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Abstract

Hydrogen is the most abundant element in the universe, can be produced by water, stored easily, conversed into thermal, mechanical
and electrical energy. Because of these properties, it can be considered as the energy carrier of the future. In order to use hydrogen as
energy carrier, it must be separated from the gas mixture. Hydrogen separation using membrane method has the advantage over other
separation methods due to its less energy intensive and environmental friendly properties. Mixed matrix membrane (MMM) has been
developed so as to membrane properties become better and increase the performance of gas separation membranes. MOFs as a new
fillers in MMM with high surface area and pore volume, enhance the H. gas separation properties. In this study, MOF-5 and Co-doped
MOF-5 particles were synthesized, characterized and incorporated into polyimide to investigate the effect of filler on the H. gas
permeation. Co-doped MOF-5/PI MMMs with different loading rate (5wt.%, 10wt.%, 15wt.%) were fabricated. The characterization
was performed by different analysis techniques. The gas analyses results showed that permeability of H, gas in mixed matrix
membrane including MOF-5 and Co-doped MOF-5 particules were enhanced with increasing the loading rate (5wt.%, 10wt.%,
15wt.%) at room temperature and pressure of 500 kPa. Furthermore, metal doped MOFs/PI is the highest gas permeation properties
compared to pure Pl and MOF-5/PI.
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Enerji Uygulamasinda Co katkih MOF-5/Poliimit Karisik Matriksli

Membranlar Kullanarak Hidrojen Ayrim

0z

Evrende bol miktarda bulunan hidrojen; su tarafindan iiretilebilmesi, kolayca depolanabilmesi, termal, mekanik ve elektrik enerjisine
doniigebilmesi 6zelliklerinden dolayr gelecegin enerji tasiyicist olarak diistiniilebilmektedir. Hidrojenin enerji tasiyicisi olarak
kullanabilmesi i¢in i¢inde bulundugu gaz karigimindan ayrilmasi gerekmektedir. Membran yontemi kullanilarak hidrojen ayirma,
diger ayirma yontemlerine gore daha az enerji yogunluguna sahiptir ve ¢evre dostudur. Gaz ayirma membranlarinin performansinin
arttirllmas1 ve membran &zelliklerinin daha iyi hale gelmesi i¢in karigik matriksli membranlar gelistirilmistir. Karigik matriksli
membranlarda dolgu maddesi olarak kullanilabilen, yliksek ylizey alani ve gdzenek hacmine sahip metal organik kafesler (MOF), H»
gazi ayirma ozelliklerini iyilestirmektedir. Bu ¢aligmada, MOF-5 ve Co katkilt MOF-5 partikiilleri sentezlenmis, karakterize edilmis
ve dolgu maddesinin H> gaz gecirgenligi lizerindeki etkisini aragtirmak i¢in poliimit(PI) igine ilave edilmistir. Farkli yiikleme
oranlarma sahip katkilt MOF-5/PI karisik matriksli membranlar (agirlikca %5, %10 ve %15) tiretilmistir ve karakterizasyonlar1 farkli
analiz teknikleriyle gerceklestirilmistir. Gaz analiz sonuglari, MOF-5 ve Co katkili MOF-5 dahil olmak tizere karisik matriksli
membranda H, gazinin gegirgenliginin, oda sicakliginda ve 500 kPa'lik basing altinda farkli yiikleme oranlarinda (agirlik¢a% 5,%
10,% 15) arttigin1 gostermistir. Ayrica, metal katkilt MOF/PT’in, saf PI ve MOF-5/PI ile karsilagtirildiginda en yiiksek gaz gecirgenlik
ozelliklerine sahip oldugu goriilmistiir.
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1. Introduction

Hydrogen is considered as a possible solution for future energy economy because of its light weight and high energy.
Furthermore, it produces only water and is conversed into electrical energy easily (Dincer, 2002; Jain, 2009; van den Berg & Arean,
2008; Ziittel, 2003). There are mainly three different ways that hydrogen separation can be carried out namely, pressure swing
adsorption, cryogenic distillation and membrane processes. Although pressure swing adsorption and cryogenic systems supply high
purity of Hp, they have some drawback such as high capital and operational cost, use of special adsorbents and considerable amount of
energy consumption (Adhikari & Fernando, 2006; Shao et al., 2009). On the contrary, membranes have been competitive with other
technologies in terms of ease of operation, low investment cost, low energy consumption and cost effectiveness (Adatoz, et al., 2015;
Adhikari & Fernando, 2006). However, there is a tradeoff between permeability and selectivity which is why cannot obtain high
selectivity and permeability for these membranes. The selectivity of the gases increases while their permeability decreases or vice
versa. Mixed matrix membranes (MMMs) composed of inorganic filler and polymer matrix are promising way to overcome inverse
relationship between permeability and selectivity (Feijani et al., 2015). However, their cost, fragility and voids at the polymer—filler
interface remain important challenges (Shu, Husain, & Koros, 2007). Recently, metal organic frameworks (MOFs) were found to be
good candidates to fabricate MMMs, because MOFs are flexible in structure variability, could change pore size and adjustable internal
surface properties and also enhance MMM’s performance (Li et al., 2012). Thanks to these unique features, MOFs have been
synthesized and investigated frequently in recent years. MOF-5 consist of four [ZnsO]*® clusters in octahedral subunits that are
connected to each other by benzene-1,4-dicarboxylate (BDC) groups, to form a porous cubic framework is one of the most popular
frameworks of these materials (Li et al., 2009).

Many scientific researches have been studied with mixed matrix membranes prepared with MOF-5 and the gas separation
performance of MMM has been investigated. Perez et al. (2009) have increased gas permeabilities of mixed matrix membranes by
120% by adding MOF-5 to Matrimid membranes. In another study reported that H, permeability of the MOF-5/PEI mixed matrix
membrane was increased by 40% compared to pure PElI membrane (Arjmandi & Pakizeh, 2014). However, MOF-5 is sensitive to
moisture and causes structure collapse. To solve this issue, researchers focused on the enhancement of hydrostability of MOF-5 and
found that doping metals into MOF-5 improve these drawbacks (Botas et al., 2010; Li etal., 2012; Yang et al., 2014b). There are only
a few works reported on the enhacement of hydrostability for MOF-5. Yang and co-workers demonstrated that Ni-doped MOF-5
microcrystals have higher Langmuir specific surface areas and larger pore volume, they enhance the structural stability of MOFs
towars moisture and hydrogen adsorption properties (Yang et al., 2014b). Li and co-workers found that Ni-doped MOF-5s not only
exhibit larger Langmuir specific surface areas and larger pores than the undoped MOF-5, but also significantly enhance water
resistance of the framework. The H; uptake capacity of undoped MOF-5 drops rapidly when exposed to the ambient air, whereas the
H> adsorptions of the Ni-doped MOF-5s remain stable for 4 days (Li et al., 2012).

The objective of this paper is to synthesize and characterize MOF-5 and Cobalt-doped MOF-5 and incorporate into polyimide
matrix to investigate the effect of filler on the single gas permeation. MOF-5 has been chosen due to its uniform microporous structure
and good thermal stability. Cobalt transition metal has been used in order to understand metal’s effect on gas permeation.

2. Material and Method

In this study, MOF synthesis, pure polymeric and mixed matrix membranes fabrication, characterization and permeation test
were carried out.

2.1. Reagents

The polyimide resin (CsO2N), was purchased from Alfa Aesar. The physical properties of the polyimide are given in Table 1.

Table 1. Polyimide properties used in this study.

Polyimide Properties
Moleculer weight Mw 588,60 g/mol
Glass transition temperature Tg 305°C
Melting point Mp >300°C
Density p 1,2 g/mL
Flash point - >93°C

Zinc (I1) nitrate tetrahydrate (Zn(NOs)2.4H20), Cobalt (Il) nitrate hexahydrate (Co(NOs)..6H20), 1-methyl-2-pyrrolidone
(CsH9NO), Terephthalic acid and Ethanol (C,HsOH) were obtained from Merck. N-N-dimethylformamide (DMF, 98% purity) was
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provided from Carlo Erba. All chemicals and solvents were used without further purification. Permeability experiments were carried
out using Ha gas with purity is greater than 99.99 %.

2.2. Synthesis of MOF-5

MOF-5s were synthesized by solvotermal method. In a typical synthesis, 5.1 mmol of Zn(NO3),-4H,0 and 1.7 mmol terephthalic
acid were dissolved in 16mL of DMF in a glass tube. Then the prepared solution was placed in an oven (105°C for 24h). After that,
glass tube was allowed to be cooled to room temperature. The white solution was filtered and then washed three times with 5mL
aliquots of DMF to obtain MOF-5 crystals. The white crystals were placed (24h at 60°C) in a vacuum oven to get dry MOF-5. It was
stored in moisture proof glass bottle (Figure 1a).

2.3. Synthesis of Co-doped MOF-5

Co-doped MOF-5 was synthesized by procedure published previously (Yang et al., 2014a). Equimolar quantities (0.05 mmol) of
Zn(NO3)2.4H.0, Co(NO3)2.6H-0 and terephthalic acid were dissolved in 16mL of DMF in a glass tube under strong agitation. Then
the prepared solution was placed in an oven (105°C for 24h). After ensuring sample to be cooled down room temperature, particles
were derived from the solution by filtration. The particles were retained (60°C for 24h) in a vacuum oven in order to get dry particles.
Finally, Co-doped MOF-5 particles were stored in a capped vial (Figure 1b).

Figure 1. Picture of MOFs a) MOF-5, b)Co-doped MOF-5

2.4. Fabrication of Pure Polyimide Membrane

Membrane was prepared using the solution casting method as mentioned previous study (Ozturk & Demirciyeva, 2013). Figure 2
shows the flow diagram of membrane preparation.
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Figure 2. The Flow Diagram of Pure Polymer Membrane Preparation.

Firstly, Pl (0.5 g) was dissolved in 4.5 g of 1-methyl-2-pyrrolidone (NMP) and stirred for 12h at 70°C until a clear uniform
viscous solution was obtained. Then solution was casted on a clean glass plate using a casting rod. The glass plate was placed in a
vacuum oven at 70°C and low pressure for 12h to allow the solvent to evaporate completely. The glass plate was immersed into a
water bath to separate membrane from glass plate. After that, the membrane was annealed in a vacuum oven at 220°C for 24h. The
average membrane thickness was 40 pm.

2.5. Fabrication of MMMs

Flow diagram of preparation of MMMSs have been shown in Figure 3. Initially, MOF-5 containing 5, 10 and 15wt.% particles
were dispersed the NMP in separate beakers. Pl polymer and NMP solvent mixed in same separate beaker for each percentage. After
getting uniform mixing MOF-5/NMP solutions poured into PI/NMP solutions, then sonicated in a ultrasonic bath and stirred (12h at
70°C) to get homogeneous solution. After getting thorough uniform solution, they were casted on a clean glass surface and got thin
films using casting rod. Then, they were placed in a vacuum oven at 70°C for 12h to allow the solvent to evaporate completely. After
that, the membranes were immersed into a water bath to separate the membrane from glass surface. Finally, the membranes were kept
in a vacuum oven at 220°C for 24h. Similar procedure was carried out preparing Co-doped MOF-5/PI membranes. Finally, six
different MMMs have been manufactured to be used permeation tests.
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Figure 3. The Flow Diagram of Mixed Matrix Membrane Preparation

2.6. Permeability experiment

To perform permeability analysis, variable pressure-constant volume method was used. The gas separation system consists of
membrane cell, pressure transducer, vacuum pump, temperature gauge and gas tank (Figure 4). The typical membrane module is
shown in Figure 5. Membrane area located at test cell was 49.2 cm? and permeate side volume was 30.2 mL. Membrane was placed in
permeation apparatus and held under vacuum to remove residual gases. All measurements were performed at room temperature and
pressure of 500 kPa. Single gas permeabilities of the prepared membranes were determined for H, gas.
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Figure 4. Gas Separation System

Figure 5. Membrane module

The gas permeability (P) was calculated by the slope of curve of permeate pressure vs. time (dp/dt) using the Daynes-Barrier time
lag equation as follows (Weng et al., 2010):

d V T, L
P=() Tl x — )
dat) aap TP,

where P is the permeability coefficient expressed in Barrer [1 Barrer = 1x1071% cm® cm (STP) cm™ st cmHg™?], (dp/dt) is the slope of
the straight line in the steady-state region at which permeation pressure increases with time on the downstream side, V (cm? ) is the
calibrated downstream volume, AP (cmHg) is the trans membrane pressure difference between the two sides, A (cm?) is the effective
area of the membrane, L (cm) is the membrane thickness, T (K) is the measure temperature, and To and P, are the standard
temperature and pressure, respectively

2.7. Characterization of MOF-5s and MMMs

The spectrum of MOF-5 and Co-doped MOF-5 obtained by Fourier transformed infrared spectroscopy (FTIR) were recorded at
room temperature using a Perkin-Elmer MIRacle. FTIR spectra were collected at wave-number between 650 cm™ and 4000 cm™.
Scanning electron microscopy (SEM) images of MOFs were taken using a JSM-7001F Field Emission Scanning Electron Microscope.
Thermal analyses were performed to determine weigh loss of samples by temperature using a Shimadzu DTG-60 instrument under the
nitrogen atmosphere with a heating rate of 20 °C min™.,
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3. Results and Discussion

3.1. MOF-5 and Co-doped MOF-5 characterization

Characterization of MOF-5 and Co-doped MOF-5 were examinated byFT IR, TGA and SEM methods. FTIR spectrum of MOF-5
and Co-doped MOF-5 were shown in Figure 6.
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Figure 6. FTIR spectra of MOF-5 and Co-doped MOF-5 crystals.

FTIR spectra of MOF-5 exhibited characteristic peaks at 1580-1500 cm™ corresponds to asymmetric stretching of COO groups
and at 1400-1300 cm™ corresponds to the symmetric stretching of COO groups in BDC? (Huang et al., 2003) The peaks indicating
terephthalate compounds were shown 700-1200 cm*(Sabouni et al., 2010). The peaks in the range of 1250-1010 cm™ assigned to the
C-H group present in the benzene ring (Arjmandi & Pakizeh, 2014). The broad band at 2800-3600 cm™ demonstrates the presence of
water in structure. These results show consistency with the literature (Huang et al., 2003). FTIR spectra of Co-doped MOF-5 showed
similar trends with FTIR spectra of MOF-5 indicating isostructure has not change doping metal into MOF structure.

Thermo gravimetric analysis (TGA) curve of MOF-5 display two main steps of weight loss (Figure 7). The first step of weight
loss in the temperature below 250°C can be attributed to the loss of guest molecules (water vapour and solvent). The second weight
loss occurred in the endothermic process between 398-601°C correspond to the decomposition of organic linkers.

100r

TGA. %
S
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Figure 7. TGA plots of MOF-5 and Co-doped MOF-5.

e-ISSN:2148-2683 6



European Journal of Science and Technology

Since the MOF-5 structure degrades at this temperature range, the initial value (398°C) of this step determine the thermal stability
of structure. This mechanism of degradation of step is due to the breakage of the bridges between carboxylate ZnO, clusters and
benzene rings. The weight loss values obtained in the first and second stages of the curve are in agreement with the values reported in
the literature (Liu et al., 2009).

The thermal analysis curve of the Co-doped MOF-5 structure exhibits a three-stage weight loss. The initial weight loss (below
370°C) corresponds to the removal of water and solvent molecules in the pores. The decomposition of the Co-doped MOF-5 structure
and ZnO/CoO formation are associated with the removal of the organic ligands in the second step between 408-559°C. The mass loss
between 628-800°C is the third stage, the carbon based species remaining from the degradation of the ligand and the low boiling point
zinc metal are removed in this step. The residue considered to be cobalt oxide or cobalt oxide-zinc oxide

Figure 8. SEM pictures of MOF-5 and Co-doped MOF-5

3.2. Hz permeation measurement

Gas permeation measurements for pure polymeric membrane and MMMs were conducted using a constant volume-variable
pressure. All measurements were carried out at room temperature and 500 kPa of pressure.

The gas permeation performances of MMMs were measured by single gas permeation test of H,. Table 2 indicates that H,
permeation of MOF-5/PI and Co-doped MOF-5/PI mixed matrix membranes results. The results showed that permeabilities of MOF-
5/P1 membranes for H, gas incerased with increasing the loading (5wt.%, 10wt.%, 15wt.% MOF-5) at room temperature and pressure
of 500 kPa. The average pore size of MOF-5 is approximately 8.67 A° which is greater than H, molecular diameter (2.9 A®). Thus, it
can be expected that the MOF-5 crystals increase the gas permeation through the MMMs relative to dense pure Pl membrane.

Table 2. H, permeability with different MOF-5 and Co doped MOF-5 loadings in PI at room temperature and 500 kPa.

Membrane MOF loading, %
0 5% ‘ 10% ‘ 15%
Permeability (barrer)
Pl 12.18 - - -
MOF-5/PI - 12.75 14.65 15.48
Co-doped MOF-5/PI - 17.98 19.59 20.39

In gas permeability analysis, permeability of pure polyimide was found 12.18 barrer at 500 kPa and room temperature.
Incorparation of 5wt.% MOF-5 into polyimide changed the results as 12.75 barrer. At 10 wt% and %15 wt% loading rate,
permeabilities were found 14.65 and 15.48 barrer. In other words, incorparation of 5wt%., 10wt.%, 15wt.% MOF-5 into pure PI
resulted in 4.68%, 20.28%, 27.09% increase in H, permeability compared to pure polymer, respectively. Recently, Perez and
coworkers found permeability results that support this study, they synthesized MOF-5 crystal and added matrimid membrane to form
MMM and reported the permeability of H, gas increased with different MOF-5 loading rate (Perez et al., 2009). Another study
explained that incorporation of 5 wt.% of MOF-5 into pure polyetherimide conclued in 40% increase in H, permeability (Arjmandi &
Pakizeh, 2014).

e-1SSN:2148-2683 7
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Single gas permeability results clarified that MOF-5 doped with Co metal enhance the permeability of H, compared to pure
polymer. For instance, incorporation of 5 wt.% of Co-doped MOF-5, 10 wt.% of Co-doped MOF-5 and 15 wt.% of Co-doped MOF-5
to polyimide increase H, permeability as 17.98, 19.59 and 20.39 barrer. The results showed that permeability of H gas incerased
with mixed matrix membrane including Co-doped MOF-5 crystals relative to pure polyimide.

In comparison Co-doped MOF-5/PI with MOF-5/PI, permeability results represent that Co metal doped MOF-5 into polyimide
showed better permeability values than undoped MOF-5. Indeed, 5 wt% of Co-doped MOF-5, 10 wt.% of Co-doped MOF-5/PI and
15 wt.% of Co-doped MOF-5/PI were enhance H, permeation results by 41.02%, 33.7% and 31.72% respectively, when compared to
MOF-5 polyimide. Because the atomic diameter of cobalt is greater than the atomic diameter of zinc, has influenced result of H;
permeability. This consequence implies that the MMM containing Co-doped MOF-5/PI produced highest permeability suggesting
that the Co-doped MOF-5 crystals were facilitating gas transport tested under the same conditions.

4. Conclusion

In order to improve gas permeability of MOF/PI membranes, in this work metal doped MOF-5 was sytnhesized and its effect was
investigated on permeation of Hz. First of all, MOF-5 and MOF-5 doped with Co metal were successfully synthesized. Then, the
structure of MOF-5 and Co-doped MOF-5 were characterized by FTIR, TGA and SEM analyses. Characterization results displayed
that doping metal into MOF-5 structure does not change its morphology, and determined same functional groups. Afterwards, mixed
matrix membranes containing MOF-5 and Co-doped MOF-5 were fabricated successfully via casting solution method. MMMSs were
performed for the permeation of H, as a function of various filler loadings at room temperature and 500 kPa of pressure. The
experimental gas permeation exhibited that H, permeability increased with increasing filler loading compared to unfilled membrane.
Furthermore, metal doped MOF-5 increase permeability of H, and ease the gas transport when compared to undoped MOF-5. The
differences in permeability can be better realized by the contributions of atomic diameter of Co metal. In conclusion, polymer
membrane with metal doped MOF-5 encourage in gas separation and are said to be promising candidates to separate H, for energy
application.
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Ozet

Bu ¢aligmada, bulanik ¢ok amagli lineer kesirli programlama problemlerinin (BCALPP) ¢oziimleri igin ( -Taylor seri metodu
sunulmustur. Q-Analizde, (-Taylor serisi (| -Tiirevlerine gore bir fonksiyonun (] -Serisine genislemesidir. Onerilen yaklagimda,

tiyelik fonksiyonlar1 pargali lineer fonksiyonlar olarak tanimlanmaktadir. Q-Taylor serileri kullanilarak doniistiiriilen bulanik ¢ok
amacl lineer kesirli programlama problemleri tiyelik fonksiyonlari ile birlestirilmistir. Béylece problem tek bir amaca indirgenmistir.
(g -Taylor seri metodunun etkinligini gostermek i¢in birkag problemler ¢oziilmistir.

Anahtar Kelimeler: Bulanik Programlama, Bulanik amaglh hedefler, Cok amagl lineer kesirli programlama, Bulanik ¢ok amagh
lineer kesirli programlama, Q-Analiz, Q-Taylor serisi.

Q-Taylor Series Method for Solving Fuzzy Multiobjective Linear
Fractional Programming Problem

Abstract

In this work, we present a (] -Taylor series method for fuzzy multiobjective linear fractional programming problems (FMOLFPPs). In
g -calculus, q-Taylor series is a ( -series expansion of a function with respect to ( -derivatives. In the proposed approach,

membership functions are defined to be piecewise linear. Membership functions associated with each objective of fuzy multiobjective
linear fractional programming problem transformed by using ( -Taylor series are unified. Thus, the problem is reduced to a single

objective. To show the efficiency of the ( -Taylor series method, we applied the method to some problems.

Key words: Fuzzy Programming, Fuzzy objective goals, Multiobjective linear fractional programming, Fuzzy multiobjective linear
fractional programming, Q-Calculus, Q-Taylor series.
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1. Introduction

The linear fractional programming problem (LFPP), which has been used as an important planning tool in recent years, is applied
to different disciplines such as engineering, business, finance, economics, etc. LFPP is generally used for modeling real life problems
with one or more objectives such as profit/cost, inventory/sales, actual cost/ standart cost, output/employee etc.

The multiobjective linear fractional programming problem (MOLFPP) is considered in the literature, cf.[11, 12, 16, 18, 21] etc.
MOLFPPs pose some computational difficulties, so they are converted into single objective LFPPs and then solved using the metod of
Bitran and Novaes [2] or Charnes and Cooper [4]. Uncertainty is an attribute of information [26], and fuzzy set theory has been used
for all forms of uncertainty. The model of MOLFPP is reconstructed with fuzzy data. Bellman and Zadeh [1] introduce fuzzy
decision-making models in mathematical programming. Luhandjula [17] proposed a linguistic approach to MOLFPP by introducing
linguistic variables. A fuzzy approach for solving MOLFPP was presented by Sakawa and Kato [22]. Dutta et al. [8, 9] and Hitosi and
Takahashi [14] also studied solutions to FMOLFPPs. A goal programming procedure for fuzzy multiobjective linear fractional
programming problem was studied by Pal et al. [19]. On the other hand, many methods of solving fuzzy multiobjective linear
programming problems (FMOLFPPs) are available in the literature [3, 7, 13, 24, 25]. They are effective and robust approaches. In [7],
polynomial memberships, which are equivalent to fractional membership functions associated with each objective, are obtained by
the first order Taylor series.

In this paper, we proposed a new method, the first order g-Taylor series method, for obtaining polynomial membership functions,
which are associated with each objective of FMOLFPP.

2. Preliminaries

Definition: If the numerator and denominator in the objective function as well as the constraints are linear, we have a linear
fractional programming problem (LFPP) as follows:
. .. X+«
Optimize ,
dx+p 2.1)

IA

st.: xeS=<x|Ax|=|b, x>0

Y

where A isareal mxn matrix, be R™, Xe R" and S is a nonempty and bounded set. For some values of X, dX+ /8
may be equal to zero. To avoid such cases, is generally set to be greater than zero.

Charnes and Cooper [4] showed that if the denominator is constant in sign on the feasible region, the LFPP can be optimized by
solving a linear programming problem. Craven [5] , Schaible [23] , Dinkelbach [6] , Gilmore and Gomory [10] and others presented
methods for solving LFPPs. However, in many applications, there are two or more conflicting objective functions which are relevant,
and some compromise must be sought between them. For example, a management problem may require the profit/cost, quality/cost,
and other ratios to be maximized and these conflict. Such types of problems are inherently multiobjective linear fractional
programming problems and can be written as:

Optimize f, (x) = =% k=1 K 2.2)
kX+ k
<

st.: xeS=<x|Ax| =|b, x>0

>

where S, A,b and X are as defined in problem (2.1), and VX €S, d, x+ £, >0 (k=1,...,K).

In MOLFPP, if an imprecise aspiration level is introduced to each of the objectives then, these fuzzy objectives are termed as
fuzzy goals. Let g, be the aspiration level assigned to the K th objective Z, (X) . Then, the fuzzy goals appear as:

(@ Z,(x)U g, for maximizing Z, (X),

(0 Z,(x) g, forminimizing Z,(X),

e-ISSN: 2148-2683 11
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where [ and [J indicate the fuzziness of the aspiration levels, and is to be understood as “ essentially more than” and
essentially less than” in the sense of Zimmermann [27].

Hence, the fuzzy multiobjective linear fractional programming problem can be stated as follows:
Find x,

soastosatisfy Z, (X)[! g,, k=12,...,K
Z.(X)0 g,, k=K1, K0 K (2.3)

IA

st.: xeS=<x|Ax|=|b, x>0

Y

Now, in the field of fuzzy programming, the fuzzy goals are characterized by their associated membership functions. The membership
function 4, for the kth fuzzy goal Z, (x)[ g, can be expressed algebraically according to Tiwari et al. [24] as:

0 if Z (x) <1,
Z (x)-I .
Hy (X) = % if I, <Z(x)<g, (2.4)
k k
1 if 9,<Z.(x)

Where |k is the lower tolerance limit for the kth fuzzy goal.

On the other hand, the membership function 24, for the kth fuzzy goal Z, (X)[] @, can be defined as:

0 if u <Z/(x)
U, —Z (X .
(X)) = kuf:g() if g,.<Z(x)<u, (2.5)
k k
1 if Z.(x)<g,

where U, is the upper tolerance limit.

Now, in a fuzzy decision environment, the achievement of the objective goals to their aspired levels to the extent possible is
actually represented by the possible achievement of their respective membership values to the highest degree.

The relationship between constraints and the objective function(s) in the fuzzy environmentis fully symmetric, that is, there is no
longer a difference between the former and the latter [28]. This guarantees the maximization of both objectives’ membership values
simultaneously. Now we need some basic definitions about g-Taylor series.

Definition: Let g € (0,1) . A - natural number [n]q is given by

n

1-q

[n]q = g neN (2.6)
The factorial of a Q -number [n]q is defined by
[O]q =1, [n]q!::[n]q.[n—l]q...[l]q 2.7)
g -Pachammer symbol is:
k-1
(z-a)” =1, (z-a)” = (z-aq'), keN 2.8)

i=0

Definition: : Let f :D c R — R be acontinuous function. In q -calculus [15], the ( -derivative of f is defined by the
operator

e-ISSN: 2148-2683 12
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Dq(f(x)):zw, x#0, q=1, (2.9)
D, (f(0)):=lim(D, (f(x))). (2.10)

Notice that f should be continuous at the point g.x forall xe D and g € (0,1).

Definition: Let f:D c R — R be a multivariable continous function, the  -partial derivative of f is given by

f f
Dy f (%)= (Q009)- (X), X # 0, (2.11)
(9-1).x
X:=(x X% x)eD, i=1..,n
Do 00 0= IM(Bg, ((x) (2.12)
Where Q, actingon R" is an operator defined by
Q (X, Xy oo Xiy ey X1 ) 7= (X Xyt GXi ey X)) (2.13)
Lemma: Operators Dq_xi, i=1,2,..n are R -linear operators.
Definition: Higher order ( -partial operator is defined by
D"”” SF(X)= Dm (Dn f (X)) (2.14)
@™
where
D™ =D™' 'mn=0,1,2,.. (2.15)
q.% xJ q. ijl

Definition: Let @ = (&,,8,,...,8,) € R" be aarbitrary, but fixedand f :D < R" — R be a continous. If f hasall the q -
partial derivations at @, then the Q -differential corresponding to a is defined by

d, f(x,2) = ((4~a).D,, +(X,~a,)D,, +..+(x,—2,).D,, ) (a) (2.16)
and higher order the q -differential:
dc(|k) f (X, a) :((Xl - al)qul + (XZ _aZ)Dq.x2 +..+ (Xn - a‘n)'Dq.xn )(k) f (a)

2.17)

K],! n )
[['] [l[]] [i]!]D:xil ..... xinf(a)jE[o(Xj_aj)(J)

'l+ +| =k
| eN

Notice that a continous function f (X) in a neighborhood of @ that does not include any point with a zero coordinate, has also
continous ( -partial derivatives.
Lemma: Let f :D c R" — R be a function having all q -diferentials in some neighborhood of a € D . Then (| -Taylor

expansion of f at a is given by
e d f(x,a)
2.18
0= 2 =50 218)

k=0

Proof: See the proof from [20]

e-ISSN: 2148-2683 13
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3. Linearization Membership Function Using a Q-Taylor Series Approach

In the FMOLFPP, membership functions associated with each objective are transformed by using q -Taylor series at first, and

then a satisfactory values for the variables of the model is obtained by solving the fuzzy model, which has a single objective function.
Here, q -Taylor series obtained polynomial membership functions which are equivalent to fractional membership functions associated

with each objective. Then, the FMOLFPP can be reduced into a single objective.

The proposed approach can be explained in three steps:

Step 1: Determine X, = (Xg;,-., X,,) Which is the value that is used to maximize the k th membership function g4 (X)

associated with k th objective Z, (X) (k =1,...,K) and n is the number of the variables.

Step 2: Transform membership functions by using first-order ( -Taylor polynomial series

} Ld™ (%X
1,00 = g, (= 3, LX)

m=0 [m]q'
= 06 +] (% =K,)Dy 4 (K)ot (6, = X,)Dy_ 1K) @
= /uk (X:) + jil(xj - lej ) quj fuk (X:)

Step 3: Find satisfactory X = (X;'X:) by solving the reduced problem to a single objective. Note that problem is solved by
assuming that weights of the objective are equal. Thus, the problem is written as follows

[
P(X) =" 1, (X) (3.2)
k=1
FMOLFP is converted into a new mathematical model. This model is as follows:
max P(x)
<
3.3
stxeS=<x|Ax|=|b, x>0 3.3)
>
where
0 if Z,(x) <l
_JZ.() =1, :
4 (X) = g——l if L <Z,(x) <9, (3.4)
R 0, <Z,(¥)
1
or
0 if u, <Z,(x)
_Ju —Z,(x) .
4 (X) = o —a. if g, <Z,(x)<u, (3:5)
SR B AR

e-1SSN: 2148-2683
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3.1. Numerical Example
Example: We consider the example studied by Luhandjula and Duran

X, —4
—X, +3

Maximize Z,(x) =

-X +4

X, +1
Subject to -X +3%,<0
X <6

X, X, 20

Maximize Z,(x) =

fuzzy aspiration levels of the two objectives and the lower tolerance limits of the two fuzzy objective goals are
(9,,9,) =(2,4), (I,,1,) =(-1,-2), respectively,[17, 7]. Find X in order to satisfy the following fuzzy goals:

2,00=2"% 1 )

—X, +
Z,00="57%p 4
2
Subject to -X +3%,<0 (3.6)
X <6
X, X, 20
The membership functions of the goals are as follows:
0 if Z,(x) <1 0 if Z,(x)<-1
Z,(x)-I ’ olx—x, -1 .
mx)=<=2—"-2L if || <Z(x)<g, =¢+—2— if -1<Z/(x)<2
g,-L . -3X,+9 .
1 if 0, <Z,(x) if 2<7,(X)
0 if Z,(x) <1 0 if Z,(x)<-2
Z,(x) -1 2 2| —x +2x,+6 2
w(x)=120 "0 | <7 (0<g, = 2R TR G o<z (x)<4
, =1, it - 6(x, +1) .
L i g,<Z,(x) ) if 4<7,(x)

If the problem is solved for each of the membership functions one by one then 2z (6,2) and 4, (0,0) . Then membership functions

are transformed by using first-order q -Taylor polynomial series for q = 0.98:
100 = 11,(X) = £4(6,2)+| (4, —6)Dyy £4(6,2) + (X, ~2)Dyy 44,(6,2) |
1(X) = 12,(X) = 0.33x, +0.641x, —2.282

y(X) = ;ilz(x) = 14,(0,0) + |:(X1 -0) qulﬂz (0,0) +(x, —0) DqXZIle (2 O):|
where from (2.12)

qullu2(010) = (X1 Ilm (qulluZ(Xl’ XZ)) = 1

%9)—>(0,0)

e-ISSN: 2148-2683 15
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quzluz(o’o) = " lim (quzﬂz(xi’ X,)) =4

X9)—>(0,0)
we get

1y (X) = X, +4X,

P(X) = 2,(X) + 12,(X) = 1.33x, +4.641x, —2.282.
Thus, the final form of the FMOLFP problem is obtained as follows:
Find x(x;, X,) so as to
Maximize P(x)
Subject to: —x, +3x, <0
X <6
X, X, = 0.
The problem is solved and the solution of the above problem is as follows:
X, =6,X, =2 and Z,(X)=2,Z,(x) =-2/3
Notice that the values of Z; and Z, above are consistent with (3.6) and membership values are as follows:
wu=1,1,=0.22

The membership function values indicate that goals Z, and Z, are satisfied 100% and 22% respectively, for the obtained
solution, which is

4. Conclusions

In this paper we computed the solutions of FMOLFPP using an efficient method which is based on ( -calculus theories (in
particular, first-order Q -Taylor series). Membership functions associated with each objective of the problem are transformed using
first-order q -Taylor series.

Actually, FMOLFPP is reduced to MOLPP by first-order ( -Taylor series. We assumed that the weights of the objective are
equal. Then, the proposed solution method was applied to a numerical example to test the effect of first-order q -Taylor series method
with respect to changes in fuzzy aspiration levels, the tolerance limits of problems and 0 -parameter in ( -Taylor series method. The
results show that the proposed method is more effective.

e-ISSN: 2148-2683 16



European Journal of Science and Technology

References
[1] Bellmann R.E., Zadeh L.A. (1970). Decision making in a fuzzy environment, Manag. Sci., (17), 141-164.
[2] Bitran G.R., Novaes A.G. (1973). Linear programming with a fractional objective function, Operation Research (21) 22-29.

[3] Chakraborty M., Gupta S. (2002). Fuzzy mathematical programming for multi objective linear fractional programming problem,
Fuzzy Sets and Systems (125) 335-342.

[4] Charnes A., Cooper W. (1962). Programming with linear fractional functions, Naval Research Logistics Quarterly (9) 181-186.
[5] Craven B.D. (1988). Fractional Programming, Heldermann Verlag, Berlin,
[6] Dinkelbach W. (1967). On nonlinear fractional programming, Manage. Sci. (13) 492—498.

[7] Toksari, M. D. (2008). Taylor series approach to fuzzy multiobjective linear fractional programming, Information Sciences (178)
1189-1204

[8] Dutta D., Tiwari R.N., Rao J.R. (1993). Fuzzy approaches for multiple criteria linear fractional optimization: a comment, Fuzzy
Sets and Systems (54) 347-349.

[9] Dutta D., Tiwari R.N., Rao J.R. (1992). Multiple objective linear fractional programming a fuzzy set theoretic approach, Fuzzy
Sets and Systems (52) 39-45.

[10] Gilmore P.C., Gomory R.E., (1963). A linear programming approach to the cutting stock problem. Oper. Res. (11) 863-888.

[11] Gupta P., Bhatia D. (2001). Sensitivity analysis in fuzzy multiobjective linear fractional programming problem, Fuzzy Sets and
Systems (122) 229-236.

[12] Guzel N., Sivri M. (2005). Taylor series solution of multiobjective linear fractional programming problem, Trakya University
Journal Science (6) 80-87.

[13] Hannan E.L., (1981). Linear programming with multiple fuzzy goals, Fuzzy Sets and Systems (6) 235-248.

[14] Hitosi M.S., Takahashi Y.J. (1992). Pareto optimality for multiobjective linear fractional programming problems with fuzzy
parameters, Information Sciences (63) 33-53.

[15] Kac V., Cheung P. (2002). Quantum Calculus, Springer, New York,
[16] Kornbluth J.S.H., Steuer R.E. (1981). Multiple objective linear fractional programming, Management Science (27) 1024-1039.

[17] Luhandjula M.K. (1984). Fuzzy approaches for multiple objective linear fractional optimization, Fuzzy Sets and Systems (13) 11—
23.

[18] Nykowski 1., Zolkiski Z. (1985). A compromise procedure for the multiple objective linear fractional programming problem,
European Journal of Operational Research (19) 91-97.

[19] Pal B.B., Moitra B.N., Maulik U. (2003). A goal programming procedure for fuzzy multiobjective linear fractional programming
problem, Fuzzy Sets and Systems (139) 395-405.

[20] Rajkovic P.M., Stankovic M.S., Marinkovic S.D. (2003). On g-iterative methods for solving equations and systems. Novi Sad
J.Math (33) 127-137.

[21] Saad O. (2007). On stability of proper efficient solutions in multiobjective fractional programming problems under fuzziness,
Mathematical and Computer Modelling (45) 221-231.

[22] Sakawa M., Kato K. (1988). Interactive decision-making for multiobjective linear fractional programming problems with block
angular structure involving fuzzy numbers, Fuzzy Sets and Systems (97) 19-31.

[23] Schaible S. (1976). Fractional programming I: duality, Manage. Sci. (22) 658-667.
[24] Tiwari R.N., Dharmar S., Rao J.R. (1987). Fuzzy goal programming an additive model, Fuzzy Sets and Systems (24) 27-34.

[25] Cevikel A. C., Ahlatcioglu M. (2010). Solutions for fuzzy matrix games, Computer& Mathematics with Applications, (60) 399-
410.

[26] Zadeh L. (2005). Toward a generalized theory of uncertainty (GTU) an outline, Information Sciences (172) 1-40.

[27] Zimmermann H.J. (1978). Fuzzy programming and linear programming with several objective functions, Fuzzy Sets and Systems
(1) 45-55.

[28] Zimmermann H.J. (1987). Fuzzy Set Theory and its Applications, Kluwer Academic Publishers, Boston.

e-ISSN: 2148-2683 17



Avrupa Bilim ve Teknoloji Dergisi European Journal of Science and Technology
Sayr 15, S. 18-27, Mart 2019 No 15, pp. 18-27, March 2019

© Telif hakki EJOSAT a aittir & i Copyright © 2019 EJOSAT
Derleme Makale www.ejosat.com ISSN:2148-2683 Review Article

-}

R a0A

»

An Evaluation on the Circular Economy Model and the Loops Design
in the Context of Waste Management

*
Evren Sapmaz Veral
1 Ankara Universitesi, Sosyal Cevre Bilimleri Anabilim Dah, Ankara, Tiirkiye (ORCID: 0000-0002-7936-7416)

(First received 6 November 2018 and in final form 25 February 2019)
(DOI: 10.31590/¢josat.479333)

ATIF/REFERENCE: Sapmaz Veral, E. (2019). An Evaluation on the Circular Economy Model and the Loops Design in the Context
of Waste Management. European Journal of Science and Technology, (15), 18-27.

Abstract

The linear economy, which has grown further with the technological, social and economic developments after the first two industrial
revolutions, had irreversible negative consequences on the environment. While the global resource use has increased rapidly, our
disposable lifestyles have transformed the planet into a ‘take-make- use and throw” world and waste generation has become one of the
prominent problems of this economy. It is now much clearer that the business as usual linear economy model is not sustainable;
besides, increasing population along with the demand on resources makes this model even more unsustainable. Current estimates
show that total global consumption has already exceeded 50% of the planet's self-renewal capacity. If nothing is done to rationalize
the use of natural resources and to change those unsustainable production and consumption patterns, the situation that is already
critical will continue to deteriorate further. To turn the society into a one that can create more value with less natural resource input, a
new economic system based on the sustainable use of raw materials, resources and renewable energy is almost a necessity. In this
respect, a recent paradigm, ‘Circular Economy’, is viewed as a promising approach to help to reduce our global sustainability
pressures. Based on a narrative literature review, this study focuses on the circular economy, examines the model and the loops
underlying the system, then analyses the respective product design strategies under the model within the scope of waste management.
In its attempt to provide an analysis of the design strategies for slowing and closing the loops, the models and strategies proposed by
some key earlier studies are utilized. Based on the studies, it is evident that the circular economy model would be an effective tool for
waste and resource management. However, in general, it is seen that closing loops through recycling is more prominent compared to
slowing loops. In the waste management hierarchy, preventing waste before it is generated has the highest priority, accordingly it is
concluded that slowing loops is even more important than closing loops. Furthermore, changing only the production patterns would
not be enough, it is imperative to change the consumption patterns as well.

Keywords: Circular Economy, Closed Loops, Circular Product Design Strategies, Waste Management.

Dongiisel Ekonomi Modeli ve Atik Yonetiminde Dongiilerin

Tasarmmina Iliskin Bir Degerlendirme
Oz
ilk iki sanayi devriminden sonra teknolojik, sosyal ve ekonomik gelismelerle hizla ilerleyen lineer ekonominin gevre {izerinde geri
doniisii olmayan olumsuz sonuclar1 olmustur. Kiiresel kaynak kullanim hizli bir oranda artarken, tek kullanimlik yasam tarzlarimiz
gezegeni al, yap, kullan, at diinyas: haline getirmis ve atik olusumu lineer ekonominin en belirgin sorunlarindan olmustur. Mevcut
lineer ekonomi modelinin siirdiiriilebilir olmadig1 daha da agik hale gelmektedir, bunun yaninda artan niifus ve kaynaklar tizerindeki
talep bu modeli daha da siirdiiriilemez kilmaktadir. Mevcut tahminler, toplam kiiresel tiiketimin gezegenin kendini yenileme

kapasitesini simdiden %50 oraninda astigimi1 gostermektedir. Dogal kaynaklarin kullaniminin rasyonellesmesi ve siirdiiriilebilir
olmayan iiretim ve tiiketim kaliplarinin degistirilmesi igin bir sey yapilmadigi takdirde, zaten kritik olan bu durum giderek daha da

* Corresponding Author: Ankara Universitesi, Sosyal Bilimler Enstitiisii, Sosyal Cevre Bilimleri Anabilim Dali, Ankara, Tiirkiye,
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kotiilesmeye devam edecektir. Toplumu, daha az dogal kaynak girdisiyle daha fazla deger yarabilen bir topluma gecirmek amaciyla,
hammadde, kaynak ve yenilenebilir enerji kullanimlarmi esas alan yeni bir ekonomik sistemin ortaya ¢ikmasi neredeyse bir
zorunluluk haline gelmistir. Bu baglamda, giincel bir paradigma olan ’Ddnglisel Ekonomi’, kiiresel siirdiiriilebilirlik baskilarimi
azaltmaya yardimer olacak umut verici bir yaklasim olarak goriilmektedir. Literatiir arastirmasina dayali bu caligma, dongiisel
ekonomi modeline odaklanmakta, modeli ve sistemin temelini olusturan dongiileri incelemekte, model altinda 6nerilen ilgili iiriin
tasarim stratejilerini atik yonetimi kapsaminda degerlendirmektedir. Dongiilerin kapatilmasi ve yavaslatilmasi igin tasarim
stratejilerinin incelenmesi girisimi temelinde, oncii temel ¢alismalar kapsaminda Onerilen modeller ve stratejiler kullanilmustir.
Caligmalara dayanarak, dongiisel ekonominin atik ve kaynak yonetimi i¢in etkili bir ara¢ olacagi agiktir. Ancak, genel olarak geri
doniisiimiin, yani dongiilerin kapatilmasinin dongiilerin yavaglatilmasiyla karsilagtirildiginda daha fazla 6ne ¢iktigi goriilmektedir.
Atik yonetimi hiyerarsisinde, atiklarin olusumundan once olusmadan Onlenebilmesi Onceliklidir; bu dogrultuda dongiilerin
yavaglatilmasinin dongiilerin kapatilmasindan daha 6nemli oldugu degerlendirilmektedir. Diger taraftan, yalnizca {iretim kaliplarinin
degistirilmesi yeterli olmayacaktir, tiiketim kaliplarinin da mutlaka degistirilmesi gerekmektedir.

Anahtar Kelimeler: Dongiisel Ekonomi, Kapali Dongii, Déngiisel Uriin Tasarim Stratejileri, Atik Y dnetimi.

1. Introduction

The most problematic environmental problems such as climate change, chemical emissions, and hazardous wastes have
transboundary effects. Another common point of these problems is that they are closely linked to the production and consumption of
products and services. As a result of our disposable lifestyles, it is much more evident that the level of human resource metabolism is
not sustainable and needs to be reduced (Schaffartzik et al., 2014). A recent UN forecast suggests that the global population, currently
at 7.3 billion, will grow in the coming decades to 9 billion is likely to exceed 11 billion by the end of 21% century (UN DESA, 2015),
further draining the planet’s already strained natural resources. Such a dramatic growth in population, purchasing power and
consumption are already having and unprecedented impact on demand for many resources, moreover demand is expected to increase.
(Andrews, 2015: 308). Over the last four decades, the global use of materials almost tripled, from 26.7 billion tonnes in 1970, to 84.4
billion tons in 2015. Not only has material use been increasing but it has been accelerating; resource extraction increased 12-fold
between 1900 and 2015, with further doubling forecast for the next 30 years to 2050 (Circularity Gap Report, 2018: 4).

On the global scale, more pollution and waste are generated each day and the pressure on the ecosystem is increasing. It is
envisaged that this amount will increase in line with the population growth, increasing income and urbanization simultaneously.
Annual waste generation is estimated at 3.4-4 billion m?, and according to a OECD (2011) study, these figures indicate that about
a fifth of raw materials extracted worldwide ends up as waste. In addition, a World Bank study points out that the current amount of
domestic waste of 1.3 billion tons would reach 2.2 billion tons by 2025 (Wilson et al., 2012). Similarly, hazardous waste is rapidly
increasing in the domestic waste composition, while new types of waste such as e-wastes are also of concern.

Waste management is an issue that concerns many aspects of society and the economy, with close relationships with health,
climate change, poverty prevention, food and resource security, sustainable production and consumption. On 25 September 2015, the
UN General Assembly adopted the 2030 Development Agenda titled "Transforming our world: the 2030 Agenda for Sustainable
Development”, including 17 Sustainable Development Goals (SDGs) to end poverty, combat inequality and injustice and overcome
climate change by 2030. Under the SDGs, it is seen that waste management is referred both directly and directly. The objectives of the
Goal 11 “Making cities inclusive, safe, resilient and sustainable”, Goal 3 “Ensuring healthy lives and promote well-being for all at all
ages” and Goal 12 “Ensuring sustainable consumption and production patterns” are directly linked to waste management.

With its rise to political prominence, ‘Circular Economy’ is viewed as a promising approach to help to reduce our global
sustainability pressures, and it is an alternative to current and predominant linear model (Andrews, 2015: 305). Through the circular
economy, focusing on waste and resource management while setting and monitoring global targets for waste management will
contribute significantly to attain SDGs. The model is promoted by many governments, business advocacy bodies and international
organisations. China enacted a law for the promotion of the circular economy in 2008, while in the European Union (EU), the Circular
Economy Package including a comprehensive action plan and legislative proposals for waste was adopted by the European
Commission on December 2, 2015 line with the objective of transition towards a resource-efficient, green and competitive low-carbon
economy (Sapmaz Veral, 2018: 463). This study focuses on the circular economy model, examines the model and the loops
underlying the system, then discusses the product design strategies for closing and slowing the loops within the context of waste
management.

2. Material and Method

Based on narrative review, this paper reviews the literature on circular economy with the aim of improving our understanding of
the loops underlying the system as well as the importance of loops design in the context of waste management. Literature and the
relevant documents were searched by using “circular economy”, and the search resulted in collection of both academic and non-
academic literature, then through snowball sampling the reference lists of key documentation were examined. The selected studies
were summarized respectively.

This paper has the following structure: After a brief introduction with the waste concept and waste management approaches, the
circular economy model and the loops underlying the model were described. For the description of the model, the reports of Ellen
Mac Arthur Foundation (EMF) and European Environment Agency (EEA) were taken as a starting point, since these reports have
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been responsible for the increased attention of business, government and other actors for the circular economy concept across Europe
and worldwide. Notwithstanding, other studies which have defined the circular economy concept were regarded as well. Then, in its
attempt to provide an analysis of the relevant design strategies for slowing and closing the loops in the context of waste management,
the product design strategies proposed by Bocken et al., which builds on the works by Stahel and Braungart et al., were utilized.
Finally, the effects of slowing and closing loops were discussed and evaluated in the context of waste management.

3. Literature Review
3.1. “Waste’ Concept and Waste Management Approaches

Although “waste” is a very broad concept, it can be defined as unwanted or discarded materials, rejected as useless, unnecessary
or excess (GWMO, 2015: 23). Barles (2014: 199-226) point out that wastes that we define today emerge from three different terms in
the past; in the first category there are terms related to themes of loss and uselessness (dechet in French, garbage in English, residency
in Spanish and abfall in German). The second category consists of terms that emphasize pollution (immondice in French, horridus in
Latin). The last category describes the materials that make up the waste (boues in French, rubbish in English, spazzatura in Italian).
Waste could also be defined as a combination of the four wrongs: a wrong substance, in a wrong quality, in a wrong place at a wrong
time (Huda cited in GWMO, 2015). Although this use of the term waste is very wide, it includes undesirable outputs of human
activities such as gases, liquids and solids, as well as discharges to air, water and soil (GWMO, 2015).

The Basel Convention on the Control of Transboundary Movements of Hazardous Wastes and their Disposal includes an
internationally accepted, narrower definition of waste: ‘substances or objects which are disposed of or are intended to be disposed of
or are required to be disposed of by the provisions of national law’ (Basel Convention). In the EU Waste Framework Directive
2008/98/EC, waste is defined as ‘any substance or object which the holder discards or intends or is required to discard’(EC,2008).

When the waste management approaches of the different countries are examined, it is seen that the approaches and the capacities
differ according to the development levels. When its historical development is examined, it is seen that periodic conditions have
shaped waste management approaches. Public health, environmental concerns and resource value of waste have been the main factors
shaping waste management.

Wilson et al. (2012) identifies 6 main factors driving the development of waste management. Public health problems as cholera
epidemics in the 19th century have led to the development of waste collection systems, in the 1970s, the prominent environmental
protection movement tackled the uncontrolled disposal issue and led to tighter technical standards. The resource value of the waste,
which has been a historically important factor supporting especially the poor’s livelihood in the past, still remains as an important
factor. Currently, in developed countries, owning to its resource value, transition from waste management to a more integrated waste
and resource management is becoming more common. Other important factors include social awareness along with corporate
responsibility issues. It is also underlined that one single factor does not determine the development of waste management; it will vary
among the countries in line with their conditions and perspectives. Increased disposal costs from the 1980s and increased public
opposition to new sites have led developed countries to rediscover recycling for their wastes. Furthermore, with the increasing
concerns related to the depletion of natural raw materials and resource scarcity, a focus on waste prevention and resource efficiency
has begun.

A more recent factor shaping waste management policies is the significant negative impacts on the global environment, that is,
human-induced climate change. IPCC (2013) predicts that methane emissions from solid waste management, particularly from landfill
facilities, account for about 3% of global greenhouse gas emissions in 2010. Better waste and resource management will contribute
much to combat climate change. Similarly, recycling replaces raw materials with a much lower cost of carbon and reduces emissions.
It is stated that focusing on waste and resource management for many sectors has the potential to reduce greenhouse gases by 15-20%
in the short term in combating climate change. In Germany, for example, 24% of the reduction in greenhouse gas emissions from
1990-2006 stems from solid waste management (GWMO, 2015: 8).

Consequently, while the initial focus was on waste after it had been discarded, at present, attention has moved upstream,
addressing the problem at its source through, such as, designing out waste, preventing its generation, reducing both the quantities and
the uses of hazardous substances, minimizing and reusing, and, where residuals do occur, keeping them concentrated and separate to
preserve their intrinsic value for recycling and recovery and prevent them from contaminating other waste that still has economic
value for recovery (GWMO, 2015).

Today, in developed countries, a transition from waste management to resource management is realized with complementary
policy initiatives such as sustainable consumption and production, circular economy and green economy that are embodied by the UN
summits.

3.2. The Circular Economy Model

The circular economy model is defined as a model of clean production enabling reuse of products and raw materials with almost
zero waste generation, in which energy and all resources are used efficiently and waste is recycled through a holistic process. Haas et
al. (2015: 765) describes the circular economy, as a simple, but convincing strategy, which aims at reducing both input of virgin
materials and output of wastes by closing economic and ecological loops of resource flows. UNEP (2006) defines the circular
economy as a model that balances economic development with the protection of the environment and resources. Circular economy
means reuse, repair, refurbishing, and recycling of the existing materials and products; what was earlier considered to be waste
becomes a resource (Jurgilevich et al., 2016), while the central point of circular economy is to create value through material retention
(Buruzs and Torma, 2016).
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Circular economy focuses on natural systems; where, nature becomes the source of inspiration for resource efficiency, and the
model mirrors natural life cycles (Andrews, 2015: 305). Circular economy is also related to the concept of cycles, including
biological-chemical cycles and the recycling of products (Bocken et al., 2016). The system is not only about recycling; it focuses on
the use of sustainable energy sources such as solar, wind, biomass and waste from energy; along with increase in the reuse, repair,
recycling and recovery of existing materials and products (Korhonen et al., 2018: 545). Preston (2012: 3) emphasizes that in a
Circular Economy, large volumes of finite resources (metals and minerals, for example) are captured and reused by closing the
resource loop; other products can be made from plant-based materials, which will eventually biodegrade into fertilizers at the end of
their product life. The redesign of the industry at the system level will also enable energy efficiency, while the remaining energy will
be provided by renewable energy sources. At this point, as Preston (2012) underlines, spreading the logic to the whole economy
requires profound changes in the basic structures of industrial systems.

The circular economy model seeks to maximize the value of natural resources. It is regenerative and restorative in terms of
design; aims to eliminate waste generation through the design of materials, products, systems and business models (EASAC, 2015).
The redesign of manufacturing and service supply systems in circular economy focuses on value creation (Murray, 2017: 373). In the
circular economy, focusing on the lifecycle approach from the cradle to the cradle in the whole product chain, the resources are kept in
use for the longest possible time, and their maximum values are attained, unlike the traditional take-make-use- throw model of the
linear economy. Murray et al. (2017: 1) also states that the Circular Economy places emphasis on the redesign of materials and the
cycling of materials, hence may contribute to a sustainable business model, but they criticize the lack of social dimension in most of
the definitions. Korhonen et al. (2018) points out that circular economy aims not only to promote sustainable production, but it also
aims to promote sustainable consumption.

A study by the EEA shows a simplified model of circular economy (Figure 1). The basic idea is to minimize waste generation and
material inputs through eco-design, recycling and reuse of products. Thus, while the dependence on extraction and imports will be
reduced, both economic and environmental benefits will be attained.

The outer circle represents the overall energy flows. Relevant parameters are the share of renewables and total energy efficiency,
which are expected to be much higher compared to the linear model. Although the energy recovered from incineration can compensate

for fuel use, the incineration should also be minimized, because the energy obtained from the incineration can only be used once and
removes materials from the loop.

’ s
==° Fates

PRODUCTION
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SNOISSING

— (==} _O-
EXTRACTION AND IMPORT OF NATURAL INCINERATION LANDEILL

RESOURCES, INCLUDING ENERGY CARRIERS

Figure 1. EEA’s Circular Economy Model Outline (EEA, 2016: 10)

The middle circle represents the material flows in the recycling loop and distinguishes between abiotic technical materials such as
metals and minerals and biological materials. Since they are completely renewable, it would be beneficial to increase the share of
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biological materials. In practice, technical and biological materials are often mixed, which has consequences for biodegradability and
reversibility. On the other hand, with the use of more biological materials, there is a risk of exerting additional pressure on natural
capital, with impacts on ecosystem resilience.

The inner circle represents reuse, redistribution, repair, remanufacture and refurbishment, bypassing waste generation and
recycling, so that the minimum amount of resource input is possible. With these approaches, it is possible to retain the value of
products, components and materials at the highest possible level (EEA, 2016: 9).

Ellen MacArthur Foundation (EMF), which advocates and supports the move to a circular economy model with business world in
Europe in particular, defines the circular economy as an industrial system that is restorative or regenerative by design replacing the
end-of-life concept with restoration, shifts towards the use of renewable energy, eliminates the use of toxic chemicals, which impair
reuse. At its core, a circular economy aims to design-out waste (EMF, 2015b:3). Thus, in this economy, resource extraction, emission
and environmental pressures associated with waste are reduced, while the need for virgin materials and energy input is minimized.
This system requires more efficient and sustainable management of natural resources throughout life cycles. As a result, it provides
opportunities to create welfare, growth and new jobs while reducing environmental pressures. Eco-design, repair, reuse, renewal,
remanufacturing, product sharing, waste prevention and waste recycling are all important in the circular economy. At the same time, if
inevitable, the energy recovery from non-recyclable waste; landfills and incineration will be deployed, but their share will be
minimized, and material losses will be reduced.

OUTLINE OF A CIRCULAR ECONOMY
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Figure 2. EMF’s Circular Economy Model Outline (EMF, 2015a: 24)

3.3. The Loops under the Circular Economy Model

Although there are different definitions regarding the circular economy, it is seen that cyclical, closed-loops are widely in
common (Murray et al., 2017), and there is a distinction between technical and biological cycles of resources. In the circular economy,
material flows are made up either of biological materials, which after discard are available for ecological cycles; or of materials
designed to circulate within the socioeconomic system with reuse and technical recycling (Haas et al, 2015: 765). As for waste
materials, there are only two possible long-run fates: either recycling and reuse, or dissipative loss (Bocken et al., 2016: 308).

EMF (2015a) identifies four key elements as the sources of value creation in the circular economy with the loops (Figure 3).

e The power of the inner circle (lower cost in production): A tighter circle allows the product to return to use faster and
has higher potential savings on the shares of material, labor, energy and capital embedded in the product.
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e The power of circling longer (extending the life of the products): Keeping the circling longer means maximizing the
number of consecutive cycles (repair, reuse, remanufacturing or recycling) and / or maximizing the time in each cycle.
As a result, more material, energy and labor use necessary to create a new product or component would be avoided.

e The power of cascaded use (waste is food): This refers to diversifying reuse across the value chain, for instance, the use
of cotton clothing as second-hand apparel first, then re-use of it as fiber-fill in upholstery in the furniture industry, later
for reuse in stone wool insulation for construction and so on...This substitute for an inflow of virgin materials, providing
important advantages.

e The power of pure circles: Uncontaminated material streams increase collection and redistribution efficiency while
maintaining quality, which, in turn extends product longevity and material productivity (EMF, 2015a)

... the inner circle ... circling longer
The
power of ... i :
... cascaded use across ... pure/non-toxic/easier-to-
industries separate inputs and designs

D & E
N A\: . e

Figure 3. Sources of Value Creation for the Circular Economy (EMF, 2015a: 13)

In the closed-loop system, Stahel distinguishes between the reuse of goods and the recycling of materials in the technical loops.
Recycling closes the cycle between post-waste utilization and production but does not affect the flow rate of materials or goods in the
economy. Building on Stahel's work, McDonough and Braungart propose two fundamental strategies: (i) slowing resource loops and
(i1) closing resource loops. In the former strategy, the utilization period of products is extended or intensified, resulting in a slowdown
of the flow of resources. Rather, in the latter strategy of closing resource loops, through recycling, the loop between post-use and
production is closed, resulting in a circular flow of resources (Bocken et al., 2016).

As a third approach, in the efficient use of resources or resource efficiency, it is aimed to use less primary/virgin resources; where
efficiency is associated with the concept of cleaner production (Rizos, 2017: 10). At this point, Bocken et al. (2016: 310) notes that
resource efficiency implies a constant flow of materials independent of time, and hence may result in further accelerating the linear
flow of resources.

3.4. Product Design Strategies

It is agreed that circular economy offers significant advantages including economic, environmental and social benefits. However,
the transition to a circular economy requires an entirely new way of thinking, as well as a new approach to process and product
design. Whilst major strides have been made in improving resource efficiency and exploring new forms of energy, it is stressed that
less thought has been given to systematically designing out material leakage and disposal (EMF, 2015a). In the concept of the circular
economy, preserving the value of products for as long as possible plays a central role, and products centre-stage in the transition
process (EEA, 2017: 6). Andrews (2015) argues that just as designers facilitated the development of the linear economy, they have the
potential to facilitate and even lead the development of a circular economy. McDonough (1993), defines good design as the one in
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which the things we made must not only rise from the ground but return to it, so everything that is received from the earth can be
freely given back without causing harm to any living system.

Circular economy necessitates eco-friendly design of products providing the same service with less material input that increases
life-times, facilitating repair and resale, product upgrades, modularity and remanufacturing, component reuse and finally facilitating
recycling at the end of product life (Haas et al., 2015: 774). Bocken et al. (2016: 310) stress that it is important to make process design
at the early stages of the product design process, as it is difficult to make changes after resources, processes, infrastructures and
activities are associated with a specific product design. In this design for future, a systematic perspective during the design process
should be adopted and the right materials should be employed for appropriate lifetime and extended future use (Circularity Gap
Report, 2018).

Table 1 presents the design strategies for closing and slowing loops as proposed in the study of Bocken et al. (2016), their
proposed strategies are then summarized afterwards.

Table 1. Design Strategies to Slow and Close Loops

Design Strategies to slow loops Design strategies to close loops
Designing long-life products Design for a technological cycle
Design for attachment and trust Design for a biological cycle
Design for reliability and durability Design for dis- and reassembly

Design for product-life extension

Design for ease of maintenance and repair

Design for upgradability and adaptability

Design for standardization and compability

Design for dis- and reassembly

Reference: Bocken et al., 2016: 310

Under slowing resource loops, the first major design strategy is to design long-life products. This is to ensure longer use of
products. Design for attachment and trust is concerned with the creation of products that will be loved, liked and trusted for longer
periods of time. This is also referred to as the design for emotional durability. Design for durability is related to the development of
products with physical durability, which take wear and tear without breaking down and in which material selection for durability is the
most important part of the design process. In the design for reliability, a product will operate throughout a specified period without
experiencing a chargeable failure, in which product testing to mimic normal use can help test the reliability of the product (Bocken et
al., 2016: 311).

The second design strategy for slowing resource loops is designing for product-life extension. This strategy is related with the
extension of the use period of goods through the introduction of service loops, including reuse of the product itself, maintenance,
repair and technical upgrading, and combination of these. Users can easily repair and replace the broken parts. Another strategy for
slowing the loops is design for maintenance and repair. In the design for upgradability and adaptability, products are designed in an
upgradeable way allowing future expansion and modification. The third strategy, design for standardization and compliance, is about
creating products that can be compatible with other products. Fourth, design for dis and reassembly is about ensuring that products
and parts can be separated and reassembled easily. This strategy is essential to separate materials that will enter different biological or
technological cycles (Bocken et al., 2016: 311).

Bocken et al. (2016) also emphasize that the Cradle-to-Cradle design philosophy, created by McDonough and Braungart to close
loops, has inspired many companies and designers to apply an ambitious strong circular approach to product design. McDonough and
Braungart developed two strategies for product design, similar to the work of Ayres. According to Ayres, there are only two possible
long-run fates for waste materials: either recycling and reuse, or dissipative loss. Hence, dissipative losses are to be made compatible
with biological systems, fit for the biological cycle; whereas other materials are to be completely recycled, fitting a technological
cycle. Design strategy for a technological cycle is suitable for service products rather than products for consumption. When designing
a technological cycle, designers aim to develop products that can be recycled into new materials or products continuously and safely.

Design for a biological cycle is suitable for products of consumption that are consumed or wear during use and results in a
dissipative loss of resources. With this strategy, products for consumption are designed with so-called “biological nutrients”, safe and
healthy materials, which create food for natural systems across their life cycle and biodegrade to start a new cycle. Design for dis and
re-assembly, which also exists under the strategy for slowing loops, is a strategy that contributes to design for a technological and
biological cycle. This strategy is fundamental to separate materials that are biologically and technologically diverse (Bocken et al.,
2016).
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4. Results and Discussion

In this study, it is intended to contribute to the debate for the impacts foreseen for a circular economy in the context of waste
management. The literature on circular economy model is reviewed with a focus on the loops underlying the system, and the relevant
design strategies for slowing and closing the loops are examined. As emphasized by Rizos et al. (2017), circular economy is a
complex concept and it is unlikely that in the short term there can be an international consensus on its meaning. While there are many
different definitions regarding the circular economy model, cyclical, closed-loops are widely in common.

In contrast with the dominant paradigm of traditional ‘take-make-use and throw’ linear flow of resources, in this closed-loop
system, resources are kept in use for as long as possible while preserving the value of products plays a central role. For this reason, a
new approach to process and product design is essential. This eco-friendly design would systematically design out material leakage
and disposal, while providing the same service with less material input. The system works to reduce waste before it is produced and
treats waste as a resource after it is produced. As for the proposed product design strategies, in the strategy of slowing loops, the
utilization period of products is extended or intensified, resulting in a slowdown of the flow of resources; while in closing resource
loops, through recycling, the loop between post-use and production is closed.

All these design strategies support a circular approach and minimize waste generation while minimizing the need for the
extraction of the virgin raw-materials. As far as the waste management hierarchy is concerned, preventing waste before its generation
has the highest priority. Likewise, the design strategies should follow the hierarchy as well, with the highest priority to be given to
waste prevention and designing-out waste. Consequently, while closing resource loops through recycling is of vital importance,
slowing loops through designing for long-life products and designing for product-life extension, facilitating repair and reuse, thus,
preventing new waste generation is as important as, even more important than closing resource loops. As noted by Haas et al. (2015),
circularity cannot be achieved on the basis of recycling alone, and achieving a reversal of the trend of global growth in resource
consumption into a dynamic of reduction, or at least a steady-state physical economy, remains the greatest challenge of all. This
would require fundamental changes not only in the production patterns but also in the consumption patterns respectively.

5. Conclusions and Recommendations

It is clear that the circular economy is promising in terms of waste and resource management. Nevertheless, as stated in an EEA
report (2016), current work on indicators that track progress towards a circular economy has been driven, to a large extent, by
developments in material resource efficiency and waste management but these statistics fall short of providing a basis for material
losses and the qualitative aspects of recycling, while more robust data are needed on new business trends and sustainable
consumption.

Regarding sustainable consumption, generally, as it is the “wants” rather than the “needs” which underlines the overconsumption
in most of the developed countries, in the past, it has been assumed that it would be sustainable enough if their waste is recycled.
However, circularity cannot be achieved based on recycling alone and in order to be an important tool in terms of sustainability, the
system should be effective in changing the consumption patterns as well as the production patterns. In a world of increasing
population and per capita consumption where planetary boundaries are at risk, rather than discarding products before their value are
fully utilized, consumers should use and re-use them. In this sense, in this study, it is argued that in the product design strategies,
while closing resource loops through recycling is of vital importance, slowing loops through designing for long-life products and
designing for product-life extension, facilitating repair and reuse, thus, preventing new waste generation is as important as, even more
important than closing resource loops. Future work and adequate number case studies will be necessary to assess the environmental,
social and economic impacts of each separate product design strategies and to explore the most efficient regulatory frameworks and
incentives to alter the consumers’ preferences in that sense.
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Abstract

In this study, pure silicone rubber and iron ore concentrate added silicone rubber materials were performed against Cs-137 gamma
source. Cs-137 is accepted intermediate energy level gamma source in nuclear technology because of its energy peak at 0.662 MeV. Up
to 67 wt. % iron ore concentrate added into silicone rubber materials were used in the experiments. Linear attenuation curves were
carried out for the studied samples against Cs-137 gamma energy. Increasing iron ore ratio in the materials caused the higher radiation
shielding performance for Cs-137 gamma energy. In addition, increasing iron ore ratio decrease the total volume air bubbles in the
samples. Decreasing air bubbles in the samples has contributed to gamma ray shielding. 0.5 mmPbE and 1 mmPbE Lead equivalent
(PbE) values were determined for the samples. 0.5mmPbE standard has been provided by using 2.83 mm thick of 67 wt. % iron ore
concentrate imbedded silicone rubber at 0.662 MeV gamma energy. In conclusion, iron ore concentrate imbedded silicone rubber
materials are among the promising economic radiation shielding materials which could be alternative to lead.

Keywords: Cs-137; Silicone rubber; Gamma attenuation; Lead equivalent thickness; Iron ore concentrate.

1. Introduction

Radiation sources have been used for many years in nuclear technology applications from medicine to nuclear energy. In nuclear
technology, protection from the unnecessary radiation is essential and should be provided by some protective materials [1-3]. Lead is
the most used material for gamma and x-ray shielding thanks to its properties such as easy and cheap production and high density [4].
Therefore, usually radiation shielding standards were used to provide same attenuation ratio of pure lead and mixed materials [5]. For
example, 0.5mmPbE means the equivalent attenuation ratio of pure lead which has thickness of 0.5 mm for a specific radiation energy.
However, lead is highly toxic and hazardous materials for environment. Therefore, there were remarkable studies to get lead-free
materials for radiation shielding applications. Tungsten, bismuth, antimony, iron and barium was among the candidate materials for
radiation shielding instead of lead [4-15]. On the other hand, some of the alternative materials have more expensive production cots
whereas some of them have bigger lead equivalent thickness and weight. Although tungsten has bigger linear attenuation coefficients
[8] than lead, the price of tungsten prevents to use it widely in commercial applications. In addition, producing the radiation shielding
garments with light-weight, easy to use, comfortable and effective cost properties will help using these materials in applications, widely.

Flexible materials with some additives are used to produce radiation protective garments, collars, caps, curtains etc. [8-11, 13].
Usually rubbers, polymers, vinyl are used as matrix materials to get flexible radiation protective materials whereas lead, antimony,
tungsten and bismuth powders are used for additives. Silicone rubbers are one of the matrix materials which has good elasticity
properties [16, 17]. In addition, iron is one of the good radiation attenuators. It has relatively cheap production cost when the ore form
of iron is used [13].

Cs-137 is a gamma source which has been used in many applications [18]. It is accepted as medium energy level gamma source
which has unique gamma peak at 0.662 MeV. The Compton scattering effect is dominant when the gamma rays of Cs-137 interact with
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the materials atoms. Also photo electric events are possible in interactions whereas no pair production event takes place because of the
gamma energy under 1.02 MeV.

The Cs-137 gamma attenuation properties of pure silicone rubber and iron ore concentrate added silicone rubber materials were
carried out. The lead equivalent thicknesses of the samples were determined at 0.662 MeV. The possible uses of the samples were
evaluated for nuclear technology applications.

2. Experimental Methods

Room temperature vulcanized (RTV-2) silicone rubber was used as flexible matrix material. Polydimethylsiloxane (PMDS) is the
most common form of silicone and it is originally liquid. PDMS polymers are transformed elastomeric solid structure by means of
catalyzed cross-linking reactions [16]. About 5 wt. % stiffener was added to silicone rubber liquid to get catalyzed cross-linking
reactions. These reactions create chemical bonds between neighboring chains. The homogenous mixtures (liquid silicone rubber +
stiffener) poured to cylinder molds which have 5 cm diameter and 0.5 cm thickness. After waiting 24 hours the materials become
elastomeric solid structure. The main properties of the silicone rubber were given on Fig 1 and Table 1.

Silica Crosslinking PMDS
(a)

(|3H3 (|3H3 (|7H3
HiC—Si—0—+-Si—0+-Si—CH,
H- H H
3 4 CHy

J

(b)
Figure 1. Schematic view of crosslinking process (a) and chain structure(b) for silicone rubber [16].

Table 1. General properties of the matrix material [17]

RTV-2 Silicone Rubber

Specific Gravity (g/ml) 1.14
Mixing Ratio, by weight 10:1
Elongation (%) 350
Pot Life (h) 2
Cure Time (h) 24

In addition, Magnetite (Fe3O,) iron ore concentrate (~63 wt.% Fe content) powders were added to silicone rubbers for radiation
attenuation tests. Iron ore powders which have about 500 um average particle size were put into the silicone rubbers after adding
stiffener in solidification process. Different iron ore concentrate ratios from 5 wt. % to 67 wt. % were imbedded to silicone rubbers
successfully without losing significant elasticity. The samples were coded according to iron ore ratio in the sample. For example, 10
wt. % iron ore concentrate imbedded silicone rubber sample coded as SDT-10. Figure 2 and Table 2 shows the produced samples.
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Figure 2. Produced pure silicone rubber and iron ore concentrate added silicone rubber samples.

Table 2. Produced pure silicone rubber and iron ore concentrate-silicone rubber materials.

Code Iron Ore (Wt%) Rubiig'c?;te%)
Sdt-0 0 100
Sdt-5 5 93
Sdt-10 10 %0
Sdt-20 20 80
Sdt-30 30 70
Sdt-33 33 67
Sdt-40 40 60
Sdt-50 50 50
Sdt-60 60 40
Sdt-67 67 33

The homogeneity of the samples was figured out by X-ray radiograph films (Portable digital radiography system). The view of the
x-ray radiograph system was shown in Figure 3. The x-ray radiography films were taken by 10 pulses of the machine at 250 kV operating
voltage.

Figure 3. View of X-ray radiography system

In addition, radiation shielding properties of the samples were investigated by gamma transmission technique (Figure 4). Cs-137
gamma radiation source was used in the experiments which has unique energy peak at 0.662 MeV. This energy level was accepted in
intermediate energy region which Compton scattering interaction is dominant. Nal Scintillation detector has been used to detect gamma
radiation. Two lead blocks with 0.7 mm holes were used to get narrow beam conditions as well as biological shielding. The distance
between the source and detector is 35 cm.
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Sumple Place Scintillation Detector

Cs-137 Source

1.ead Block

Figure 4. View of Gamma transmission technique for Cs-137 gamma source.

At first initial radiation intensity was measured without material in the sample place. Then samples were put in the place with
different thickness and counted to get transmitted radiation intensity. Each experiment was applied by 300 s. The Relative intensity
values of the samples at different thicknesses were carried out and graphed. The graphs were fitted exponentially to get linear attenuation
coefficients of the samples according to Beer Lambert’s Equation:

[=le ()

Where I and Ip were transmitted and incident radiation intensity, respectively. p is the linear attenuation coefficient at 0.662 MeV
gamma ray energy and x is the material thickness in cm. The linear attenuation coefficient could be derived from Beer Lambert’s
equation as;

#=[-(1/x)] In [Vo] 2

The linear attenuation coefficient is sum of three main interaction mechanisms between gamma rays and materials atoms. These
are photoelectric event (pe), Compton scattering (cs) and pair production (pp) events.

K= Hpe + Hes + Hpp 3)

On the other hand, pair production event doesn’t occur for gamma energies under 1.02 MeV. Therefore, there is no pair production
event for Cs-137 gamma source which has gamma energy 0.662 MeV. The linear attenuation coefficients of the samples were evaluated
by the view of radiation shielding capability and compared to each other. In addition, the results were carried out according to iron ore
concentrate ratio and discussed.

Radiation shielding properties were figured out for each sample and compared with the 0.5 mm and 1 mm lead equivalent (PbE)
radiation shielding for Cs-137 gamma source. The attenuation ratios of 0.5 mmPbE and 1 mmPbE were determined by using XCOM
computer code which is widely used in the literature [19].

3. Results and Discussion

3.1. Homogeneity of produced silicone rubbers

The radiographic film of the pure silicone (Sdt-0) sample was given on Figure 5. Pure silicon has uniform distribution whereas just
some air bubbles occurred at edge (red circles in Figure 5). The air bubbles could be reasoned of pouring liquid silicone mix to mold
with non-uniformly. The pure silicone has also good elasticity and doesn’t wear when folded on its own.

Figure 5. Radiographic film of pure silicone (Sdt-0) sample.

The radiography films of Sdt-50 and Sdt-60 were given in Figure 6. Sdt-50 and Sdt-60 have uniform distribution. The darkness of
the samples almost same in every part of the samples. It shows that the iron ore powders were spread uniformly and the sample has
homogenous structure. On the other hand, the air bubbles in the samples were spread all over the materials unlike Sdt-0. The air bubbles
in Sdt-60 were less and smaller than in Sdt-50 (red circles in Figure 6). Iron ore particles much more take place in the silicone rubber
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than air bubbles as increasing iron ore percentage. The iron ore added silicone rubbers have also enough elasticity and don’t wear when
folded on their own.

Figure 6. The radiography films of Sdt-50 and Sdt-60 samples.

3.2. Gamma attenuation properties of produced silicone rubbers

Relative intensity values were carried out for pure silicone rubber and iron ore concentrate added silicone rubber samples at different
thicknesses. Relative Intensity- thickness curves were drawn and given in Figure 7.

Cs-137

v .’u,-g; @54t 0
<09 ’%‘ i ®5dt 5
=08 ‘R Sdt_10
o S G A . ®5dt_20
@ 07 ’ R @sdt 30
206 e Sie @Sdt 33
05 @ @Sdt_40
2 g @5dt_50
Fe
T o4 @ 5dt_60
g 00 1,0 20 3,0 40 @sdt 657

Thickness (cm)

Figure 7. Relative Intensity values of pure silicone and iron ore concentrate added silicone rubber materials at different
thicknesses for Cs-137 gamma source.

Pure silicone rubber has the biggest relative intensity values. Iron ore concentrate added silicone rubbers have smaller relative
intensities. Increasing iron ore percentage caused to lower relative intensity values which mean having greater radiation shielding
capabilities. The graphs on Figure 7 were fitted to exponential distribution in compliance with Beer Lambert’s formula. The linear
attenuation coefficients were carried out for Cs-137 gamma energy and given in Table 3. In addition, the linear attenuation coefficient
changes due to iron ore percentages in the samples were given in Figure 8.
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Table 3. Linear attenuation coefficients of the samples for Cs-137 Gamma source.

Sample (Code) Linear Attenuation
Coefficient, u (cm™)

Sdt-0 0,093

Sdt-5 0,096
Sdt-10 0,101
Sdt-20 0,112
Sdt-30 0,128
Sdt-33 0,135
Sdt-40 0,150
Sdt-50 0,166
Sdt-60 0,187
Sdt-67 0,207

Linear Attenuation
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Figure 8. Linear attenuation coefficients of pure silicone and iron ore concentrate added silicone rubber samples for Cs-137
gamma energy.

Pure silicone has the smallest linear attenuation coefficient as shown on Figure 8. Iron ore concentrate added silicone rubber
materials have higher linear attenuation coefficients than pure silicone. Linear attenuation coefficients were increased with higher iron
ore concentrate ratios. The distribution of the linear attenuation values has two possible fitting which are the linear and exponential.
Both linear (blue) and exponential (red) trend lines were given in Figure 8. When the R-square values of the lines investigated they were
closed to each other just exponential one is much closer to 1. The air bubbles in Sdt-60 were less and smaller than in Sdt-50. Iron ore
particles much more take place in the silicone rubber than air bubbles as increasing iron ore percentage. Therefore, the linear attenuation
values increased with not only increasing ratio but also decreasing air bubbles. So this was the reason of exponential increasing of linear
attenuation coefficients.

Lead equivalent thicknesses (0.5 mmPbE and 1 mmPbE) of pure silicone rubber and Iron ore concentrate added silicone rubber
materials were determined by using XCOM computer code and given in Figure 9. Pure silicone sample has the biggest lead equivalent
thickness values. Iron ore concentrate added silicone rubbers have smaller led equivalent thickness values than pure silicone rubber. In
addition, lead equivalent thickness values were decreased by increasing iron ore ratio. For Sdt-67, 0.5 mmPDbE is provided by 2.83 mm
which means 0.5 mm pure lead and 2.83 mm Sdt-67 have same radiation attenuation ratios for Cs-137 gamma source. Common used
commercial radiation protective garments have 1.5-2.0 mm in thickness (for 0.5 mmPbE). Although, Sdt-67 has greater thickness than
commercial products, it has still could be an alternative radiation protection material because of its cheap cost [13]. Also its possible to
decrease the lead equivalent thickness of Sdt-67 by increasing iron ore ratio and/or adding extra economic additives such as antimony
concentrate. Moreover, iron ore concentrate imbedded silicone rubber materials could be accepted as green materials according to lead.
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Furthermore, these materials have lower cost than lead and non-lead ones. Therefore, iron ore concentrate imbedded silicone rubber
materials are among the candidate materials for using radiation shielding applications instead of lead.

Lead Equivalent Thickness

0 15

g "...‘_“

2 10 bt 9.

z _ 0. ® 0.5mmPbE
2 £ % ®..9.9 ®IlmmPbE
E

(= 0

[Tp]

p 0 20 40 60

Iron Ore (wt.%)

Figure 9. 0.5mmPbE and 1 mmPbE lead equivalent thicknesses of pure silicone rubber and iron ore concentrate added silicone
rubber materials for Cs-137 gamma source.

4. Conclusions and recommendations

Pure silicone rubber and iron ore concentrate imbedded silicone rubber materials were produced in order to observe the linear
attenuation coefficient and radiation shielding while gamma-ray source is selected as Cs-137. Pure silicone rubber has uniform
distribution and there were some air bubbles on the edges. Pure silicone rubber material has the smallest linear attenuation coefficient
which means the lowest radiation shielding capability. On the other hand, iron ore concentrate added silicone rubbers have also uniform
distribution with some air bubbles all over the samples. Iron ore concentrate added silicone rubbers have greater linear attenuation
coefficients than pure silicone rubber. In addition, increasing iron ore ratio causes the higher radiation attenuation capability. Moreover,
increasing iron ore ratio provides the lower air bubbles ratio which makes contribution to radiation shielding effect. Lead equivalent
values of the samples were determined for common commercial used standards of 0.5 mmPbE and 1 mm PbE. 0.5 mm PbE standard
has been achieved by 2.83 mm Sdt-67 sample for Cs-137 gamma source. The energy of radiation and contents of the materials affect
the lead equivalent thickness values.

0.5 mmPbE value of Sdt-60 was determined as 2.06 mm for Co-60 gamma source in the previous study [13]. Sdt-67 has 2.83 mm
thickness for 0.5 mmPbE in this study which is higher than previous study. It is known that Co-60 has two gamma peaks at 1.17 MeV
and 1.33 MeV which average energy of 1.25 MeV. As, the gamma energies of Co-60 are over 1.02 MeV, the pair production event takes
place in radiation-materials atoms interactions whereas Cs-137 doesn’t have. Therefore, pair production event could help the decreasing
value of lead equivalent thickness for iron ore added silicone rubbers. In addition, it shows that the lead equivalent thickness values of
the samples depend on the material content and energy of radiation.

The produced samples could be accepted as green materials due to their being lead-free. Also the production cost of the samples
were lower than commercial lead and lead-free products. Even though, lead equivalent thickness values are bigger than commercial
ones, they have still potential to be used in applications with some improving materials such as antimony. In conclusion, an experimental
study was realized to produce flexible radiation protective materials and to investigate using potentials in applications.
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Abstract

Internet of Things (1oT) is rapidly developing and glamorous technology in which machines and devices are connected and interacted
with each other via Internet anywhere anytime. This technology, which brings advantages, facilities and efficiency in many areas from
city management to smart buildings, from health-care to industry, from energy to agriculture, etc. has also brought numerous
challenges in terms of security. 10T is vulnerable to various types of attacks, malfunctions and misuses due to these challenges
reasoning such as resource limitations, heterogeneity, lack of standardization, mobility, architecture. In this paper, we present the state
of art for cyber security issues in lIoT. We provide a comparison for 10T security in different perspectives including threats,
vulnerabilities and some countermeasures. We give some recommendations on the precautions and countermeasures for cyber security
issues in 1oT.

Keywords: cyber security, 10T security, threats, vulnerabilities.

IoT Caginda Giivenlik Tehditleri ve Coziimleri Uzerine Bir Arastirma

Oz

Nesnelerin Interneti (IoT) makine ve cihazlarin her yerde ve her zaman internet iizerinden birbirleriyle baglantih ve etkilesimli
oldugu, hizla gelismekte olan g6z alic1 bir teknolojidir. Sehir yonetiminden akilli binalara, saglik sektoriinden sanayiye, enerjiden
tarima vb. bir¢ok alanda avantajlar, kolayliklar ve verimlilik saglayan bu teknoloji, giivenlik agisindan da bir¢ok zorlugu beraberinde
getirmistir. IoT, kaynak kisitlamalari, c¢esitlilik, standardizasyon eksikligi, mobilite, mimari vb. nedenlerden kaynaklanan
zorluklardan dolay gesitli saldirilara, arizalara ve kotiiye kullanima agiktir. Bu makalede, IoT siber gilivenlik sorunlari agisindan en
son ve en gelismis fikirleri sunuyoruz. IoT giivenligi acisindan tehditleri, giivenlik agiklari ve dnlemleri igeren bir karsilagtirma
sagliyoruz. Birgok siber giivenlik sorunu i¢in tedbirler ve 6nlemler konusunda bazi éneriler veriyoruz.

Anahtar Kelimeler: siber giivenlik, IoT giivenligi, tehditler, giivenlik agiklari.
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1. Introduction

Internet of Things (1oT) that are currently in infancy and which are developing at a dizzying pace, are changing and shaping
our daily lives. The 10T is integrated and connected physical objects or things via network that is embedded with software,
electronics, sensors for gaining greater value and service by exchanging data with manufacturers, operators and some other
connected devices without human intervention [1]. There are plenty of loT applications in various areas such as healthcare,
automation and industrial manufacturing, electricity, smart city, agriculture, logistics, vehicular technology, retail, security,
business management etc. 10T also serves for social needs such as surgery monitoring, weather condition detection, animal
identification [2]. By collecting and analyzing data coming from 10T devices, it is possible to increase the efficiency of the entire
system [2].

When we examine the architectural structure of 10T we can divide it into 3 main parts [1]:

1. The “‘things’’ (objects): Sensors, RFID tags and readers, BLE devices,
2. The communication networks that connect them: Cloud internetwork, WLAN, WSNSs,
3. Data transfers from and to objects by using computer systems: Big Data applications.
The number of devices that are expected to be connected to Internet according to Gartner by 2020 is 50 billion. And this
number is rising to 500 billion by 2030, according to Cisco. By 2020, 10T technology will be in 95% of electronics for new
product designs [3].

Along with this rising, large amount of devices integrated and connected to internet and enormous data associated with it,
issues about the security are mounting up with increasing momentum. For example, when we look at the number of malware
samples for IoT devices in KasperskyLab’s collection, we see that it increases from 3.219 in 2016 to 121.588 in 2018.

Security issues reasoning from some factors in 10T can be listed as follows:

e A great deal of various devices and objects are connected and interacted together in a complicated way [4].

e Variation in technologies and standards are defined as one of the significant challenges in the development of loT
applications, since standardization of 10T architecture and communication technologies are basis for the loT
development [5].

e Because of lack in power, storage capacity, bandwidth and microprocessor, security countermeasures like public key
encryption algorithm and frequency leaping communication cannot be applied [6].

e Security threats like abuse of resources, user and root compromise, virus, social engineering, trojan, worm, denial of
services [5].

e The scale of the processed data is too large [6].

e Smart devices grow in extremely dynamic surroundings, where changes in the network topology are made often. This
makes the deployment of security solutions very challenging [7].

e The servers for 10T are organized with cloud computing, and cloud computing has risks such as data security and
privacy, data integrity, management, bandwidth, and data transfer [8].

e The fact that the cyber security solutions are not embedded in systems with the ‘security by design’ approach can make
the solution of problems difficult, expensive and even impossible [21].

e Human factor is the most important factor in 0T security.

In this study, we provide a brief survey on the cyber security issues in I0T. Our aim is to give the state of the art with a

different perspective. This includes the layers of 10T. We also focus on future directions and recommendations for the cyber
security issues in loT.

The organization of this paper is as follows: In Section 2, 10T security requirements and studies in literature are
summarized. In Section 3, details for 10T vulnerabilities, caused threats and related solutions are given. In Section 4,
conclusion with future works is presented.

2. Security Requirements for 1oT

In this section, security requirements like availability, confidentiality and integrity etc. are discussed and then various
approaches proposed in the literature to categorize vulnerabilities of 10T are evaluated.

There are apparently competing, complicated security requirements to be deployed on a platform with probably restricted
resources [9].

Most important security and privacy requirements with cryptographic point of view are summarized in Figure 1.
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Figure 1. Security requirements
e Availability: It can be described as the system can continue to work even in the most critical conditions [7].

e Authenticity: Intrusion to the system or reaching delicate data by illegal users are not allowed [6].
e Confidentiality: Confidentiality provide that information is made obscure to unauthorized individuals, entities, and
processes [7].

e Integrity: Integrity ensures that data has not been modified by a third party (accidentally or intentionally) [7].
¢ Non-repudiation: It assures that the sender of the message can not refuse having sent the message in the future [7].

e Privacy: It ensures that users’ identities should not be identifiable nor observable from their actions and their
movements in the system [7].

Many studies have been carried out to explain the security risks, weaknesses and challenges on 1oT. Various approaches
have been proposed in the literature to categorize the vulnerabilities of 10T.

The main focus of these works is the layers of 10T architecture centric security classification. On the basis of loT
architecture there are four layers. These are application layer, support (middle-ware) layer, network layer, perception layer and
most of the studies discuss security threats and the solutions on these layers [6,22,23,24]. Apart from this, some studies
approach security architecture model for 10T as three layered; endpoint and devices, network, data and applications and
establish the security model on these [25,26]. Another approach classifies security concerns as human, process, data and object
[4,27]. Separately, some studies look at major security challenges that exist in 10T environments by categorizing them as
authentication, authorization and access control, privacy and secure architecture [10]. One common approach is classifying
vulnerabilities and related solutions as insecure web interface, insufficient authentication/authorization, insecure network
services, lack of transport encryption/integrity verification, privacy concerns, insecure cloud interface, insecure mobile
interface, insufficient security configurability, insecure software/firmware, poor physical security [28].

3. Threats, Vulnerabilities And Related Solutions of 10T

In this section, new categorization including the vulnerabilities, threats of 10T and their solutions is presented. A detailed
comparison is provided.

In the light of the previous studies, vulnerabilities of 10T and their solutions can be grouped as follows:
Insufficient authentication/authorisation mechanisms

Not using suitable cryptographic techniques

Cyber attacks

Privacy

Software/firmware related issues

Human factor

eakrwnPE

3.1. Insufficient Authentication/Authorisation Mechanisms

Authentication is the process of identifying users and devices in a network and confirming entry to authorized persons and
reliable devices. Authentication is now the most popular method (60%) to grant access to the user at the application layer and
also give access to the device in the 10T network [11].

Transport Layer Security (TLS) is broadly used for communication authentication and encryption. Specifically, for
restricted devices, TLS offers TLS-PSK, which uses pre-shared keys, and TLS-DHE-RSA authentication method which uses
RSA and Diffie-Hellman (DH) key exchange, which are public key and cryptographic protocols. Currently, there are three
types of authentication protocols designed for 1oT: asymmetric-cryptosystem based protocols, symmetric-cryptosystem based
protocols, and hybrid protocols. Lately, there has been enormous demand for lightweight authentication and encryption [11].

It is about ineffective/poor mechanisms to authenticate or authorisation to 10T user interface whereby a user can gain
higher levels of access [28].

Some countermeasures to protect the 10T system against the threats reasoning from related issue:
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Changing default passwords and usernames during initial setup [28].

Assuring that web interface is not sensitive to XSS, SQLi or CSRF [28].

Account lockout mechanism must step in after 3 -5 failed login attempts [28].

Providing using the strong passwords [28].

Making sure that password recovery mechanisms are trustworthy [28].

Guarantee that the credentials are properly protected [28].

Applying two factor authentication if reasonable  [28].

Providing that only required ports are exposed and  available [28].

Guarantee that user accounts cannot be enumerated using functionality such as password reset mechanisms [28].
Underwriting network ports or services are not subject to internet via UPnP for example [28].

AN N N N NN

3.2. Not Using Suitable Cryptographic Techniques
The security of 10T is receiving great attention as the low power constraints and complexity features of many loT devices
are restricting the use of traditional cryptographic techniques [12].

Succeeding end to end security, the nodes are encrypted. However, due to the heterogeneity of the 10T systems, some
nodes might be able to embed general purpose microprocessors. Nevertheless, low resources and constrained devices can only
embed application-specific systems. Hence, traditional cryptographic primitives are not suitable for low-resource smart devices
due to their low computation power, limited battery life, small size, small memory, and limited power supply. So, lightweight
cryptography may be an efficient encryption for these devices [11].

Since the target for 10T encryption is to arrive efficient end to end communication with low power consumption, symmetric
and asymmetric lightweight algorithms for 10T are designed to meet the requirements [11].
Some important countermeasures that should be taken are given below about the issue:

v' Use of other industry-standard encryption techniques to protect data during migration if SSL/TLS is not available
[6,28].

v Make sure that only the accepted encryption standards are used and that special encryption protocols are avoided [28].

v' Securely encrypting the collected data [6,28].

v Guarantee IPsec (Internet Protocol Security) [6].

3.3. Cyber Attacks
10T continues to grow as a primary target for cybercriminals to take advantage of, in step with a replacement threat report
from security firm Symantec. The  quantity of 10T attacks inflated from regarding 6,000 in 2016 to 50,000 in 2017 - a 600%
rise in exactly one year, the report found [13].
= DoS: A denial-of-service (DoS) is any variety of attack wherever the attackers try and stop legitimate users from
accessing the service by flooding servers, systems or networks with traffic in order to overwhelm the victim's resources
[14].
= DDoS: A distributed denial-of-service (DDoS) attack is a malicious initiative to break normal traffic of a purposed
server, service or network by crushing the target or its ambient infrastructure with a flood of internet traffic [15]. From
many perspectives, it resembles a DoS attack, but the results are very different. In place of one computer and one
internet connection the DDoS attack employs many computers and many connections. The computers behind such an
attack are often deployed around the whole world and will be part of botnet [29].
= Malicious code: Malicious code is the sort of destructive computer code or web script intended to create system
vulnerabilities causing to back doors, security breaches, information and data theft, and other possible damages to files
and computing systems [16].
= Eavesdropping: Eavesdropping is defined as electronic attack wherever digital communications are intercepted by a
private whom they're not supposed. This is wiped out 2 main ways: Directly taking note of digital or analogue speech
communication or the interception or sniffing of information regarding any kind of communication [17].
= Smurf: A Smurf attack could be a variety of a distributed denial of service (DDoS) attack that renders pc networks
inoperable. The Smurf program accomplishes this by exploiting vulnerabilities of the Internet Protocol (IP)
and Internet Control Message Protocols (ICMP) [18].
= Spoofing: Spoofing, in general, could be adishonourable or malicious observe within which communication is
distributed from an unknown supply disguised as a supply best-known to the receiver. Spoofing is most current in
communication mechanisms that lack a high level of security [19].
Leading solutions to these threats are presented below:

v’ Using effective antivirus and firewall [6,8].

v' Utilize data encryption [6,8,28].

v Running powerful authentication, authorization and access control mechanisms [6,8,28].

v’ Operating well IPS (Intrusion Prevention System) and IDS (Intrusion Detection System) [6,8].

3.4. Privacy

Privacy represents the stress evoked by the interaction between person and technological scheme. Information being
protected is essentially associated with persons, therefore their privacy may be an obligatory objective of the 10T. Also, misuse
of technology may be an explanation for privacy violation [20]. Privacy issues are generated by the gathering of non-public
information additionally to the shortage of correct protection of that information [28].
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v Gathering only data that is critical to the functionality of device [28].

v Securely encrypting the collected data [28].

v’ Correct protection of the device and all its components [28].

v’ Guarantee that only authorized persons have access to personal information gathered [28].
v" Assure that storage limits are set for the gathered data [28].

3.5. Software/Firmware Related Issues
Software/firmware updates for devices can be insecure when the updated files themselves and the network connection they
are delivered on are not protected [28]. Important threats can be classified as follows:
= Problems on update issues
= Firmware contains sensitive information [28].
Solutions to these issues are pointed out as follows:

v Providing the ability to update the device [28].

v' Encrypting the update file using accepted encryption methods and transmitting it via an encrypted connection [28].

v Guarantee that firmware include no susceptible information [28].

v' Providing that the update file is transmitted over an encrypted connection [28].

v Make sure that the update server is secure [28].

v Guarantee that firmware includes no susceptible data [28].

3.6. Human Factor

10T has diverse and extensive structure, so security limitations and threats are more probable. Because of this, large
numbers of persons with different security background levels according to respective characters are influenced from the issue.
According to respective roles, consumers, end users, and service or technology providers are involved in 10T context [4].

The user information of the 10T device or application can be captured by e-mail fraud, phishing, spam or session hijack
methods and used for malicious purposes.

For example, smart tv may be captured by malicious persons and its sources can be used for bad purposes. When detecting
spam and phishing e-mail cases of 75 million using smart tv or refrigerator connected to the Internet, it is found that zombie
home appliances were real like zombie PC [30].

Also in military, using replay or session hijacking attack techniques, incorrect information may be inserted on target
device. By doing so, it is possible to delay the friendly operations or cause the confusion [30].

There are head weaknesses and threats reasoning from or taking aim to people. These are:

= Not acting over a security management rules [20].

= Social Engineering: It is type of attack that is performed by deceiving people, in order to get information about the

person in the target system [8].

= E-mail fraud: It is a type of attack that is performed by showing the fake e-mail address as reliable [8].

= Web forgery: It is type of attack that is performed using the fake of a trusted website [8].

= Session hijack: It is type of attack performed between the client and the server to capture the user's session [8].
Phishing: It is type of attack to capture personal information by e-mail [8].
Spam: It is attack sort that the messages come to e-mails of the target system for any purpose [8].

The countermeasures to be taken against these threats and weaknesses are listed as follows:

Examine and control security practices and rules to develop effective security policy documentation [20].
Organizing awareness raising education programs and activities.

Using effective antivirus and firewall [6,8].

Use of single-use password and encryption algorithm [6,28].

Secure protocols usage [8].
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loT-related vulnerabilities, threats and the countermeasures are summarized in Table 1. In this table, the loT
vulnerabilities are taken over 6 groups, the main threats that these weaknesses can be caused and the countermeasures to be
taken against these threats are presented.

4. Conclusion and Recommendations

10T, which develops at a fast pace and connects many and various objects to internet by its nature, brings many security
challenges along with the opportunities it offers In this study, after giving brief information about the 10T and its structure, the
reasons of the challenges of 10T cyber security were emphasized, then security requirements to be provided were mentioned
and vulnerabilities were grouped with a different perspective and the related solutions were discussed. By using loT
components by attackers, it has been seen that the main elements of information security can be targeted and serious threats
can be created on a personal, institutional or national basis. It has been understood that considerable effort is needed to
minimize vulnerabilities and threats mentioned in the study.

In order to improve 10T security, there are several countermeasures to enhance it. Systems should be structured according
to security policies and standards from the design stage. 10T endpoint devices are often the weakest link in the systems of
security. Therefore, to ensure safety of these devices, it is necessary to detect all abnormalities by monitoring all Internet traffic
instead of restricting Internet, and in this case, warning and blocking mechanisms should be activated. Optimized asymmetric
cryptography solutions can solve problems such as complexity and scalability. With regard to privacy, loT data can be
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collected and analysed, and then potential threats can be identified and resolved. Efficient work on new generation wireless
network technologies and protocol design can lead to increased security.
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Table 1. 1oT vulnerabilities, threats and their solutions

Vulnerabilities

Threats

Solutions

v' Changing default passwords and usernames during
= Gaining unauthorized or high ley initial setup [28].
o access to the data or device v" Assuring that web interface is not sensitive to XSS,
Insufficient SQLi or CSRF [28].
authentication | «  SQL Injection v' Providing using strong passwords [28].
/authorization v/ Guarantee that credentials are properly protected [28].
mechanisms v" Applying two factor authentication if reasonable [28].
= XSS or CSRF v' Providing that only required ports are exposed and
available [28].
= Sniffing or capturing data or | v' Use of other industry-standard encryption techniques to

Not using suitable
cryptographic

compromising the device by an
intruder

Man in the middle

protect data during migration if SSL or TLS is not
available [6,28].

Make sure that only accepted encryption standards are
used and that special encryption protocols are avoided

techniques [28].
= Sybil v" Securely encrypting the collected data [6,28].
v' Guarantee IPsec (Internet Protocol Security) [6].
= Replay attack
. B%Sos v" Using effective antivirus and firewall [6,8].
= Malicious code v" Utilize data encryption [6,8,28].
Cyber attacks = Eavesdropping v Running powerful authentication, authorization and
= Smurf access control mechanisms [6,8,28].
= Spoofing v' Operating well IPS (Intrusion Prevention System) and
IDS (Intrusion Detection System) [6,8].
= Collection of unnecessary personnel | ¥ Gfattrr]\eroilng_onl[é E%aua that is critical to the functionality
information of the device [o].
Privacy = Lack of proper protection of data v Securely encrypting the collected data [28].
v’ Correct protection of the device and all its components
[28].

v Providing ability to update the device [28].

v Encrypting the update file using accepted encryption
~ Software / = Problems on update issues methods and transmitting it via an encrypted
firmware related | «  Firmware contains sensitive informatio connection [28].

ISSues v Guarantee that firmware include no susceptible
information [28].
= Not acting over a security
. gggz?znr:gmer:rliensg v/ Examine and_control _securit_y practices an_d rules to
= E-mail fraud develo_p _effectlve security pollcy docu_mentatlon [20].
= Web forgery v Organizing awareness raising education programs and
Human factor = Session hijack activities
= Phishing v Using eff_ective antivirus and firewall [6,8_]. .
= Spam v Use of single-use password and encryption algorithm

[6,28].
Secure protocols usage [8].
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Oz

Taban izolasyonu, yapilarin, deprem gibi yanal yiiklere karst mukavemetini arttirmaktan ziyade, bu yiiklerin yapiya olan etkisini
diisiirmeye, yiikiin yoniinii ¢evirmeye ya da sonimlemeye ¢alisan bir tiir yap1 elemanidir. Bu tasarim yonteminde, temel {istiindeki yap1
boliimlerinin, temelden ayr1 bir ¢aligma bigimi edinerek deprem dalgasi esnasinda, katlar arasi rolatif yer degistirmenin minimuma
indirmesi amag¢lanmaktadir. Bu makalede; ¢ercevelerden miitesekkil mevcut olan bir okul yapisi oncelikle geleneksel ankastre mesnetli
temel sistemiyle ¢oziimlenmis, mod sekilleri bulunmus, yap1 periyotlar1 elde edilmistir. Bunun i¢in dncelikle statik esdeger deprem
yikii yontemi kullanilarak deprem yiikleri kat yiikseklikleri boyunca dagitilmig ve kapasite problemi yasayan yapi elemanlari
bulunmustur. Ardindan, 1999 Marmara depreminin Diizce meteoroloji istasyonunda kaydedilmis, 0,005 s. zaman araligina sahip ivime
kayitlar1 yansitilarak lineer olmayan zaman tanim alani yontemiyle analizler tekrarlanmis ve her iki yontemin mukayesesi yapilmustir.
Ikinci asamada s6z konusu yapiya, kursun cekirdekli kauguk taban izolatérlerinin eklenmesiyle zaman tanim alani metodu kullanilarak
analiz gerceklestirilmistir. Boylece, klasik yontem ile taban izolatorlii sistemin mod sekilleri ve degisen periyotlari arasinda kiyaslamalar
yapilmig olup izolasyon sistemli yapinin periyotlarinda kayda deger bir artisin meydana geldigi, spektral ivmelerin ve yapiya gelen
kesme kuvvetlerinin azaldig1 gézlenerek, ilk durumda var olan kesit yetersizliklerinin ortadan kalktig1 goriilmistiir.

Anahtar Kelimeler: Taban {zolatorii, Zaman Tanim Alani, Kursun Cekirdekli Kauguk izolator.

Comparative Analysis of a Concrete Structure Constructed with
Conventional Technique and with Base Isolation

Abstract

Base isolation is a type of building element that tries to reduce the effects of seismic lateral loads on the structure, rather than increasing
the strength against these loads. In this design method, it is aimed to minimize the relative displacement between the floors during the
earthquake wave by obtaining a separate working form of the building sections over the foundation. In this article; an existing school
structure consisting of frames is firstly solved by the traditional built-in foundation based system, the mode shapes are found and the
building periods are obtained. For this, earthquake loads are distributed along floor heights using the static equivalent earthquake load
method, so structural elements with capacity problems are found. Then, 0,005 second time-history acceleration which is recorded at
1999 Marmara earthquake in Diizce meteorology station, is reflected and analyzes are repeated with the non-linear time-history method
and the two methods are compared. In the second stage, the structure is analyzed by using the time-history method with the addition of
lead-core rubber base isolators. Thus, the comparison of the mode shapes and the changing periods of the base isolator system with the
conventional method is made. As a result, a significant increase in the period of the isolation system construction and the decrease of
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the spectral accelerations and the shear forces coming to the structure are observed, and it is seen that the sectional deficiencies that
existed in the first case are removed.
(Minimum 250 - Maximum of 400 words and content should be written in a way to include material, method, findings and results.)

Keywords: Base Isolation, Time History Method, Lead Core Rubber Isolation.

1. Giris

Klasik yap1 tasariminda, bir binaya sismik performans kazandirmak i¢in basta kolon, kiris, perde gibi tastyici elemanlarin kesitlerini
biiyiiterek ve yatay diizlemde sayisini ¢ogaltarak mukavemetini arttirmak, yapinin kayda deger bir rijit davranis gostermesiyle
sonuglanmaktadir. Boyle bir tasiyici sistem se¢imi dolayistyla, yapilarin daha fazla yatay kuvvet almasina ve iist katlardan tabana dogru
geometrik artigh bir kesme yiikiine maruz kalmasina yol agmaktadir. Rijit cisim davranist ve mukavemetin, temel niians olarak
alimlandigi bir tasiyict sistem yaklasiminda yapiya zeminden gelen sismik enerjinin tiikketilmesi/sontimlenmesi i¢in plastik mafsallagsma
ongoriilmektedir. Bu yaklagim yapinin hasar gormesini (minimal Slgeklerde ve kabul edilebilir derecede olsa dahi) kabul etmek
anlamina gelmektedir. Son yillarda plastik mafsallar ile yapisal hasarin nisbi olarak kabullenilmesi yoluyla sismik enerjinin tiiketilmesi
yaklagimi yerine, soniim elemanlar1 vasitasiyla s6z konusu enerjinin tiiketilmesi ve kat ivmeleri ile kat 6telemelerinin ayni anda
distiriilmesi anlayiginin taraftar buldugu ve adma taban izolasyonu adi verilen bu sistemin uygulama sahasmin genisledigi
goriilmektedir.

Deprem sirasinda, yeryiiziinde bir hareket meydana gelir. Bu hareket bir dalga seklinde her dogrultuda yayilir ve bir yapiya
eristiginde temellerini sallamaya baglar. Temeller de kendisine bagli olan tasiyict sistemi sallar ve sistem elemanlarinin kesitlerinde
atalet kuvvetlerinin olusturdugu etkiler meydana gelir. Yapi temelinin tasiyict sistemden ayrilarak titresimin yapiya ulagmasinin
onlenmesi, depremde taban yalitiminin ana fikrini olusturur (Celep ve Kumbasar, 2004). Klasik ankastre temelli yapi tasariminda,
yaptya nitelikli bir sismik performans kazandirmak adina tastyici sistemi saglamlastirmak; yapinin rijitligini arttirmakta ve daha fazla
kuvveti karsilamasi ile sonuglanmaktadir. Taban yalitimu ise, yapiin depreme karst koyma kapasitesini arttirmaktan ziyade, onun
depreme karsi tepkisini azaltma esasina odakli bir tiir depreme dayanikli yapi tasarimi yaklagimidir. Yani, yapilarin 6zellikle biiytik
magnitiitlii depremler esnasinda rijit cisim davranist gostermesini ve yapisal zorlanmalarin elastik smirlar iginde kalmasini
saglamaktadir. Boylece deprem enerjisinin ¢ok biiytik bir kismi yalitim (izolasyon) seviyesinde sismik izolator sistemi ve ek soniimleyici
aygitlar vasitasiyla harcanmakta, deprem enerjisinin kiigiik bir boliimii yapiya iletilmektedir (Polat, 2007) (Sekil 1).

Sekil 1. Ankastre Tabanli ve Sismik Yalitimli Yapilarin Davranmisi (Web 1, 2017)

Sekil 2’deki ivme-periyot degisim grafiginde gosterildigi iizere, ankastre mesnetli yapida %0,5 — 1,0 — 2,0 — 5,0 ve %10 soniim
oranlarinda periyodlarin 1,0 s’nin altinda oldugu buna karsin ivme degerlerinin bilhassa diisiik soniim oranlarinda en yiiksek mertebeye
yiikselmis oldugu goriilmektedir. Sismik izolatdriin etkinlestirildigi durumda ise periyotlarin arttigi, ivme degerinin de arzu edilen
diisiik seviyelere ¢ekildigi gozlemlenmektedir.

Dvme

08

Ankastre mesnetl yapm

06k 1.0.5% Somim
L10%
| 2.0
04t Sy 0%
: 4 5.0% i Sismik Izolasyonlu yaps

0.2 |y

Peryot

Sekil 2. Taban Izolasyonlu ve Ankastre Mesnetli Yapt Arasindaki Ivme-periyot Iliskisi (Soyluk, 2010)
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Sekil 3’te ise ivme - periyot arasindaki ve deplasman — periyot iligkisi irdelenmektedir. Buna gore Sekil 3’de ivme ile periyodun
ters orantili oldugu, periyot artislari ile ivme degerlerinin kii¢iildiigii buna karsin periyotlarin artisi ile birlikte kat yiikseklikleri ile dogru
orantili olarak yer degistirmenin de arttig1 gozlemlenmektedir. Ancak bu yer degistirme bilhassa yatay yonde olmakta ve katlar arasi
yer degistirmenin minimal seviyede oldugu duruma isaret etmektedir.

A A
=
) <
Artan = = Artan g
. - = . -
periyot pz g periyot =
=) N g
= < 3 /
’ : > ’ : T periyot
0 1 2 3 periyot 0 1 2 3 pan

Sekil 3. Ivme-Periyot ve Deplasman-periyot Iliskisi (Web 2, 2017)

[zolasyon seviyesindeki olas1 biiyiik yer degistirmelerin dnlenmesi amaciyla yiiksek soniimlii malzemelerin kullamlmasinin faydali
olacag: diisliniilmektedir. Bir yapinin etkin rezonans periyodu genellikle 0,1 ile 1,0 saniye araligindadir. Bu periyot aralig1 ayn1 zamanda
pek cok siddetli depremin baskin periyot araligini da kapsar. Sismik taban yalitimli yapilarin elastik birinci titresim periyotlariin sabit
tabanli yapilara gore olduk¢a bilyiikk olmasindan dolayr Sekil 4’te gosterildigi gibi elastik birinci titresim periyotlar: biiyitiilerek,
depremin yapilar i¢in tehlikeli olan rezonans bdlgesinden uzaklasmasi saglanmakta, bdylece yer ivmelerinin yapi tarafindan
biiyiitiilmesi 6nlenmis olmaktadir (Pekgdkgoz, 2005).

Speltral ivine

Yahtilmarms binanm

1vinesi
Lnedela azahna

Yahtihws binamm
Ivinesi

Periyot (5)
Perivot degisnm

Sekil 4. Tipik Bir Tasarim Spektrumu

Eger sismik izolasyonlu bir yapinin dogal frekansi, eslenigi olan ankastre temelli yapinin frekansina ve zemin hareketlerinin baskin
frekansina kiyasla ¢ok daha kiigiik olursa, yapinin davranigi iistyapinin hemen hemen rijit kaldig1 ve sadece izolasyon sisteminin
deformasyona ugradig birinci dinamik modu tarafindan belirlenir. Ustyapida deformasyona neden olan daha yiiksek modlar harekete
katilmayacaklar1 i¢in bu yiiksek modlarin igerdigi yiiksek enerji de iistyapiya aktarilmayacaktir. Cogu zaman depremlerin yatay
bilesenleri diisey bilesenlerine gore daha siddetlidir. Bundan dolayidir ki, depreme dayanikli yapi tasariminda kullanilan sismik
yatay rijitlige sahip sismik izolatérlerle yalitilmig bir yap1 yatay yonde tek serbestlik dereceli sarkag gibi davranir. Tek serbestlik dereceli
sistemlerdeki kiitle-rijitlik-frekans iliskisi géz 6niinde bulundurularak, dikkatli bir tasarimla, belirli bir kiitleye sahip temel izolasyonlu
bir yap1, zemin hareketlerinin baskin frekanslarindan yeterince uzak bir dogal frekansa sahip olacak sekilde tasarlanabilir (Aydin ve
Ercan, 2004).

Sismik yalitim elemanlari, bodrum katin olmadig1 yapilarda temel iistiine konulmakta olup bodrumlu yapilarda, kolon ve perde
elemanlarinin alt, orta veya iist kesitlerine yerlestirilmektedirler (Sekil 5-6).

e-ISSN: 2148-2683 45



Avrupa Bilim ve Teknoloji Dergisi

Sekil. 6. Kolon Orta Bélgesinde Yalitim Sistemi (Web 4, 2017)

Sismik izolasyon uygulanmis yap1 yatay yonde belli bir miktar deplasman yaptigindan dolay1 yapiin etrafinda izolatorlerin yer
degistirme kapasitesi kadar bosluk olmalidir. Ornegin; deprem derzine sahip olmayan bitisik nizam yapilarda, taban izolasyonu teknigini
uygulamak miimkiin degildir. Ciinkii bu tiir yapilarda deprem enerjisini soniimleyecek bosluk olmadigi (yapmin salinimina izin
verilmedigi) i¢in izolasyon uygulamak da miimkiin olamamaktadir. Depremler sirasinda yapinin disartyla baglantisini saglayan
elemanlarin, elektrik, telefon, igme suyu, kanalizasyon, dogalgaz vs. baglantilarin yapinin deprem hareketiyle yapacagi yer degistirme
sonrasinda herhangi bir tahribat gostermemeleri gerektiginden s6z konusu tesisat baglantilar1 da 6nceden kontrol edilmeli, eksikleri
tamamlanmali ve tesisat ekipmanlarinin tamaminin deplasman i¢in birakilan bosluk kadar esneme kapasitesine sahip olmasi
gerekmektedir (Komodromos, 2000).

SiSMiK KONTROL YONTEMLERI

Akiif Konirol Y&ntemleri Pasif Kontrol Yintemleri
Ak!ir_Riji_tlikJ_)Aku[ Kitle Taban Izolasyon Enerji Yutabilen
Degigtirebilen Soniimleyici Sistemleri Sistemler
Sistemler Sistemler
Tnbakal‘ul‘l(am;uk Fﬂ&su Mimlik Vi&kkz St
Mesnet Sistemi Elekirik Sistemi  Soniimleyiciler Sanfimleyiciler
Kursun Cekirdekli I Elastik-Sirtinmeli '1‘
Kauguk Mesnet Taban Izolasyon hl )
Sistemi Sistemi Sirtiinmeli Avarli Kiitle
Sontimleyiciler Sonimleyiciler
Yiiksek Soniimlii Akalla ‘l(
Kauguk Mesnet Metaller \L
Sistermi Viskoz Elastik Ayarh Sivi
Siirtinmeli Sirtinmeli Sontimleyiciler Sindmleyiciler
Tabaka Sistemi Sarkag Sistem

Sekil 7. Sismik Kontrol Yontemleri (Robinson, 2000)

Aktifkontrol sistemleri, yapiya uygulanmasi diisiiniilen kontrol kuvvetinin deprem esnasinda diizenlenmesi ilkesine dayanmaktadir.
Pasif kontrol sistemleri ise bahse konu bolgede olasi en biiyiikk magnitiide sahip depremin meydana gelmesi ihtimali yoriingesinde
tasarlanmaktadir (Sekil 7).

Bu ¢alismada; kursun ¢ekirdekli kauguk izolator kullanilmis oldugundan, s6z konusu bu izolator tiiriine ait karakteristikler iizerine
yogunlagilmistir. Kursun ¢ekirdekli kauguk izolator, diigiik soniime sahip dogal kauguk tabakalarin ¢elik takviye plakalar1 yardimiyla
birlestirilmesi ve ortasina silindir bigiminde kursun ¢ekirdegin yerlestirilmesi ile meydana getirilmektedir. Kursun malzemesi, akma
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noktasinin altindaki sekil degistirmelerde, formunu gecici olarak degistirebilen kristalize bir malzemedir. Kauguk ise yapisinda var olan
diizeltme kuvvetinin etkisiyle sistemin ilk haline ddnmesini ve elastik 6zelliklerini korumasini saglamaktadir. Kursun c¢ekirdek; ¢elik
plakalar vasitastyla aktarilan kesme kuvvetleri etkisiyle plastik sekil degistirmeye zorlanmaktadir. Bu baglamda; kursun g¢ekirdekli
kaucuk izolatdrlerin enerji harcama mekanizmasi, kauguk ile kursunun elasto-plastik davranisa sahip olmalari ile ilgilidir.

2. Materyal ve Metot
2.1. Geleneksel Ankastre Sistemli Bir Yap1 Analizi

Bu makalede; Etabs bilgisayar programi yardimiyla Sekil 8’deki planda gosterilen 3 katli (zemin+2 normal kattan miitesekkil)
21,60 x 14,35 cm. boyutlarinda, kat yiiksekligi 3.00 m. olan betonarme ¢ergeveli bir tasiyict sisteme sahip hali hazirda mevcut bir okul
binasinin analizleri yapilarak sonuglar1 degerlendirilmeye ¢alisilmistir (Polat, 2007).

@ @ ©) @ ® ©

2160
720 360 360 354 366
@ I 17 S18 lsw szol
S16 ; (40/60) (40/60) 40/60)
{40/60) (40/60) ¢
D12 (
- (@]
"
2
-
O s13 S14 S15
—_ (40/60) (40/60) (40/60) -
-
| DIs 2
“
= g
(© - - - - 2
59 s10 s11 s12
- (60/40) (60/40) (50/30) (60740
o J—
o ( p1s DI8
o g
(=1
S6 S7 S8 ]
(40/60) (40/60) (40/60)
DI2 ) D12 —
o —_ _—
¥ z
b=
(=
S
S4]0f 0 54:0.’60 530160 S:omo o
@ l( 60) .( ) (40/60) .r ) (40/60)

Sekil 8. Cerceveden Olusan Yapinin Kat Plani

Yapida; 30x50, 50x30, 40x60, 60x30 ve 60x40 cm olarak bes tip kolon kesiti bulunmaktadir (Tablo 1).
Tablo 1. Kolon Kesitleri

S1-S2-53-54-55-56-S7-S8-513-S14-

Kat $15-516-S17-518-S19-520 59-510-511-512
Zemin 40 x 60 60 x 40
1. Normal 40 x 60 60 x 30
2. Normal 30 x50 50 x 30

Yapidaki tiim kiris boyutlar1 25x50 cm’dir. 12, 15 ve 18 cm’lik {i¢ tip doseme kesiti mevcuttur. Yapida kullanilmig olan malzeme;
beton i¢in C20, ¢elik i¢in ise BCIII tiir.

Mevcut aks sistemine gore tasarlanan, tiim yap1 elemanlarinin kesit ve malzeme segimleri yapilan, hareketli ve sabit yiik dagilimlar
saglanan, mesnetleri tanimlanan ve bu sayede Sekil 9°da gosterildigi gibi plan ve {i¢ boyutta tasarimi tamamlanmis olan yapi, analize
hazir hale getirilmistir.
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Sekil 9. Yapimin Ug Boyutlu Gériiniimii

Analiz sonucunda; yapinin dogal titresim periyotlar1 belirlenmistir. Buna goére; binanin 1. modu X dogrultusunda ve 0,5687 s. olarak
hesap edilmistir (Sekil 10).

Sekil 10. 1. Mod Sekli (T1X=0,5687 s.)

Yapinin ikinci modu Z yéniinde ve 0,5625 s. , ii¢iincli modu ise Y dogrultusunda 0,5003 s. olarak elde edilmistir (Sekil 11 ve 12).

Sekil 11. 2. Mod Sekli (T1Z=0,5625 s.)
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Sekil 12. 3. Mod Sekli (T1Y=0,5003 s.)

Mod sekilleri elde edildikten sonra; ¢ergeve sistem igin dogrusal esdeger deprem yiikii yontemi analizine geg¢ilmis ve ardindan 1999
Marmara depreminin Diizce meteoroloji istasyonunda kaydedilmis dogu-bati ve kuzey-giiney dogrultusu bilesenlerini igeren verilerden
olusan deprem ivime kaydi sisteme yansitilarak zaman tanim alaninda nonlineer analiz yapilmistir. Bu iki analiz tamamlandiktan sonra,
ankastre mesnetli sisteme taban izolatorii eklenerek ayni deprem ivme kaydi kullanilarak zaman tanim alaninda sistemin yeniden
¢Oziimil saglanmis ve her {i¢ durumun mukayesesi (kesit yetersizlikleri, periyot, mod sekilleri, vb.) yapilmistir. Bu islemler asagida
sirastyla gosterilmektedir.

2.1.1. Dogrusal esdeger deprem yiikii yontemi ile deprem analizi (mevcut sistem)

Esdeger Deprem Yiikii Yontemi (EDYY) ile yatay deprem yiikleri £ 0,05 dis merkezliklerle kat hizalarina tanimlanmaktadir.
Yapinin deprem parametreleri asagidaki gibidir (DBYYHY, 2007):

Etkin yer ivme katsayisi: A0=0,40 (1. derece deprem bolgesi)

Yap1 dnem katsayist: [=1,4 (Okul binast)

Spektrum karakteristik periyodu: TA=0,15, TB=0,60 (Z3 zemin sinifi)
Tastyict sistem davranis katsayisi: R=4 (Siineklik diizeyi normal sistem)

Boyutlandirmada kullanilan toplam 21 adet yiikleme kombinasyonu programa tanimlanmistir. EDY'Y *nin parametreleri yansitilarak
yapilan analize gore yapiya ait kolon ve kiriglerin hi¢birinde kesit yetersizligine rastlanilmamistir. Sekil 13°de, EXTP yiiklemesi altinda
yapinn sekil degistirmig durumu goriilmekte olup en biiyiik yerdegistirmenin oldugu 22 numarali noktadaki deplasman ve donmeler
goriilmektedir. Buna gore en biiyiik yer degistirme X dogrultusunda 0,047525 m., en biiyiik donme ise Y dogrultusunda 0,004525 m.’dir.

Pomnt Obgact 22 Stoay Level STORY3
= i i
[ tars L o LI E Rt RICRLE 4T
Rl -0 00362 0,571 4 -0 00414
|_. T I

Sekil 13. EXTP Yiiklemesi Altinda Yapidaki Sekil Degistirme ve Noktasal Yer Degistirme

2.2.1. Dogrusal olmayan zaman tanim alani ile deprem analizi (mevcut sistem)

Mevcut sistem modeli i¢in, malzeme karakteristiklerinde ve kesitlerde hi¢bir degisiklik yapilmadan zaman tanim alaninda (time-
history) ¢6ziimii yapilmistir. 1999 Marmara depreminin Diizce meteoroloji istasyonunda kaydedilmis, 0,005 s. zaman araligina sahip,
en biiyiik ivme degeri dogu-bati bileseni i¢in 3,73 m/s2, kuzey-giiney bileseni i¢in ise 3,14 m/s2 ivme kayitlar1 kullanilmigtir (Sekil 14
ve 15).
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Sekil 15. Diizce Dogu-Bati Bileseni Ivme Kaydi Grafigi

Analiz sonuglarina gore; maksimum donatt oraninin siniri asildigt yapi elemanlari agsagidaki gibidir (Tablo 2). Bu tabloya gore
ozellikle zemin katta tiim kolonlarda donat1 sinirin asildigi ve gevrek kivrilmanin yasanabilecegi ihtimali gz 6niinde bulundurulmalidir.

Tablo 2. Maksimum Donati Oraninin Asildigi Yapr Elemanlar
(Reinforcing required exceeds maximum allowed)

Kolonlar
Zemin Kat 1 Kat 2
SZ01 - -
SZ02 S102 S202
SZ03 S103 S203
SZ04 S104 S204
SZ05 - -
SZ06 S106 S206
SZ07 S107 S207
SZ08 S108 S208
SZ09 S109 -
SZ10 S110 S210
SZ11 S111 S211
SZ12 S112 -
SZ13 S113 S213
SZ14 S114 S214
SZ15 S115 S215
SZ16 - -
SZ17 S117 S217
SZ18 S118 S218
SZ19 S119 S219
SZ20 - -

Kesme gerilmesinin maksimum sinirt agtig1 yap: elemanlar: da asagida gosterilmistir (Tablo 3). Burada; 3, 7, 14 ve 18 nolu
kolonlarin en biiyiik kesme kuvvetlerini aldig1 ve tiim katlar boyunca kesme gerilmelerinin maksimum gerilmeyi astig1 hesap edilmistir.
Kesme gerilmesinin diisey diizlemde kapasiteyi agmadig1 herhangi bir eleman bulunmamaktadir.
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Tablo 3. Kesme Gerilmesinin Maksimum Smirt Astigi Yapt Elemanlar
(Shear stress exceeds maximum allowed)

Kolonlar

Kat 1 Kat 2 Kat 3
SZ03 S103 S203

- S104 -

- S106 S206
SZ07 S107 S207

- S108 S208
SZ09 - -
SZ10 - S210
SZ11 - S211
SZ12 - -

- S113 S213
SZ14 S114 S214

- S115 S215

- S117 -
SZ18 S118 S218

- S119 -

3. Taban izolatorlii Sistem Analizi

Cercevelerden miitesekkil mevcut okul binasinin temel-kolon birlesim bdlgesine taban izolatdrii konulmasiyla analizler
yenilenmistir. Taban yalitim malzemesi i¢in Dynamic Isolation Systems, Inc. firmasi tarafindan {iiretilmis olan DIS B tiirii kursun
¢ekirdekli kauguk izolatdr kullanilmistir. Bu izolatoriin karakteristigi Tablo 4°deki gibidir.

Tablo 4. DIS B Tiirii Izolatoriin Karakteristik Ozellikleri

izolatér elemanin toplam agirhg 8.3404 kN

Diisey yon icin etkili rijitlik 2.468.654,085 kN/m (lineer)
Yatay yon icin etkili rijitlik 1.180,926 kN/m (lineer)
Yatay yon icin etkili rijitlik 6.808,12 kN/m (nonlineer)
Akma dayanimi 127,03 kN

Akma sonrasi rijitliin akma oncesi rijitlige oram | 0,1

[zolatbriin lineer ve nonlineer soniim, akma, rijitlik degerlerinin atama islemi Etabs programi yardimryla Sekil 16’daki gibi yapilmus
ve analize gecilmistir (Ozmen vd., 2005).
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Sekil 16. DIS B Tiirii Izolator Karakteristikleri Atama Ekran:

Analizler sonucunda; izolatorlii yapinin dogal titresim periyotlart belirlenmistir. Buna gore; binanin 1. modu Z dogrultusunda
(burulma yonii) ve 1,7108 s. olarak hesap edilmistir (Sekil 17).
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Sekil 17. Izolatorlii Sistemin 1. Mod Sekli (T1Z=1,7108 s.)

ikinci modu X dogrultusunda ve 1,6971 s., iigiincii modu ise Y dogrultusunda 1,6810 s. olarak hesaplanmistir (Sekil 18 ve 19).

Sekil 19. Izolatérlii Sistemin 3. Mod Sekli (T1Y=1,6810s.)

Taban izolatorii atanmig mevcut sistemin; nonlineer zaman tanim alaninda (time-history) ¢6ziimii gergeklestirilmistir. Sekil 14 ve
15°deki ivme kayitlar1 baz alinarak yapilan analiz sonucunda ise mevcut durumun aksine maksimum donati smirini asan yapi
elemanlarmin kalmadigi, kesme gerilme kontrollerin saglandigi, tiim kesitlerin yeterli oldugu, herhangi bir kapasite sorununa
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rastlanmadig1 goriilmiistiir. Klasik analizin 1. periyodu X dogrultusunda ve 0,5687 s. iken taban izolatorlii sistemin 1. periyodu ise Z
(burulma yonii) dogrultusunda ve 1,7108 s. olarak elde edilmistir.

4. Sonuc ve Degerlendirme

Cercevelerden olusan mevcut bir sistemin analizleri yapilmig, mod sekilleri ve periyotlari belirlenmis olup esdeger deprem yiikii
ve zaman tanim alaninda deprem hesaplar1 gerceklestirilmistir. Analiz sonuglarma gore lineer olmayan zaman tanim alani yontemi
kullanildiginda kesit yetersizligin EDYY ’ye oranla daha fazla oldugu goriilmiistiir. Bu nedenle taban izolasyonu uygulamasi zaman
tanim alan1 yontemi esas alinarak yapilmistir. Boylece, DIS B tiirii kursun ¢ekirdekli kaucuk izolatdriin atanmasiyla analizler yenilenmis
ve Tablo 5’de gosterildigi gibi mukayeseler yapilmistir. Buna gore; taban yalitimi uygulamasi kullanilarak dogal periyotlarin ankastre
mesnetli sisteme nazaran her li¢ dogrultu i¢in yaklasik 3 ile 4 kat aras1 arttig1 goriilmiistiir. Bunun sonucu olarak taban yalitimli sistemde
spektral ivmeler diismiis, etkitilen deprem kaydi esnasinda yapiya gelen kesme kuvvetlerinde azalma goriilmiistiir. Ayrica yansitilan
deprem sirasinda yapida katlar arasinda ¢ok kii¢iik telenme oldugundan rijit cisim davranist goriilmiis, sekil degistirmeler 6zellikle
izolator seviyesinde kalmistir.

Tablo 5. Periyotlarin Karsilagtirilmasi (Birim: saniye)

Cergeve Sistem

Tlx le le
Ankastre mesnetli sistem | 0.5687 | 0.5003 | 0.5625

Taban izolatorlii sistem | 1.6971 | 1.6810 | 1.7108

Meydana getirilmis olan sistemle ilgili olarak yapilan analizler sonucu Tablo 6 ve Tablo 7’de bir araya getirilmistir. Buna gore;
klasik ankastre mesnetli sistemin EDYY ile ¢6ziimiinde yasanmamis olan kapasite sorunlari, nonlineer zaman tanim alani yonteminin
kullanilmastyla ortaya ¢ikmis neredeyse biitiin kolon kesitlerinde maksimum donati oranimin asildig1 ve gevrek kirilma tehlikesinin
oldugu goriillmiistlir. Ayrica; ankastre mesnetli sistemde kesme kuvvetinin tiim diisey elemanlarda maksimum sinirin iizerinde bir
gerilmeye sebep olarak kapasite sorunu yaratmasiyla birlikte yapiya taban izolatorii atanarak kapasite sorununun asildigi gérilmiistiir.

Tablo 6. Karsiastirmalr Kapasite Tablosu

Maksimum donati oranimin asildig1 yap: elemanlari
Itll;l;i::;ey?liisin;itil; teesltrilie%lee r Ankastre 'r.nesne.tl.i zaman tanim Taban iZ(').latiirl.ii. zZaman tanim
coziimde alam yontemi ile ¢oziimde alam yontemi ile ¢oziimde
Kat 1 Kat 2 Kat 3 Kat 1 Kat 2 Kat 3 Kat 1 Kat 2 Kat 3
- - - S701 - - - - -
- - - S702 S102 5202 - - -
- - - SZ03 S103 5203 - - -
- - - SZ04 S104 5204 - - -
- - - SZ05 - - - - -
- - - SZ06 S106 5206 - - -
- - - Sz07 S107 5207 - - -
- - - S708 S108 5208 - - -
- - - SZ09 S109 - - - -
- - - S710 S110 5210 - - -
- - - S711 S111 S211 - - -
- - - SZ12 S112 - - - -
- - - SZ13 S113 S213 - - -
- - - SZ14 S114 S214 - - -
- - - S715 S115 S215 - - -
- - - SZ16 - - - - -
- - - SZ17 S117 S217 - - -
- - - S718 S118 S218 - - -
- - - S719 S119 S219 - - -
- - - SZ20 - - - - -
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Tablo 7. Karsilastirmali Kapasite Tablosu

Kesme gerilmesinin maksimum sinir1 astig1 yapi elemanlari
Ankastre I.I.]e.s.ne.t.h esd?ger Ankastre mesnetli zaman tanim Taban izolatorlii zaman tanim
deprem yiikii yontemi ile .. A, .. ce
- alam yontemi ile ¢oziimde alam1 yontemi ile ¢oziimde
¢oziimde
Kat 1 Kat 2 Kat 3 Kat 1 Kat 2 Kat 3 Kat 1 Kat 2 Kat 3
- - - SZ03 5103 5203 - - -
- - - - S104 - - - -
- - - - 5106 5206 - - -
- - - SZ07 S107 5207 - - -
- - - - 5108 5208 - - -
- - - SZ09 - - - - -
- - - 5710 - 5210 - - -
- - - S711 - S211 - - -
- - - SZ12 - - - - -
- - - - S113 S213 - - -
- - - SZ14 S114 S214 - - -
- - - - S115 S215 - - -
- - - - S117 - - - -
- - - SZ18 S118 S218 - - -
- - - - S119 - - - -
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Oz

Jips(Algitast) kimyasal bilesimi kalsiyum siilfat (CaS04.2H20) olan bir mineral ¢esididir. Tiirkiye' nin gesitli illerinde jips yataklari
milyonlarca ton rezervlerde bulunmaktadir. Baslica maden yataklarindan birisi de Balikesir-Susurluk Jips sahast olup, yaklasik
1.000.000 ton rezerve sahip oldugu bilinmektedir. Jipsin kullanim alanlar1 oldukga genistir. Bunlarin en 6nemlileri arasinda; beyaz
boya ve dolgu malzemesi yapimi, ¢imento sanayi, tip, discilik, kimya sanayi ve tarimda toprak diizenleyicisi olarak kullanimi yer
almaktadir. Al tagi iiretimi ele alinirsa, acik isletme veya kuyu-galeri seklinde yapilmaktadir. Ocaktan gelen ham cevher genellikle
kiricilarda istenilen boyuta indirildikten sonra firinda maksimum 160 °C’ de 2-3 saat 1s1l isleme tabi tutulduktan sonra yakilan al¢1 tast
sogutulup, 6gitiilir ve torbalanarak satiga sunulmaktadir. Bu ¢aligmada; Balikesir bolgesine ait Jips(Algitast) 6rneginin kimyasal
analizleri, yogunluk analizleri, ince kesit analizleri, SEM goriintiileri ve X-Ray analizleri yapilarak karakteristik o6zellikleri
belirlenmistir.

Anahtar Kelimeler: Jips, al¢itasi, karakterizasyon, Balikesir

Characteristic properties of gypsum sample of
Balikesir Region and its usage areas

Abstract

The gypsum (plaster) chemical compound is a mineral variety with calcium sulphate (CaSO4.2H20). In Turkey, there are reserves
millions of tons of gypsum deposits in various provinces. One of the major mineral deposits is Balikesir-Susurluk Gypsum and it is
known that it has about 1.000.000 tons reserves. The fields of use of gypsum are quite extensive. Among the most important ones are;
white paint and filling materials, cement industry, medicine, dentistry, chemical industry and agriculture as soil regulator. If gypsum
production is considered, it is constructed as open pit or well-gallery. The raw ore coming from the quarry is usually crushed at the
desired size in the crushers. Then it is heat treated for 2-3 hours at maximum 160 °C in the oven. The burned gypsum is cooled, milled
and bagged for sale. In this study; the sample of gypsum (Balikesir-gypsum) has been determined chemical analysis, density analysis,
thin section analysis, SEM images and X-ray analyzes.

Keywords: Gypsum, plaster, characterization, Balikesir
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1. Giris

Jips(Algitagl)' nin  kimyasal olarak iki molekiil kristal suyu bulunan tirii kalsiyum siilfat (CaSO4.2H20) olarak
tamimlanmaktadir[1,2]. Algitas1 dogada alt1 tiirde bulunmaktadir. Bunlar; Jips, Anhidrit, Ipek Jipsi Bassanit, Albatr, ve Selenit'tir. Alg
tag1 bilyiik oranda anhidrit (CaSO4) susuz veya dihidrat (CaSO4.2H20) seklinde ayrilmaktadir[3]. Diger bir tamimla al¢1; CaSOA4.
1/2H20 (yarim hidrat) formiili ile ifade edilmektedir ve jipsin 120°C civarinda yakilmasiyla elde edilmektedir[4]. Jips; biinyesinde 2
molekiil su icermesi ve genellikle kaya¢ halinde masif bir sekilde bulunmasi sebebiyle anhidritten kolayca ayirt edilebilir, ¢linkii
anhidrite gére ¢ok yumusaktir ve tirnakla kolayca ¢izilebilir. Jipsin mohs cetveline gore sertligi 2 civarinda olmasina karsin Anhidritin
sertligi 3-3,5 arasinda degisir. Yine Jipsin 6zgiil agirligt 2,2-2,4 arasinda oldugu halde Anhidritin 6zgiil agirlign 2,7-3,0 arasinda
degismektedir. Jipsin rengi genelde beyaz veya beyazimsi kiil rengindedir. Jipsin i¢indeki yabanci maddeler jipse ve ondan elde
edilecek algiya da renk verirler[3].

Algi tas1 diinya capinda ¢ok genis yataklara sahiptir. Diinyada biiyiik miktarlarda jips rezervine sahip olan iilkeler ABD, Fransa,
Rusya, Ingiltere, Kanada ve Tiirkiye'dir. Tiirkiye'deki jips yataklarinda bulunan jipslerin saflig1 bat1 iilkelerindekine nazaran gok iyidir.
Bat1 iilkelerinde % 70 saflikta jipsler kullanilirken bu oran Tirkiye'de % 95-99 civarindadir[3]. Tablol' de Tirkiye'de bilinen
jips(algitast) potansiyeli bulunan illerin listesi gosterilmektedir.

Tablo 1. Tiirkiye'de jips(algitasy) potansiyeli bulunan iller[5,6]
Ankara | Ayas-Beypazari, Bala-Asikoglu, Polathi-Sazilar,
Bahge-Karadalak,Sereflikoghisar-B.Kisla,
Kurutlutepe, Bala-Saripinar, Cigdemli, Emirdag-
Giilgayir, Cayirhan Termik Santrali(sentetik)
Bolu Bakacak

Balikesir | Susurluk
Bandirma | Bagfag Giibre Fabrikasi(sentetik)
Amasya | Vezirkoprii-Adatepe, Akoren

Bursa Gemlik-Adliye, Hamidiye, Orhaneli Termik Santrali
(Sentetik)

Aydin Yazikent-Karaahmetler

Izmit Fiirsan Giibre Fabrikasi(sentetik)
Karabiik | Ovacik-Piir¢likoren

Mugla Yatagan Termik Santrali (sentetik)

Adana Yumurtalik Toros Giibre Fabrikasi (sentetik)

Corum | Cukurkéy Bayat-Emirhalil, Ugdam, Tuglu
Erzurum | Askale

Siirt Kurtalan

Sivas Ulag-Ciftagillar

Nigde Ulukisla-Emirler, Darbogaz
Kiitahya | Gediz-Akgaalan, Yayla, Gokler
Eskisehir | Sivrihisar-Biger
Kirikkale |Keskin-Halitli, Delice-Tavaozii, Delice-Akbogaz,
Kuzucak
Denizli |Saraykoy-Yesilyurt, Buldan-Derbent, Alacaoglu,
Giiney-Aksaz, Honaz-Kizilyer
Mersin Tarsus-Dadali, Karayayla, Tepecaylak
Adana Solbas
Hatay Arsuz

Tiirkiye'nin jips rezervi milyonlarca tondur. Baslica rezerv sahalari; Beypazar1 Havzasi, Tuzgdlii havzasi, Cankirt Corum-Yozgat
havzasi, Karabiik-Piir¢iikéren, Sivas havzasi, Giineydogu Anadolu havzasi, Kars Kagizman-Tuzluca, Erzurum ¢evresi, Denizli ¢evresi,
Balikesir susurluk sahasi ve Kiitahya-Gediz sahasidir [3]. Tirkiye’de yer alan algitasi maden isletmeleri genel
olarak, Ankara(Beypazari, Sereflikochisar, Ayas il¢eleri) Balikesir-Susurluk, Nigde-Ulukisla, Eskisehir-

Sivrihisar, Denizli-Honaz ve Erzurum-Askale seklinde siralanabilir[7]. Algitas1 rezervleri ayrica Giiney, I¢ Anadolu, ve Giiney
Dogu Anadolu'da yaygin bir sekilde mevcuttur[8].Yapilan kaynak arastirmalarina goére Balikesir-Susurluk-Demirkap: yaklagik
1.000.000 ton civarinda jips rezervleri gézlenmistir[9]. Ankara-Beypazar1 havzasinda 1 milyar tondan fazla algitasi rezervlerinin
oldugu yapilan arastirmalara gére tahmin edilmektedir [10,2]. VI. Bes Yillik Kalkinma Plan1 Alg1 Ozel Thtisas Komisyon raporuna
gore; MTA' min tahmini verilerinde algitagi goriiniir rezervinin yaklagik 165 milyon ton ve muhtemel rezervi del.8 milyar ton oldugu
belirtilmistir[5]. Bu g¢aligmada Balikesir-Susurluk sahasindan alinan Jips Orneginin karakteristik ozellikleri ve kullanim alanlari
arastirilmaktadir.

2. Materyal ve Method

2.1. Balikesir-Susurluk jips olusumlarinin jeolojisi

Balikesir-Susurluk bélgesinde jips yataklari, kalin tabakali ve genis bir alanda yayilmis olduklarindan bu neojen evaporit havzasi
"Sultangayir Boratli Jips Havzast" olarak adlandirilmaktadir. Bat1 Anadolu'da yer alan diger borat havzalarina benzer sekilde bu havza
da kuzey-giiney uzanimlidir. Kestelek-Sultangayir borat havzasinin, mineral olugumlar incelendiginde jips, kirectasi, kiltagi, ve tiifler
ile ardalanmali pandermit minerallerinin, nadir olarak kolemanit ve havlit minerallerinin bulundugu tespit edilmistir[11]. Alt kiregtast
birimi, yanal yonde kumlu kiltagt birimine geg¢is gosterirken, kumlu kiltagi birimi, alttan iiste dogru sirastyla kumlu kiltagi, kiltasi,
boratli jipsler, tiftiifit, kumlu kiltag1 ve karbonath kiltaglarindan olusan volkano-sedimenter bir olusum meydana getirmektedir. Ayrica
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Demirkapi'nin dogusundan baglayan Hasantepe sirtlarinda boratli jipslerin varligi goriillmiistiir. Jipsler, alttan {iste dogru, tabakali
boratli jips, jipsli boratlar, boratlar, tabakali jips, grimsi yesil kiltaslar1, tiif-tiifit ve en iistte tabakali jipsler seklinde siralanarak olusum
gostermektedir. Diger taraftan yaklasik 1-1,5 m kalinligindaki jipsli killer; jipsleri alt ve iist olmak {izere iki zon halinde ayrilmaktadir.
Boratli jipslerin igerisinde tiif - tiifit ara katmanlar1 yer yer gozlenirken, evaporasyon boyunca volkanizmanin aktif sdylenebilir. Tabani
gbzlenemeyen goriiniir jipslerin kalinliklar1 yaklagik 10 - 15 m arasindadir. Masif jipsler icerisinde gbzlenen boratlar, merceksel ve
nodiiler sekilli beyaz renkli pandermit ve nodiiler havlit mineralleri halinde olusum saglamistir. Kumlu kiltasi birimi igerisinde
kalinligi 10-15 m civarinda boratl jipsler yer almaktadir. S6zkonusu jipslerin igerisinde nodiiller sekilli pandermit ve havlit mineralleri
mevcuttur. Yapilan ¢aligmalara gore, tespit edilen jipslerin yaklagik 300 milyon ton rezerve sahip olabilecegi sonucuna varilmustir.
Ayrica SOz oranlart % 34'in f{izerinde olan bu jipslerin, ¢imento sektoriinde kullamma uygun degerlerde oldugu sonucuna
vartlmistir[12].

2.2. Jips(al¢itas)nin kullanim alanlari

Jips(algitasi) genellikle %80-85 yapi algisi iretimi, %10-15 endiistriyel kullanim (¢imento {iretimi, sondaj, kalip¢ilik, cam, hayvan
yemi, bocek ilaci, tutkal, boya, plastik iiretimi, gida, eczacilik vb.)ve %25 zirai amagh olarak kullanilmaktadir[3]. Toprak diizenleyici
olarak kullamilan dogal jips; toprak islah edici, topragi diizenleyici, toprak kalitesini arttirict ozelliktedir. Diger bir deyisle jips
kullanilan topraklarin tuz ve kire¢ oranlar1 azalarak yipranmis topraklar i1slah edilmektedir. Boylece toprak gevseyerek, su tutma
Ozelligi artirir ve pH dengesi ayarlanir, kalsiyum ve kiikiirt oran1 da zenginlesir. Ayrica faydali mikroorganizmalarin ¢ogalmasina
ortam hazirlar, iyon aligverigini arttirir, bitki besin maddelerinin kaybimi ve yeralti sularina karigmasini Onleyerek, sulari toksik
etkilerden korumaktadir[13,14]. Jips; beyaz boya ve dolgu maddesi olarak kagit ve pamuklu tekstil maddelerinde katki maddesi olarak
kullanilmaktadir. Cimento sektoriinde jips kullanimi prizlenmeyi geciktirmesi, nikel izabesinde eritmeyi kolaylastirmasi seklinde
siralanabilir. Algi, tip alaminda cerrahi ve disgilik uygulamalarinda, porselen, vitrifiye malzemeler ve kiremit {iretiminde
kullanilmaktadir. Diger taraftan kimyasal reaktiflerin (amonyum siilfat, kiikiirt, kiikiirt okside ve siilfat asidi vs.) eldesinde, insaat ve
prefabrik malzemelerin, bira yapiminda mayalandirma islemlerinde, sicak-soguk yalitim malzemesi, ses izolatdrii ve rutubeti de
ayarlayici olarak kullanim alanlari mevcuttur[6]. Termik santraller ve giibre fabrikalarinda bulunan baca gazi arinndirma iinitelerinden
sentetik algi iretimi yapilmaktadir[8]. Tirkiye' de iretilen pek ¢ok algitast triinleri T.S.E. tarafindan uluslararasi standartlarda Diinya'
da yerini almustir. Uretilen algr iiriinleri baslica kalip algilari(teksir, porselen, seramik, kiremit), tip alaninda(dis, ortopetik), insaat
sektoriinde (ingaat, saten perdah, kartonpiyer, makine siva, perlitli siva, dolu gévdeli duval blok, derz dolgu, iki yiizii kartonlu alg1
plaka) ve algitas1 (mikronize, tiivenan, vb.)' dir [6,15].

2.3. Jips(algitag) iiretim ve teknolojisi

Algitagt madencilik yontemleri olarak genellikle agik isletme veya kuyu-galeri seklinde yapilmaktadir. Ocaktan gelen ham cevher
elle veya mekanik kiricilar yardimu ile kirildiktan sonra kullanilacak firnin 6zelligine gore istenilen tane boyutuna indirgenir. Daha
sonra numuneler 3x4 m. silindir sekilli torbalarin igerisinde ortalama 2-2,5 saat siire ile maksimum 160°C sicaklikta 1sil isleme tabi
tutulur. Yakilan al¢1 tagi sogutulup, 6giitiildiikten sonra uygun sekilde torbalanmaktadir[4]. Tiirkiye'de birgok al¢1 tiretim teknolojileri
uygulanmaktadir. Ornegin ingaat sektoriinde kullanilan yapi alcis1 iiretimi agik atmosfer ortaminda kalsinasyon yontemi ile
yapilmaktadir. Bu yontem i¢in 6zellikle dikey firin ve doner firin teknolojileri kullanilmaktadir. Algi, al¢1 taginin (kalsiyum siilfat
dihidrat) ogiitiiliip 192 °C sicaklikta suyunun % 76 oraninda atilmasiyla elde edilmektedir. Tiivenan al¢i1 tasi 0-50 cm, kirillmug alcitast
0-16 cm araliginda veya istege gore degisik boyutlarda kirilabilmektedir. Ogiitiilmiis mikronize alg1 tas1 boyutlar1 0-100 Mikron yada
200- 800 Mikron ya da istenen tane boyutlarinda elde edilebilmektedir[16].

Sicaklik artigina bagli olarak algitaginin kristal suyu kaybi oranini ve elde edilen tirilinler asagidaki sekilde gergeklesmektedir:

o Algitas1 95-165 °C arasindaki sicakliklarda biinyesinde bulunan kristal suyunun yaklasik %75'ini kaybetmektedir ve buna bagl
olarak agirligi %15,68 oraninda azalmaktadir. CaS04.2H,0 = CaS04. I/2H20 + 3/2H,0 formiiliinde elde edilen {iriin kalsiyum
stilfat yarim hidratdir ve al¢ginin ham maddesini olusturur.

e Algitagt 190-210 °C 1sitildiginda biinyesindeki kristal suyunun tamamini kaybetmektedir ve agirhigr da yaklasik %20.90
oraninda azalmaktadir. CaS0a4. 1/2H20 = CaS04 + | /2H20 formiiliinde elde edilen {irline Anhidrit III veya Coziinlir Anhidrit adi
verilmektedir. Anhidrit neme kars1 duyarli oldugundan sanayide kurutucu seklinde kullanilmaktadir.

e 340-480 °C arasindaki sicaklikta ekzotermik bir reaksiyon gelismektedir ve Anhidrit III, Anhidrit IT veya Cozlinemez Anhidrit
ad1 verilen bir maddeye doniismektedir. Bu madde ¢imento {iretiminde kullanilan bir katki malzemesidir.

e  Anhidrit IT maddesi 1sitilmaya devam edildiginde 900-1200 °C arasindaki sicakliklarda Anhidrit F' ye donligmektedir. Bu
sicakliklarda malzeme akkor hale gelmektedir, kalsiyum siilfat ayrismaktadir ve igeriginde yer alan siilflirii SO, gaz1 olarak
serbest birakmaktadir. Boylece malzeme igerigindeki kalsiyum oksit oran1 artmaktadir. Anhidrit I, suyla karistiginda algitast,
diger {Urlnlere gore daha yavas katilasmaktadir. Katilasan malzeme daha sert, yogun ve mukavemetli bir kiitle haline
gelmektedir [2,17].

3. Arastirma Bulgulan

Deneysel Caligmalar; Balikesir yoresinden getirilen jips 6rneginin karakteristik 6zelliklerini belirlemek amaciyla MTA(Maden
Tetkik Arama) Laboratuarlarinda yaptirilmigtir. Tablo 2'de Jips 6rneginin kimyasal analiz sonuglart gdsterilmektedir. Kimyasal analiz
sonuglarma gore; SOz miktarinin %46,3 ve CaO miktarinin %32,3 oldugu tespit edilmistir. Buna gore SOz ve CaO degerinin yiiksek
oldugu sdylenebilir. Tablo 3' de Jips orneginin gercek yogunluk analizleri Accupyc 1330 Hc Piknometre Cihazi kullanilarak 2,59
g/cm? olarak hesaplanmistir.

Tablo 2. Jips numunesinin kimyasal analizi(%
Na20 <0,1
MgO 0,1
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Al20Os3 <0,1
SiO2 0,2
P20s <0,1
K20 <0,1
SO3 46,3
CaO 32,3
TiO2 <0,1
MnO <0,1
Fe203 <0,1
A.Za. (1050°C) H20:19,1

Tablo 3. Jips numunesinin ger¢ek yogunluk analizi

Numune Isareti Jips
Numunenin Gelis Sekli Kayag halinde
Numunenin
Kuruma Sicakligi (°C) 110,0
Numune Kiitlesi (g) 4,12
Numune Hacmi (cmd) 1,59
Gergek Yogunluk (g/cm®) 2,59

Sekil 1. Jips numunesinin a)tek nikol ve b)¢ift nikol incekesit goriintiileri

J
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Sekil 2. Jips numunesinin X-Ray difraktometre paterni
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Sekil 3. Jips numunesinin BSE(geri sallmz§ elektron mikroskobu) gériintiisii

Sekil 2' de jips numunesinin X-Ray difraktometre paterni gosterilmektedir. Jips 6rneginin mineralojik bilesimleri Cu X-1s1n tiipli
Philips PW 3710/1830 XRD analiz cihaz1 ile 2-70° arasinda gergeklestirilen XRD(X-151m difraktometresi) analiz cihazi ile
belirlenmistir. Cevher X-1ginlar1 ¢ekimlerinde ASTM No:33-267 standartlarma gore baslica jips ve ¢ok az kalsit mineralleri tespit
edilmistir. Sekil 3' te Jips 6rneginin BSE(geri sagilmis elektron mikroskobu) goriintiisii ve Sekil 4' te jips orneginin SEM(taramali
elektron mikroskobu analizleri) analiz gortintiileri verilmektedir. Sonuglar incelendiginde; jips minerallerinin ve az miktarda kalsit
mineralinin oldugu belirlenmistir.

————— 40 pn ———— | 3127 et | HV | mag |spot| WD Y —

Sekil 4. Jips nu l oku Eaz ekko leri) analiz goriintiileri
4. Sonuc ve Oneriler

Cimento yapimu sirasinda katki maddesi olarak erken prizlenmesini 6nlemek igin %2-6 arasindaki oranlarda jips(algitasi)
kullanilmaktadir. Bu ¢alisma kapsaminda arastirilan jipslerin SO3 oranlarinin % 34'in iistiinde oldugu ve ¢imento sanayi igin aranan
ozelliklere uygun oldugu tespit edilmistir. Calisma alaninda yayilimlart belirlenmis olan jipslerin yaklagik 300 milyon ton rezervi
oldugu onceki calismalarda belirtilmektedir. Yapilan arastirmalara gore kumlu kiltasi igerisinde, 10-15 metre kalinlik arasinda yer alan
boratli jipslerin oldugu tespit edilmistir. Jips veya jips-anhidrit karigtmlarinin farkli oranlardaki siilfat mineralleri; son 6glitme
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siirecinde portland ¢imentosu klinkeri igerisine katilmaktadir. Siilfat minerallerinin eklenmesi ile ¢imentonun donma zamaninin
kontrolii daha rahat bir sekilde saglanmaktadir. Cimentonun ogiitiilmesi sirasinda kullanilan bu mineraller % 3-5 oranlarinda
kullanilmaktadir. Bu calismada arastirilan jips numunelerinin 6rnegin trasli ¢imento ve yiiksek firin ciiruflu ¢imento yapiminda
kullanimina elverigli oldugu sonucuna varilmistir.

Trash ¢imento (agirlik olarak 20-40'lik tras ile 80-60'lik portland ¢imento klinkeri bir miktar alg1 tasi ile 6giitiilerek hidrolik
baglayict elde edilir) tuzlu, alkali ve agresif sulara kars1 dayanikli olmasi nedeni ile temel ve tiinel ingaatlarinda, baraj ingaatlarinda,
kiitle beton ingaatlarinda, zirai ve sanayi tesis ingaatlarinda kullanilmaktadir. Yine yiiksek firin ciiruflu ¢imento (agirlik¢a 20-80" lik
portland ¢imento klinkeri 80-20' lik yiiksek firin ciirufu ve bir miktar algitasi ile dgiitiilmesi ile hidrolik baglayict elde edilir.) ¢ok etkili
korozyonlarin olmadig1 yerlerde kullanilmaktadir[18].
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Oz

CAVE (CAVE Automatic Virtual Environment) sanal ger¢eklik teknoloji altyapisi, yurt disindaki iiniversiteler ve aragtirma kurumlari
tarafindan, son donemde farkli fonlarla kurulmaya baslanmis ancak Tiirkiye’de heniiz bir liniversitede, yiiksek yatirim maliyeti
nedeniyle bu tiir bir altyapt kurulamamistir. Bu ¢aligmada bu tiir bir merkezin kurulmasi durumunda hem iniversitelerin hem
Tiirkiye’deki sanayinin ayri ayri1 kazanimlar1 degerlendirilerek olusabilecek sinerji ortaya konulmustur. Bu merkezin belirli zaman
dilimlerinde diger egitim kurumlarinin kullanimina agilmasi, egitime farkli bir boyut getirerek, anlasilmasi gii¢ olan kavramlarin, gorsel
ve ii¢c boyutlu sanal gergeklik ortaminda kolaylikla anlasilmasi saglanabilecektir. Egitime sunulacak katkilarinin yani sira, endiistriyel
boyutta heniiz iiriinlerin ilk prototipleri yapilmadan, ii¢ boyutlu modellerinin CAVE ortamina taginarak ergonomi ve kullanici deneyim
testlerinin yapilmasi miimkiin olacaktir. Bu yoniiyle, altyapinin iizerinden ilgili kurum ve kuruluslara ulasilmasi, yeni AR-GE
projelerinin gelistirilmesi saglanabilecektir. Calismada sunulan 6rnek durum senaryosunda 130 metrekarelik bir alanda kurulabilecek
bir CAVE altyapisi tanitilmis olup gerekecek materyaller ve ekipmanlar aktarilmig, bu teknolojinin ayrintili degerlendirilmesi farkli
boyutlariyla ortaya konulmustur. Bu tiir bir merkez kurmak isteyen iiniversiteler ve sirketler icin Mantiksal Cer¢eve Matrisi sunulmustur.

Anahtar Kelimeler: Sanal ger¢eklik, CAVE, Sanal ortam.

The Evaluation of CAVE Virtual Reality Technology for the
University-Industry Collaboration and a Case Study

Abstract

The CAVE Automatic Virtual Environment (CAVE) virtual reality technology infrastructure has recently started to be built by different
universities and research institutes using different funds, but according to our analysis, we did not encounter such an infrastructure in
any university in Turkey due to the high investment costs. In this study, we present the benefits of universities and industry in Turkey
and also provide synergistic artefacts. By opening this centre to the use of other educational institutions in certain time periods, it will
present a different perspective for the education and make it easier to understand difficult concepts in a visual and 3-dimensional virtual
reality environment. In addition to the contributions to the education, ergonomics analysis and user experience tests will be performed
by moving 3D models to the CAVE environment before the first prototypes of products at the industrial scale are manufactured. It is
possible to develop new R&D projects to reach relevant institutions and organizations through this infrastructure. In the Case Study, a
CAVE infrastructure to be installed in 130 square-meter area is introduced, necessary materials and equipment are introduced, and in-
depth evaluation of this technology is presented. We introduce a Logical Frame Matrix for the universities and companies.

* Sorumlu Yazar: Wageningen Universitesi, Bilisim Teknolojileri Grubu, 6706KN, Wageningen, Hollanda, cagatay.catal@wur.nl
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1. Giris

Sayisal modellerin sanal ortamda yasayan hale getirilmesi ve bunlarin ii¢ boyutlu goriintiller ve gozliikler ile kullanicilara
sunulmasin1 saglayan interaktif gorsellestirme sistemlerinin {iniversitelerimizde hayata gecirilmesi kritik 6neme sahiptir. Bu tiir
sistemlere CAVE (CAVE Automatic Virtual Environment) ismi verilmektedir. Yurt diginda birgok {iniversite, sanayi kurulusu ve aragtirma
merkezi, bu tiir sistemleri son donemde altyap1 olarak kullanmaya baslamig ve bu yonde iiniversite-sanayi isbirligini saglamaya déniik
onemli adimlar atmistir. Bu ve benzeri sistemler sayesinde kullanicilar, incelemek istedikleri modelleri CAVE sistemi igerisine alarak
bunlart gergek diinyadaki gibi inceleyebilmektedir. Modellerin ii¢ boyutlu goriintiileri ilgili sistem sayesinde olusturulabilmekte, 6zel
tasarlanmis gozlikler yardimiyla ii¢ boyutlu olarak kullanicilarin kullanimina sunulabilmektedir. Ayn1 zamanda modeller iizerine,
hareket takip cihazlar1 sayesinde gercek kullanicilarin pozisyon bilgileri, el hareketleri ve bag-boyun hareketleri aktarilarak sanal model
icerisinde insan etkilesimi saglanabilmektedir. ABD Ulusal Miihendislik Akademisinin (National Academy of Engineering) belirlemis
oldugu 21.yilizyilin biiyiik miihendislik hedeflerine bakildiginda bu hedeflerinden birisinin de Sanal Gergekligin gelistirilmesi oldugu
goriilmektedir [1]. Bu yoniiyle bakildiginda bu tiir altyapilarin kurularak bu kapsamda projeler gelistirilmesi 21.yiizyilin biiyiik
miihendislik hedeflerinden biriyle dogrudan iliskilidir.

Sanayi kuruluglarinin; CAVE sanal gerceklik sistemi icin gerekli olan altyap: yatirimina, ekonomik olarak gii¢lerinin yetmedigi
durumda, tiniversitelerimizde kurulacak olan bu merkezleri kullanmasi alternatif bir ¢6ziim olacaktir. Bu tiir projelerle disiplinler arasi
projeler yapilabilecegi gibi farkli sektdrlerle isbirligi tesis edilebilecektir. Ulkemizde heniiz bahsi gecen nitelikte bir altyap:
olmadigindan, yurt disinda bu konularda ¢aligmak {izere genglerimiz farkli iilkelere gitmek durumunda kalmayacaktir. Belediye ve
kamu kurumlariin sanal gergeklik ihtiyaglari, acil durum senaryolar1 gibi ¢ok sayida pratikte katkisi olabilecek uygulama sahalarini
dikkate aldigimizda, bu tiir altyapilarin iilkemiz acisindan 6nemli kazanimlar saglayacagi goriilmektedir. Gengler arasinda bilimin
sevdirilmesi, lise d6grencilerine belirli donemlerde 6zel caligtaylar diizenleyerek biyoloji, kimya, fizik gibi derslerin sanal gergeklik
ortaminda farkli 6rneklerle gdsterilmesi miimkiin olabilecektir. Diger 6nemli katkilarindan bir digeri de prototipleme maliyetlerinin
diisiiriilmesidir. Uriinlerin ilk prototiplerinin iiretilmeden, modellerin CAVE ortanunda konumlandirilarak gerekli analizlerin ve
ergonomi testlerinin yapilabilmesi miimkiin olmaktadir. Sanal Gergeklik konusunda uzman personel yetistirilmesi, bu konularda galisan
akademisyenlerin belirli merkezler etrafinda toplanmasi uzun vadede iilkeye fayda saglayacak diger hususlardir.

CAVE sistemlerinin alternatifi sistemler ise daha simirl destekler ve kazanimlar sunmaktadir. Ornegin basa monteli ekranlar (Head
Mounted Display-HMD) ile sanal gercekligin saglanmaya calisildigt Oculus Rift gibi cihazlar ile kiiciik capli uygulamalar
gelistirilebilmektedir. Cok sayida kisitlamasi olan bu tir HMD cihazlarla bile, ne yazik ki {ilkemizde birgok bilgisayar miithendisligi
Ogrencisi egitimleri sirasinda tanisgamamakta ve bu platformlar i¢in uygulama gelistirmeden mezun olmaktadir. University of Illinois at
Chicago gibi ABD merkezli iiniversitelerde, mevcut durumda CAVE konusunda &nemli projeler yiiriitiilmektedir. Universiteler
icerisindeki farkli boliimlerin katilimiyla disiplinler arasi arastirmalarin 6niiniin agilmasi ve endiistri ihtiyacin1 karsilamaya ydnelik
projelerin gelistirilmesi bu tiir merkezlerle miimkiindiir. Ulkemizde sadece Ford Otosan firmast; bu tiir bir CAVE sistemini gectigimiz
yillarda, kendi iiriinlerinin ergonomi testleri ig¢in kurmay1 hedeflemis ve bu tiir bir laboratuvari kullanima agmustir. Yatirim maliyetinin
yiiksek olusu nedeniyle tiim sanayi kuruluglarinin bu tiir merkezler agmast miimkiin gériinmemektedir. Bu ihtiyaci karsilayabilmek
iizere, liniversitelerimizde bir CAVE merkezinin kurulmasi, bu konuda uzman personel yetistirilmesi, lisans bitirme ve yiiksek lisans
tezleri yaptirilarak sonrasinda disiplinler arasi bir doktora programi olacak olan Simulasyon ve Modelleme doktora programlarinin
acilmasi, bu konuda Avrupa Birligi proje ¢agrilarina katilarak yeni isbirliklerinin tesis edilmesi diger faydalar olarak siralanabilir.

Sonraki bolimlerde CAVE teknolojisi konusunda genel bilgiler ve iligkili ¢aligmalar sunulmaktadir. Béliim 5’de iiniversite ve
sanayi kazanimlari sunularak bu tiir bir merkez kurmak isteyen organizasyonlar i¢in ilgili Mantiksal Cergeve Matrisi ortaya
konulmustur. Bu matrisler proje planlama izleme ve degerlendirme icin degerli araglardandir. Bolim 6’de bu tiir merkez kurmak
isteyenler i¢in 6rnek gizimlerle sistemin genel goriintiisii sunulmakta, 130 metrekarelik bir alan i¢in yapilan tasarimla resmedilmektedir.
Boliim 7°de sonuglar ortaya konulmaktadir.

2. Genel Bilgi ve iliskili Calismalar

CAVE platformlart; yeni nesil tiyatral sanallagtirma uygulamalarinin goérsellestirilmesinde rol almaktadir. Kullanicilarin igerisine
girebilecegi sanal gerceklik tecriibeleri igin biinyesinde yiiksek ¢oziiniirliikli projeksiyon, perde ve takip kameralar1 kullanilmaktadir.
CAVE platformlarinin tercih edilme nedenleri agsagida siralanmaktadir:

* Yiiksek ¢oziiniirliiklii renkli goriintiileri geometrik bozulma olmadan gevresel gozlemleyebilme,

* Bas hareketi kaynakli hatalarin daha az hassasiyetle degerlendirilebilmesi,

* Coklu kullanicili oturumlarda yapay ortamlarin analiz ve 6gretimini saglamast,

* Bilimsel verilerin gorsel sunumlari ile anlamlarinin zenginlestirilmesinin saglanmasi,

+ Kendisine baglanabilen siiper bilgisayarlar ile paralel veri isleyerek yliksek performansli gosterimle yapilabilmesidir.

CAVE teknolojisi ilk kez University of Illinois at Chicago (UIC) iiniversitesinde ortaya konulmus bir fikir olup, 1992 yilinda
SIGGRAPH konferansinda sunulmustur [2]. UIC iiniversitesi, gelistirmekte oldugu CAVE teknolojisinin satigini su anda MechDyne
firmas1 iizerinden gerceklestirmektedir. CAVE2 {iriiniiniin [3] bedeli yaklasik olarak 2 milyon dolar oldugundan, LCD bazli olan CAVE2
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iiriinii yerine projeksiyon bazli CAVE sistemlerinin maliyet-etkin oldugu degerlendirilmektedir. Bu nedenle, maliyet-etkin olmas1
istendigi durumda gorsellestirme kalitesinden bir nebze 6diin vererek, projeksiyon bazli sistemler referans alinarak tasarimlarin
yapilmasi miimkiin goriinmektedir. Genellikle bu tiir projektor bazli yaklagimlar tercih edilmektedir.

Uriin tasarim dogrulamasi, sehir planlama, maden sahalari, tarihsel mekanlarin {i¢ boyutlu goriintiilenmesi, tibbi aragtirma, sanal egitim,
pazarlama ve {iriin tanitim gibi cok ¢esitli uygulama alanlar1 bulunmaktadir. 4 duvar yansimali gergek zamanli sanal gerceklik sistemleri
sayesinde, miihendislik tasarimlarinin dogrulamasi miimkiin olmakta ve bu analizlerin haricinde egitim amacgli da sistemler
kullanilabilmektedir. Havacilik ve savunma sektoriinde kokpit personelinin egitimi, maliyet agisindan daha ucuz olabilmektedir. Yurt
disinda CAVE teknolojileri konusunda 6n plana ¢ikan firmalar VisBox [4] ve MechDyne [5] firmalar1 olup, yurt iginde infoTRON [6]
firmasi1 bu konuda ¢aligsmaktadirlar. CAVE sistemi i¢in genellikle, 4 adet aktif stereo projektor, 4 adet 6n yiizey aynasi, stereo emitorler,
10 kadar stereo shutter gozliik tedarik edilerek sistemler kurulabilmektedir. Yan duvarlar, kars1 duvar ve yer yiizeyine goriintiilerin
aktarilabilmesi i¢in 4 adet 6zel projektore ihtiya¢ bulunmaktadir. Ayn1 zamanda, gergek zamanda egitmeni takip edebilmek i¢in
genellikle 4 kamerali optik takip sistemi tedarik edilmesi gerekmektedir. Modellerle etkilesebilmek icin ise wand ismi verilen
isaret¢i/fare cihazlari kullanilabilmektedir. Bu tiir optik takip sistemlerinin performansi yiiksek oldugundan CAVE sistemlerinde tercih
edilmektedirler. CAVE sisteminde sanal gerceklik hissini saglayabilmek iizere 5.1 gevresel ses sistemi ayrica kurulabilmektedir. Uriin
tedarikleri yurt disindan yapildigi durumda, tedarik siireleri zaman almakta ve bu stirede, gerekli yazilim geligtirme ortamlar1 ve
gelistirme teknolojileri konusunda gruplarin bilgi edinmesi faydali olmaktadir. Uriinler tedarik edildikten sonra, mekanik ve donanimsal
kurulumlar gergeklestirilmekte, yazilimlar bu platformlarin iizerine kurulmakta, platformun kalibrasyonunun yapilmasi amaciyla farkli
yazilimlardan yararlanilmaktadir. Bunlarin ardindan, ilgili egitimler gergeklestirilerek sistemin kullanima agilmasi saglanmaktadir.

Muhanna [7] derleme ¢aligsmasinda, farkli sanal gergeklik sistemlerini CAVE ile birlikte karsilagtirmis, sanal gergeklik sistemleri igin
bir taksonomi 6nermistir. Ip ve arkadaslari [8], otizm spektrum bozuklugu bulunan yaslari 6 ile 12 arasinda olan 94 ¢ocugun, duygusal
ve sosyal yeteneklerini gelistirmek {izere sanal gerceklik ortaminda (yarim CAVE olarak adlandirabilecegimiz bir ortam) 6 6grenme
senaryosu {izerinde ¢aligmis ve olumlu katkilarinin bulundugunu raporlamistir. Fabrika ve arkadaslari [9], CAVE igerisinde bir ormanin
gorsellestirmesini yapmis ve sanal ortamla etkilesimde olan bir seyreltme uzmaninin egitimini saglamaya ¢aligmistir. Fernandez ve
Alonso [10], gemi insas1 alaninda CAVE teknolojisinin saglayacagi yararlart ayrintilandirmistir. Limniou ve arkadaslari [11], kimya
egitiminde 2 boyutlu masaiistii simiilasyon uygulamalarinin kullanimiyla CAVE teknolojisinin uygulandigt durumu karsilastirmig ve
CAVE teknolojisinin dgrenciler arasinda daha olumlu etkiler olusturdugunu raporlamustir. Sinitski ve arkadaslari [12], Kanada Silahli
Kuvvetleri personelinin deneylerde oldugu bir ¢aligmada, CAVE gibi simiilasyon ortamlarnin simiilatér kaynakli rahatsizliklara
(6rnegin, bag donmesi) yol acip agmadigini arasgtirmigtir.

3. CAVE Teknolojisi

Birgok CAVE uygulamasinda, yiizeyler (duvarlar, zemin ve tavan) biiyiikk boyutlu ekran ekipmanlariyla donatilir. CAVE'ler i¢in
kullanicinin fiziksel yonelimini ve hareketlerini takip etmesi, bunlara cevap vermesini saglayan araglar kullanilmaktadir. Tercih edilen
yiizey sayisina bagl olarak kurulum maliyeti degiskenlik gdstermektedir. Ornegin tek bir yiizeyin kullanildig1 Wall sistemleri en temel
form olarak degerlendirilmektedir. Yiizey sayisinin arttirildigi konfigiirasyonlarda sanal gergeklik hissi de beraberinde artmaktadir. Bir
CAVE sistemi temel olarak asagidaki bilesenlerden olusur [13]:

e Goriintii Sistemi: CAVE video sistemi, yiizeylerde pencere sunumu kullanarak, sanal gergeklik ortamlar1 yaratmaktadir.
Kullanilan gozliikler iizerindeki pozisyon sensorlerinin dl¢iimleri vasitasiyla, dogru perspektif agist hesaplanmaktadir. Gozliik
camlari, her bir goze farkl goriintiilerin gosterilmesini saglayarak {i¢ boyut hissi saglar.

e Ses Sistemi: Genel olarak, ii¢ boyutlu gérsellerin temsiline uygun ses sistemlerinin kullanimi icin gelistirilmis projeler
(Creative EAX gibi) tercih edilmektedir. Bu sistemler; CAVE ortamu igin ¢ok kanalli mekansal ses ¢6ziimleri sunarak, CAVE
icinde birden fazla kullaniciya gorsel ve isitsel kullanim deneyimi saglamaktadir.

e Takip Sistemi: CAVE’ler igerisinde farkl: takip sistemleri kullanilabilmektedir. Kameralar ve goriintii isleme yontemleri
kullanilarak gozlik tizerindeki isaretcilerin yeri tespit edilerek kullanici hareketleri takip edilebilmektedir. Bu ¢dziim igin
ARToolkit [14] acik kaynak kodlu platformun kullanimi yaygindir. ideal ¢oziim denilebilecek ¢oziim ise en yiiksek dogruluk
sunabilen, birden ¢ok bakis agis1 kullanan aktif isaretleyicilerle optik izleme sistemlerinin kullanilmasidir.

e Grafik Motoru: CAVE platformlar1 i¢in 3D grafik yazilimi oldukga smirlidir. Birgok proje, standart oyun motorlarini
(Unity3D gibi) bir CAVE kurulumunda kullanabilmek iizere uyarlamistir [15]. CAVE’e 6zel gelistirilmis en bilindik grafik
motoru CAVELib’dir.

e Stereografik Sahneleme Sistemi: Stereografik gériintillemenin temel gereksinimi olan iki gériintii ve bunlarin aym
anda gorlntiilenmesi, sag goz ve sol g6z i¢in hesaplanarak sunulmaktadir. Yiiksek yenileme hizina sahip CRT projektorler
kullanilarak 3 boyut hissi verilmektedir. Sahneleme igin yiiksek performansli grafik kartlar1 kullanilmaktadir. Cok sayida
kullanici i¢in sahneleme gecikmelere sebebiyet verebilir. Sahneleme verecek sistemin gereksinimleri planlanirken, kullanici
sayisina bagl olarak grafik kartlarinin ¢gogaltilmasi gerekebilmektedir.

4. CAVE ve Basa Takilan Ekranlar

Gilintimiizde sanal gergeklik denilince ilk akla gelen iirtinler baga monteli ekranlardir (Head Mounted Display-HMD). En bilindik
irlinler arasinda Oculus Rift [16], Microsoft HoloLens [17], HTC Vive [18] ve Samsung Gear VR [19] sayilabilir. CAVE sistemlerinin
basa takilan ekranlardan farklari, son kullanicilar tarafindan heniiz bilinmemektedir. Bu boliimde CAVE ve HMD cihazlar arasindaki
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farkliliklara deginilecek ve HMD firiinler arasindaki oncii sayilabilecek Oculus Rift ile kiyaslama yapilacaktir. Bir HMD sistemi,
etkilesimli kontrol cihazlar1 ve stere ekran ile gergek zamanli kafa perspektifi esasli goriintii saglar. CAVE sistemlerinin
gelistirilmesindeki temel amag, bu iiriinlerin kisitlamalarindan kurtulmaktir. Ozellikle genis acilardan bakisin gerektigi miihendislik
uygulamalarinda, CAVE sistemleri prototip gelistirmede dnemli rol oynamaktadir. Bir diger temel fark, ayn1 oturumda birden fazla
kullanicinin sanal gergeklikle etkilesime girebilmesidir. Sanal Gergeklik kullanimi sirasinda gercek diinyadan izole olma, beyin iizerinde
olumsuz etkiler yapmakta ve kullanicilarda bag donmesi ve bulanti gibi istenmeyen sonuglar dogurmaktadir. CAVE sistemlerinde
kullanicilar, HMD f{iriinlerindekinin aksine, ger¢ek diinyadan tam anlamiyla izole edilmezler ve bunun sonucu olarak daha uzun siireli
kullanimlar miimkiin olabilmektedir. Ayrica, kullanic1 hareketlerini izleyen donanimin ¢oklugu sayesinde, sanal gerceklik ile olan
etkilesim daha yogundur ve takip hatalar1 daha azdir. Tablo 1°de Oculus Rift ile yapilan kiyaslama sunulmaktadir.

Tablo 1. CAVE ve HMD Kiyaslamasi.

Kiyaslama Kriteri CAVE Oculus Rift

Kullanici Sayisi 1 aktif 15 izleyici kisiye kadar 1 aktif kisi

Coztniirliik ~3-10 MP (tek g6z igin) ~1 MP (tek goz igin)

Bakis Agist 170° 100°

Hareket Siirlamasi Yok, Kablosuz Cihazlar Simnirli, Kablolu Cihaz

o Rty Uk gl st i tinn i
Kullanici Temsili Kullanicinin Gergek Viicudu Sanal Viicut

Agir gozliik yiiziinden uzun

Konfor isaretgiler ve gozliik ile rahat siireli kullanimda yorucu
Takip Hassasiyeti Kusursuz Yiiksek
Kurulum Maliyeti Cok Pahali Ucuz

Her iki sistem kiyaslandiginda; Oculus Rift’in tasinabilir, kurulumunun kolay ve diisiik maliyetli olmast ile son kullanicilar i¢in 6nemli
bir ¢6ziim oldugu goériilmektedir. Ozellikle oyun sektdriiniin bu ve benzeri cihazlar ile kullanimi1 yayginlagmaktadir. Ote yandan; CAVE
sistemleri daha yiiksek ¢6ziiniirliikk, daha genis kullanim agisi, ger¢ek diinyadan kopmama, milimetrik hassasiyet ile kullanici takibi
yapabilmesi ve ¢ok sayida kullanicinin ayni anda sistemi kullanabiliyor olmasi nedenleriyle mithendislik uygulamalarinda daha yiiksek
histe sanal gergeklik sunmaktadir. Olumsuz yanlari ise kurulum maliyetinin daha yiiksek ve isletme giderlerinin daha fazla olmasidir.

5. Universite, Sanayi ve Universite-Sanayi Is Birligi icin Degerlendirmeler
5.1. Genel Degerlendirmeler

CAVE altyapilarinin iiniversitelerde veya sirketlerde kurulmasinin, egitim-6gretim ve sanayi boyutlarinda iki farkli hedef grubu
mevcuttur. Universiteler biinyesinde birgok béliimde; anlasilmasi gii¢ ve teorik kavramlarin gérsellestirilmesi sayesinde bu konularin
daha kolay algilanmas1 ve akilda kalmas1 miimkiin olabilmektedir. Ornegin, cok sayida sistem ve alt sistemden olusan bir arag
motorunun c¢aligma prensiplerinin daha rahat agiklanabilmesi ve Ogrenilebilmesi i¢in, CAVE {izerinde ii¢ boyutlu bir model
kurgulanarak, farkli kesitlerin gorsellestirilip tiim parcalarin detaylariyla birlikte gosterilmesi miimkiin olabilmektedir. Bagka bir 6rnek
olarak; MARS yiizeyinin fotograflarini kullanip o ortamda geziyor hissine kapilmak ve ortami kesfetmeye caligmak, olduk¢a heyecan
verici bir duygudur. Fizik bolimlerinde verilen Astronomi derslerinde bu tiir gorsel modellerin, benzer sekilde Molekiiler Biyoloji ve
Genetik Boliimlerinde farkli protein yapilariin gorsellestirilerek dgrencilere sunulmasi egitime yeni bir boyut getirebilecektir. Ayrica,
liselerde 6grenim goren Ogrencilerin, farkli ¢alistaylarla bu imkanlardan yararlanmasi genglerin ufkunu agarak bilimi sevmelerini
saglayacaktir. Bu tiir merkezler kurularak, bolgeler arasindaki gelismislik farkliligi azaltilabilecek ve bu tiir altyapilar {ilkemiz
genclerinin kullanimina sunulmus olacaktir.

Benzer merkezler kurulduktan sonra, izleyen donemlerde sanayi kuruluslarinin ihtiyaglarii karsilamak ve kamu kurumlart /
belediyelerle birlikte ortak projeler iiretebilmek icin imkanlar olusabilmektedir. Miithendislik kapsaminda; hava kirliligi emisyon
¢aligmalari, aerodinamik analizleri, hizli Griin prototipleme, ara¢ i¢i ve disi tasarimi gibi alanlarda calisilabilmektedir. Mimari
kapsaminda; sehir planlama, i¢ tasarim, bina tasarimi yapilabilmekte olup bu sayede bina insa edilmeden Once, binanin igerisinde
gezilmesi, bina ergonomisinin degerlendirilmesi, giiniin ¢esitli saatlerinde bina iizerinde giinesin etkisinin incelenmesi, depreme
dayanikliligin belirlenmesi miimkiin olabilmektedir. T1p alaninda; sanal kadavralar kullanilarak geng doktorlarin deneyim kazanmasi,
laparoskopik cerrahide calisacak olan doktorlarin egitimi, insan anatomisinin gorsellestirilmesi, psikolojik terapinin saglanmasi,
molekiiler biyoloji egitimi verilmesi gibi ¢ok sayida uygulama gergeklestirilebilmektedir. Bu tiir bir merkezin kurulmasiyla birlikte
asagidaki sonuglar elde edilebilecektir:

+ Disiplinler arasi projeler: Universitelerin Bilgisayar Miihendisligi, Ingaat Miihendisligi, Elektronik Miihendisligi, Molekiiler
Biyoloji ve Genetik, Mimarlik ve Fizik gibi Boliimlerinin Ogretim Uyelerinin disiplinler arasi projeler gelistirebilmesine katki
saglamaktadir. Bu tarz disiplinler arasi projelerin gelistirilmesi, sanayi kuruluslar1 ile ortak projeler tasarlanmasi ve egitimde farklilik
yaratilmas1 miimkiindiir. Universitemiz ve diger sanayi kuruluslar1 / kamu kuruluslar ile artik cok daha kolay ortak projeler
gelistirilebilecek ve igbirligi list seviyelere tasinmis olabilecektir. Belediyeler ve kamu kurumlar1 gibi iilkemizin 6nemli kurumlari ile
isbirligine gidilerek, acil durum tatbikatlar1 ve felaket senaryolarinin uygulanmasi, mimari tasarimlarin analizi, karmasik cihaz ve
sistemleri kullanacak olan teknik personelin egitimi gibi birgok konuda uygulamalar gelistirilebilmesi s6z konusudur. Ulkemizde
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arzulanan liniversite-sanayi igbirliginin saglanmasi i¢in dogrudan sanayi kuruluslarinin ihtiyacina dontik olarak modelleme / simiilasyon
/ gorsellestirme calismalarinin CAVE {izerinde yapilmasi miimkiindiir. Urtinlerin ilk prototipleri ¢ikmadan dnce, sanal gerceklik
ortaminda, 3 boyutlu modeller kullanilarak iiriin tasariminin analiz edilmesi ve {iretim oncesi ergonomi testlerinin gergeklestirilmesi
miimkiindiir.

* Uzman yetistirilmesi: Sanal Gergeklik konusunda uzman yetistirilmesi, bu konuda teknolojinin geldigi en son nokta olan
CAVE sistemi iizerinde dogrudan ¢alisarak bilgi ve becerilerinin arttirilmasi, bu kapsamda yeterli altyapi ililkemizde heniiz olmadig1
icin yurt disginda doktora yapmak zorunda kalan 6grencilerimizin yeniden iilkemiz altyapisina yonlendirilmesi miimkiin olmaktadir.
Bilgisayar Miihendisligi 6grencilerinin sanal gerceklik teknolojileri konusunda dogrudan uygulama gelistirip igerisinde gezebilecekleri
bir platform ortaya konulmus olacaktir. Projektorler, aynalar, stereo gozliikler, isaret¢i, gergek zamanli takip kameralari, ses sistemleri
ve ana bilgisayariyla biitiinlesik bir CAVE ortami insa edilerek, kurulumlarin yapilmasi ve kalibrasyonlarinin tamamlanmasi neticesinde
iic boyutlu modeller ve gerekli yazilimlarla birlikte kullanima acilabilecektir. Sanal Gergeklige hakim, simiilasyon ve modelleme
alanlarinda askeri ve sivil uygulama gelistirebilen uzmanlar yetistirilebilecektir. CAVE sistemi faal duruma getirildikten sonra, bu
sisteme icerik saglayabilecek, gerekli altyapr yazilimlarini ve yazilim gelistirme ortamlarini bilen, bu teknolojilerde uygulama
gelistirebilen uzman personeller yetistirilebilecektir.

* Bilimin sevdirilmesi: Lise dgrencilerine belirli donemlerde yapilacak galistaylar sayesinde, genclerimiz arasinda bilimin
sevdirilmesi, bu alanda ¢alisacak genglerimizin sayisinin arttirilmasi s6z konusudur. Toplumda ve gencler arasinda bilimin sevdirilmesi
ve merak uyandirilmasi saglanmis olacaktir.

« Egitimde sanal gerceklik: Egitimde sanal gercekligin dogrudan uygulamasi gergeklestirilerek, farkli bir model
olusturulabilecek ve tlilkemiz genelinde yayginlastirilabilmesi icin ¢aligtay ve bilgilendirme toplantilar1 diizenlenerek iist seviye bilgi
paylasimi saglanabilecektir. Altyapi acisindan diger tniversitelerle benzer altyapiya sahip olarak, rekabet edebilirlik ve ortak proje
gelistirilebilirlik agisindan biiyiik bir ivme saglanabilecektir. Basa monteli ekranlar ile sanal ger¢ekligin saglanmaya ¢alisildigi Oculus
Rift gibi cihazlarin neden oldugu kisitlamalarin ortadan kaldirilarak, egitmen ve dgrenci roliinde birden fazla kisinin sanal gergeklik
deneyimini ayn1 anda paylasmasina imkan tanimaktadir.

» Uzay / enerji gibi yeni alanlar icin yeni projeler: Sadece giiclii oldugumuz; otomotiv / savunma sanayi / makine-imalat /
ingaat / bilgi ve iletisim teknolojileri alanlarinda degil, iilke ¢capinda ivme kazanmamiz gereken diger alanlar olan uzay / enerji alanlari
icin de yeni projelerle birlikte gii¢ kazanilabilecektir. CAVE teknolojisinin savunma ve enerji alaninda ¢ok sayida uygulamasi
yapilabilecektir.

Bu tiir altyapilardan uzun vadede yarar saglayacak olanlar, iilkemizin Bilgisayar Miihendisligi boliimleri ve mezunlari, basta
otomotiv sektorii ve savunma sanayi olmak iizere birgok sanayi kurulusu ve 6nemli bazi kamu kurumlari olacaktir. Kurulacak bu tiir bir
AR-GE merkezinin vizyonlarindan birisi de, bulundugu il sinirlar igerisinde sanal gerceklik konusunda ¢aligma yapacak olan boliim
ve 6gretim iiyelerinin sayisini arttirmak, bu alanda calistaylar ve konferanslar diizenlemek olabilecektir. Avrupa Birligi’nin Horizon2020
projelerinde CAVE gibi altyapilara sahip olan iiniversiteler ve kuruluslarin ¢ok sayida projede kendisine yer bulabilmesi s6z konusu
oldugundan, uzun vadede Avrupa Birligi fonlarindan iilkemize daha fazla destegin kaydirilabilmesinin 6nii agilabilecektir. Bilimi seven
gencler yetistirerek, uzun vadede bilimin toplumun algisindaki degeri daha da artacak, bilgi ve teknoloji odakli iiretimler
gerceklestirilebilecektir. Karmagik {i¢ boyutlu modellerin ve yapilarin, bu tiir sanal gerceklik sistemleriyle incelenmesi, hem
iilkemizdeki sanayi firmalari hem de egitim kurumlari agisindan, mevcut sinirlar1 ve sinirlandirmalari asarak, ilk bakista miimkiin
goriinmeyen analizleri, egitimleri ve bilimsel arastirmalari miimkiin kilabilecektir.

5.2. Siirdiirilebilirlik

Bu tiir bir merkezin kurulmasiyla birlikte, sanal ger¢eklik ve 6zelinde CAVE teknolojisi konusunda uzman personeller yetistirilmis ve
gerekli altyap1 kurulmus olacagindan, yeni projelerin Avrupa Birligi fonlar;, EUREKA ve diger TUBITAK destekleriyle, sirketlerin
dogrudan sunacagi finansal desteklerle gelistirilmesi miimkiin olacaktir. Sadece yeni projeler ¢ergevesinde finansal model kurgulanmak
durumunda kalinmayacak olup sirketin kurum i¢i egitimine doniik olarak da bu sistemler adapte edilebilecektir. Ayn1 ortamin farkl
diizenlemeler ve gerekli yazilimlarla bir simiilatdr platformuna déniistiiriilmesi miimkiindiir. Ornegin ving operatdrlerinin veya diger
teknik bilgi gerektiren alanlarda ¢ok sayida egitimin hem sanal gerceklik hem de ii¢ boyutlu gorsellestirme imkanlariyla birlikte
gerceklestirilmesi saglanabilir. Bu tiir bir merkezi biinyesine katmay1 planlayan {iniversiteler ve sirketler, kurumsal agidan stratejilerini
sekillendirebilecek, belirledikleri alanlarda kolaylikla proje yapabilir duruma gelecektir. Merkezi bu baglamda kurumsal yapinin uygun
birimine dahil eden organizasyonlar, siirecin sonunda daha fazla proje tiretir konuma gelecektir.

ABD’de Ulusal Miihendislik Akademisi, tiim diinyadan uzmanlara danigarak, 21. Yiizyillda miithendislik disiplinlerinin 6niindeki 14
zorlu alan1 belirlemis ve bunlar1 ‘Grand Challenges for Engineering’ baghgi ile yayinlamistir. Bu 14 kritik ve zorlu alanlardan birisi de
Sanal Gergekligin gelistirilmesidir. Bilgisayarda olusturulan sanal ortamlar egitimden eglenceye, endiistriyel tasarimdan tibbi tedaviye
kadar, her alanda etkinligi ve verimi arttirmak amaciyla aktif olarak kullanilmaktadir. Giinlimiizde gelisen teknoloji ile sanal gerceklik
sadece bir gorsel yanilsama olmaktan ¢ikmis, bulunulan yerde oldugu duygusunu verecek ses, dokunma, hareket duygusuyla
zenginlestirilmis durumdadir. Bu konuda iilkemizde yapilacak olan ¢aligmalar, sanal gerceklik ¢aligmalarinin dniinii agacak, sanayi
kuruluslarinin bu alandaki zenginlikleri kesfetmesini saglayacaktir. Toplum ve genglerimiz tarafindan bilimin hayatin her alaninda
onemli katma degerler sagladig1 daha fazla goriilecek, yapilacak ¢alistaylarda fen bilimleri ve miihendislik, genglerin sevecegi ve
devaminda projeler {iretebilecegi bir boyuta tagiacaktir. Bu tiir bir sistemde erken donemde bulunmus bir gencin, devaminda teknoloji
ve fen bilimleri odakli alanlarda kariyer yapmasi dogal bir sonug olacaktir. Bu yoniiyle geng niifusumuzun gerek bu tiir ¢alistaylar
gerekse yazili ve gorsel medya araciligiyla kurulacak merkez konusunda bilgi sahibi olmas1 miimkiin gériinmektedir.
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Tablo 2. Mantiksal Cergeve Matrisi.

Objektif Olarak Dogrulama
Proje Mantiga Dogrulanabilir Basar: Kaynaklari ve Varsayimlar
Gostergeleri Araclan

Genel Amag

Disiplinler arasi ¢aligmalarin yapilabilecegi bir
AR-GE merkezi kurmak

Ilgili ekipmanlar ve
yazilimlarin mevcut oldugu
fiziksel ortamin
olusturulmus olmasi

Yerinde ziyaret

Yeterli finansal
kaynak bulunmast
veya fonlanmasi

Sayisal verilerin ya da modellerin sanal S1roriieeklin ]zZI;\VIIEleistz (r)ny:;]télé i:l}le)rrgs onunda
ortamda yagayan hale getirilmesi, ti¢ boyutlu iiklenerck esitmenin roblemyolmas1
- goriintiiler ve gozlikler ile kullanicilara yu . 8 Kullanic1 P
Ozel L - hareketlerini takip kamera S durumunda sanal
A 1 sunulmasi, sanal modeller iizerinde insan sistemleri aleilavarak deneyiminin ortamdaki
Maglar pareketlerinin hareket takip araclar1 sayesinde | algrayarak . oige goriintiisii S
sisteme  aktarilmasmi saglayan etkilesimli modelle etkilesime gegmesi deneyimin istenilen
saglanmali, katilimcilarin diizeyde

gorsellestirme sisteminin hayata gegirilmesi

4 ckran1 olan, kenar birlesimlerinde hatasiz
goriintii veren, 1/1 6lgekte gdsterim sunan, hem

bu modelleri gérebilmesi

saglanamama riski

3D stereo hem de 2D mono sunabilen, DLP ﬁgﬁgﬁslk 1?1" S'ésltegll'tg
(Digital Light Processing) teknolojisi sayesinde modellenip sisieme Tiim ekipman ve
Beklenen tepki hizi ve renk derinligi benzersiz olan, iiklenerck renk ve fepki Ekran tizerindeki yazilimlarin
Sonuclar kamera sistemi, takip sistemi ve kizilGtesi ﬁlzmm incelenebilmgsi model zamaninda ilgili
teknolojisiyle calisan, ekrani esnek Kkranl deli hat ’ merkeze getirilmesi
malzemeden imal edilen bir CAVE sistemi & o0 arl.rll modett hatasiz
olusturmak, ayni ortami kullanabilen farkl vk ines
yazilimlar bulundurmak
Sistem gereksinim analizi gergeklestirildikten 4 adet projektor, goriinti gygﬁ;ﬁgir:e DOO,ILar?JgﬂaJ;?
sonra, sistem donanim ve yazilim tasarimi birlestirme ekipmanlari, sisptem kurulum 31 %n dan %; darik
Faaliyetler gergeklestirilecek, kurulum ve kalibrasyonun ekran ve izleme sistemleri, 1 eds'lme‘ e badl
ardindan sistem faal hale getirilecektir. Yazilim bilgisayar donanimi ve ag agamaannin I'k Sin f? Il
gelistirme ortamlar1 hazirlanacaktir. birimlerinin mevcut olmasi gosterimsel gectkme ve ithalat
¢iktilarl riski
On Kosul

130 metrekarelik alan

6. Ornek Durum Calismasi

Durum ¢alismasinda; CAVE sistemi igin 4 adet aktif stereo projektor, 4 adet 6n yiizey aynast, stereo emitorler, 10 adet stereo shutter
gozliik tedarik edilerek sistemin kurulmasi planlanmistir. Yan duvarlar, kars1 duvar ve yer yiizeyine goriintiilerin aktarilabilmesi igin 4
adet 6zel projektore ihtiya¢ bulunmaktadir. Ayni zamanda, gergek zamanda egitmeni takip edebilmek i¢in 4 kamerali optik takip sistemi
tedarik edilmesi gereklidir. Modellerle etkilesebilmek igin 1 adet wand ismi verilen cihaz kullanilmasi gerekir. Bu tiir optik takip
sistemlerinin performansi ¢ok yiiksek oldugundan, CAVE sistemlerinde kullanilmaktadirlar. CAVE sisteminde sanal gerceklik hissini
saglayabilmek tizere 5.1 ¢evresel ses sistemi gereklidir. Yazilimlarin tedarik edilmesiyle birlikte, CAVE sistemi {izerinde calisma
yapmak miimkiin olacaktir. Ozetle, iiriinler tedarik edildikten sonra, CAVE icin tahsis edilen 130 metrekarelik alanda, mekanik ve
donanimsal kurulumlar gergeklestirilerek, yazilimlar bu platformlarin iizerine kurulabilecek, platformun kalibrasyonunun yapilabilmesi
icin 6nceden gelistirilmis VMD (Visual Molecular Dynamics) gibi yazilimlardan yararlanilabilecektir. Daha sonra, sistemin egitim ve
sanayide uygulama alanlar1 ortaya konularak, bu tiir bir yatirim projesinin devami i¢in yeni projelerin temelleri olusturulabilecektir.

Sekil 1°de 4 kullanim yiizeyi bulunan (3 duvar ve zemin) sistemin tasarimi sunulmaktadir. Her yiizey i¢in bir yansitma ekipmani
dogrudan projeksiyon yapabilecek sekilde konumlandirtlmistir.
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Sekil 1. Dort-Yiizey Konfigiirasyonlu CAVE Sistemi.

Onerilen sistemin kurulumu igin en az 130m2’lik (12m x 11m) bir alana ihtiya¢ duyulmaktadir. Kurulum tasariminda binalardaki
tagiyict unsur ve kolonlarin bulundugu yerler ve kapattigi agilar géz 6niinde bulundurulmalidir. Sekil 2’de yansitim ekipmanlariin
yiizeylere ne kadar mesafede yerlestirmesi gerektigi gosterilmektedir. Kullanilmasi planlanan projeksiyon sistemleri, egitim ve sinema
sektoriinde kullanilanlarin aksine, ters ylizeyden yansitma yapmaktadir.

Sekil 2. Kusbakist Goriiniim.

Kurulum ig¢in tercih edilecek alanin en 6nemli dzelliklerinden biri yiiksek tavan gereksinimidir. Zemin yilizeyine kullanilacak
yansiticinin en az 3,5 metre yiikseklige konulmasi durumu, kurulum tercihinde goz ardi edilmemelidir. Bu mesafe, zemin yiizey alaninin
biiyiitiilmesi ve kullanilacak yansitict ekipmanin niteligine gore degiskenlik gosterebilir ve daha yiiksek tavan mesafesi gerekebilir.
Sekil 3°de 6rnek durum caligmasinda zemin yansiticisinin ve takip ekipmanlarinin konumlandig yerler gosterilmektedir.
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Sekil 3. Zemin Yansiticisimin ve Takip Ekipmanlarinin Gértintimii.

Yansitic1 ekipmanlarin alternatifi olarak CAVE sistemlerinde ekranlarin kullanimi da yaygindir. Kurulum maliyeti daha ytiksek
olan bu yaklasim, daha fazla sanal gergeklik hissi vermektedir. Yiiksek biitceli projeler icin yansitict yerine biiyiik ekranlarin
kullanilmast alternatifi, alan gereksinimlerini azaltacak ve projeksiyon kullanimindan dogan karanlik ve dogrudan giines almayan yer
gereksinimi ihtiyacini ortadan kaldiracaktir.

7. Sonuglar

CAVE sanal gergeklik teknolojisi klasik sanal gerceklik teknolojilerinin iizerinde 6zellikler barindirdigr igin sagladigi yararlar {ist
diizeydedir ancak yiiksek yatirim maliyetleri yayginlagsmasinin 6niindeki biiyiik engellerden birisidir. Bu tiir altyapilari, farkli fonlarla
kurmak isteyen {iniversiteler ve sirketler i¢in bu ¢alismada, 6rnek durum galismasiyla birlikte elde edilecek kazanimlar farkl: agilardan
kapsamli olarak tartigilmistir. Bu konuda heniiz bilgi birikimi iilkemizde yeterli seviyede olugsmadigi i¢in bu ¢aligmanin, ilgili grup ve
kisilere katki saglayacagi degerlendirilmektedir. Elde edilecek ¢iktilar tek adimda gergeklesmeyecek olup zaman igerisinde ¢ok sayida
projenin ve igbirliginin dniinii agacagindan, bu kapsamda acilacak merkezlerin iilkemiz agisindan 6nemli kazanimlar sunabilecegi tespit
edilmistir. Bu konuda altyap1 kurmak iizere proje gelistirmek isteyen firmalar ve {iniversiteler i¢in Mantiksal Cergeve Matrisi
hazirlanmig ve ek olarak, maliyet-etkin sekilde bir CAVE sisteminin kurulabilmesi i¢in 6rnek bir durum ¢aligmasinda gerekli ¢izimler
sunulmustur. Sanal Gergeklik teknolojisi, 6nlimiizdeki yillarda biiyiiyen bir ivmeyle bir¢ok sektorii etkileyecegi i¢in bu asamada bu tiir
teknolojilerin iiniversitelerin igerisinde agilmasi, sektorel isbirliklerinin olugmasina katki verecektir. Tim yatirrm maliyetinin
paylasilabilmesi i¢in farkli {iniversitelerin bir araya gelerek, maliyetleri ilk asamada paylagmasi ve ardindan agilacak olan merkezin
paylasimli kullanima agilmasi da dikkate alinabilecek diger hususlardan birisidir. Bu alanda ¢aligsan arastirmacilarin 6niiniin agilmasi,
projeler iiretilerek sanayiye katki verilebilmesi i¢in bu alanda projeler iiretilmesi kaginilmazdir. Bu alandaki firsatin bu asamada
kagirilmamasi i¢in karar alicilarin stratejik planlamalarinda bu alandaki yatirimlar: dikkate almasi gerekmektedir. Fark yaratabilecek
projelerin bu tiir altyapilarla ortaya c¢ikarildigi distiniilirse, ilk basta gerekli olan altyapt yatirmminin Kkarsilanabilecegi
degerlendirilmektedir.

Medikal uygulama alanlari, askeri uygulamalar, karmasik sistemlerin simiilatorleri, liretim sektorii, giivenlige doniik senaryolar,
ucus simiilatorleri bu tiir bir sistemle ortaya ¢ikarilabilecek uygulamalardan sadece birkagidir. Tek basina bir simiilatdriin gelistirilme
maliyeti dikkate alindiginda, CAVE sisteminin bu tiir bir simiilatdre doniistiiriilmesi maliyet etkin olabilmektedir. Sadece simiilasyon
alaninda bile ¢ok sayida proje bu teknoloji kullanilarak {iretilebilmektedir. CAVE sistemlerinin cografi olarak farkli yerlerde bulunan
kullanicilart bulusturma ve miisterek ¢aligmalar gergeklestirme yodniinde iyilestirme ¢aligmalari devam etmektedir. Yakin gelecekte
yapilacak giincellemeler ile konum bagimsiz bir sekilde ii¢ boyutlu projelerin ortak yiiriitiilmesi miimkiin olacaktir.

CAVE sistemi konusunda tecriibesi bulunmayan ve sadece HMD tip cihazlar iizerinde uygulama gelistirmis uzmanlar, bu tiir
sistemlere gerek olmadigini zaman zaman ifade edebilmektedir ancak CAVE sisteminin etkilesimin seklini degistiren yonleriyle
tanigtiklar1 anda bu fikirlerinden siyrilarak CAVE sistemini desteklemeye baglamaktadirlar. Bu ¢alismanin yazarlari, ilk bakista mevcut
olan zayif bakis agisinin degisimini yakindan gormiis olduklart igin ilk bakista gelecek olan tepkilerin, tecriibe eksikliginden
kaynaklandigini degerlendirmekte ve derin kaygisi olan kullanicilara gergek bir CAVE sistemiyle tanismalarini 6nermektedir. Bu
konuda kurulacak merkezlerin ilgili yatirim ajanslari tarafindan desteklenmesinin kritik dneme sahip oldugu degerlendirilmektedir.
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Oz

Teknolojinin gelisimi ile veritabanlarinin boyutlari dogru orantili olarak ilerlemektedir. Bu kadar ¢ok verinin tutulmasi sonucu ¢esitli
analizler ile bu veriler arasindaki gizli baglantilarin arastirilmasi kagiilmaz olmustur. Buradaki ¢aligmada 6grencilerin Yabanct Dil-11
dersindeki gegme notlari veri madenciligi yontemleriyle tahmin edilmistir. Arastirmada Tiirkiye’deki bir {iniversitede Yabanct Dil-II
dersini alan 3794 &grenci verileri kullanilmistir. Caligsmada 12’si girdi ve biri ¢ikt1 olmak {izere toplam 13 adet degiskenin yer aldig:
Yapay Sinir Aglari, M5P, DecisionStump, M5Rules, DecisionTable, Bagging yontemleri ile gelistirilen tahmin modelleri olusturulmus
ve birbirleriyle karsilagtirilmistir. Verilerin egitim ve test olarak ayristirilmasinda 10-katli ¢apraz dogrulama yontemi kullanilmistir.
Modellerde 6grencinin ders ge¢cme notunu etkileyecek 6grenim tipi, fakiilte, boliim, program, program tipi, 6gretim elemani ve unvant,
Ogrenci programa girig tiirii, giris puan1 ve girig siralamasi ile bir dnceki donemin not ortalamasi dikkate alinmistir. Modeller arasinda
Bagging yontemi ile kurulan modelin en iyi sonug¢ olan 1.22 ortalama mutlak hata ve 0.80 korelasyon katsayist ile tahminler iirettigi
goriilmiistiir. Calisma sonucunda dgrencilerin ders gegme notunu 6nceden dgrenip dnlemler alacag diisiiniilmektedir.

Anahtar Kelimeler: Veri Madenciligi, Akademik Bagari, Tahmin.

Forecasting of The Course Learning Notes by Data Mining Methods

Abstract

With the development of technology, the dimensions of the databases are progressively proportional. It is inevitable to investigate the
secret links between these analyzes with various analyzes. In this study, the passing grades of the students in Foreign Language-I1 course
were estimated by data mining methods. In the study at a university in Turkey Foreign Language-Il 3794 students taking the course
data are used. In this study, the estimation models developed by Artificial Neural Networks, M5P, DecisionStump, M5Rules,
DecisionTable and Bagging methods were formed and compared with each other. 10-fold cross-validation method was used for training
and testing. In the models, the type of the course, faculty, department, program, program type, teaching staff and title, the type of entry
to the program, entry point and entry rank and the average grade of the previous semester were taken into consideration. Among the
models, it was seen that the model established with Bagging method produced the best results with 1.21 mean absolute error and 0.81
correlation coefficient. As a result of the study, it is thought that the students will learn the course grade and take precautions in advance.

Keywords: Data Mining, Academic Success, Forecasting.
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1. Giris

Verilerin elektronik ortamda saklanmasinin gelismesi ve ¢esitli analiz araglarinin ortaya ¢ikmasi ile veri ambarlarinin iglenmesi
sonucu veri madenciligi de giinden giine gelismektedir. Ogrencilere ait bu biiyiik boyutlu veri ambarlarindaki verilerin islenmesi sonucu
yeni bilgilerin elde edilmesi egitimde veri madenciligi olarak goriilebilir. Fakat egitimde bu kadar ¢ok veri tutulurken verinin daha etkin
ve verimli olarak saklanilmasina odaklanilip veriler {izerinde yapilabilecek analizler arka planda kalabilmektedir. Verilerin islenmesi ve
bilgi tretilmesi icin veri madenciligi tanimlayict ve Ongoriiye yonelik modeller iiretmektedir. Karar alma siireclerinde ongorii
yontemine, basarili kararlarin alinmasinda yiiksek fayda saglamasi nedeniyle ilgi artmakta ve yeni yontemler ortaya c¢ikmaktadir
(Yurtoglu, 2005). Bilhassa 6grencilerin hangi alanda basarili olabileceklerine, basarilarini etkileyen unsurlarin belirlenmesine, basari
seviyelerine, basarisizliga neden olan unsurlarin belirlenmesine olanak saglayabilir.

Gecmisten beri giincel bir sekilde arastirma konusu olan insan beyninin gosterdigi islev ve iirettigi tepkileri anlayarak beynin
calisma prensibini ¢6zme (Dogan, 2002) 6zellikle 6grenmenin ne diizeyde gergeklestigi ve degistigini anlamaya yardimci olacaktir.
Boylece 6grenme siirecindeki davranis degisiklikleri dlgiilecek ve dgrenmenin degerlendirilmesi imkan1 dogacaktir (Karip, 2012).
Ogrenmenin cesitli 6lgme yontemleri sonucunda not veya puan gibi degerler ile gosterilmesi akademik basari olarak yorumlanabilir
(Turgut ve Baykul, 2013). Ogrenciler akademik basarilar seviyelerini nceden bilmeyi isteyecektir fakat bunun yani sira Yiiksekdgretim
Kurumlar1 da bu durumu dnceden bilmeyi isteyecektir (Luan, 2002). Bu durum da ancak veri madenciligi yontemleri ile miimkiin
olacaktir. Her ne kadar da teknik bilgi, veri madenciligi uzmani ve bu alana ayrilan finansal kaynaklarin yetersiz olmasi nedeniyle egitim
alaninda veri madenciligi sinirli olarak kullaniliyorsa da (Beitel, 2005) bu alan egitimi gelistirmek i¢in dnemini korumaktadir (Siemens
ve Baker, 2012).

Literatiirdeki egitim alaninda veri madenciliginin kullanilmasina yonelik calismalar incelendiginde bir¢ok ¢aligmanin varligina
rastlanmigtir. Veri madenciligi yontemleri, 6grenci davraniglarini veya basarilarini analiz ederek 6grenci performansini tahmin eden
modeller gelistirmek i¢in kullanilmistir (Sembiring ve ark., 2011; Shovon ve Haque, 2012). Yine benzer sekilde iiniversitelerin 6grenci
isleri veritabanindan elde edilen veriler veri madenciligi yontemleri ile analiz edilmis ve 6grenci basarisi irdelenmistir (Inan, 2003;
Erdogan, 2004; Altinisik, 2006; Kiling, 2015). Bir bagka ¢alismada da 6grencilere ait fakiilte, not ortalamasi, cinsiyeti, giris tipi, medeni
hali, lise not ortalamas1, OSS puany, tercih siras1 ve yiizdelik dilimi bilgilerinden yararlanilarak &grenci basarisini dnceden tahmin etmek
amaclanmistir. Buradaki ¢alismada da 6grenim tipi, fakilte, boliim, program, program tipi, 6gretim eleman1 ve unvani, 6grenci programa
girisg tiirli, giris puani ve giris siralamasi ile bir dnceki donemin not ortalamasi dikkate alinmig ve gesitli veri madenciligi yontemleri ile
ders gegme basarist tahmin edilmistir.

2. Veri Madenciligi ve Kullanilan Yontemler

Veri yiginlart arasinda gizli kalmis, bir kisim analizler sonucu gegerli ve ige yarar bilgi elde edilmesine veri madenciligi denir
(Aydemir, 2018). Veri madenciligi biiyiik miktardaki veriler {izerinde islem yapmasi nedeniyle veritabanlari ile dogrudan iliskilidir. Veri
madenciligi belirli bir amaca yonelik olusturulan, hizli ve etkin bir sekilde erisim olanagi taniyan veri ambarlarindan yararlanir. Veri
madenciligi kendi bagina ¢6ziim olmay1p problem ¢6ziimii i¢in gerekli bilgileri saglar ve karar verme siirecini destekler (Baykal, 2006).
Veri madenciliginde kullanilan yontemleri asagidaki sekilde siniflandirmak miimkiindiir:

2.1. Kiimeleme

Siiflar1 belli olmayan veriler igerisinde, birbirine belirli 6l¢glilerde benzerlik tagiyan 6gelerin bir araya getirilip kiimelere ayrilmasi
yontemlerinden olugur (Han ve Kamber, 2006). Kiimeleme yonteminde kiime sayisi1 verilerin niteliklerinden dogrudan etkilenir.

2.2. Birliktelik

Gecgmis veriler icerisindeki birlikte gegme olma davranislarinin tespit edilerek ortaya ¢ikarilmasi yontemleridir. Bu durumun tespit
edilmesinde verilerin birden fazla satirda yer almasi gerekir. Veri kiimelerinin iiyeleri arasindaki iliskileri ortaya ¢ikarir ve dzellikle
pazarlama alaninda sik kullanilir (Oguzlar, 2004).

2.3. Tahminler

Tahminler, sonuglar1 bilinen veriler ile bir model gelistirip sonuglar1 bilinmeyen veri kiimelerinin sonu¢ degerlerini tahmin etmenin
amaglandig1 yontemlerdir. Sonug degerinin sayisal bir deger veya kategorik bir deger olmasina gore kullanilan yontemler sayisal
tahminler ve kategorik tahminler (siniflandirma) olmak iizere ikiye ayrilabilir.

3. Yontem

Calismada biiyiik veri kiimeleri arasindan anlamli bilgilerin ¢ikarildig1 veri madenciligi yontemleri kullanilmigtir. Veri madenciligi
eldeki verilerden hareketle sonuglar1 bilinmeyen verilerin tahmin edilmesi icin kullanilir (Akpinar, 2000). Buradaki calismada da
Tiirkiye’deki bir iniversitede 6grenim gérmekte olan lisans ve onlisans 6grencilerinin 2017-2018 egitim-6gretim yilinin giiz ve bahar
donemlerine ait Yabanci Dil-II ders notlar1 diger detaylari ile birlikte veri madenciligi yontemleri ile analiz edilmis ve donem sonu
gecme notu tahmin edilmistir. 3794 adet 6grenciye ait 13 adet nitelik asagidaki gibi belirlenmistir.

1. Ogrenim Tipi
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2. Fakiilte

3. Bolim

4. Program

5. Program Tipi

6. Ogretim Elemani

7. Ogretim Eleman1 Unvani

8. 0SS Giris Tiirii

9. 0SS Giris puam

10. OSS Giris Siralamas1

11. Bir Onceki Dénemin Not Ortalamasi
12. Aktif Donem Not Ortalamasi

13. Ders Gegme Notu

Ogrencinin Yabanci Dil-I dersinin notu Yabanci Dil-II notunun da olusmasinda belirleyici bir unsurdur. Fakat Yabanci Dil-II
dersinin notlari ile Yabanci Dil-I dersinin notlar biiyiik oranda benzerlik géstermesi nedeniyle olusturulan modelin olumsuz etkilenecegi
diistiniilmiis ve girdi degeri olarak dikkate alinmamustir. Derse ait gegme notu sistemde harf olarak tutulmus ve harfler asagidaki sekilde
sayilara doniistiiriilmiistiir. Sifir degeri verinin yoklugunu ifade ettigi icin notlar bir degerinden baslatilmistr.

Tablo 1. Harf Notlari ve Sayisal Karsiliklar

Harf Notu Sayisal Karsihig
AA 10
BA 9
BB 8
BC 7
CB 6
CcC 5
DC 4
DD 3
FD 2
FF 1

Calismada ders ge¢me notlarinin sayisal karsiliklart tahmin edilmistir. Bu nedenle kullanilan veri madenciligi yontemleri de sayisal
veriler tizerinde islem yapan yontemlerdir. Kurulan modelin basarisi igin ortalama mutlak hata (MAE), korelasyon katsayisi (7) ve hata
karelerinin ortalamasinin karekokii (RMSE) dikkate alinmigstir. Ortalama mutlak hata i¢in asagidaki formiil kullanilir.

a6 - 64
n

Ortalama mutlak hata =

n = orneklem sayist

0; = i stra numarali gercek talep

0; = i stra numaralinin tahmin edilen talebi
i = 6rneklem sirast

Ortalama mutlak hata degeri tahmin edilen veri ile gergek veri arasindaki farkin mutlak degerlerinin ortalamasidir. Dolayisiyla bu
degerin sifira ne kadar yakin olmasi durumunda tahmin edilen degerin de o kadar dogruya yakimsadigi soylenebilir. Olusturulan
modellerin tiimiinde egitim ve test verileri ayristirtlirken 10-katli capraz dogrulama yontemi se¢ilmistir. Bu yontemde veriler dncelikle
10 ayr gruba ayrilir ve bir grup test amaglh kullanilirken geriye kalan diger dokuz grup da egitim amagli kullanilir. Tiim veriler hem
test hem de egitim amacli kullanilmasi i¢in bu islem 10 kez tekrarlanir ve gruplar degistirilir. Veri madenciligi yontemlerinden Weka
programu icerisinde yer alan asagidakiler kullanilmig ve tahmin basarilar1 birbirleriyle karsilastirilmigtir.

e  Functions
o  GaussianProcess
o LinearRegression
o  SMOreg

o lazy
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o IBk
o KStar
o LWL

o Bagging DecisionStump
o Bagging M5P
o Bagging MultiLayerPerception
o Bagging RepTree
e Misc
o InputMappedClassifier
e rules
o DecisionTable
o M>5Rules
o ZeroR

o DecisionStump
o MS5P

o RandomForest
o RandomTree

o REPTree

4. Bulgular

Yabanci Dil-II dersini alan 6grencilerin ders gegme notlari birden faza yontem ile tahmin edilmis ve ortalama mutlak hata degerleri,
ortalama karesel hatanin karekokii ile korelasyon katsayisi degerleri karsilastirilmistir. Asagidaki tabloda her bir 6grenme yontemi ve
sonuglar1 gosterilmistir.

Tablo 2. Ogrenme Yéntemi ve Sonuclart

Yontem Grup Adi Yontem Adi Ortalama Ortalama Karesel Korelasyon
Mutlak Hata Hata Karekokii Katsayisi
Functions GaussianProcess 1.3408 1.7463 0.7898
LinearRegression 1.3453 1.7506 0.7887
SMOreg 1.3213 1.7666 0.7588
lazy 1Bk 1.5756 2.3967 0.6353
KStar 1.4889 2.0153 0.7102
LWL 1.6355 2.1971 0.6360
Meta Bagging (DecisionStump) 1.6990 2.2244 0.6251
Bagging (M5P) 1.2192 1.6688 0.8102
Bagging 1.7011 2.0989 0.6835
(MultiLayerPerception)
Bagging (RepTree) 1.3357 1.8222 0.7686
Misc InputMappedClassifier 2.3480 2.8485 -0.0729
rules Decision Table 1.2891 1.7578 0.7869
M5Rules 1.2636 1.7195 0.7972
ZeroR 2.3480 2.8485 -0.0729
Trees DecisionStump 1.7037 2.2597 0.6082
MS5P 1.2575 1.7146 0.7985
RandomForest 1.3813 1.8581 0.7578
RandomTree 1.6071 2.4369 0.6335
REPTree 1.4325 1.9841 0.7242
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Yukaridaki Tablo 2 dikkatle incelendiginde en diisiik ortalama mutlak hata degerine sahip modelin Bagging (M5P) yontemi ile
olusturuldugu gortilecektir. DecisionTable, M5P ve MS5Rules yontemleri de bu modele yakin hata degerleri elde etmistir. Fakat
InputMappedClassifier ve ZeroR yontemleri en yiiksek ortalama mutlak hata degerine sahiptir. Ayrica bu yontemlerin korelasyon
katsayilarina dikkat edilirse negatif bir degerdir.

En iyi tahmin modeli olan Bagging (M5P) icin elde edilen tahmin degerleri ve gercek degerlerin durumunu gostermek icin 10 katl
¢apraz dogrulamadan birincisi igerisinden ilk 50 adet 6rnek alinmig ve asagidaki grafikte gosterilmistir.

10

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49

=@-=Gercek Deger  ==@==Tahmin Edilen Deger

Sekil 1. Gergek Deger ve Tahmin Edilen Degerin Durumu

Yukaridaki sekil dikkatle incelenirse biiyiik bir oranda tahmin edilen degerlerin gergek degerlere yakinsadigi goriilecektir. 1-10
arasindaki gercek degerler icin ortalama 1.21 sapma degeri tahminler elde edilmesi modelin bagarili oldugunu gostermektedir.

5. Tartisma ve Sonug¢

Calisma kapsaminda 2017-2018 Egitim-Ogretim y1lindaki Yabanci Dil-II dersini alan 6grencilerin ders gegme notu veri madenciligi
yontemleri kullanilarak tahmin edilmistir. Boylece 6grencinin basart durumunu 6nceden dngoérerek 6nlem almasina yardimci olabilecegi
diistiniilmektedir. Veri madenciligi uygulamalarinda yaygin olarak kullanilan Weka programi araciligiyla veriler 19 farkli yontem ile
analiz edilmis ve tahmin basari oranlar1 karsilagtirtlmistir. Bir ile 10 arasindaki notlar1 yaklagik 1.21 sapma degeri ile tahminler
yapilmistir. Bu da yaklasik %12 oraninda bir sapmaya karsilik gelmektedir. Buradaki uygulamada en iyi tahmin bagaris1 Bagging (M5P)
ile elde edilmistir. Alan (2012) ise benzer bir ¢aligmasinda basart notunun siniflandirilmasint 6ngérmek icin SimpleCART algoritmasi
ile en iyi sonuglar1 elde etmistir. Siniflandirma yontemleri ile farkli tahmin ¢aligmalar1 da vardir (Aydogan ve Zirhlioglu, 2018;
Akgapinar, Altun ve Askar, 2015). Aydemir (2017) de not ortalamasina gére yaptig1 tahminlerde SMO algoritmasi ile mezuniyet yilina
gbre yaptig1 tahminlerde ise J4.8 ve NaiveBayes algoritmalari ile en iyi sonuglari elde etmistir. Can, Ozdil ve Yilmaz (2018) ise
ogrencilere uygulanan bir dlgek ile ders basarisini etkileyen unsurlari lojistik regresyon yontemi ile tahmin etmis ve ders tekrart sayist
ile yenilik¢i uygulamalarin etkiledigini belirlemistir. Kiling (2015) smiflandirma algoritmalarindan J4.8 ve kNN ile birliktelik
algoritmalarindan Apriori ve Predictive Apriori kullanarak atilma politikasindaki degisiklik ile 6grencilerin not durumlart arasindaki
iligkiyi bulmustur. Calismasi sonunda egitim siirelerinin, burs ya da kredi alma durumuna gére degistigini ve ayrica maddi durumlari
ile annelerinin ¢alismasi arasinda baglanti oldugunu gérmiistiir. Demir (2015) de 6grencilerin sinavlara yonelik not durumlarini yapay
sinir aglari ile tahmin etmeye ¢alismis ve 0.63 korelasyon katsayisi elde etmistir. Fakat buradaki ¢alismada ise 0.81 korelasyon katsayisi
elde ederek daha iyi tahminler elde edilmistir. Sengiir ve Tekin (2013) ise 6grencilerin mezuniyet notlarini tahmin etmek icin yaptiklari
¢alismada karar agaglarini kullanarak 0.76 korelasyon katsayisi ile tahminler elde ederken, yapay sinir aglar1 kullanarak korelasyon
0.93 degeri ile tahminler elde etmislerdir. Bu ¢alismada yalnizca birinci ve ikinci sinif yilsonu not ortalamalart kullanilmistir. Calisma
yapisi itibariyle buradaki ¢aligmadan farklilik gostermesi nedeniyle sonuglarin farkli oldugu diisiiniilmektedir. Calisma igerisinde
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kullanilmayan ve ders basarisina etki eden baska unsurlarin belirlenmesi ve tekrardan hem buradaki yontemler ile hem de bagka
yontemler ile analizlerin yapilmasi alana katki sunmasi agisindan yararli olacaktir. Ayrica buradaki g¢alismanin sonuclari ile
karsilagtirilmasi da pozitif ve negatif durumlarin ortaya ¢ikarilmasi agisindan onerilmektedir.
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Abstract

Two edge of Cu(In;«Gay)Se, (CIGS) thin film semiconductors for x=0 (CulnSe) and x=1 (CuGaSe:) have been produced onto the
soda lime glass substrates at 250 °C by sputtering from Cu, InSe and GaSe targets. The effects of In and Ga ratio and the post-
annealing at 350 °C and 400 °C on the properties of CulnSe; (CIS) and CuGaSe; (CGS) thin film samples have been investigated. The
structural properties of the deposited films have been examined by using X-ray diffraction (XRD) and the compositions of samples
were analyzed by performing energy dispersive X-ray diffraction analysis (EDXA) techniques. Raman spectra of thin film samples
were studied at room temperature to determine the Raman active modes. The most intensive line (A; modes) at 178 cm™ and 185 cm’!
were observed for CIS and CGS thin films annealed at 400 °C, respectively. This is the most active mode detected in the Raman
spectra of this type of chalcopyrite structures. For as-grown and annealed CGS thin films at 350 °C , the line 486 cm™ was observed
however intensity of this line decreased with increasing annealing temperature and totally disappeared after annealing at 400 °C. Optic
transmission measurements showed that the deposited CIS and CGS thin films have optic band gap values for as grown and annealed
(at 400 °C) samples changing from 1.28 eV to 1.45 ¢V and from 1.68 eV to 1.75 eV respectively. The room temperature electrical
conductivities of the samples were measured as 8.6x107 and 13.6x10?2 (Q.cm)™! for n-type CIS thin film samples; 1.6 and 1.9 (Q.cm)!
for p-type CGS thin film samples before and after annealing at 400 °C, respectively.

Keywords: CIS, CGS, Thin films, Sputtering, XRD, Raman Spectroscopy.

CulnSe; ve CuGaSe; Ince Filmlerin Ozellikleri Uzerine
Karsilastirmah Cahisma

Oz
Cu(In1-xGax)Sez (CIGS) yariiletken ince filmlerin iki kenar noktasi olan x=0 (CulnSey) ve x=1 (CuGaSe,) ince filmleri, Cu, InSe ve

GaSe hedeflerden sagtirma yontemi ile 250 °C sicaklikta soda lime cam alttaglar lizerine kaplandi. In ve Ga orani ve iiretim sonrast 1sil
islemin CulnSe; (CIS) ve CuGaSe, (CGS) ince filmlerin dzellikleri iizerine etkileri arastirildi. Uretilmis filmlerin yapisal dzelliklerini
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http://dergipark.gov.tr/ejosat 77



http://dergipark.gov.tr/ejosat

Avrupa Bilim ve Teknoloji Dergisi

incelemek i¢in X-1s1m1 kirmnimi (XRD) ve drneklerin bilesenleri enerji dagilimli X-1s1m1 kirmnimi analizi (EDXA) yontemi kullanilarak
analiz edildi. Ince film 6rneklerinin Raman aktif modlarinin tayini i¢in oda sicakliginda Raman spektroskopi 6l¢iimleri yapildi. 400 °C
sicaklikta 1s1l islem uygulanmis CIS ve CGS ince film drneklerinin en aktif modlari (A; modu) en yogun gizgilerin sirayla 178 cm™ ve
185 cm? oldugu gozlendi. Bu mod kalkopirit yapilarm Raman spektroskopisinde gdzlemlenen en giiglii moddur. Isil islem
uygulanmamis ve 350 °C’ta 1s1l islem uygulanmis CGS 6rneklerinde 486 cm™ ¢izgisi gdzlenmis olmasina ragmen bu ¢izginin
yogunlugu artan 1sil islem sicakligi ile ters orantili olarak azaldigi ve 400 °C uygulanan 1sil islem sonrasi tamamen yok oldugu
gdzlenmistir. Uretilen CIS ve CGS ince filmlerin optik gegirgenlik 6l¢iimleri sonucunda 1s1l islem uygulanmayan filmler ve at 400 °C
sicaklikta 1s1l islem uygulanan filmler igin optik bant araliklarindaki degisim degerleri CIS i¢in 1.28 eV ile 1.45 eV, CGS ig¢in 1.68
eV ile 1.75 eV araliklarinda degistigi hesaplandi. Numunelerin oda sicakligindaki elektriksel iletkenlikleri 1s1l iglem dncesi ve 400 °C
1s1l islem sonrasinda n-CIS igin sirayla 8.6x1073 ve 13.6x102 (Q.cm)?, p-CGS igin sirayla 1.6 and 1.9 (Q.cm)* olarak 6lgiildii.

Anahtar Kelimeler: CIS, CGS, ince Filmler, Sagtirma, XRD, Raman Spektroskopisi.

1. Introduction

Polycrystalline chalcopyrite Culn;«Ga,Se, (CIGS) thin film is one of the appropriate materials for high-efficiency photovoltaic
(PV) devices because of desirable band gap for solar cell applications. The recorded laboratory efficiency of CIGS polycrystalline thin
film based solar cells has exceeded 22.9 % (K.K. 2015). The structural, optic and electrical properties of CIGS thin film changes with
various parameters such as the proportions of Cu/(IntGa) and Ga/(IntGa) or In/(IntGa) and/or film thickness (Zhang et al. 1998;
Caballero & Guillen 2003). It was detected that with increasing contribution of Ga, the conduction band minimum increases as a
result of enlargement of the band gap of CIGS thin film, while the valence band maximum of it decreases marginally (Chaure et al.
2005). It is possible to adjust the band gap values by scanning Culn;.«GaxSe, compound as a function of x in the range of 0-1 (Fan et
al. 1982). The quaternary CIGS compound materials have been grown on various substrates by different methods such as electron
beam evaporation (e-beam evaporation) (Venkatachalam et al. 2008; Ramanathan et al. 2005; Li et al. 2011), reactive magnetron
sputtering (Gillespie et al. 1997), thermal evaporation (Klenk et al. 2002; F. Smaili et al. 2008), thermal co-evaporation (Niemi et al.
1996; Basol et al. 2000; Kushiya et al. 1995), flash evaporation (Ahmed et al. 1998), pulsed laser deposition (PLD) (Levoska et al.
1994; Matsubara et al. 2003) and physical vapor transport (Bhattacharya et al. 1999). Furthermore, thin layers of CIGS are regarded
as the most encouraging material for high-efficiency and low-priced solar cells, due to their stability against photo-erosion and high
absorptivity (>10°cm™) (Chaure et al. 2005). Additionally, The CulnSe; (CIS) and CuGaSe, (CGS) compounds are of special interest
because of their suitability for near infra-red region (NIR), solar cell applications, non-linear optics in IR, sensors, detectors (Shay &
Wernick 1975; Chichibu et al. 2004; Botha et al. 2003).

The focus of this research is to examine the changes in the structural, optic and electrical properties of chalcopyrite Culn.«GaxSe;
(CIGS) thin film samples for x=0 (CIS) and x=1 (CGS), produced by the sputtering method and the effects of the post-heat treatment
procedure at different temperatures on the film properties.

2. Experimental Details

CIS and CGS chalcopyrite thin films have been produced onto the chemically cleaned soda-lime glass substrates by the
sequential sputtering growth method using the Cu, InSe and GaSe targets. During production, the substrate temperature was kept at
250 oC and Inficon XTM/2 thickness controller was used to follow the thickness of the deposited films. Following to the depositions,
Dektak 6M profilometer was used to check the thickness of the samples electromechanically and the values were measured around
500 nm (+10 nm) for CIS and CGS samples. In order to find out the effects of post annealing process on the deposited samples, the
thin films were annealed at the temperature of 350 oC and 400 oC for 30 minutes under the atmosphere of nitrogen. Rigaku Miniflex
XRD system equipped with radiation source of CuKo was used to measure X-ray diffraction (XRD) profiles of produced CIS and
CGS samples. The compounds of the deposited film samples were measured by using JSM-6400 Scanning Electron Microscope
(SEM) equipped with NORAN 6 X-ray Microanalysis System. The measurements of confocal Raman spectra were performed by
Jobin Yvon Horiba confocal Raman and excitation source provided by 532 nm Nd:YAG laser at room temperature. Peltier cooled
CCD detector and double monochromator were used to designate Raman shifts. Optic characterizations of the thin films were
performed by transmittance measurements using a Shimadzu UV-1201 spectrophotometer in the wavelength region 350-1100 nm. For
the electrical measurements, high-purity indium (In) was evaporated to apply the ohmic contacts on the thin films by evaporation
technique through the copper masks in cloverleaf geometry. The temperature dependent dark- and photo-conductivity measurements
of the deposited thin films were done in a Janis liquid nitrogen cryostat under vacuum and the temperature of samples was followed
and controlled by using Lake-Shore 331 temperature controller in between 100 - 400 K.
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3. Results and Discussion

3.1. Compositional Analysis

The elemental compositions of deposited CIS and CGS thin films were determined by EDXA measurements taken from different
part of the sample surfaces and average values were listed in Table 1. As observed from Table 1, annealing processes resulted in the
systematic decrease in Se, increase in Cu, and In (or Ga) compositions for CIS and CGS thin film samples. This can be accepted as
the indication of re-evaporation or segregation of Se with the post annealing process (De Blasi et al. 1989).

Table 1. EDXA results of as-grown and annealed CIS and CGS samples.

Sample Cu In Ga Se
(%) (%) (%) (%)

CIS As-grown 20.7 314 - 479
CIS A400 °C 23.5 36.8 - 39.7
CGS As-grown 24.7 - 30.6 44.7
CGS A 400 °C 26.7 - 35.6 37.7

3.2. Structural Analysis

Figure 1 (a) and Figure 1 (b) show the XRD patterns of CIS and CGS thin film samples, respectively. Both as-grown CIS
and CGS thin film samples were observed to have amorphous structure. However, after annealing at 400 °C for CIS and at 350 °C for
CGS under nitrogen atmosphere, they showed polycrystalline behavior as observed in Figure 1 (a) and (b). XRD diffractograms
indicate that the most intense peaks of the deposited CIS and CGS films were around 26.6° and 27.4° respectively and the preferred
orientation direction was along (112) plane (Klenk et al. 2002; Chichibu et al. 1998; Steichen et al. 2011). The crystallinity of the thin
film samples increased with increasing annealing temperature as seen from the Figure 1 (a) and (b). Structural analyses with XRD
showed that CIS and CGS films had the tetragonal zinc-blende structure with the lattice constants of a, b: 5.8 A, c: 11.6 Aanda, b :
5.6 A, c: 11.2 A, respectively (Jaffe & Zunger 1983; Fearheiley et al. 1985; Abrahams & Bernstein 1974).
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Figure 1. X-ray diffraction patterns of as-grown and annealed (a) CIS and (b) CGS thin films at 350 and 400 °C.

Although the as-grown CIS and CGS samples were observed to have amorphous structure, the switch to the polycrystalline
phase from the amorphous took place with annealing. The reason for the switch the amorphous structure to polycrystalline phase
might be the production of samples at low temperature, since the impinged atoms prefer to place at constant location because of the
nucleation processes during the production and deficient thermal energy for the movement, and the transition to the polycrystalline
phase might be triggered by thermal heating process (De Blasi et al. 1989).
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On the other hand, the observed peaks at 20~44.1° and 45.6° were identified as the main peaks of Cu,-«Se phase along
(220)/(204) and (213)/(105) directions. The enhancement of crystallinity was observed with increasing annealing temperature because
of the decreasing in structural disarrangement with ascending annealing temperature. In addition, the weakly bounded selenium atoms
in the structure were possibly freed and separated to the surface of samples with increasing annealing temperatures (see Table 1)
(Julien et al. 1990; Thomas & Kutty 1990). The Scherrer’s formula was used to calculate the by using the value of main XRD peak’s
full width half maximum (FWHM) (Langford & Wilson 1978). The values of grain size were detected to be in between 160 and 205
nm for CGS thin films increasing with ascending annealing temperature. The enlargement in the grain size is the confirmation of the
advance of the crystallinity with the annealing procedure as detected in X-ray diffraction pattern of CGS thin films. However, the
grain size of the CIS thin film annealed at 400 °C was calculated as 206 nm since below this annealing temperature it showed
amorphous behavior as observed from XRD patterns.

3.3. Raman Analysis

The crystal structure of chalcopyrite CIGS is related to the space group, 142d, i.e. to the point group D32 (Choi 2011; Roy et
al. 2002). In the naturel vibration for group D4, the primitive cell’s oscillations containing acoustic modes and optic modes are split
as follows;

T, =A, +2A4,+3B, + 4B, + 7E (1)

The number of Raman active modes A; + 24, + 3B; + 3B, + 6E is 19 and the symmetry of acoustic modes is Bo+E (Rincén &
Ramirez 1992). The tetragonal ternary (I-III-VI,) composition can be imagined as two permeate face centered cubic (fcc) lattice, the
initial anion lattice takes place group VI atoms and the other being an ordered draw up group I and group III cations. Accordingly,
super lattice structure cuts down the cubic zinc blende (sphalerite) symmetry to that of a tetragonal chalcopyrite structure (Ar Bur Crv)
(Albin et al. 1988). Two structural differences are in existence between the chalcopyrite and sphalerite structures. These differences
are;

e  The tetragonal deformation (c/a ratio) is not equivalent to 2.0.

e The group VI atoms displacement of from their ideal value of u=25, here u being the tetrahedral deformation (Roy et al.
2002).

In this work, Raman spectra of samples were performed at room temperature to find out the active modes of Raman in CIS and
CGS the thin film samples.
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Figure 2. Raman spectra of as-grown and annealed (a) CIS and (b) CGS samples at 350 and 400 °C.

Figure 2 (a) and Figure 2 (b) show the Raman spectra of CIS and CGS thin films recorded at room temperature, respectively. For
400 °C annealed CIS thin films, the most concentrated line at 178 ¢m™ might be allocated to the A1 mode, that is the most powerful
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mode, detected in the Raman spectra of chalcopyrite structure (Tanino et al. 1992). Moreover, as-grown and annealed CGS thin film
sample at 350 °C has the most intensive line at 486 cm™!. Figure 2 (b) exhibits that the intensity of peak at 486 cm™' decreases with
annealing and disappears. After annealing at 400 °C, CGS sample has a strong peak at 185 cm-1. This peak is the powerful line of Al
mode that might be the result of the separation of Se atom in the structure (De Blasi et al. 1989). The existence of the phase of Cus.«
Se at 240 cm™ was observed in as-deposited and annealed CGS films at 350 °C. However, this phase totally disappeared after
annealing at 400 °C. Apparently, the heat treatment has the significant effect on the crystallinity and the component of the deposited
films. The results of Raman spectra were coherent with the results of XRD as shown in the previous part.

3.4. Optical Analysis

In order to find out the optic properties of the thin film samples, transmittance measurements were performed at room
temperature in the wavelength value of 350-1100 nm and absorption coefficient was computed by using the equation;

_1 ’_0)
a=2ln (1 2
here d being the film thickness, I being the transmitted light intensity, and Iy being the incident light vertical to the sample surface.

After computing the absorption coefficient in the analyzed spectral domain, Tauc plot (Touc 1974) was used to compute the optic
band gap, E,, values in accordance with the following relation;

(ahv) = Ahv - Eg)” 3)

here A being a constant and n being the power exponent that varies with regard to the types of transition, as for direct transition n =
1/2 , and for indirect transition n =2 (Pankove 1971). One may decide the type of direct or indirect transition by plotting (chv)!/®
versus hv. In order to obtain the E, values of CIS and CGS thin film samples, (¢hv)? versus hv were plotted due to CIS and CGS thin
films have direct optic transition (Jaffe & Zunger 1983). Figure 3 (a) and Figure 3 (b) illustrate the typical plot of transmission
versus wavelength for CIS and CGS thin film samples, respectively.
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Figure 3. Transmission spectra for as-grown and annealed (a) CIS and (b) CGS thin films at 350 and 400 °C. The variation of (ahv)’

as a function of incident photon energy for as-grown and annealed (c) CIS and (d) CGS thin films at 350 and 400 °C.
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As shown in Figure 3 (a), there is significant change in transmission with the annealing temperature. Transmittance value
significantly increases following the annealing at 400 °C for CIS thin film sample. On the other hand, there is not significant change
in transmission values of CGS thin film sample. Figure 3 (c¢) and Figure 3 (d) show the plot of (ahv)? versus (hv) for the as-grown
and annealed CIS and CGS thin film samples at 350 and 400 °C, respectively. The band gap values were calculated from the linear
regression of the least squares fit to the plot of (ahv)? versus (hv) on the energy axis (hv) and were tabulated in Table 2 for the as-
grown and annealed CIS and CGS thin films.

Table 2. The calculated band gap values for the as-grown and annealed CIS and CGS thin films at 350 and 400 °C.

E,
(eV)
Sample As-grown A 350 °C A 400 °C
CIS 1.28 1.36 1.45
CGS 1.68 1.72 1.75

As seen from Table 2, the band gap values are lying in between 1.28 eV and 1.45 eV for as grown and annealed CIS thin films
and between 1.68 ¢V and 1.75 eV for as-deposited and annealed CGS thin films. There is a considerable enlargement in the band gap
values of CIS samples during the conversion from amorphous phase to polycrystalline phase occurs with annealing between 350 and
400 °C. The optic band gap value of CIS firstly increases from 1.28 to 1.34 ¢V with annealing at 350 °C, and then demonstrates a
similar step up to 1.45 eV with annealing at 400 °C. The same kind of increasing behavior was also observed in CGS samples. Such
as, initially, the band gap energy was 1.68 ¢V for as-grown sample, and then it increased slightly from 1.72 to 1.75 eV with increasing
annealing temperature from 350 °C to 400 °C. In the amorphous form of CIS samples, the density of defects and the degree of
disorder are more prominent than in polycrystalline phase (Mott & Davis 1971). Generally, the defect density and the decrease in
disorder in the structure lead to a raise in the optic band gap energy. Additionally, other possible reason for observing enhance in band
gap with increasing annealing temperature might be the impregnation of suspended bonds in the amorphous structure (Mott & Davis
1971). Therefore, the behavior of shifting of band gap to the higher energy edge found while the phase alteration from amorphous to
crystalline phase may also be associated with CIS and CGS thin films crystallization. C. Julien et al. (Julien et al. 1990) and B.
Thomas et al. (Thomas & Kutty 1990) informed a similar event for InSe thin films. The increase in optic band gap value with
increasing annealing temperature was assigned to the loss of Se at high temperatures along with the creation of different phases (De
Blasi et al. 1989; Thomas & Kutty 1990; Julien et al. 1990). The optic absorption coefficient was computed from the transmission
data (Figure 3 (a) and (b)) and the room temperature absorption coefficient values for all samples were found to be about 10° - 10°
cm’! for the incident light in the range of 350-1100 nm (Kazmerski et al. 1983).

3.5. Electrical Analysis

The hot probe measurements indicated that CIS films have n-type and CGS thin films have p-type electrical conductivity (Chichibu et
al. 2004; Neumann et al. 1978). The temperature dependent conductivity measurements for as-deposited and annealed CIS and CGS
samples at 400 °C were performed in between 100-400 K. In order to eliminate the finite contact effects, a Cu-mask in the geometry
of van der Pauw was used to deposit the thin film samples. I-V measurements were measured for the films to check the ohmicity of In
contacts before the electrical measurements.

e-ISSN: 2148-2683 82



European Journal of Science and Technology

0.18 —————————————— 2.40 ——————————————
a b
) A O Asgr ) o O Asgr
015¢ :};‘!ﬁ A A400 2.20-% A A400-
- . SOOMAA A A A - Fi
= 012k %M AN A A A A Ad = A
c 0 Al A9 F200p A -
3] o \
.ﬁ .3 L
= 009¢ 1 =180k A J
b © Fa)
5 006F 1 S 1eof ﬁé\, “Oog ]
) _,-J\'\,\ o o O O
140 F COAAA A A A A
W rropgo0p 0,0 oo
2 3 4 5 6 7 8 9 10 2 3 4 5 6 7 8 9 10
1000/T (K™ 1000/T (K™)

Figure 4. Deviation of conductivity with reverse temperature for as-grown and annealed (a) CIS and (b) CGS thin films at 400 °C.

As shown in Figure 4 (a) and Figure 4 (b), the room temperature electrical conductivity values of both CIS and CGS films
increase systematically with increasing annealing temperature. The room temperature conductivity values were 8.6x10 and 13.6x1072
(Q.cm)! for CIS films; 1.6 and 1.9 (Q.cm)! for CGS films before and after post-annealing process, respectively. The variation of
conductivity with the absolute temperature in between 100-400 K, for both CIS and CGS thin film samples does not show any sharp
behavior. The reason for this type of electrical conductivity-temperature variation could be related to the metal rich composition of the
films consistent with the results obtained from the compositional analysis which showed that the samples had Se-deficient and CuzIn
(or Ga)-rich compositions.

4. Conclusions

Thin films of Culn;«GaxSe, (CIGS) with x=0 (CIS) and x=1 (CGS), were deposited by sputtering onto glass substrates and the
structural, optic, electrical properties of the deposited films were investigated as a function of the post annealing temperatures. The
compositional analyses showed that Se content of the samples decreases with increasing annealing temperature and Se-deficient and
Cu, In (or Ga)-rich thin film structures were detected. XRD measurements indicated that as-grown CIS and CGS thin films had an
amorphous structure and the conversion from the amorphous to the polycrystalline phase was seen following the annealing at 350 °C
and 400 °C with the preferred crystalline orientation in the direction of (112) plane for both structures. The grain sizes of all samples
were increased with annealing. The room temperature Raman measurements of the samples indicated that the main Raman peaks were
at 178 cm™! and 185 cm™! for CIS and CGS, respectively. In as-grown and annealed CGS films at 350 °C, the peak at 240 cm™! because
of the vibration mode of Cu,.«Se phase was observed and disappeared after annealing at 400 °C. The band gap values were found as
1.28 eV for as-grown and 1.45 eV for annealed CIS; and 1.68 eV for as-grown and 1.75 eV for annealed CGS thin film samples. The
optic and electrical properties of the samples showed different behavior depending on the advancement in the crystallinity and
modification of the films structure. Electrical measurements indicated that the room temperature electrical conductivity values of
both n-CIS and p-CGS films increase systematically with increasing annealing temperatures.
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Oz

Bu ¢aligmada bes farkli baharatin etanol ekstraktlar1 ke¢iboynuzu g¢ekirdeginden elde edilen gamla kaplanmis kasar peynirleri 28 giin
boyunca depolanmig ve bu siire boyunca drneklerin mikrobiyolojik ve duyusal degerlerindeki degisimleri incelenmistir. Depolama siiresi
sonunda tiim 6rneklerin mikroorganizma sayilari artig gostermistir (P<0.05). Farkl bitki ekstraktlar: ilavesi ile kaplanan 6rneklerin toplam
aerobik mezofil bakteri ve psikrofilik bakteri sayilarinin, kontrol numunesine kiyasla, ortalama 1 log, maya kiif sayilarinin ise, ortalama
3.5 log daha diisiik oldugu tespit edilmistir (P<0.05). Depolama sonunda en diisiik toplam aerobik mezofilik bakteri (4.98 log kob/g),
psikrofilik bakteri (2.81 log kob/g) ve maya kiif sayisinin (4.59 log kob/g) tar¢in ekstrakti igeren gamla kaplanmis kasar peynir
numunelerinde oldugu belirlenmistir. Ayrica depolama siiresi boyunca Orneklerimizin hi¢ birisinde toplam koliform grup ve
Staphylococcus aureus tiirii bakteri gelisimi tespit edilmemistir. Yapilan duyusal analiz sonuglarina gore kontrol numunesi hari¢ tim
orneklerin genel begeni puanlari, ilk 15 giin siiresince artis gostermesine karsin, depolama sonunda azalmistir (P<0.05). 28 giinliik
depolama siiresi sonucunda en fazla begenilen 6rnekler 6.80 genel begeni puani ile biberiye ekstrakti ile kaplanan peynir numuneleri
olmugtur (P<0.05).

Anahtar Kelimeler: Kasar, Bitki ekstrakti, Mikrobiyolojik kalite, Biberiye, Tar¢in.

The Effects of Coating with Different Plant Extracts on Microbiological
and Sensory Attributes of Fresh Kashar Cheese

Abstract

In this study, the kashar cheeses coated with the locust bean gum that contained ethanol extracts of five different plants. The changes in
microbiological and sensory attributes of the samples were examined during the 28 days storage periods. Microorganism numbers of all
samples increased at the end of storage period (P <0.05). The total number of aerobic mesophilic bacteria and psychrophilic bacteria in the
coated with plant extracts samples were found to be 1 log and the number of yeast molds was 3.5 log lower than the control sample (P
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<0.05). At the end of storage, it was determined that the lowest total aerobic mesophilic bacteria (4.98 log cfu / g), psychrophilic bacteria
(2.81 log cfu / g) and yeast mold count (4.59 log cfu / g) were in the coated cheese samples produced with cinnamon extract. In addition,
total coliform group and Staphylococcus aureus bacterial growth were not detected in any of our samples during storage period.
According to the results of sensory analysis, the overall acceptability scores of all samples except the control sample increased during the
first 15 days but decreased at the end of storage (P <0.05). As a result of 28 days of storage period, the most admired samples were cheese
samples coated with rosemary extract with an overall rating of 6.80 (P <0.05).

Keywords: Kashar, Plant extract, Microbiological quality, Rosemary, Cinnamon.
1. Giris

Kasar; Tiirkiye’de en ¢ok tiiketilen ti¢ peynir ¢esidinden birisidir (Cakir & Cakmakei, 2018). Benzer peynirler Balkan tilkelerinde
de Kaskaval adiyla bol miktarlarda iiretilmektedir (Oksiiz ve ark, 2001). Peynir, telemesi 1sitildiginda esnek yap1 kazanan ve gerildiginde
uzayan bir yapiya sahip olan 1s1l iglem gbrmils /pasta filata ailesine mensuptur. Bu 6zellikleri nedeniyle de Caciocavalle, Provalon,
Mozzarella ve Kashkaval ile aym grupta simflandirilir (Celik ve ark, 2018). Geleneksel iiretim prosesi, maya ilavesi ve mayalanma, pihti
olusumu, fermantasyon, tuzlu suda (en az 72 °C derecede) pisirme ve yogurma, kaliplama ve olgunlastirma asamalarindan olusur
(Hayaloglu, 2009).

Tiirkiye’de kasar peyniri taze ve olgunlastirilmus olarak iki farkli sekilde iiretilmektedir (Oksiiztepe ve ark, 2009). Bu iki kasar
arasindaki en 6nemli fark siite uygulanan isil iglemlerde ve olgunlagtirma siirelerindedir. Olgunlastirilmis kasar peyniri, hammadde olarak
¢ig siitiin kullanilabilmesi, iiretiminde geleneksel yontemlerin (makine yerine insan giicii ile liretim) kullanilmasi ve en az 120 giin siire ile
olgunlastirildiktan sonra satisa sunulmasina karsin, taze kasar peyniri ise; pastorize inek siitiinden tiretilen ve olgunlastiriimadan ya da ¢cok
kisa (1- 2 giin) bir olgunlastirma isleminden sonra satisa sunulmasidir (Anonim, 2015).

Taze olarak tiiketilen kasar peynirlerindeki en biiyiik problemlerden birisi, peynirin ambalaj1 acildiktan ¢ok kisa siire sonra yiizeyde
meydana gelen kif gelismesidir. Taze kasar peynirinin su aktivitesi kiif geligmesi icin ideal smurlar igerisinde oldugundan ve kasar
iretiminde kiif gelisimini engelleyici katki kullanimimin yasak olmasi nedeniyle iiretilen kasarlarin biiyiik bir kismi kiifler tarafindan
tiketilemez hale getirilmektedir.

20 yiizyilin sonlarindan itibaren baharatlarin gidalarda kullanim amaglar1 disindaki etkileri iizerinde yapilan ¢aligmalar 6nem
kazanmigtir. Bu amagla yapilan pek ¢ok arastirma sonucunda baharatlarin pek ¢ogunun antibakteriyel, antifungal ve antiviral etkiye sahip

olduklar1 ortaya konulmustur (Gradinaru ve ark, 2018; Vijayan & Mazumder, 2018; ibrahim ve ark, 2017; Boyraz & Ozcan, 2005).

Adacay1 (Salvia officinalis L.) Labiatae / Lamiaceae familyasina ait bitkidir. Bugiin biitiin Diinya ¢apinda yetismesine karsin
orijini Orta Dogu ve Akdeniz bolgelerine 6zgidiir (Garcia ve ark, 2016). Adagay1 Esansiyel yaginin bilesiminde baglica; borneol, kafur,
karyofilen, sineol, elemen, humulen, leden, pinen ve thujon yer almaktadir (Hayouni ve ark, 2008). Biberiye (Rosmarinus officinalis L.)
ise, Laminaceae familyasina aittir. Diinyanin birgok yerinde, bu bitki gida, icecek ve kozmetik sanayisinde yaygin olarak kullanilmaktadir
(Mohamed ve ark, 2016). Bitkinin bilinen farmakolojik etkilerinin, bilesiminde bulunan rosmarinik asit, karnosik asit ve karnosol gibi
fenolik bilesenlerden geldigi belirtilmektedir (Mara ve ark, 2014). Aymi Biberiye gibi kekik’de (Tymus vulgaris L.) Laminaceae
familyasina ait bir bitkidir. Esansiyel yaginin baslica bilesenleri, Thymol (%48,9) ve p-cymene (%19,0) den olusmaktadir (Sokovic ve
ark, 2009). Tar¢in ise, (Cinnamomum zeylanicum L.) insanlik tarihinin bilinen en eski baharatlarindan birisi olup, Lauraceae familyasina
aittir. Ana vatan1 Gliney Asya olan bitkinin major bilegenleri; sinemaldehit (%61) ve eugenol (%30)’dur (Cabello ve ark, 2009; Kahraman
ve ark, 2014). Zingiberaceae familyasinin bir iiyesi olan Zencefil ise; bugiin Afrika ve diger tropik bolgelerde de yetismesine karsin
anavatam Asya olan bir bitkidir (Singletary, 2010). Zencefil, kalin koklere sahip, dik gévdeli, ¢ok yillik bir bitkidir. Esansiyel yaginda
baslica monoterpenoid ve seskiterpenoidlerden olusan 50°den fazla bilesen tanimlanmustir (Arablou & Aryaeian, 2014).

Bu ¢alismada; bes fakli baharatin (Adagayi, Biberiye, Kekik, Tar¢in ve Zencefil) etanol ekstraklar1 kegiboynuzu ¢ekirdeginden
elde edilen gama ilavesiyle edilen karigimla kaplandiktan sonra depolanan taze kasar peynirlerinin mikrobiyolojik ve duyusal
kalitelerindeki degisiminin incelenmesi amaglanmigtir.

2. Materyal ve Metot

2.1. Materyal

Kasar peynirlerinin iiretiminde holstein cinsi ineklerin siitleri (Kuru madde %12.24, Protein %3.06, Yag % 3,32 ve pH 6.26)
kullanilmistir. Siitler Afyonkarahisar ilinde faaliyet gosteren bir siit {ireticisinden saglanarak, soguk zincir altinda Afyonkarahisar ilinde
bulunan bir siit fabrikasina getirilmistir. Peynirlerin {iretimi yine aymi fabrikada Cakmake¢1’nin (2011) belirttigi proses asamalar1 modiye
edilerek (Sekil 1.) gerceklestirilmistir.

2.2. Kaplama Materyali

Kasar peynirlerinin kaplanmasinda Adagay1, Kekik, Biberiye, Tar¢in ve Zencefil baharatlarinin etanol ekstraklar1 kullanilmstir.
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2.3. Ekstraktlarin Hazirlanmasi

Arastirma da kullanilan baharatlar, Afyonkarahisar ilinde faaliyet gosteren yerel bir marketten temin edildi. Her bir baharat
ogiitiicti degirmen yardimu ile toz haline getirildi. Toz haline getirilen baharatlardan 100’er gram tartilarak, tizerlerine 400 ml %80’lik etil
alkol ilave edildi. Ardindan 24 saat boyunca shaker (WiseShake® SHO-2D) kullanilarak 120 rpm de karistirildi. Siire sonunda karisim
sterilize 22 mm filtre kagidindan siiziilerek, rotary evaporatére (Heidolph Hei-VAP value) alinarak 100 rpm devirde ve 60 °C sicaklikta
alkol ve ekstrak kismi birbirinden ayrildi. Bu islem ¢aligmada kullanacagimiz kasarlar1 kaplamaya yetecek kadar ekstrakt elde edilene
kadar devam edildi.

Taze Cig Inek Siti
Pastdnizasvon (75°C- 15 sn.)
Sogutma (33°C)

Starter Kiiltiir Tlavesi (%60,5 Oraminda)
(Streprococcus salivarus spp. thermophilus, Lactobacillus delbrueckii spp. bulgaricus)

CaCl; (0.2 g/100L) ve Rennet flavesi (1:16000 MCU/mL)
Pihtilagama ve Sertlesme (90 Min.)
Teleme Eesimi (3 cm?)
Teleme Fermantasyonu (pH 5.1- 3.3)
Sicak Su icerisinde Pisirme ve Haslama (% 4-8 WNaCl, 75 -85 °C’de)
Yogurma ve Germe

Sekil Verme ve gahplama (200 g)

Kaliplardan (;l]{EI‘tt‘na (10 Saat Sonra)

Soguk Depoya Alma ve olgunlagtirma (0-4 °C, % 75-80 Nisp1 Nemde , 48 Saat)

Sekil 1. Kasar Peynir Uretiminin Akig Diyagrami
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Keciboynuzu (150 g) Su ekleme ( 500 mL) ——————  QOgiitme
1 x x
Mekanik Kirma Isitma ( 70 "C, 30 Dk LBG
1 |
Eleme Etanol Ile Caktiirme
& T
Polimer Stizme
l T
Su Ile Yikama Kurutma E—

Sekil 2. Locus Bean Gum (LBG) Eldesi

2.4. Keciboynuzu Gaminin Elde Edilmesi

Kaplama malzemesi olarak kec¢iboynuzu g¢ekirdeklerinden elde edilen gam (Locust Bean Gum) (LBG) kullanildi. LBG Aydinl ve
Tutas (2000)’in belirttigi metot kullanilarak elde edildi (Sekil 2).

2.5. Polimer Kaplama Malzemesinin Hazirlanmasi ve Kasar Peynirlerinin Kaplanmasi

Karisimda kullanilacak kaplama malzemesinin hazirlanmasinda uygulanacak formiil, Durupinar (2015)’in belirttigi metodun
modifiye edilmesi ile belirlendi. Bu amagla 1000 mL’lik bir beher igerisine 2,55g LBG tartilarak {izerine 150 mL saf su ilave edilerek
manyetik karistiricili 1sitict yardum ile 70 °C’ ye kadar 1sitildi. Ardindan plastiklestirici olarak kullanilan sorbitolden 0,020 g eklendi.
Denemede kullanilacak LBG ve sorbitol miktarlari daha 6nce yapilan 6n denemeler sonucunda belirlendi. Karisim 30 dakika siiresince
karigtirtldiktan sonra homojenizatdr yardimiyla 13000 rpm devirde yaklasik 5 dk siire karistirilarak homojen hale getirildi. Ardindan
¢Ozelti igerisinde bulunmasi muhtemel hava kabarciklarinin uzaklastirilmast magi ile 60 dakika siire ile orbital karigtiricida karigtirildi.
Karisimin igerisinde bulunmasi muhtemel hava kabarciklarinin uzaklastirilmasi saglandi. Islem sonunda hazir hale gelen karisim igerisine
miktari elde edilen bitki ekstraklarindan ayri ayr1 %15 oraninda ilave edilerek homojenizator yardimiyla iyice karistirildi.

Ardindan taze kasar peynirleri elde edilen bu karisim igerisine daldirilarak 10 dk siire ile bekletildi. Siire sonunda kasarlar kaplama
malzemesi igerisinden ¢ikartilarak siiziildii ve 4 °C de, % 75-85 nispi neme sahip soguk odalarda aerobik kosullarda 28 giin siire ile
depolandi.

2.6. Mikrobiyolojik Analizler

Mikrobiyolojik analizler depolamanin 0, 7, 15, 21 ve 28. Giinlerinde yapildi. Bu amagla 6ncelikle, aseptik kosullarda 10 g kasar
numunesi alindi. 90 ml steriliz ringer ¢6zeltisi ilave edilerek (1:9 w/v) stomacher’de (Lab-Blender 400, London, UK) 3 dakika siire ile
homojenize edildi. Steriliz edilen bu karisimdan 1 ml alinarak igerisinde 9 ml sterile ringer ¢6zeltisi bulunan tiip igerisine ilave edildi ve
vortex yardimi ile (IKA MS3, Germany) karistirldi. Bu sayede 1072 lik dilusyon hazirlandi. isleme aymi sekilde devam edilerek seri 10
’ya kadar seri dilusyonlar hazirlandi (Anonim, 2001).

2.6.1. Toplam Aerobik Mezofilik Bakteri (TAMB) Sayist

Dilusyonlarin her birinden, ¢ift paralel olacak sekilde, steril pipet yardimi ile 0.1 ml alinarak Plate Count Agara (Merck 1.05463)
ekim yapild1 ve 6rnegin steril drigalski spatiilii yardimu ile besiyerinin yiizeyine homojen bir sekilde yailmasi saglandi. Ornegin besiyeri
tarafindan emilmesi beklendikten sonra (15 dk.) petri kutulari aerobik kosullarda 37 °C de 24-48 saat siire ile inkubasyona birakildi.
Inkubasyon siiresi sonunda olusan kolnilerden 30-300 arasindaki sayida olanlar sayilarak toplam aerobik mezofilik bakteri sayisi
hesaplandi (ISO, 2013a;b).

e-ISSN: 2148-2683 89



Avrupa Bilim ve Teknoloji Dergisi
2.6.2. Psikrofilik Bakteri Sayist

Hazirlanan her bir dilusyondan, steril pipet yardimi ile ¢ifter paralel olacak sekilde 0.1 ml alinarak Plate Count Agara (Merck
1.05463) ekim yapildi. Besiyeri tarafindan drnek emildikten sonra petri kutular1 aerobik kosullarda 4 °C de 5 - 7 giin siire ile inkubasyona

birakildi. Inkubasyon siiresi sonunda olusan kolnilerden 30-300 arasindaki sayida olanlar sayilarak toplam maya kiif sayis1 hesaplandi
(FAO,1992).

2.6.3. Toplam Koliform Grup Bakteri (TKGB) Sayisi

Kasar 6rneklerinden hazirlanan dilusyonlardan 0,1 ml alinarak Violet Bile Agara (VRB) (Merck 1.01406) ekim yapildi.Ardindan
steril drigalski spatiilii yardimi ile 6rnek besiyeri yiizeyine homojen bir sekilde yayildi. Besiyerinin 6rnegi emmesinin ardindan, daha
onceden hazirlanmis 30 - 35 °C’deki VRB agardan birkez daha (10 ml) petri kutularina dokiildii. Besiyerinin katilasmasinin ardindan petri
kutular1 30 °C de 24-48 saat siire ile inkubasyona birakildi. inkubasyon siiresi sonunda olusan kolnilerden 30-300 arasindaki sayida
olanlar sayilarak toplam koliform grup bakteri sayisi hesaplandi (ISO, 1991).

2.6.4. Maya ve Kiif Sayist

Hazirlanan seri dilusyonlarin her birinden (¢ift paralel) 0,1 ml steril pipet yardimi ile alinarak Dichloran Rose Bengal
Chloramphenicol Agara (DRBC) (Merck 1.00466) ekim yapildi. Ardindan 6rnek steril drigalski spatiilii yardimi ile besiyerinin yiizeyine
homojen bir sekilde yayildi ve besiyerleri aerobik kosullarda 25 °C de 5-7 giin siire ile inkubasyona birakildi. inkubasyon siiresi sonunda
olusan kolnilerden 30-300 arasindaki sayida olanlar sayilarak toplam maya kiif sayisi hesaplandi (ISO, 2008).

2.6.5. Staphylococcus aureus Tiirii Bakteri Sayist

Staphylococcus aureus tiirii bakteri sayis1 analizlinde hazirlana tiim diliisyonlardan ¢ift paralel olacak sekilde 0,1 steril bir pipet ile
aliarak Baird Parker Agara (Merck 1.05406) ekim yapildi. Steril bir drigalski yapdimi ile 6rnek besiyeri yiizeyine homojen bir sekilde
yayildiktan sonra 15 Dk. Siire ile 6rnegin besiyeri tarafindan emilmesi i¢in beklendi. Ardindan petri kutular1 37 °C de 24-48 saat siire ile
inkubasyona birakildi. inkubasyon siiresi sonunda olusan kolnilerden 30-300 arasindaki sayida olanlar sayilarak toplam koliform grup
bakteri sayist hesaplandi (ISO, 1999).

2.7. Duyusal Analizler

Kasar peynirlerinin duyusal degerlendirilmesi, depolamanm 0., 15. ve 28.giinlerinde olacak sekilde 3 ayri zaman diliminde
gerceklestirildi. Kagar numunelerinin duyusal degerlendirilmesi, Akarca ve ark, (2016), belirtilen duyusal test parametreleri modifiye
edilerek olusturulan puan kartlari kullanilmig, farkliliklar bir skala {izerinde puanlama sistemi ile belirlenmistir. Duyusal analizler, Afyon
Kocatepe Universitesi Gida Miihendisligi Boliimii'nden yirmi egitimli panelist tarafindan gerceklestirildi. Ornekler; goriiniis, renk, yapi,
tat ve koku ile genel begeni kriterlerince, hedonik skala ile 1-9 arasinda degerlendirildi: 1-3(kabul edilemez), 4-5 (kabul edilebilir), 6-7
(iyi), 8-9 (gok iyi) (Onogur & Elmac1,2012; Anonim, 2012).

2.8. Istatistiksel Analizler

Deney dizayni, alti numune (Kontrol, adagay1, biberiye, kekik, tar¢in ve zencefil), 5 depolama zaman (0., 7., 15., 21., 28. giinler)
ve iki tekrar olacak sekilde uygulandi. Verilerin istatistiksel analizi, SPSS programinin 17.0.1 versiyonunun varyans analizi kullanilarak
yapilmigtir (Anonim, 2008). Anlaml1 bir degere sahip ortalama degerler, Duncan'in goklu rangle testleri ile karsilagtirildi.

3. Arastirma Sonuglari ve Tartisma

3.1. Toplam Aerobik Mezofilik Bakteri (TAMB) Sayis1

Depolama baslangicinda en diisiik TAMB sayisina 4.08 log kob/g ile kaplama materyaline adagayi ilave edilen, en yiiksek sayiya
ise; 4.45 log kob/qg ile kekik ilavesi ile kaplanan kasar 6rnegi oldugu belirlenmistir. Buna karsin depolamanin sonuncu giiniinde en diisiik
TAMB sayisina 4.98 log kob/g ile LBG igerisine tar¢in ekstrakti ilave edilerek kaplana 6rnek oldugu, en yiiksek sayisnin ise yine kontrol
ornegi oldugu tespit edilmistir (Tablo 1.).
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Tablo 1. Kasar Orneklerinin Depolama Siiresinceki Toplam Aerobik Mezofilik Bakteri Sayilart (log kob/g)

Kontrol Adacayl Biberiye Kekik Tar¢in Zencefil
0.Giin 4.36%¢ 4,087 4.11%¢ 4.45°¢ 4,137 4.27A¢
7.Giin 5.124° 4.82R8¢ 4.48Bbc 4,6578b¢ 4.368¢ 4,51A8bc
15.Giin 6.194® 5.08B¢0 4.898¢P 5.1680 4.67 5.238¢
21.Giin 6.68" 5.48B2 5.338¢a 5.43B 4,75 5.68A80
28.Giin 6.814¢ 5.7782 5.41¢Ba 5.6982 4.98¢ 6.03AB2

A - C (—) : Aym satirdaki farkli harflere sahip degerler istatistiksel olarak 6nemli 6l¢tide farklilik gostermektedir (p<0.05).
a—d () : Ayn siitunda farkli harflere sahip degerler istatistiksel olarak onemli 6lgiide farklilik gostermektedir (p<0.05).

Kaplama materyal icerisine farkli baharatlarin ilavesinin kagar drneklerinde TAMB sayisinin artisint engelledigi, 6zellikle tar¢in ve
biberiyenin bu artis1 en fazla engelleyen baharatlar oldugu belirlenmistir.

3.2. Psikrofilik Bakteri Sayis1

Farkli baharat etanol ekstraklarinin LGB igerisine ilavesi ile edilen kaplama malzemesi ile kaplana kasar peyniri 6rneklerinin 28
giinliik depolama siiresi boyunca psikrofilik bakterilerinin sayilar1 Tablo 2’de gosterilmistir.

Depolama siiresi boyunca tiim orneklerin psikrofilik bakteri sayilari artis gostermesine karsin en az artisin targin ekstrat1 ilave
edilerek depolanan kasar peyniri drneklerinde oldugu belirlenmistir. Depolama siiresi sonunda en fazla psikrofilik bakteri sayisi 3.93 log
kob/g ile kontrol drneginde, en diisiik psikrofilik bakateri sayisi ise 2.81 log kob/g ile tar¢in ilavesi ile kaplana kasar peyniri 6rneklerinde
oldugu tespit edilmistir.

Wang ve ark, (2018) tar¢in esansiyel yaglarinin Porphyromonas gingivalis iizerinde antibakteriyel etkiye sahip oldugunu ve bu
etkinin tarcin esansiyel yaginin bilesiminde baslica bulunan sinemaldehit’den kaynaklandigin bildirmislerdir. Benzer sekilde Unlii ve ark,
(2010) tarcin esansiyel yaginin 21 farkli bakteri {izerindeki antimikrobiyal etkisini arastirdiklart ¢aligsmalarinda tar¢inin aragtirmada
kullanilan tiim bakyeriler iizerinde kuvvetli bir antibakteriyel etki gosterdigini b tespit ettkilerini bildirmislerdir. Aragtirmacilar
antibakteriyel etkinin tar¢inin ana bilesen olan sinemldehitten kaynaklandigini ifade etmislerdir.

Tablo 2. Kasar Orneklerin Depolama Siiresinceki Psikrofilik Bakteri Sayilar: (log kob/g)

Kontrol Adacayl Biberiye Kekik Tar¢in Zencefil
0.Giin 2.087d <2Ad <28¢ <2he <2ABC <A
7.Giin 2.844¢ 2.168¢ <2ABC 2.248B0 <2ce 2.44A8bc
15.Giin 3.367° 2.48% 2.538Cb 2.718° 2.12Pp 2.628°
21.Giin 3.71A® 2,795 2.875% 3.04AB® 2.58C 2.998b
28.Giin 3.9374 3.138 3.0482 3.361B2 2.81¢% 3.41A8a

A - C (—) : Ayni satirdaki farkli harflere sahip degerler istatistiksel olarak 6nemli 6l¢iide farklilik gostermektedir (p<0.05).
a—d (]): Ayni siitunda farkli harflere sahip degerler istatistiksel olarak dnemli dlgtide farklilik gostermektedir (p<0.05).

3.3. Maya ve Kiif Sayisi

Farkli bitki ekstraklar1 ilave edilerek kaplanan ve 28 giin siire ile depolanan kasar orneklerine ait maya kiif sayilari Tablo 3’de
gosterilmistir.
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Tablo 3. Kasar Orneklerin Depolama Siiresinceki Maya/Kiif Sayilar: (log kob/g)

Kontrol Adagayl Biberiye Kekik Tar¢in Zencefil
0.Giin 3.31Ad 3.42Ad 3.36¢ 3.58%¢ 3.28%¢ 3.544d
7.Giin 4.46%¢ 3.68¢E¢ 3.858 4.2878d 3.55¢b¢ 4,32ABc
15.Giin 5,52Abc 4,12¢Pb 4.46¢ 5.14A8¢ 3.88M0 4.968¢
21.Giin 7.3170 4.6582® 5.73% 6.68480 4,028¢ab 6.0780
28.Giin 9.86"2 5.45¢ 6.62CB2 7.7282 4,59ba 7.228

A - D (—) : Ayni satirdaki farkli harflere sahip degerler istatistiksel olarak 6nemli 6l¢tide farklilik gdstermektedir (p<0.05).
a—e () : Ay siitunda farkl harflere sahip degerler istatistiksel olarak dnemli olgiide farklilik gostermektedir (p<0.05).

Depolama baslangicinda 6rneklerin maya kiif sayilarinin birbirlerine yakin oldugu (3.42 log kob/g) belirlenmistir. Depolamanin 7.
giiniinden itibaren 6rneklerin maya kif sayilarinda artig oldugu ve depolama siiresince bu artisin devam ettigi tespit edilmistir (P<0.05).
Bitki ekstraklari ile kaplanan tiim 6rneklerin maya kiif sayilarin depolama siiresi boyunca kontrol drnegine kiyasla daha diisiik oldugu
yapilan analizler sonucunda ortaya konulmustur. Depolamanin 28. giliniinde en fazla maya kiif sayisina sahip 6rnegin 9.86 log kob/g
(P<0.05) ile kontrol 6rnegi, en diisiik maya kiif sayisina ise; 4.59 log kob/g (P<0.05) ile tar¢in ekstrakti ile kaplanan kasar 6rnegi oldugu
bunu 5.45 log kob/g ile adagay1 ekstrakt: ile kaplanan kasar numunesinin izledigi tespit edilmistir. Rajkovic ve ark. (2015) yaptiklar
arastirmada tar¢in esansiyel yaglarmin Aspergillus flavus tizerinde antifungal etki gosterdiklerini bildirmislerdir. Benzer sekilde Comori
ve ark, (2013) ¢alismalarinda da Tar¢in ve Adagay1 esansiyel yaglarmin Aspergillus parasiticus var.globosus, Fusarium graminearum ve
Fusarium culmorum tirii kiifler iizerinde antifungal etkisi oldugunu bildirmislerdir.

Orneklerimizin hi¢ birisinde depolama siiresi boyunca toplam koliform grubu ve Staphylococcus aureus tiirii bakteri gelisimi
gbzlenmemistir.

3.4. Duyusal Degerlendirme

Bes farkli baharat ekstrakti ile kaplanarak depolanan kasar 6rneklerinin duyusal analiz sonuglar1 Tablo 4’de gosterilmistir.
Depolamanin baglangicinda kontrol numunesi 7.75 ile en yiiksek goriinlis puanina sahip olan 6rnek olmasma karsin Ornegin
derecelendirmesi depolama siiresi boyunca azalarak 28. Giinde 5.50’ye diigmiistiir (P<0.05). Kontrol érneginin ardindan en yiiksek ikinci
goriiniis puani 6.90 ile adagay1 ekstrakti ile kaplanan kagar numunesine ait olup, bu drnegi 6.85 ile biberiye ve 6.80 ile kekik ekstraklari ile
kaplanan ornekler izlemistir. Her ii¢ drneginde goriiniis puanlart depolama siiresince azalmasina karsin kontrol drnegine kiyasla daha
yiiksek oldugu tespit edilmistir. (P<0.05).

Kontrol 6rneginin renk puanlarinin diger drneklere kiyasla, depolamanin baslangicinda daha yiiksek oldugu (7.90) belirlenmistir.
Depolama siiresi boyunca renk degerleri de goriiniis degerlerine benzer sekilde azalma gostermistir (P<0.05). Depolama baslangicinda en
diisiik renk puanina 6.05 ile targin ekstrakti ile kaplanan 6rnegin sahip oldugu tespit edilmistir. Kontrol numunesi harig bes farkli ekstrakt
ile kaplanan o6rneklerin renk puanlari, depolamanin 15. giiniinde artis gostermesine karsin (P<0.05) depolamanin son giiniinde azalmstir.
Buna karsin kontrol numunesine kiyasla hepsinin puani1 daha yiiksektir (P<0.05).

Yap1 puanlart depolamanin baglangicinda tiim numunelerde birbirine yakin degerlerde tespit edilmis olup (P>0.05) tiim numunelre
depolamanin ilk 15 giinii artis gostermesine karsin sonraki giinlerde diisiis géstermistir (P<0.05). 28. Depolama giiniinde en diisiik yap1
puant 5.85 ile kontrol numunesine aitken, en yiliksek yapi puaninin 6.55 ile biberiye ekstrakti ile kaplanan ornekler oldugu yapilan
degerlendirmeler sonucu ortaya konulmustur.

Kasar o6rneklerinin tat ve koku puanlart kontrol numunesi hari¢ depolamanin ilk 15 giinii artis gostermesine karsin son giiniinde
azalmistir (P<0.05). Depolama sonunda en yiiksek tat ve koku puanina sahip 6rnegin; 6.80 ile biberiye ekstrakti kapli kasar numunesi
oldugu belirlenmistir. Buna kargin kontrol numunesinin tat ve koku puanlar ise; depolama siiresinde azalig gostermistir (P<0.05).
Depolamanin 28. giiniinde bu numunenin tat ve koku puani 5.80 olarak tespit edilmistir.

Genel begeni puanlar1 (kontrol numunesi hari¢) depolama siiresinin ilk 15 giinli boyunca az da olsa artig gostermesine karsin,
depolama siiresi sonucunda diisiis gostermistir (P<0.05). Genel degerlendirme puanlarina gore, 28 giinliik depolama siiresince en fazla
begenilen numunenin biberiye ekstrakti ile kaplanan kagar numunesi oldugu, bunu adagay1 ekstrakti ile kaplanan kasar numunesinin
izledigi belirlenmistir (P<0.05).
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Tablo 4. Kasar Orneklerinin Duyusal Analiz Sonuglart

Ornek 0.Giin 15.Giin 28.Giin

Kontrol 7.754 6.75%® 5.50bcC

Adagay1 6.90°A 6.80A 6.70%2

Gériiniis Biberiye 6.850 6.5 6.50%4
Kekik 6.80°A 6.350cAB 6.05%8

Targin 6.05A 5,608 5.55b¢B

Zencefil 6.00%A 5.75¢A8 5.40°8

Kontrol 7.90% 7.15%8 6.05¢

Adagay1 7.25bA8 7.40°4 7.10%B

Renk Biberiye 7.35% 7.55%4 7.25%
Kekik 7.30048 7.45%A 7.10%8

Tar¢in 6.60%8 6.80%A 6.40°8

Zencefil 7.25% 7.65%A 7.35%8

Kontrol 7.65% 7.754 5.85%8

Adagay1 7.70A 7.754 6.40%8

Yap1 Biberiye 7.75%4 7.95%4 6.55%
Kekik 7.50%4 7.90%4 6.45%

Targin 7.65% 7.75%4 6.30%8

Zencefil 7.70%4 7.85%4 6.408

Kontrol 7.75% 7.00v8C 6.55¢

Adagcay1 7.65P8 7.85% 7.55%8

Tat ve Koku Biberiye 8.15%A 8.404 7.80°4
Kekik 7.85% 8.05% 7.4008

Targin 7.75% 7.60%8 6.55°C

Zencefil 6.65% 6.80% 6.0500

Kontrol 7.75%4 7.20PAB 5.80¢

Adagay1 7.3048 7.30%4 6.75%A

Genel Begeni Biberiye 7.30¢8 7.35% 6.80°A
Kekik 7.20%A8 7.25%48 6.550A8

Targin 6.75% 6.75%¢ 6.10°8

Zencefil 7.00%8 7.10%8 6.40PAB

A - D (—) : Ayni satirdaki farkli harflere sahip degerler istatistiksel olarak 6nemli 6lgiide farklilik gostermektedir (p<0.05).
a—C () : Ayn siitunda farkl harflere sahip degerler istatistiksel olarak 6nemli 6l¢iide farklilik gostermektedir (p<0.05).

Bes farkli baharat estraktinin LBG igerisine ilavesiyle elde edilen karisim ile kaplanarak depolanan kasar numunelerinin tamaminin
toplam aerobik mezofilik, psikrofilik bakteri ve maya/kiif sayilari kontrol numunesine kiyasla daha yiiksek ¢ikmistir. Targin ekstrati ile
kaplanan ornekler duyusal degerlendirme sonucunda ¢ok fazla begenilmemesine karsin en diisiik mikroorganizma sayisina sahip drnekler
olmustur.

Targimin  gosterdigi bu kuvvetli antimikrobiyal aktivitenin nedeninin bilesiminde bulunan sinemaldehitten kaynaklandig
belirtilmesine kargin (Ownagh ve ark., 2010) bilesiminde, terpenoidler, esterler, aldehitler, ketonlar, asitler ve alkoller dahil olmak {izere
birgok farkli ugucu bilesikten olustugu icin, antibakteriyel ve antifungal aktiviteyi tek bir bilesik veya bilesik siniflariyla iliskilendirmek
oldukga zor oldugu (Ramos ve ark, 2013) bundan dolayi birgok bilesigin sinerjik etkisinden kaynaklandig: diistiniilmektedir.

4. Sonug

Taze kasar peyniri icerdigi yiiksek su aktivitesi degeri (Ortalama: 0.980) nedeniyle ambalaji agildiktan sonra ¢ok kisa bir raf
omriine sahiptir. Ozellikle kiiflenme, bu tiir peynirlerde en sik rastlanilan problemdir. Bunu &nlemek igin iiretici firmalar potasyum sorbat
gibi kimyasal ve natamisin gibi mikrobiyal kaynakli antifungallar1 peynire ilave etmekte ya da bu maddelerden olusan ¢ozeltiler ile
kaplamaktadir. Bu katkilarin bir kisminin kullanimi yasak olmasina karsin, bir kismi1 da ciddi saglik endiseleri tasimaktadir.

Bu tiir katki maddelerinin kullanimi yerine, taze kasar peynirinde en 6nemli sorun olan kiiflenmenin engellenmesi adina, bitkisel
ekstraklar kullanilabilecegi bu ¢alisma ile ortaya konulmustur. Konu ile ilgili yapilacak yeni ve detayli ¢aligmalar ile, basta siit tiriinleri
olmak tizere pek ¢ok gida teknolojisi alaninda kullanilan kimyasal ve mikrobiyolojik katkilarin yerine daha saglikli bitkisel kaynakli
katkilarin kullanimina saglanacag: diistiniillmektedir.
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Oz

Gilinlimiizde g¢evrenin kirletilmemesi ve dogal kaynaklarin tiikketilmemesi igin siirdiirebilir tarim uygulamalariyla ilgili ¢aligmalar
artmaktadir. Son yillarda siirdiiriilebilir tarim uygulamalart igin gelistirilen kiimiilatif ekserji tiiketimi ile ilgili analiz ¢alismalari
artmigtir. Kiimiilatif ekserji tiiketimi yaklagimi, mahsul tiretim siirelerinde kullanilan girdilerin tasarruf potansiyelini tespit etmek ve
boylece mahsullerin {iretim siireglerini iyilestirmede 6nemli bir metottur. Bu ¢aligmanin amaci portakal iiretim siirecini, kiimiilatif
ekserji tiiketimi yaklasimiyla degerlendirmektir. Bu ¢alismada, portakal iiretim siireci i¢in kiimiilatif enerji tiikketimi, kiimiilatif ekserji
tiketimi ve kiimiilatif CO, emisyon degerleri hesaplanmis ve degerlendirilmistir. Portakal iiretim silirecinde tarim ilacinin
kullanimindan dolay1 gerceklesen kiimiilatif enerji ve ekserji tiiketimleri ile kiimiilatif CO2 emisyonu ¢ok fazla bulunmustur. Sonuglar,
portakal {iretim siirecinde ¢iftgilerin tarim ilaci kullanirken optimum diizeyde uygulama yapmalar1 nemli oldugunu gostermektedir.

Anahtar Kelimeler: Portakal iiretimi, Tarim ilac1, Kiimiilatif ekserji tiiketimi.

Thermodynamic Evaluation of Orange Production Process; a New
Approach

Abstract

Nowadays, studies on sustainable agricultural practices are increasing in order not to pollute the environment and not to consume
natural resources. In recent years studies on cumulative exergy consumption developed for sustainable agricultural practices have
increased. The cumulative exergy consumption approach is an important method in determining of saving potential of inputs used in
crop production processes and thereby improving the production processes of crops. The aim of this study is to evaluate the orange
production process with cumulative exergy consumption approach. Cumulative energy consumption, cumulative exergy consumption
and cumulative CO; emission values were calculated and evaluated. The results on the cumulative energy, exergy consumption and
cumulative CO- emissions due to the use of pesticide application during the orange production process were found to be very high. As
a result it should be noted that in the process of orange production, it is important for farmers to make optimum use when using
pesticides.

Keywords: Orange production, Pesticides, Cumulative exergy consumption.
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1. Giris

Fosil yakitlarin sonlu olmasi, maliyetlerinin siirekli artmas1 ve ¢evre kirlili§ine sebep olmalar1 gibi olumsuz 6zellikleri nedeni ile
tarimda agirlikli olarak fosil esasli enerji kaynaklariyla iretim yapilmas siirdiiriilebilir bir yontem degildir (Taskin ve Vardar, 2016).
Coziim yontemi olarak tarimda fosil esasli girdilerin kullaniminin terk edilmesi veya azaltilmasi, bunun yerine yenilenebilir esasl
girdilerin kullanilmasi gerekmektedir. Bununla birlikte tarimda enerji etkinliginin arttirilmasi, enerji kaynaklarinin kullaniminda
tasarruf yapilmasint saglamaktadir. Bu durum da tarim uygulamalarindan kaynaklanan gevresel sorunlarin azaltilmasini tesvik
etmektedir. Enerjinin etkin kullanilmasi, ayni is ¢iktis1 degismeden enerji kullaniminin azaltilmasi olarak gergeklesir (Oztiirk ve ark.,
2010). Ciftcilerin tarim uygulamalarinda enerji kaynaklarimi gelisi giizel tiikketmek yerine enerji kaynaklarimi bilingli olarak
tiiketmeleri gerekmektedir. Boylece tarimda etkin enerji kullanimi saglanmis olacaktir.

Giiniimiizde gevrenin kirletilmemesi ve dogal kaynaklarin tiiketilmemesi igin siirdiirebilir tarim uygulamalariyla ilgili caligmalar
artmaktadir. Stirdiirebilir tarim kavrami, hem bugiin hem de gelecek nesiller i¢in gerekli olan dogal kaynaklarin korunmasi ve boylece
insanlarin ihtiyaci olan besinlerin karsilanmasidir (Eryillmaz ve Kilig, 2018). Stirdiiriilebilir tarim uygulamalarinda bir ¢ok arastirmaci
yenilenebilir enerji kaynaklarmin tarim uygulamalarina adapte edilmesi hususunda calismalar yapmistir (Bardi ve ark., 2013).
Stirdiiriilebilir tarim uygulamalar1 kapsaminda iiretim siirecleri icin yeni degerlendirme metodu olarak kiimiilatif ekserji tiiketim
analizi yapilmaktadir (Yildizhan, 2018; Yildizhan ve Taki, 2018; Taki ve Yildizhan, 2018; Yildizhan, 2017). Kiimiilatif ekserji
tilketimi, sistem sinirlar1 ¢ergevesinde bir iiriiniin hammaddeden son haline gelene kadar tiim siire¢ boyunca tiiketilen ekserjilerin
toplami olarak tarif edilmektedir (Szargut, 2005). Kiimiilatif ekserji tiiketiminin azaltilmasi daha az dogal kaynaklarin kullanilmasi
anlamina gelmektedir (Hoang ve Prasada, 2010).

Bu ¢aligmanin amact portakal {iretim siirecini kiimiilatif ekserji tiiketimi yaklagimiyla degerlendirmektir. Caligmada, portakal
tiretim siireci i¢in kiimiilatif enerji tiketimi, kiimiilatif ekserji tiiketimi ve kiimiilatif CO, salinim degerleri hesaplanmis ve
degerlendirilmistir. Calisma kapsaminda, portakal {iretim siirecinin gelistirilmesi i¢in kullanilan girdilerin etkileri yorumlanmistir. Bu
calisma mahsul iiretim siireglerinin gelistirilmesine yonelik yapilan arastirmalara 6nemli literatiir katki saglayacaktir.

2. Materyal ve Metot

Tarimda her birim operasyon kapsaminda kiitle, enerji ve ekserji denge denklemleri; Kiimiilatif enerji tiiketimi (CEnC),
Kiimiilatif ekserji tiiketimi (CExC) ve kiimiilatif karbondioksit emisyonunu (CCO2E) belirlenmesi i¢in kullanilir. S6z konusu denge
denklemleri asagida verilmistir (Dincer ve ark., 2004; Balkan ve ark. 2005; Wall, 2003; Ozilgen ve Sorgiiven, 2011).

Kiitle dengesi:
Emin = Zmout (1)

Enerji dengesi:
2(mh)in - Z(MhYour =W -Q )

Ekserji dengesi:
T(Mb)in - Z(Mb)out + X (1- ;—:’()Qk -W =1 ©)

Yukaridaki denklemlerde m kiitleyi, h entalpiyi, b kimyasal ekserjiyi, W isi, | ekserji kaybini, T, ortam sicakligini, Ty kaynak
sicakligint Q 1s1y1 ifade etmektedir.

Bir ton portakal iiretimi i¢in kullanilan girdiler ve miktarlari ile ilgili veriler Mohammadshirazi ve arkadaslarinin ¢alismasindan
alinmustir. Belirtilen veriler Tablo 1'de verilmistir (Mohammadshirazi ve ark., 2015).
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Tablo 1. Bir Ton Portakal Uretimi igin Girdi Degerleri

1. Kimyasal Giibreler
(a) Azot (N) (kg) 7.94
(b) Fosfor (P20s) (kg) 3.92
(c) Potasyum (K20) (kg) 5.05
2. Tarimsal ilaglar (kg) 6.92
3. Elektrik kullanim1 (MJ) 242.13
4. Dizel kullanimi (L) 1.39

Calismada kiimiilatif enerji, ekserji tiiketimleri ve karbondioksit salinimi igin gerekli veriler ilgili calismalardan elde edilmistir.
(Ozilgen ve Sorgiiven, 2011 ; Cengel, 2006; Berthiaume ve Bouchard, 1999; Helsel, 1992; Wittmus ve ark., 1975; Pimentel, 1991,
Kongshaug, 1998; Ozilgen ve Sorgiiven, 2016). Kullanilan degerler Tablo 2'de verilmistir.

Tablo 2. Her Girdi i¢in Belirli CEnC, CEXC ve CCOE Degerleri

Girdiler CEnC CExC CCO:zE

Kimyasal Giibreler

- Azot (N) 78.2 MJ/kg (Ozilgen ve 32.7 MlJ/kg (Cengel, 2006) 0.09 kg/kg (Helsel, 1992)
Sorgiiven, 2011)

- Fosfor (P20s) 17.5 MJ/kg (Ozilgen ve 7.52 MJ/kg ( Berthiaume ve | 0.15 kg/kg (Helsel, 1992)
Sorgiiven, 2011) Bouchard, 1999)

- Potasyum (K20) 13.8 MJ/kg (Ozilgen ve 4,56 MJ/kg (Berthiaume 0.51 kg/kg (Helsel, 1992)
Sorgiiven, 2011) ve ark., 2001)

Kimyasallar

- Tarim ilac1 198.8 MJ/kg (Wittmus ve ark., 7.52 MJ/kg 5.1 kg/kg
1975) (Pimentel, 1991) (Kongshaug, 1998)

Dizel yakiti 57.5 MJ/kg (Wittmus ve ark., | 53.2 MIJ/kg (Cengel, 2006) 0.94 kg/kg (Kongshaug, 1998)
1975)

Elektrik 1 MJ/MJ (Cengel, 2006) 4.17 MIJ/MJ (Cengel, 2006) 0.14 kg/MJ (Ozilgen ve

Sorgiiven, 2016)

3. Arastirma Sonuclari ve Tartisma

Bu ¢aligma ile portakal iretim siirecinde, yer alan girdiler igin enerji, ekserji kullamimlar1 ve karbon dioksit salinim degerleri
tespit edilmis ve degerlendirilmistir. Portakal tiretim siireci kapsaminda gergeklesen kiimiilatif enerji tiiketimine yonelik sonuglar
Sekil 1'de verilmistir. Sekil 1'e bakildiginda portakal iiretiminde en fazla enerji kullanimi tarim ilaci ile ger¢eklesmistir. Portakal
dretim siirecinde tarim ilacinin kullamm degeri 1376.11 MJ/ton'dur. Tarim ilacin1 sirasiyla azot giibresi (621.6 MJ/ton), elektrik
(242.13 MJ/ton), dizel (80.23 MJ/ton), potasyum giibresi (69.73 MJ/ton) ve fosfor giibresi (68.64 MJ/ton) takip emektedir. Toplam
kimyasal giibrelerin kullanim degeri 760 MJ/ton'dur. Portakal iiretim siirecinde kimyasallardan (tarim ilac1) sonra en fazla kiimiilatif
enerji tiiketimi, kimyasal giibrelerin kullamimiyla ger¢eklesmistir. Bununla birlikte portakal iiretim siirecinde toplam kiimiilatif enerji
tiiketimi 2458.44 MJ/ton olarak ger¢eklesmistir.

Mohammadshirazi ve arkadaglarin g¢aligsmasinda, portakal iiretim siirecinde en fazla enerji kullanimi: kimyasal giibrelerde
olmustur (Mohammadshirazi ve ark. 2015). Kimyasal giibreden sonra en fazla enerji kullanimi, tarim ilact kullaniminda
gergeklesmistir. Sonug olarak hem bu ¢alismada hem de Mohammadshirazi ve arkadaglarinin ¢alismasinda en ¢ok enerji tiiketimi
tarim ilac1 ve kimyasal giibrelerin kullanimryla gerceklesmektedir.
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Kiimiilatif enerji tiiketimi kapsaminda baska mahsul friinleri icin yapilan calismalarda; Yildizhan, c¢ilegin sera ve tarlada
kiimiilatif enerji tiiketimi icin yaptig1 caligmada, tarlada 1 ton cilek iiretim siirecinde en fazla enerji tiikketimi kimyasal giibre ile
gergeklesirken sera sartlarinda 1 ton ¢ilek iiretimi i¢in en fazla enerji titketimi elektrik kullanimiyla oldugunu belirtmistir (Yildizhan,
2018). Taki ve Yildizhan, 1 ton salataligin sera sartlarinda tiretim siireciyle ilgili yaptiklari ¢aligmada ise en fazla enerji titkketiminin
dizel kullanimiyla gergeklestigini bildirmislerdir (Taki ve Yildizhan, 2018). Yapilan diger bir ¢aligmada 1 ton patates i¢in en fazla
enerji tiiketiminin kimyasal giibre kullanimiyla gergeklestigini bildirilmistir (Yildizhan, 2017). Yildizhan ve Taki (2018), 1 ton
domates iretimi i¢in yaptiklari ¢aligmada enerji tiikketimi kapsaminda, kimyasal giibre kullaniminin en fazla kiimiilatif enerji
tiiketimine sahip oldugunu belirtmislerdir. Bu sonuglar, mahsule ve {iretim sartlarina gore girdilerin enerji tiikketim miktarlarinda
degisiklik gosterdigini isaret etmektedir.

Kiumiilatif Enerji Tliketimi (MJ/ton)

2500
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M Elektrik
H Tarim ilaci
1500
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1000 M Fosfor (P205)
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Portakal Gretimi

Sekil 1. 1 Ton Portakal Uretimi icin Kiimiilatif Enerji Tiiketim Sonuclar:

1 ton portakal {iretiminde kullanilan girdilerin kiimilatif ekserji tikketim degerleri Sekil 2'de verilmistir. Sekil 2'ye bakildiginda en
fazla kiimiilatif ekserji tiikketimi azot giibresinin kullaniminda olmustur. Azot giibresinin kiimiilatif ekserji tiiketimi 259.92 MJ/ton'dur.
Azot giibresini tarim ilaci takip etmigtir. Tarim ilacinin kiimiilatif ekserji tiiketimi 52.05 MJ/ton'dur. Diger girdilerin kiimiilatif ekserji
tiiketimleri sirasiyla; elektrik kullanimi 46 MJ/ton, fosfor giibresi 29.49 MJ/ton, potasyum giibresi 23.04 MJ/ton ve dizel kullanim
12.27 MJ/ton'dur. 1 ton portakal iiretim siirecinde gergeklesen toplam kimyasal giibre kullaniminin kiimiilatif ekserji tiiketimi 312.45
MJ'dur. 1 ton portakal iiretimi i¢in gerceklesen toplam kiimiilatif ekserji tiiketimi degeri ise 422.77 MJ'dur. Bu sonuglar, 1 ton
portakal iiretiminde kimyasal giibre kullanimindan dolay: kaynaklanan kiimiilatif ekserji tiiketiminin 6n planda oldugu sonucunu
vermistir. Bununla birlikte, portakal iiretim siireci kapsaminda, kiimiilatif enerji tiiketiminde oldugu gibi kiimiilatif ekserji tiiketiminde
de tarim ilacinin kullanimu yiiksek diizeydedir.

Yildizhan (2018), cilegin tarlada ve sera sartlarinda toplam kiimiilatif ekserji tiikketimini sirastyla 14178.5 MJ/ton ve 8743 Ml/ton
olarak tespit etmistir. Cilek liretiminde en ¢ok ekserji tiiketiminin sera sartlarinda elektrik kullaniminda (6768 MJ/ton) ve tarlada ise
topak (pellet) giibre (5430 MJ/ton) kullamminda gerceklestigini belirtmistir (Yildizhan, 2018). Ayni arastirmacinin diger bir
caligmasinda patatesin toplam kiimiilatif ekserji tiiketimini 1 ton iiretimi i¢cin 4832.5 MJ olarak tespit edilmistir. Ayni ¢alismada en
fazla kiimiilatif ekserji tiiketimi topak giibre (2969.57 MJ/ton) kullanimiyla gergeklesmistir. Calismada en diisiik kiimiilatif ekserji
tiiketimi tarim ilaglarimin (1.32 MJ/ton) kullanimiyla gergeklesmistir (Yildizhan, 2017).

Yildizhan ve Taki (2018), Tiirkiye'nin farkli bolgeleri i¢in domates iiretim siireglerinin kiimiilatif ekserji tiiketimlerini analiz
etmislerdir. En fazla kiimiilatif ekserji tiikketimi Giiney Marmara bdlgesinde ve tarla iretim kosullarinda 1075 MJ/ton olarak
gerceklesmistir. Ayni ¢aligmada Antalya'da sera iiretim kosullarinda 731 MJ/ton ve Tokat'ta tarla {iretim kosullarinda 592 MJ/ton
olarak tespit edilmistir. Gliney Marmara bolgesinde domates liretim siirecinde en fazla kiimiilatif ekserji tiiketimi sulamada (598
M1J/ton) gergeklesmistir. Tiim bolgelerde tarim ilaglarinin kiimiilatif ekserji titketim degerleri diisiik diizeydedir (Yildizhan ve Taki,
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2018). Taki ve Yildizhan (2018), sera kosullarinda salatalik {iretim siirecinin toplam kiimiilatif ekserji titketimini 4648 MJ/ton olarak

tespit etmislerdir. En fazla kiimiilatif ekserji tiikketimi dizel (1981 MJ/ton) kullaniminda olmustur. Dizeli, dogal gaz (1820 MJ/ton)
kullanimi takip etmistir (Taki ve Yildizhan, 2018).

Portakal tiretim siirecinde kiimiilatif ekserji tiiketimi kapsaminda kimyasal giibre ile beraber tarim ilacinin kullammi 6n plandadir.
Bu sonug 6nceki calismalardan farklidir. Onceki ¢aligmalarda, farkli mahsullerin iiretim stirecleri kapsaminda tarim ilacinin kullanimi

disiik diizeyde gergeklesmistir. Sonug¢ olarak mahsullerin cinsi ve iiretim kosullarina gore kiimiilatif ekserji tiiketim degerleri
degismektedir.

Kiimiilatif Ekserji Tuketimi (MJ/ton)
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Sekil 2. 1 Ton Portakal Uretimi icin Kiimiilatif Ekserji Tiiketimi Sonuclar:

1 ton portakal {iretim siirecinde gergeklesen kiimiilatif CO; emisyonu ile ilgili sonuglar Sekil 3'te verilmistir. Portakal {iretim
sirecinde en fazla kiimiilatif CO, emisyonu tarim ilacinin kullanimiyla gergeklesmistir. Tarim ilacinin kullanimindan dolay1
gerceklesen kiimiilatif CO, emisyonu 35.3 kg/ton olarak tespit edilmistir. Diger girdilerin kullanimindan dolay1 gergeklesen kiimiilatif
CO; emisyonlar; elektrik kullanimin 33,89 kg/ton, potasyum kullaniminda 2.57 kg/ton, dizel kullaniminda 1.31 kg/ton, azot giibreden

0.71 kg/ton ve fosfor giibreden 0.58 kg/ton olarak tespit edilmistir. Sonuglar, portakal iiretimde gerceklesen kiimiilatif CO»
emisyonunda tarim ilact ve elektrik kullanimi 6n planda oldugunu gostermektedir.

Yildizhan (2018), 1 ton cilek iiretim igin sera ve tarla kosullarinda kiimiilatif CO, emisyonlar sirasiyla 506.07 kg ve 243.06 kg
olarak tespit etmistir. 1 ton ¢ilek iiretimi igin sera kosullarinda elektrik kullaniminda (227.22 kg) ve tarla kosullarinda sulamadan
(112.51 kg) dolay1 en fazla kiimiilatif CO, emisyonuna sebep oldugunu belirtmistir (Yildizhan, 2018). Yildizhan (2017), bir ton
patates iretim siirecinde gergeklesen kiimiilatif CO2 emisyonunu 67.3 kg olarak tespit etmistir. Ayni ¢alismada en fazla kiimiilatif
CO; emisyonunun, sulamadan (27.89 kg/ton) kaynaklandig1 belirtmistir.

Yildizhan ve Taki (2018), domates iiretim siirecinin Tiirkiye'de farkli bolgeler i¢in yapmis olduklari ¢alismada en fazla kiimiilatif
CO; emisyonunun Giiney Marmara bolgesinde gergeklestigini belirtmislerdir. Giiney Marmara'da sulamadan dolay1 en fazla CO;
emisyonu olmustur. Giiney Marmara'y1, Tokat (26.25 kg/ton) ve Antalya (25.42 kg/ton) takip etmistir. Tokat ve Antalya'da en fazla
CO; emisyonuna sebep olan girdiler sirasiyla; sulama ve elektrik kullanimindan dolay1 gergeklesmistir. Bununla birlikte, Antalya'da
domates iretimi sera kosullarinda gerceklesmistir. Taki ve Yildizhan (2018), sera kosullarinda salatalik iiretiminde gerceklesen

kiimiilatif CO; emisyonunu 175 kg/ton olarak tespit etmislerdir. En fazla CO, emisyonuna sebep olan girdinin ise dogal gaz
kullanimryla gergeklestigini belirtmislerdir.
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Kiimiilatif Karbondioksit Emisyonu (kg/ton)
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Sekil 3. 1 Ton Portakal Uretimi icin Kiimiilatif Karbon Dioksit Salinum Sonuglar:

4. Sonug

Kiimiilatif ekserji tiiketimi yaklagimi, mahsul iiretim siireglerinde kullanilan girdilerin tasarruf potansiyelini tespit etmek ve
boylece mahsullerin tiretim siireglerini iyilestirmede onemli bir metottur. Ayrica, kiimiilatif ekserji tiikketim analizinin siirdiiriilebilir
tarim uygulamalariin analizinde kullanilmasi faydali olacag: diigiiniilmektedir.

Bu calismada portakal iiretim siireci i¢in kiimiilatif enerji ve ekseji tiiketimleri ile kiimiilatif CO, emisyon degerleri tespit
edilmistir. Ayrica bu ¢aligmanin sonuglari benzer metot kullanilarak yapilan farkli mahsullerin analiz sonuglartyla kiyaslanmistir.

Caligmada bir ton portakal {iretim siireci i¢in gergeklesen toplam kiimiilatif enerji kullanim1 2458.44 MJ tespit edilmistir. Portakal
iiretim siirecinde en fazla kiimiilatif enerji tiiketimi tarim ilacinin kullaniminda gergeklesmistir. Tarim ilacinin kiimiilatif enerji tiiketim
degeri 1376.11 MJ/ton olarak tespit edilmistir. Bununla birlikte, 1 ton portakal iiretimi i¢in gergeklesen toplam kiimiilatif ekserji
titketim degeri ise 422.77 MJ olarak bulunmustur. En fazla kiimiilatif ekserji tiiketimi, azot giibresinin kullanimiyla gergeklesmistir.
Azot giibresinin kullanimiyla gerceklesen kiimiilatif ekserji tikketimi 259.92 MlJ/ton'dur. Azot giibresini tarim ilaci takip etmistir.
Tarim ilacinin kiimiilatif ekserji tiikketimi 52.05 MJ/ton'dur.

Bir ton portakal iiretim siireci i¢in gergeklesen toplam kimiilatif CO, emisyonu 74.36 kg olarak tespit edilmistir. Portakal iiretim
stirecinde en fazla CO; emisyonuna sebep olan girdi tarim ilacinin kullaniminda olmustur. Tarim ilacinin kullanimindan dolay1
gerceklesen kiimiilatif CO; emisyonu 35.3 kg/ton olarak tespit edilmistir. Tarim ilacindan sonra en fazla kiimiilatif CO, emisyonuna
sebep olan girdi ise elektrik kullanimidir. Elektrik kullanimindan kaynaklanan kiimiilatif CO, emisyonu 33.89 kg/ton olarak tespit
edilmistir.

Literatiirde benzer ¢aligmalarla kiyaslandiginda portakal iiretim siirecinde diger mahsullere kiyasla tarim ilacinin kullanimi 6n
plandadir. Portakal iretim siirecinde tarim ilacimin kullanimindan dolayr gergeklesen kiimiilatif enerji ve ekserji tiiketimleri ile
kiimiilatif CO, emisyonu ¢ok fazladir. Sonug¢ olarak, portakal iiretim siirecinde cift¢ilerin tarim ilacit kullanirken optimum diizeyde
uygulama yapmalar1 6nemlidir. Bu sebeple portakal {iretim siirecinde ¢iftcilerin gelisi giizel kullanimindan ziyade, tavsiyeye uygun ve
receteli ilag kullanmas1 gerekmektedir. Bu durum hem insan sagligi agisindan hem de dogal denge agisindan 6nem arz etmektedir.

Mabhsullerin {iretim siiregleri birbirlerinden farklilik gostermektedir. Bu durum iiretilen mahsullerin kimyasal yapilariyla

dogrudan iligkilidir. Bundan sonraki ¢aligmalar i¢in arastirmacilara, mahsullerin kimyasal yapilariyla ilgili olarak kullanilan girdiler
arasindaki iligkileri degerlendirecek caligmalarin yapilmasi tavsiye edilir.
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Oz

Bu c¢aligmada, 2017 yilinda Adana kosullarinda yetistirilen yer fistig1 {iretiminin enerji bilangosu ortaya konulmustur. Caligmada
kullanilan alet-makinelerin ekonomik dmiirleri, is basarisi, yakit-yag tiiketimleri, makine agirliklar: ile giibre, tohum miktarlar1 gibi
temel veriler, mevcuttaki yapilan 6lgiimlerden, yapilan diger ¢calismalardan, cesitli kaynak ve kataloglardan temin edilmistir. Yapilan
degerlendirmeler sonucunda yer fistig1 tiretiminde enerji ¢ikti/girdi orani 1.94, 6zgiil enerji degeri 12.90 MJ kg'!, enerji iiretkenligi 0.08
kgMJ!, net enerji verimi 52734.28 MJ ha'! olarak hesaplanmigtir. Yer fistig1 liretiminde toplam enerji girdileri igerisinde kullanim orani
en yiiksek olan % 48.69 ile sulama enerjisi oldugu bulunmustur. Bunu sirasiyla % 22.31 ile yakit-yag enerjisi, % 14.90 ile giibre enerjisi,
%5.78 ile tohum enerjisi, % 5.58 ile ilag enerjisi, % 2.59 ile makine enerjisi ve % 0.16 ile insan enerjisi takip etmistir.

Anahtar Kelimeler: Adana, yerfistigi, enerji orani, enerji etkinligi

Determining Energy Usage Efficiency in Groundnut Production
(The case of Adana Province)

Abstract

In this study, energy balance in grown groundnut was revealed in Adana. Main data used in this study, such as economical life, labor
success, fuel-oil consumptions, machine weights of the tools and machines used in second crop sunflower and fertilizer, irrigation, seed
amounts have been obtained from the other studies, various sources and catalogues. As a result of the evaluations energy output/input
rate was obtained as 1.94, the specific energy value was obtained 12.90, net energy production was obtained 52734.28 MJ/ha in
groundnut. For the groundnut, irrigation energy was the highest energy with 48.69 in total energy budget followed by fuel-oil energy,
fertilizer energy, seed energy, chemicals energy, machinery energy and human labour energy inputs with 22.31% , 14.90, 5.78%, 5.58%
, 2.59% and 0.16% % respectively.

Keywords: Adana, groundnut, energy rate, energy efficiency
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1. Giris

Tek yillik ve yazlik olarak yetistirilen ve sicak bir iklim bitkisi olan yerfistig1, baklagiller familyasindan olup, tanelerindeki yiiksek
yag iceriginden dolay1 yagli tohumlu bitkiler grubuna dahil edilir (Anonim, 2018a).

Yer fistig1 tohumlarinda ortalama % 45-55 oraninda yag (Boydak ve Kara, 2015), % 20-30 oraninda protein, % 15-20 oraninda
karbonhidrat olmak iizere ¢esitli vitamin ve mineral maddeler bulunmaktadir. Yer fistiginin yagi ¢ikarildiktan sonra bile geriye kalan
kiispesinde dahi yaklasik % 40-45 oraninda ham protein bulunmaktadir. Bu nedenle yerfistig1 tohumlar igerdigi yag, protein,
karbonhidrat, vitaminler ve madensel maddeler ile insanlar ve hayvanlarin degerli bir besin kaynagidir (Anonim, 2018b). Bir baklagil
bitkisi olmasi nedeniyle, havanin serbest azotundan faydalandigi i¢in kendisinden sonra ekilecek bitkiye azot ve organik maddece zengin
bir toprak birakan yerfistigi, ¢apa bitkisi olmasi nedeniyle de yetisme siiresi boyunca devaml g¢apalandig i¢in yabanci otlardan
temizlenmis ve havalanmis bir toprak biraktigindan dolay1 iyi bir ekim nobeti bitkisidir. Ulkemizin bazi yerlerinde ana iiriin olarak
yetistirilebildigi gibi hububattan sonra ikinci tiriin olarak da yetistirilebilir. (Anonim, 2018a). Adana’da iiretimi yapilan yerfistig1 iiretim
miktarlart Tablo 1°de verilmistir.

Tablo 1. Yillar itibari ile Adana yerfistigi iiretim miktarlar

Yer fistig
Yillar Alan (da) Uretim (Ton) Verim (kg/da)
2013 116654 46770 401
2014 122880 50448 411
2015 146480 65915 450
2016 163860 71571 437
2017 156099 68094 436

Kaynak: TUIK (Anonim, 2018c)

Tiirkiye’de yerfistig1 ekim alaninin %79’u ve tiretimin %81°1 Adana ve Osmaniye’de gerceklesmektedir. Adana 3.8 ton/ha ile en
yiiksek verime sahip olan ildir. Bu ili 3.4 ton/ha ile Osmaniye izlemektedir (Agik v.dgr, 2018). Tarimsal iiretimle ilgili olarak yapilacak
enerji analizleri tarimsal sistemlerin enerji tiikketimi agisindan tanimlanmp gruplandirilmasinda nemli bir yaklasimdir. Uretiminde verimi
artirmak ve girdileri azaltmak i¢in tiretimde kullanilan girdi ve ¢iktilarin dikkatli bir sekilde analiz edilmesi gereklidir (Sabah, 2010).

Enerji etkinligi degerini artirmak icin ya verimin artirilmasi ya da girdilerin azaltilmas: gerekmektedir. Ozellikle toplam enerji
girdisi igerisinde bilyiik yer tutan yakit, kimyasal giibreler, tarimsal ilaglar, makine ve traktor girdilerinin azaltilmas1 gerekmektedir.
Verimin artirilmasi belirli sinirlar igerisinde saglanabilir. Fakat enerji kullanim etkinlik degeri girdilerin bilingli bir sekilde yapilmasiyla
(ilaglama, mekanizasyon ve giibreleme) azaltilabilir (Celen 2016).

Enerji kullanim etkinligini belirlemek amaciyla yapilan bazi ¢alismalarda, lavanta (G6kdogan 2016), arpa (Baran ve Goékdogan
2014), ikinci Urlin aygicegi (Baran v.dgr 2016), sekerpancari (Baran ve Gékdogan, 2016), ceviz (Banaeian, v.dgr, 2010; Khoshroo ve
Mulwa, 2014; Baran v.dgr 2017), fistik (Nabavi-Pelesaraei v.dgr, 2013; Azarpour v.dgr 2012), yer fistig1 ( Singh ve ark, 1997; Umar,
2003; Firouzi ve Aminpanah.2012; Kumar v.dgr, 2015), badem, (Marvinney v.dgr, 2015; Beigi v.dgr 2016; Baran v.dgr 2018),
iretiminde enerji kullanim etkinlikleri belirlenmistir. Bu ¢aligmada Adana’da 2017 yili yer fistig1 {iretiminin enerji bilangosu ortaya
konmaya caligilmigtir.

2. Materyal ve Metot

2.1. Calisma alam

Akdeniz iklimi goriilen Adana ilinde uzun yillar yilik yagis miktar1 ortalama 644.6 mm, ortalama sicaklik ise yaklasik 19.1 °C
civarindadir (Anonim, 2018d). Calismada yerfistig1 liretiminde kullanilan ¢esitli girdi miktarlar1 ve elde edilen ¢iktt miktarlar1 degerleri
degisik kaynaklardan (Tiirkiye Istatistik Kurumu, daha énce konuyla ilgili veya benzer ¢aligmalardan), tarim alet ve makinalarin teknik
verileri ise bolgedeki uygulamalardan ve kataloglardan alinmistir. Adana’da yerfistig1 liretimi i¢in yapilan kiiltiirel uygulamalar ve
bakim iglemleri Tablo 2’de belirtilmistir.
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Tablo 2. Yerfistig1 Uretimi I¢in Kiiltiirel Uygulamalar ve Bakim Islemleri

Kiiltiirel Uygulamalar Uygulamanin Ozelligi

Toprak, sonbaharda pulluk ile 20-25 cm derinlikte siiriiliir. Toprak kisin
kiiltivatdr ile tekrar siiriiliir. Daha sonra nisan ayinda goble / diskaro ile
isleme yapilir. En son olarak topragin nem durumuna gore 2-3 kez merdane
veya tapan ile toprak diizeltilir / bastirilir.

Nisan ayinin ortalarindan itibaren toprak pndmatik ekim makinast ile sira
arast 70 cm, sira lizeri ortalama 10-13 cm olacak sekilde ekim yapilir.
Ekim Kullanilacak olan tohum miktari, tohum biiytikligiine bagl olarak 10-18
kg/da arasinda olmaktadir. Yerfistig1 tohumlari, ekilmeden dnce toprak alti
hastalik ve zararlisina kars1 ilaglanmalidir.

Ekimle birlikte 8-10 kg/da saf fosfor, yaklasik 3 kg/da saf azot verilmelidir.
Ekimle birlikte verilen azot miktarina ek olarak yaklasik 10-15 kg/da saf
Giibreleme azot amonyum siilfat formunda 1. yagmurlama sulamanin oncesinde
verilir. Bazi topraklarda demir eksikligi ihtiyaci olmasi durumunda
yapraktan demir uygulamasi yapilir.

Toprak isleme

Yer fistig1 yetistirilmesi siiresince toplam 4-5 defa traktor ara capa ile

A
Ta gapa capalanir. Topragin durumuna gore bogaz doldurma yapilmas: gerekebilir.

Miicadelede genellikle el ¢apasi yerine ¢ikis sonrasi yabanct ot durumuna

Yab Ot Miicadelesi
abanct Headeiest gore 1 veya 2 uygulama olmak {izere herbisit kullanilmaktadir.

Yer fistig1 {iretiminde havanin ve ¢evrenin durumuna bagli olarak 3-4 defa

Zirai Miicadel » .
frat viueacele yaprak biti, kirmizi driimcek ve fungusit ilaglamasi yapilmaktadir.

Adana’da yerfistig1 bitkisinin biiyiik ¢ogunlugu yagmurlama sulama
seklinde sulanmaktadir. Yer fistig1 bitkisi, yetisme doneminde iklim ve
Sulama toprak sartlarina da bagli olmak iizere ortalama 5 kez sulanir. Hava
sicakliginin fazla veya kumlu toprak olmasi durumunda sulama sayisi
arttirtlir.

Yer fistifinda hasat zamani artik bitkilerin yapraklarinin sararmaya
baslandigi, tanelerin pembe renk aldig1 veya kabuk i¢c kisminin beyazdan
kahverengiye dondiigii ve kapsiillerin doldugu devredir. Yer fistigt
Hasat bitkileri, 2 veya 3 sirast 1 sira namlu olacak sekilde yerfistig1 sokme
makinasi ile topraktan sokiliir ve ters ¢evrilir. 3-5 giin giineste bdyle
kaldiktan sonra toplama ve harmanlama makinasi ile toplanir. Toplanan
iriinler sergen yerine taginir ve son olarak eleme igslemine tabi tutulur.

2.2 Cahismada Kullamilan Girdiler

Ekim normu sira {istii arasina ve tohum biiyiikliigiine bagli olarak 10-18 kg/da arasinda degismekte olup bu ¢aligmada ekim normu
13 kg/da olarak alinmistir. Ekim isleminden 6nce her 100 kg tohum, toprak alt1 hastalik ve zararlisina karsi ve kullanilan ilacin gesidine
gore ortalama 0.15 kg insektisit ve 0.5 kg fungusit ile ilaglanmaktadir. Kullanilan giibre miktar1 10 kg/da saf fosfor ve 12 kg/da saf azot
olarak hesaplanmistir. Yer fistig1 yabanci ot miicadelesi igin ¢ikis sonrasi 2 herbisit uygulamasi, ¢esitli hastalik ve zararlilar igin 3 defa
fungusit ve insektisit uygulamasi yapilmigtir. Yagmurlama sulama yer fistiginda 5 defa olarak hesaplanmistir. Bdlgede yer fistigi
bitkisinin ortalama su tiiketimi 652.3 mm/da (Anonim, 2018e¢) civarindadir. Yer fistig1 iiretiminde toprak islemede 1 siiriicii, ekim ve
giibreleme isleminde 1 siirticii ve 1 yardimei, yagmurlama sulama islemleri boyunca ise 4 isci galigmistir. Adana’da yer fistig1 liretiminin
enerji etkinliginin hesaplanabilmesi igin dncelikle enerji girdilerinin ve enerji ¢iktilarinin hesaplanmasi gerekir. Enerji girdileri insan
giicli enerjisi, makine enerjisi, yakit-yag enerjisi, tohum enerjisi, su enerjisi, giibre enerjisi ve ila¢ enerjisinden olusmaktadir. Enerji
¢iktisi ise birim alandan elde edilen {iriin ve yan liriinden olugmaktadir.

Adana ilinde yer fistig1 i¢in yapilan dlgiimlere gore, enerji girdilerinin ve ¢iktilarinin degerleri belirlenmistir. Enerji girdileri olarak
traktor yapim enerjisi (Traktor igin makine yapim enerjisi Tiirkiye igin 35.216 MIJ kg™! olarak hesaplanmistir (Acaroglu 1998). Makine
yapim enerjisi, yakit-yag enerjisi, giibre enerjisi, tarimsal ilag enerjisi, insan isgiicli enerjisi, tohum enerjisi ve tagima enerjisi degerleri
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ele alinmustir. Tkinci iiriin yer fistig1 iiretiminde enerji kullanim analizini belirlemek amaciyla, enerji orani, spesifik enerji, enerji
verimliligi ve net enerji verimi 1, 2, 3 ve 4 numarali formiillerde (Yilmaz v.dgr, 2010) kullanilmstir.

Enerji ciktisi

Enerii _ Lnerjl gIkust 1
nentoran Enerji girdisi @
1 no’lu esitlikte enerji ¢iktis1 ve enerji girdisi MJ/ha olarak verilmistir.
. .. Enerji girdisi
Spesifik enerji = —— 2
Urilin verimi
Enerii verimlilisi = Uretim miktari 3
nerji verimliligi = Enerji girdisi 3)
2 ve 3 no’lu esitlikte iiriin verimi birimi MJ/ha olarak kullanilmisgtir.
Net enerji verimi = Enerji ¢iktis1 — Enerji girdisi 4)

Tarimsal iiretimde kullanilan girdi ve ¢iktilarin enerji esdegerleri Cizelge 3’te verilmistir. Enerji ¢iktisi ise birim alandan elde edilen
tiriin ve yan iriinden olugsmaktadir. Enerji girdisinin ve enerji ¢iktisinin hesaplanmasinda girdi ve ¢ikt1 gesitlerinin enerji es degerlerinin
bilinmesi gerekir. Enerji esdegerlerinin belirlenmesinde daha 6nce yapilan arastirmalardan faydalanilmistir. Bu kaynaklar Tablo 3’te
gosterilmistir.

Tablo 3. Tarimsal iiretimde girdi ve ¢iktilarin enerji esdegerleri

Girdiler EZ:;;ii?;{g;Eirim) Referanslar

insan lsgiicii (h) 196 33‘;,0;(; 1Vle Houshyar, 2009; Mousavi Avval

Makine Uretim Enerjisi (kg)

Traktor 158.3 Barut v.dgr, 2011

Toprak Isleme Aletleri 121.3 Barut v.dgr, 2011

Yakit (L)

Dizel 35.69 Eren, 2011

Yag 6.51 Eren, 2011

Kimyasal Giibreler (kg)

Azot (N) 60.6 Oztiirk, 2011; Barut v.dgr, 2011; Bayhan, 2016

Fosfor (P,0s) 11.1 Oztiirk, 2011, Bayhan, 2016

llag (kg)

Herbisit 269 Ferrago, 2003; Sabah, 2010; Arikan, 2011, Eren,
2011

Insektisit 214 Sabah, 2010, Arikan, 2011, Eren, 2011
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Fungusit 278 Firouzi ve Aminpanah, 2012

Tohum (kg)

Yerfistigi 25 Ghosh, v.dgr, 2006; Kumar v.dgr, 2015
Sulama 4.2 Eren 2011; Mrini v.dgr 2002

Cikt1

Yerfistig1 25 Ghosh, v.dgr, 2006; Kumar v.dgr, 2015

Ayrica yerfistig1 iiretimindeki enerji girdileri, dogrudan ve dolayli enerji girdileri olarak iki grupta hesaplanmustir. Yerfistigi
iiretiminde tarim alet ve makinalari tarafindan tiiketilen yakit ve yag enerji degeri dogrudan enerji girdisi olarak, yerfistig1 tiretiminde
kullanilan insan isgiicii, tarim alet ve makinalari, giibre, ila¢ ve tohumluk i¢in tiiketilen enerji degerleri dolayl1 enerji girdisi olarak
dikkate alinmistir.

3. Arastirma Sonuclar1 ve Tartisma
3.1. Arastirma sonuclari

Adana’da yer fistig1 iiretiminde enerji bilangosu Tablo 4’te, verilmistir. Tablo 4’1 inceledigimizde birim alan bagina 89.52 MJ/ha
insan enerjisi tiiketilmis, bu deger % 0.16 ile en diisiik girdiyi olugturmustur. Yer fistig1 iretiminde alet/makine enerjisinde 1 ha alan
icin 1454.95 MIJ enerji tiiketilmis, bu deger toplam enerji igerisinde % 2.59 oranina karsilik gelmistir. Tiim girdiler igerisinde sulama
enerjisi 27396.60 MJ/ha tiiketilerek % 48.69 orani ile en yiiksek sirada olmustur. Yakit-yag enerji girdisi 12550.85 MJ/ha tiiketilerek %
22.31, giibre enerji girdisi 8382.00 MJ/ha ile % 14.90 oranlarina karsilik gelmistir. Yer fistig1 {iretiminde ilag enerji girdisi ise 3141.80
MJ/ha ile % 5.58 oranina sahipken, tohum enerji girdisi 3250 MJ/ha degeri ile % 5.78 oranina sahip olmustur.

Tablo 4. Adana’da Yer fistig1 Uretiminde Enerji Bilancosu

Toplam Enerji
Girdi Hekta.r Basina Toplam Enerji Girdisi Girdisine
Miktar (MJ/ha)
Orani
Insan Isgiicii (h) 45.67 89.52 0.16
Toprak Hazirlama Islemleri 5.47 10.71
Ekim ve Diger Islemler 29.87 58.55
Hasat 10.33 20.25
Makine (h) 43.35 1454.95 2.59
Traktor 21.67 366.83
Toprak Hazirlama Islemleri 5.47 106.06
Ekim ve Diger Islemler 12.54 22191
Hasat 3.67 760.15
Yakit + Yag (L) 364.50 12550.85 22.31
Toprak Hazirlama islemleri 75.24 2590.77
Ekim ve Diger Islemler 226.56 7801.10
Hasat 62.70 2158.98
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Kimyasal Giibreler (kg) 220.00 8382.00 14.90
Fosfor (P) 100.00 1110.00
Azot (N) 120.00 7272.00
Kimyasallar (kg) 12.05 3141.80 5.58
Herbisit 2.50 672.50
Fungusit 6.65 1848.70
Insektisit 2.90 620.60
Tohum (kg) 130.00 3250.00 5.78
Sulama (m?) 6523.00 27396.60 48.69
Toplam Enerji Girdisi 56265.72

Tablo 5. Yer Fistig1 yetistiriciliginde genel enerji girdileri ve dagilimlart

Enerji girdileri MIJ ha'! Dagilim (%)
Yakit-yag enerjisi 12550.85 22.31
Makine enerjisi 1454.95 2.59
Insan Isgiicii enerjisi 89.52 0.16
Tohum enerjisi 3250.00 5.78
Tarimsal ilag/ Kimyasallar 3141.80 5.58
Giibre enerjisi 8382.00 14.90
Sulama enerjisi 27396.60 48.69
Toplam 56265.72 100.00

Tablo 6. Yer Fistig1 yetistiriciliginde toplam enerji girdi-¢ikti ve enerji orani degerleri

Toplam Enerji Girdisi (MJ/ha) 56265.72
Verim 4360 109000.00
Toplam Enerji Ciktis1 (MJ/ha) 109000.00
Enerji Orani 1.94
Ozgiil Enerji (MJ/kg) 12.90
Enerji Uretkenligi (kg/MJ) 0.08
Net Enerji Verimi (MJ) 52734.28

Tablo 6’da goriildiigii gibi yer fistig1 iretiminden elde edilen toplam enerji girdisi 56265.72 MJ/ha, toplam enerji ¢iktis1 109000,00
MI/ha, enerji oran1 1.94 olarak saptanmistir. Yapilan bu ¢aligmada saptanan enerji orani 1.94 iken, Firouzi ve Aminpanah. (2012) Iran
kuzeyindeki Kiashahr bolgesinde yer fistigin iiretiminde enerji orani’'mi 3.93, Azarpour v.dgr ( 2012) iran’mn kuzeyindeki Guilan
bolgesinde fistik iiretiminde enerji oranini 2.73, Nabavi-Pelesaraei v.dgr ( 2012), Iran’in kuzeyindeki Guilan bolgesindeki ii¢ farkli
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sehirdeki 120 fistik iiretimi yapan isletmelerdeki enerji oranini 4.53 olarak tespit etmislerdir. Adana kosullarinda yer fistig1 iretiminde
enerji tiretkenligi, sadece birim iiretim alanindan (ha) alinan tohum miktar1 dikkate alindiginda 0.08 kg/MJ olarak belirlenmistir. Adana
kosullarinda yer fistig1 iretiminde, 1 MJ enerji tiiketimi karsiliginda 0.08 kg yer fistig1 tohumu iiretilmektedir. Yer fistig1 iiretiminde bu
deger; Firouzi ve Aminpanah. (2012) Iran’m kuzeyindeki Kiashahr bdlgesinde yapmis olduklari calismalarinda 0.212 kg/MJ, Fistik
iiretiminde ise bu deger; Nabavi-Pelesaraei v.dgr ( 2012) tarafindan Iran’da yapilan ¢alismada 0.18 kg/MJ, Azarpour v.dgr ( 2012)
Iran’mn kuzeyindeki Guilan bolgesinde yaptiklar1 ¢alismada 0.14 kg/MJ olarak belirlemislerdir. Uretim sonucunda kazanilan toplam
enerji miktari ile liretim islemlerinde kullanilan toplam enerji miktar1 arasindaki fark net enerji verimi (MJ/ha) olarak tanimlanir (Baran
v.dgr 2014). Adana kosullarinda yer fistig1 iiretiminde net enerji verimi, sadece birim tiretim alanindan (ha) alinan tohum miktart dikkate
alindiginda 52734.28 MJ/ha, olarak belirlenmistir. Yer fistig1 iiretiminde bu deger; Firouzi ve Aminpanah. (2012) fran kuzeyindeki
Kiashahr bolgesinde yapmus olduklari caligmalarinda 59087.66 MJ/ha, Fistik tiretiminde ise bu deger; Nabavi-Pelesaraei v.dgr (2012)
tarafindan iran’da yapilan ¢alismada 67937.21 MJ/ha, Azarpour v.dgr (2012) Iran kuzeyindeki Guilan bolgesinde yaptiklari calismada
58926 MJ/ha olarak tespit etmislerdir.

Yer fistig1 yetistiriciliginde dogrudan, dolayli, yenilenebilir ve yenilenemez enerji oranlari sirasiyla %71.16, %28.84, %54.63 ve
%45.37 olarak hesaplanmistir (Tablo7). Firouzi ve Aminpanah (2012) tarafindan yapilan yerfistig1 ¢aligmasinda da dolayli enerji
dogrudan enerjiden fazla, yenilenebilir enerji yenilenemez enerjiden yiiksek, Nabavi-Pelesaraei v.dgr  ( 2013) tarafindan yapilan yer
fist1ig1 calismasinda ise dolayli enerji dogrudan enerjiden diisiik, yenilenemez enerji yenilenebilir enerjiden yiiksek bulunmustur.

Tablo 7. Yer Fistig1 yetistiriciliginde dogrudan, dolayli, yenilenebilir ve yenilenemez enerji girdileri

Yer Fistig1 Enerji girdisi (MJ ha™) Oran (%)
Dogrudan enerji * 40036.97 71.16
Dolayl: enerji ® 16228.75 28.84
Toplam 56265.72 100.00
Yenilenebilir enerji ¢ 30736.12 54.63
Yenilenemez enerji ¢ 25529.60 45.37
Toplam 56265.72 100.00

* fnsan isgiicii enerjisi, yakit-yag enerjisi; sulama enerjisi

® Tohum enerjisi, kimyasal giibre enerjisi, tarimsal ilag enerjisi, makine enerjisi;

¢ Insan isgiicii enerjisi, tohum enerjisi; sulama enerjisi

4 Yakit-yag enerjisi, tarimsal ilag enerjisi, kimyasal giibre enerjisi, makine enerjisi

4. Sonuc ve oneriler

Bu aragtirmada, Adana ilinde 2017 yili {iretim sezonunda yer fistig1 {iretiminde enerji kullanim etkinliginin belirlenmistir.
Hesaplamalar sonucunda, iiretim girdileri igerisinde en yiiksek pay1 sulama enerjisinin aldigt, bunu sirasiyla yag-yakit, giibre, tohum,
ilag, makine ve insan is giicii enerjilerinin izledigi goriilmektedir. Sulama enerji girdisinin azaltilmasi i¢in bitkinin ihtiyaci kadar suyun
zamaninda ve geregi kadar verilmesi gerekmektedir. Adana’da yer fistig1 tariminda enerji ¢ikti/girdi oran1 g6z 6niine alindiginda verimli
bir tiretim yapildig1 sdylenebilir.
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Abstract

In this study, thermodynamic analysis of the organic Rankine cycle (ORC) for a diesel engine waste heat recovery was performed for
different working fluids. R123, R245fa, R600a, R236ea and R134a are used as working fluid in the cycle. For temperature of the heat
source in the exhaust of the diesel engine 80-180 °C was chosen. The required thermodynamic values and calculations for the analysis
were calculated by the Engineering Equation Solver (EES) program. For these working fluids, the performance values of the cycle
were studied under different operating conditions. The highest efficiency values were obtained for all operating conditions analyzed in
the organic Rankine cycle using R123 working fluid as %23. In addition, the turbine power is determined as 7.2 kW for the same
operating conditions.
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1. Introduction

Organic Rankine Cycle (ORC) is a highly efficient form of energy conversion and production that converts heat energy to
electricity. In general, ORC converts the heat energy of the steam turbine into electrical energy through the electric generator
connected to mechanical energy and then to the steam turbine. When water vapor is used as a fluid in conventional steam turbines,
fluids with a molecular weight higher than water are preferred in ORC. Therefore, the turbine operates at lower speeds and the turbine
parts operate at a lower pressure. This increases the life of the turbine. Higher energy efficiency is provided from the organic Rankine
cycle using diesel engine waste heat recovery. Although a thermal loss of about 2% occurs during the energy conversion in the cycle,
72% -78% of the thermal power can be converted into mechanical energy in the turbine. The remaining 20%-25% is converted into
electrical energy in the generator. For this reason, ORC is an effective electricity production method. ORC can be used in all systems
with continuous waste heat release and is especially preferred for high efficiency at low temperatures [1].

Peris et al. have designed and built of ORC for tested. Their purpose is to determine system performance and system operating
ranges. Their results show that the thermal power of ORC, produce electricity and useful heat increase with the rise of the thermal oil
temperature and larger pressure ratios [2]. Zahra et al. have modeled and optimized an ORC for diesel engine waste heat recovery.
R123, R134a, R245fa and R22 are selected as working fluids in their study. Results of their study show that the optimum working
fluid is R123 in both of economical and thermo dynamical for of output power. They were showed that R123 has the highest
investment cost but the environmental and fuel costs are the lowest [3]. Kolsch et al. have were investigated performance of methanol,
toluene and SES36 in ORC. Results of their study show that methanol have the highest thermal performance, but also need the largest
heat transfer area. Toluene has the lowest thermal efficiency for this study [4].

In the present study, the thermodynamic analysis of the organic Rankine cycle for the exhaust waste heat of a diesel engine as the
heat source for five different working fluids was carried out. The exhaust gas outlet temperature is approximately 80-100 °C lower
than the inlet temperature in diesel engines. This is because the exhaust gas temperature at the end of the combustion is equal to or
above the dew point temperature. For this reason, approximately 80-100 °C of heat is discharged from the exhaust of the diesel
engine. Table 1 shows the characteristics of the diesel engine selected for this study.

Table 1. Characteristics of diesel engine

Electric power of diesel engine 235.8 kW
Exhaust gas flow rate 0.275 kg s™!
Specific heat 1.063 kj kgK!
Exhaust gas temperature 519 °C

The schematic diagram of the ORC are shown in Figure 1. In this study R123, R245fa, R600a, R236ea and R134a working fluids
were selected. Thermo-physical properties of working fluids are given in Table 2.
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Figure 1. Schematic diagram of the diesel engine - ORC combined system
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Table 2. Thermo-physical properties of working fluids

Fluid Molecular weight Critical temperature Critical pressure
(kg kmol™) (K) (MPa)

R245fa 134.04 427 3.65

R123 152.9 183.7 36.6

R600a 58.1 407.8 3.64

R236ea 152 412.44 3.5

R134a 102 101.1 40.6

2. Material and Method

All of the machines (pump, turbine, boiler and condenser) constituting the steam power plant of continuous flow machine.
Therefore, ORC consists of four continuous flow open systems. For this reason, the equation of the conservation of energy in the open
flow system is written as follows [5-6];

q—w =hout — hin (1)

The boiler and condenser do not work. When state change of pump and turbine were changed as isentropic, the equation of energy
conservation for each element of the cycle can be expressed as follows;

Pump,

Wp,in = h4 - h3 (2)
Boiler,

Qin = hy —hy 3)
Tiirbine,

Weour = hy — by 4)
Condenser,

Gout = h3 — hy 5)

The thermal efficiency of ORC is calculated from the following correlation [7-10];

Whet =1— Jout
Qin Jin

Whet = Qin — Qout = Wt,out — Wp,in 7

(6)

Norc =

The thermodynamic values and calculations used in the analyzes were performed with EES program. Newton Rapson and Jacobi
methods are used in the calculations.

3. Results and Discussion

Efficiency of ORC was calculated and are given in in Figure 2 for different condenser temperatures (Ty = 25-30-35 oC), R123,
R245fa, R600a, R236ea and R134a organic working fluids and different evaporator temperatures. It is seen that the efficiency values
also increase when the evaporator temperature in ORC increases. In Figure 2, it is seen that the highest efficiency value is 23.5%
under operating conditions with working fluid R123, evaporator temperature Tb=1820C and condenser temperature Ty=250C. In
cycle, the lowest efficiency value is for refrigerant R134a.
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Figure 2. Variation of the efficiency value with condenser and evaporator temperature for different organic working fluids

Turbine power in organic Rankine cycle was determined to depend on evaporator temperature, condenser temperature and fluid
flow rate and was given in Figure 3. it is seen that turbine power in organic Rankine cycle higher for low fluid flow and condenser
temperatures. It is seen that the highest turbine power value is 7.2 kW in operating conditions where the working fluid R123,
condenser temperature is 25 oC and the fluid flow rate is 128 g/s. The lowest turbine power was found to 3.1 kW in the cycle for
refrigerant R236ea.

Efficiency of cycle was determined to depend on evaporator pressure and condenser temperature for R123, R245fa, R600a,
R236ea ve R134a and was given Figure 4. Low condenser temperature and high evaporator pressure increases the efficiency in
organic rankine cycle. In Figure 4, it is seen that the highest efficiency in ORC for R123 working fluid. In cycle, the lowest efficiency
value was found to 10.5% for refrigerant R134a.
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Figure 3. Variation of the turbine power with mass flow rate for different organic working fluids
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Figure 4. Variation of the efficiency values with evaporator pressure for different organic working fluids

When the relationship between evaporator temperature and turbine power in ORC is examined, increasing the evaporator
temperature causes to increase turbine power. In Figure 5, it was seen that the highest turbine power is 7.2 kW under operating
conditions where the evaporator temperature is 185 oC, working fluid R123 and condenser temperature is 25 oC. In the cycle, the

lowest turbine power was found to 3.1 kW for refrigerant R134a.
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Figure 5. Variation of the turbine power with evaporator temperature for different organic working fluids

4. Conclusions

In this study, thermodynamic analysis of the organic Rankine cycle (ORC) for a diesel engine waste heat recovery was performed
for different working fluids. R123, R245fa, R600a, R236ea and R134a are used as working fluid in the cycle. For temperature of the
heat source in the exhaust of the diesel engine 80-180 oC was chosen. The required thermodynamic values and calculations for the
analysis were calculated by the Engineering Equation Solver (EES) program.

According to the results obtained from the analysis; the highest efficiency of the organic Rankine cycle is 23.5% for the working
conditions analyzed. Based on this, it can be concluded that the optimum working fluid is R123 in organic Rankine cycle for this
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analysis of work. In addition, low condenser temperature and high evaporator temperature in organic Rankine cycles increase the
efficiency of ORC.
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