surface plasmon resonance (SPR), a phenomenon where conduction
electrons on the NP’s surface resonate with incident light, leading to enhanced optical absorption and
scattering [4-6]. This feature enables Au NPs to be applied in various fields, including chemical and
biological sensing, catalysis, and photothermal therapies [7-10]. Among these applications, the use of
Au NPs as sensors has been particularly notable for detecting molecular interactions and environmen-
tal changes with remarkable sensitivity and precision [11-13].

Producing Au NPs with well-defined plasmonic properties is essential for optimization of their
performance as sensors. Numerous fabrication methods, such as chemical reduction and
seed-mediated growth, have been used to synthesize Au NPs with controlled size and shape [13, 14].
However, these techniques can involve chemical residues and lack uniformity, posing challenges for
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reproducibility and stability in sensing applications. To overcome these limitations, physical deposi-
tion techniques such as Pulsed Laser Deposition (PLD) have emerged as promising alternatives. PLD
offers a highly controllable and clean approach for producing metal NPs (NPs) without chemical rea-
gents, which is advantageous for maintaining purity and reducing environmental impact [15-18]. In
addition, PLD enables precise control over particle morphology and distribution by adjusting parame-
ters such as laser fluence, substrate temperature, and deposition atmosphere [19], making it possible
to tailor the plasmonic properties of Au NPs for specific applications [20, 21].

In this study, we investigate the sensor properties of plasmonic Au NPs produced by PLD tech-
nique. Unlike traditional methods, PLD provides a unique approach to NPNP fabrication by allowing
direct deposition of NPs onto various substrates under controlled conditions. This can potentially en-
hance the sensitivity and stability of Au NPs-based sensors by ensuring strong particle-substrate ad-
hesion and minimizing surface contamination. Additionally, PLD can facilitate the production of Au
NPs with highly tunable plasmonic characteristics, as the particle size, density, and distribution can be
modified in situ. By exploring these attributes, we aim to optimize the performance of Au NPs as
plasmonic sensors for detecting minute changes in the surrounding medium, particularly for applica-
tions requiring high sensitivity and rapid response times.

This paper focuses on the fabrication, characterization, and analysis of plasmonic Au NPs pro-
duced by PLD. We examine the effects of various deposition parameters on the morphology, optical
properties, and sensor performance of NPs. Through advanced characterization techniques, including
Scanning Electron Microscopy (SEM), and UV-Vis spectroscopy, we evaluate the relationship be-
tween NP structure and sensor efficiency. Our results provide insights into how controlled fabrication
via PLD can enhance the plasmonic response and sensing capabilities of Au NPs, opening new possi-
bilities for their application in real-time sensing and diagnostics. This study not only contributes to the
understanding of the fundamental properties of plasmonic Au NPs produced by PLD but also presents
a pathway toward scalable, reproducible, and environmentally friendly fabrication of NP-based sen-
Sors.

2. Materials and Methods

Au NPs were produced using a PLD system. The Nd:YAG laser (Continuum, Minilite 11) was
operated in pulsed mode with a 5 ns duration and a 10 Hz repetition rate at a fundamental wavelength
of 1064 nm. This laser can also produce second, third, and fourth harmonics at wavelengths of 532,
355, and 266 nm, respectively, although only 1064 nm wavelength was used in this study. While
shorter harmonics of the Nd:YAG laser are effective for certain materials, they are less efficient and
practical for gold targets due to reduced absorption, increased surface damage, and interference from
denser plasmas. The 1064 nm laser provides optimal energy coupling and ablation conditions for gold,
making it the preferred choice for PLD applications involving gold targets. Using a 1064 nm laser for
ablation of a gold target in PLD offers advantages in terms of material absorption efficiency, reduced
thermal and photochemical effects, cost-effectiveness, and compatibility with standard deposition
systems. It ensures effective and controlled ablation, resulting in high-quality thin films without caus-
ing significant damage to the target or undesirable plasma interactions. Laser pulse power was con-
trolled using a neutral density filter, with measurements taken before the focusing lens (Figure 1). A

glass microscope slide served as the substrate for depositing Au NPs. For substrate preparation, the
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slide was initially cleaned with alkaline detergent, then immersed in isopropyl alcohol and acetone
baths for 15 minutes each, and finally placed in an ultrasonic bath to complete the cleaning process.
The ultrasonic bath uses high-frequency sound waves (typically 20-40 kHz) generated by a transduc-
er in a liquid cleaning solution. These sound waves create microscopic cavitation bubbles in the liquid.
When the bubbles collapse, they produce localized high-energy jets that effectively dislodge contam-
inants from the surface of the glass, including tiny crevices and irregularities. The slides were then
dried using a nitrogen gas flow. The cleaned glass is dried, often using nitrogen gas or air to prevent
streaks and water spots. The gold sputtering target used was a commercially available, high-purity
(99.99%) sample from Plasmaterials, USA. To prevent any damage during deposition, the target and
substrate were mounted on independently rotating holders. This setup ensured that each laser pulse
impacted a different area of the target, achieving a uniform coating of Au NPs after laser ablation
(Figure 1). The laser fluence in PLD must be carefully controlled to ensure efficient target ablation,
proper plume formation, and high-quality thin-film deposition while avoiding damage to the target or
defects in the film.

Laser Light

substrate

Figure 1. a) A schematic representation of the PLD system, which was designed, b) Plasma generated from the
ablation of the Au target material using the PLD system [22].

A fixed distance of 5 cm was maintained between the target and substrate. The laser deposition
process was conducted at room temperature for all films, with the laser energy set to 35 mJ per pulse.
A 50 cm focal length lens used to focus the laser beam onto the Au target, with the beam angled at 45°
to the target surface. All experiments took place under ultrahigh vacuum conditions, approximately
5x107 mbar. The gold sputtering target was ablated with 12.600 and 14.400 laser pulses to produce
different NP morphologies. SEM image was used to analyze the morphology of the resulting Au NPs,
while energy-dispersive X-ray (EDX) spectroscopy performed to determine the elemental composi-
tion of the thin film. The absorption spectra of Au NPs were measured using a UV-Vis spectrometer
(V-670 Jasco, USA). To evaluate the sensor properties of the plasmonic NPs, a 1 ppm solution of
protein A (Sigma-Aldrich) was prepared in ultrapure water as a solvent. Localized Surface Plasmon
Resonance (LSPR) peak shifts of the plasmonic Au NPs were recorded using UV-Vis spectrometer.

3. Results and Discussion
Considering plasma production and NP formation scheme in the inserted in the figure 2a, Au

NPs vaporized by ablating the Au sputtering target laser light form a plasma plume. These ablated Au
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NPs are deposited on the microscopic slide substrate with high kinetic energy. Due to their high Ki-
netic energy, Au NPs combine with each other and become large particles as shown in figure by being
deposited on top of each other [23-25]. Figure 2 shows SEM images of Au NPs produced with 30
minutes of deposition (18.000 laser pulses). The images are magnified 50.000, 10.000, and 2.000
times, respectively. The size of Au NPs produced is approximately 370 nm at 50.000x magnification.
In Figure 2b, three Au NPs are visible. As seen in Figure 2c, the number and size of NPs have in-
creased. This is due to the increased deposition time, meaning the number of laser pulses was higher.

Additionally, the particle density has also increased.

Figure 2. SEM images of Au NPs produced with 30 minutes of deposition time (18.000 laser pulses). Image

magnified, a) 50.000 b) 10.000 c) 2.000 times.
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Figure 3. EDX spectrum of the produced Au NPs.

The elements present in the thin films are Au, Si, O, Na, Ca, and Mg. The presence of Au in the
composition confirms the use of an Au target in the experiment, along with other components, as NPs
are deposited on glass microscope substrates. The weight percentages of the elements are provided in
the inset of Figure 3. EDX spectrum of Au NPs produced with 12.000 laser pulses is shown in Figure
3. The thin film composition includes Au, Si, O, Na, Ca, and Mg. Au NPs are deposited onto glass
microscope substrates, and EDX findings align with the experimental setup.
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\

RF .‘7;/{

RF \‘71.._]{

7
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Figure 4. The illustration shows Au NPs binding to Protein A molecules.
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Figure 5. UV-Vis-NIR spectra of Au NPs produced by PLD for 30 minutes (18.000 laser pulses), as well as for
pure water and protein A binding NPs. For pure water and protein A binding NPs, blue shifts of 50 nm and 40

nm are observed, respectively.

Plasmonic Au NP thin films were produced using PLD technique. Au NPs binds to Protein A
molecules as shown in Figure 4. The synthesized Au NPs were analyzed via UV-Vis-NIR spectros-
copy, and the results are displayed in Figure 5. As shown in the figure, LSPR peaks of Au NPs, pro-
duced with 18.000 laser pulses (30-minute deposition time), are located at 1050, 1000, and 960 nm,
respectively. First, LSPR peak of pure Au NPs was measured and found to be positioned in the in-
frared region at 1050 nm. The large size of Au NP causes the restoring force on the electron oscilla-
tions (plasmon) within the particle (in the inset image in Fig 5) to decrease, and the electron oscilla-
tions to become distorted, decreasing their frequency, thus shifting LSPR wavelength to the infrared

region.

The size of Au plasmonic NPs can be calculated by the following equation:

In (AsprL_ Ao)
d=——=21 7 (3.1)

Where, 1, =532 nm; L; = 6.53 nm; L, = 0.0216 nm~1 [26]. Using Eq (3.1), the NP size was
theoretically calculated to be 202 nm for LSPR peak of 1050 nm. Its value is smaller than NP size
obtained in SEM image. Next, a thin layer of ultrapure water was added to the produced Au NP film.
The UV-Vis-NIR spectrum showed a blue shift of approximately 50 nm in LSPR peak, positioning it
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at 1000 nm. Finally, a solution of protein A, prepared at a concentration of 1 ppm and diluted in pure
water, was added onto Au NP film, and UV-Vis-NIR spectrum was recorded. LSPR peak of Au NPs
with protein A shifted to 960 nm. Therefore, it was determined that the binding of protein A shifted
LSPR peak of Au NPs by 40 nm to a shorter wavelength. Additionally, when considering the shift
relative to the refractive index, LSPR peak of Au NPs measured in air (n=1) was at 1050 nm, while in
pure water (n=1.33) it shifted to 1000 nm, resulting in a 50 nm wavelength shift, corresponding to
approximately 152 nm/RIU in refractive index units.

4. Conclusion and Suggestions

This study has demonstrated the potential of PLD as a highly effective and controllable method
for producing plasmonic Au NPs tailored for sensor applications. Through careful tuning of deposi-
tion parameters, including laser fluence, pulse duration, and deposition time, we were able to fabricate
Au NPs with well-defined morphology and LSPR characteristics. SEM imaging, coupled with
UV-Vis spectroscopy, confirmed that PLD-produced Au NPs exhibited uniform size and distribution,
crucial factors in achieving reliable sensor performance. Our findings show that SPR peak of Au NPs
responded sensitively to change in the refractive index of the surrounding medium, with measurable
shifts upon exposure to various analytes. This sensitivity underscores the suitability of these NPs for
real-time detection and molecular sensing. Additionally, the environmentally friendly, chemical-free
nature of PLD production offers an advantage in reducing contamination and enhancing the repro-
ducibility of Au NP-based sensors, making this approach especially promising for biosensing applica-
tions. The observed sensor properties highlight that PLD-produced Au NPs could be effectively uti-
lized in applications requiring precise and rapid detection, such as in environmental monitoring and
medical diagnostics. The relationship between deposition conditions and LSPR response provides
valuable insights into tuning the performance of plasmonic nanomaterials. Future work could further
explore PLD’s capabilities for multi-metallic or alloy NP production, aiming to expand the range of
detectable substances and increase sensor selectivity. In conclusion, this study contributes to advanc-
ing the fabrication and application of plasmonic nanomaterials, demonstrating that PLD is a viable,
scalable, and efficient technique for producing high-performance sensors based on Au NPs.
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Abstract: This study analyses the adsorption performance of nanoparticles prepared

with chitosan, lecithin, and mushroom extract as a biosorbent (KLcPEE) for various
dyes, including reactive orange 16 (RO16), direct yellow 50 (DY50), acid blue 25
(AB25) anionic dyes and malachite green (MG), methylene blue (MB) cationic dyes.
FE-SEM and FTIR techniques were used to characterize the surface of the biosorbent.
The KLcPEE biosorbent exhibited a maximal dye removal capacity of 66.77 mg/g,
63.42 mg/g, 74.33 mg/g, 83.45 mg/g, and 147.30 mg/g for 100 mg/L aqueous medium
of MG, MB, RO16, DY50 and AB25, respectively. The all cationic and anionic dyes
adsorption process on KLCPEE biosorbent followed the pseudo 1% order kinetic
model. Overall, this study offers an ecofriendly, sustainable, biological biosorbent,
and the KLcPEE exhibit considerable potential for rapid and efficient organic cationic
and anionic dye adsorption in wastewater.

Keywords: Acid blue 25; direct yellow 50; malachite green; methylene blue; reactive
orange 16

Kitosan-Lesitin-Pleurotus eryngii Oziitii Biyosorbent Yoluyla Zararh Boya
Adsorpsiyonu: Kinetik Arastirmalar

Ozet: Bu calisma anyonik reaktif turuncu 16 (RO16), direkt sar1 50 (DY50), asit
mavisi 25 (AB25) ve katyonik (malakit yesili (MG), metilen mavisi (MB) gibi ¢esitli
boyalarimn kitosan, lesitin ve mantar 6ziitii ile hazirlanan nanopartikiillii biyosorbent
(KLcPEE)’in adsorpsiyon kapasitesini analiz etmektedir. Biyosorbentin yiizeyini
karakterize etmek icin FE-SEM ve FTIR teknikleri kullanmilmistir. KLcPEE
biyosorbent, MG, MB, RO16, DY50 ve AB25'in 100 mg/L sulu ortami igin sirasiyla
66.77, 63.42, 74.33, 83.45 ve 147.30'luk maksimum boya giderme kapasitesi
sergilemistir. KLcPEE biyosorbentteki tiim katyonik ve anyonik boyalarin
adsorpsiyon siireci, psddo 1.ci dereceden kinetik modeliyle uyumlu oldugu
gozlemlenmistir. Genel olarak, bu ¢alisma ¢evre dostu, siirdiiriilebilir, biyolojik bir
biyosorbent sunmakta ve KLcPEE, atik suda hizli ve etkili organik katyonik ve
anyonik boyalarin adsorpsiyonu i¢in 6nemli bir potansiyel sergilemektedir.

Anahtar Kelimeler: Asit mavisi 25; direkt sar1 50; malakit yesili; metilen mavisi;
reaktif turuncu 16
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1. Introduction

Essential colorants called organic dyes are important ingredients used in the pharmaceutical, food,
paper, printing, and textile industries. They cause significant water pollution due to their extensive
industrial use and release into water bodies without being completely removed or degraded. In addition,
because of the chemically stable synthetic organic dyes, they show very low biodegradability.
Therefore, it is emphasized that organic dye pollution in water poses a great risk to ecological systems
and the environment [1-5]. Water pollution caused by organic dyes greatly threatens the environment
and living organisms. DY50 that of a synthetic diazo dye, is primarily used for cellulosic fibers, viscose,
cotton, printing, and silk dyeing [5]. RO16 sulfonated, anionic and reactive azo dye is an
unbiodegradable [6]. AB25 dye widely used in dyeing nylon, fiber and protein is an anionic dye that
negatively affects the ecosystem because it contains organic sulphonic groups [7]. MG and MB are
cationic dyes that have many harmful effects, including mutagenicity and carcinogenicity, on various
organisms, especially humans and animal species, at low concentrations [8]. Releasing these dyes into
the environment is dangerous, toxic and mutagenic for humans, animals and herbals. As a result, there is
an increasing demand for removing toxic organic compounds such as dyes in wastewater.

Removing dyes from wastewater usually adopts coagulation, chemical precipitation, adsorption,
membrane filtration, flotation, ion exchange, electrochemical methods, and flocculation. The adsorption
method has become the best alternative among existing technologies when compared to other methods
due to its advantages of low cost, wide application range and convenient operation. Many researchers
have recently developed new and improved biocomposites including alginate-sepiolite [9],
lignin-chitosan [10], chitosan-cellulose [11], chitosan-sodium alginate [12],
Polyaniline@Hydroxyapatite [13], Starch-metalorganic framework-Graphene oxide [14], and
Zeolite-Guar gum-Polyvinylpyrrolidone [15] to remove dyes with great adsorption capacities in the
literature. In addition, new adsorbents with higher adsorption capacity and superior properties continue
to be researched.

Various functional groups in the structure of nanosorbents play an active role in the formation of
different dye adsorption. Chitosan, natural cationic macromolecular chains with abundant amine and
hydroxyl groups, is a biocompatible, biodegradable, antibacterial biomass material, renewable, and
non-toxic. These features make it the most suitable choice for the design of functional materials for
applications [16-18]. Soy lecithin, a mixture of phosphatidic acid, phosphatidylcholine and phosphatidy!
inositol, is a biopolymer derived from soybeans. Its emulsification tendency, antioxidant ability, high
wettability properties, and biodegradable structure make this biopolymer superior [19]. Due to its
excellent biocompatibility, Lecithin is widely used as an important bio-activator or natural surfactant in
many industries, such as cosmetics, food and pharmaceuticals. Lecithin has a negative charge on the
phosphate group and a positive charge on the trimethyl-amino group, and taking into account that the
composite is both negative /positive compound, a repulsive interaction between the composite and
anionic/cationic dyes should be expected. This makes the inclusion of lecithin in the composite help
increase the adsorption efficiency. Mushrooms are a rich source of various carbohydrates such as chitin,
mannans, hemicellulose, beta-glucans, galactans, and xylans. This content gives mushrooms a wide
range of functional groups, making them a very assertive material for composite materials used in
various dye adsorption. Furthermore, using the mushroom to produce composites is an ecological,
sustainable and economically viable alternative, providing a residue that could become an
environmental liability [18]. Pleurotus eryngii is an oyster mushroom that is a possible source of
proteins and cell wall polysaccharides, primarily B-D-glucans. In this study, a perfect alternative
composite was prepared in the literature for dye removal by creating a synergistic effect of chitosan by
adding lecithin and mushroom by their functional groups.

In this study, chitosan-lecithin-Pleurotus eringii extract biosorbent (KLcPEE) was synthesized
and the adsorption efficiency of cationic dyes: MG, MB, and anionic dyes: RO16, DY50, AB25 dyes
adsorption was investigated. Figure 1 shows the chemical structure of these anionic and cationic dyes.
The adsorption experiments were conducted using, temperature, pH, the concentration of initial dye and
contact time. Kinetic models called Pseudo 1% order and pseudo 2" order to investigate the adsorption
kinetics.
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Figure 1. Schematic illustration of anionic (RO, DY, AB) and cationic (MG, MB) dyes

2. Materials and Methods

Low-density chitosan (K) and lecithin (Lc) were produced from Sigma-Aldrich production.
Pleurotus eringii extract (PEE) was prepared using our previous procedure [17]. FTIR spectroscopy was
used to examine the chemical composition of the KLcPEE biosorbent. Bruker Spectrometer, (ALPHA)
(with ZnSe crystal and a Platinum-ATR accessory) instrument was used to investigate the functional
groups onto biosorbent. device of EVO-40 LEQ 20 kV unit energy was used to determine the surface
morphology of KLcPEE biosorbent.

2.1. Synthesis of KLcPEE

0.50 g K was dissolved in 30 mL 1% acetic acid solution and pH was adjusted to = 5.6. Then, 0.05
g tripolyphosphate (TTP) was dissolved in 15 mL distilled water and the solution was stirred again. In
addition, 1.5 g Lc was dissolved in 70 mL distilled water while 0.060 g PEE was dissolved in methanol,
and both solutions were added to K-TTP (pH~5.5) solution and the mixture was stirred 4-5 h by
magnetic stirring apparatus. After stirring, the mixture was centrifuged and dried at 323 K. Finally, the
nanosorbent was sieved and used for further experiments.

2.2. Adsorption Experiments and Kinetics
For adsorption experiments, first of all, for examination of the effect of initial dye concentration
and contact time, experimental conditions as the adsorbent amount (m): 0.01 g, dye volume (V): 20 mL,
temperature (T): 298 K, stirring speed (r):160 rpm were provided. Additionally, for kinetic studies,
three different temperatures of 298 K, 303 K and 313 K were studied under the same conditions. The
capacity of adsorption was calculated as below formula (2.1).
q= A (2.1)

m
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While g, mg/g, represents the capacity of adsorption, m, g, the amount of biosorbent, C,, mg/L, is
the dye’s initial concentration and Ci, mg/L, is the dye concentration at t time.

Pseudo 1% order and pseudo 2" order model equations, widely preferred in the literature, were
used to investigate the adsorption kinetic parameters. The pseudo 1st order equation is as equation (2.2)
[19].

t
log(qe — q¢) = logqe — K157 (2.2)

The pseudo 2nd order equation is given by equation (2.3) [20].

L B (2.3)

qc e qiK;

ge (at equilibrium, mg/g) and q: (at t time, mg/g) represent the dye amount adsorbed on the
biosorbent, while K; (1/min) and K (g/mg.min) perform the pseudo 1% order and pseudo 2" order rate
constants, respectively.

3. Results and Discussions

3.1. Characterizations

To examine the KLcPEE’s chemical composition, FTIR spectroscopy was examined.
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Figure 2. FTIR Spectra of KLcPEE before and after (a) cationic dyes and (b) anionic dyes

As represented in Figure 2.a, b, the peaks observed in the FTIR spectrum of KLcPEE were found
to be at 3250 cm™, 2920 cm, 2854 cm™, 1733 cm™', 1642 cm™!, 1537 cm™!, 1458 cm™, 1376 cm’?, and
1032 cm™. The peak that appeared at 3250 cm corresponds to the typical O-H vibration of stretching
while the peaks at 2854 cm™* and 2920 cm™* CH; vibration of stretching [21,22]. Also, 1733 cm't, 1642
cm™and 1538 cm™ peaks show carbonyl, amide I, and amide 1l stretching vibration, respectively. 1458
cm?, 1376 cm?, and 1032 cm™ peaks are belongs to the Ar(C=C), C-N, C-O stretching vibration,
respectively.

After adsorption of cationic dyes, some changes were found in the biosorbent’s FTIR spectrum
(Figure 2a). The peaks at 3279 cm™, cm?, 1642 cm™, 1537 cm* were sharper and shifted to 3264 cm1,
1641 cm?, 1538 cm™ and 3260 cm?, 1643 cm™, 1536 cm™ after MB and MG adsorption, respectively.
Also, after the adsorption of MB and MG, the peak at 1032 cm™* was sharper and shifted to 1045 cm™,
1057 cm. These changes and shiftings result from the dye molecules on the KLcPEE’s surface. In
addition, because of the changes that occurred at these peaks, it can be interpreted that the adsorption
mechanism happened at the O-H(N-H), C=0O(NH), (O=C)-NH, and C-O functional groups.

After anionic dyes (RO16, DY50, AB25) adsorption, some changes occurred again at the FTIR
spectrum (Figure 2b). The peak at the 3279 cm™ and 1736 cm* were shifted to 3250 cm®, 1733 cm™?,
3241 cm?, 1734 cm, 3274 cm, 1733 cm™ after RO16, DY50 and AB25 adsorption, respectively that
explain the adsorption took place onto functional groups, C=0 and O-H(N-H).

In addition, the new peak at the 617 cm™, 613 cm™* and 629 cm that belongs to the symmetrical
vibration of SO4? (from anionic dyes) occurred after RO16, DY50 and AB25 adsorption that proved the
existence of these dyes onto biosorbent. Also, after all the anionic dye, the peak at around ~1000-1100
(S-O stretching of sulphate) became sharper, which also proves the RO16, DY50 and AB25 dyes onto
the KLcPEE surface.
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The SEM image used to identify the morphology of synthesized KLcPEE is shown in Figure 3. It
revealed that the synthesized biosorbent had a roughly spherical form with a rough, highly porous
inward surface. This shows that KLcPEE material is quite suitable for the adsorption of dye molecules.

Figure 3. SEM images of KLcPEE biosorbent

3.2. Effect of Contact Time and Initial Dye

The contact time was investigated for the adsorption of MG, MB, RO16, DY50 and AB25. Initial
dye concentrations of dyes, C,:25 mg/L, 50 mg/L and 100 mg/L were selected for the dyes used in this
study. For removal efficiency, the contact time of biosorbent was used as 15, 30, 60, 90, 120, 150, 180
and 240 min. As seen in Figure 4a-e, the equilibrium contact time for MG, and MB dyes was 90 min,
while it was determined as 120 min for RO16, DY50 and AB25 dyes. When the adsorption efficiencies
at equilibrium were examined, the highest adsorption efficiency was found to be 147.30 mg/g in AB25
dye. Other dye yields are given as follows: the adsorption efficiency was 66.77 mg/g, 63.42 mg/g, 74.33
mg/g, 83.45 mg/g and 147.30 mg/g per minute in MG, MB, RO16, DY50 and AB25 dye, respectively
(Figure 4a-e).

The 25, 50 and 100 mg/L concentrations were selected for studying the effect of access on
adsorption. Figure 4a-e shows the results, including the change of adsorption capacities of MG, MB,
RO16, DY50 and AB25 dyes with different initial concentrations with time. As can be understood from
Figure 4a-e, it is obvious that the actual dye adsorption capacities are higher at higher dye concentrations
(from 25 mg/g to 100 mg/g). A high solute/adsorbent vacancy ratio at low dye concentrations promotes
colour removal. As the concentration increases, the number of active adsorbate molecules to be
adsorbed in the medium increases, thus, the adsorption amount also increases in parallel [23].
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Figure 4. Initial dye concentration effect of a: MG, b: MB, ¢: RO16, d: DY50, e: AB25 adsorption onto KLcPEE

3.3. Kinetics of Adsorption

The data belonging to the experiments were analyzed with the pseudo 1% order (Figure 5a) and
pseudo 2" order kinetics models’ plots (Figure 5b) using equations (2) and (3) for the adsorption
kinetics of dyes MG, MB, RO16, DY50 and AB25 evaluation.

Both models' values of K; and K3, the rate constants, the ge, calculated adsorption capacities at
equilibrium, and R?, the linear correlation coefficients, are listed in Table 1. According to Table 1 data,
the pseudo 1% order kinetic model showed a higher value of (R?) than the pseudo 2" order. R? were
between 0.9904-0.9966 for pseudo 1% order while between 0.9692-0.9820 for pseudo 2" order.

Also, the values of g. obtained from the pseudo 1% order model are close to experimental g,
suggesting all dyes adsorption onto the KLLcPEE biosorbent’ kinetics follow this model. In Figure 5a, in
all cases, the plot log(qge-q:) versus t is a straight line. Thus, this linear plot shows that the experimental
data demonstrate compatibility as the pseudo 1% order kinetic model and that this model is more
favourable to describe the MG, MB, RO16, DY50, and AB25 dyes adsorption onto the KLcPEE
biosorbent.

The pseudo 1 order kinetic model describes the physical adsorption of dyes. It also supports that
the rate of adsorption is directly related to the number of voids on the adsorbent surface. In similar
studies in the literature, pseudo 1% order adsorption data are also found [24].
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Table 1. Pseudo 1st order and Pseudo 2nd order kinetic parameters

Pseudo 1% order Pseudo 2" order
Adsorbate | ge,exp (mg/g) ge,C (Mg /g) Ky(1/min) R? ge,c(mg/g) | Ko(g/mg min) R?
MG 42.55 45.34 0.0306 0.9933 51.81 1.9489 0.9692
MB 48.56 47.28 0.0233 0.9946 60.61 2.1848 0.9723
RO16 59.77 61.49 0.0313 0.9966 73.53 3.0912 0.9795
DY50 77.55 81.00 0.0283 0.9952 100.00 2.4808 0.9836
AB25 101.20 110.41 0.0334 0.9904 123.46 3.5524 0.9820
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Figure 5. Kinetic plots of a) Pseudo 1% order b) Pseudo 2™ order MG, MB, RO16, DY50, AB25 onto KLcPEE

3.4. Effect of Temperature

The temperature of the solution is one of the most important factors influencing the adsorption
capacity. To determine the effect of temperature on the adsorption of MG, MB, RO16, DY50, and AB25
dyes with KLcPEE, temperatures at 298 K, 303 K and 313 K were investigated with (C,):50 mg/L,
(r)=160 rpm. According to the results in Figure 6, as the rise in temperature occurs from 298 K to 313 K,
the adsorption capacities for MG, MB, RO16, DY50, and AB25 dyes decrease from 42.55 mg/g to 22.68
mg/g for MG dye and from 48.56 mg/g to 25.95 mg/g for MB dye, from 60.34 mg/g to 45.76 mg/g for
RO16 dye, from 78.12 mg/g to 50.53 mg/g for DY50 dye, and from 101.20 mg/g to 85.33 mg/g for
AB25 dye. The decrease in the capacity of adsorption with temperature rise supports that the adsorption
process is exothermic. As the temperature rises, the heat increases and as a result, the space between the
particles on the solid biosorbent surface increases, making dye molecule adsorption difficult [25]. As a
result, with a temperature rise, the adsorption capacity decreases. In the literature, other studies show
that the adsorption mechanism is exothermic [26].
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Figure 6. Temperature effect on a: MG, b: MB, c: RO16, d: DY50, e: AB25 adsorption onto KLcPEE (<>:298 K,
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Figure 7. pH effect on a:MG, b:MB, ¢:R0O16, d:DY50, e: AB25 adsorption onto KLcPEE (pH:2-10)

3.5. pH Effects on Dye Adsorption

To determine whether there is a change in the adsorption capacity levels in dye solutions of
different pH environments, a study was carried out using dye solutions at C,=50 mg/L concentration
levels in the pH range of 2-10 as shown in Figure 7.

In the MG, MB cationic dyes adsorption, very little adsorption occurred at low pH, but as pH
increased, the adsorption of these dyes increased (Figure 7). At low pH, the surface of the biosorbent is
positively charged (protonation) and electrostatic repulsion occurs between the biosorbent’s positive
charge surface and the positively charged cationic dyes. However, at high pHs, the surface of the
biosorbent is negatively charged (deprotonation) and attracts positively charged cationic dyes, showing
a higher adsorption efficiency [27].

As seen from Figure 7 for anionic dyes, when pH increases from 2 to 7, the surface of the
biosorbent is positive, so between the positively charged biosorbent surface and the anionic dye, a strong
attraction of electrostatic interference occurs. With the increase of pH, both positively charged areas
decrease, and the number of negatively charged areas increases, therefore, electrostatic repulsion occurs.
Thus, it prevents the anions in the dyes from binding to the negatively charged areas on the surface of the
biosorbent, and at higher pH levels, it further reduces the adsorption due to ionic repulsion of OH" ions
with the anionic dye molecules [28].

4, Conclusion

KLcPEE biosorbent was synthesized and used to remove MG, MB cationic dyes RO16, DY50,
and AB25 anionic dyes from the aqueous solution. The effects of various factors such as temperature,
pH, initial dyes’ concentration and contact time were evaluated. The equilibrium time of MG and MB
dyes was determined as 90 min, while that of RO16, DY50 and AB25 dyes was determined as 120 min.
AB25 showed the highest adsorption capacity (147.30 mg/g, 100 mg/L) onto KLcPEE biosorbent
among the dyes. Pseudo 1% order and pseudo 2™ order kinetic modelling were used in the evaluation of
kinetic studies. When the correlation values (R?) and adsorption capacities were examined, it was
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determined that MG, MB, RO16, DY50, and AB25 dyes are compatible with the pseudo 1% order kinetic
model. As a result, KLcPEE can be considered an effective and cost-effective adsorbent in removing
both cationic and anionic dyes from wastewater.
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