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ABSTRACT: Since the carbon content of carburized steels is below 0.20%, they cannot
be cured normally. In order to increase the amount of carbon, the steels are carburized
by surface hardening. In this study; The carburization process was applied to the SAE
8620 (21NiCrMo2) carburized steel in a salt bath containing 10% cyanide (Potassium
Cyanide KCN). Samples cut at two different sizes of 15x15x100 mm and 20x20x100
mm were heated gradually from room temperature to curing temperature of 930°C.
At 930°C, the materials were incubated for two and six hours at two different retention
times and then gradually decreased to 860°C. The materials were stored at 860°C for
40 minutes and then the materials were quenched with water in the oil cooling
medium. After quenching, the materials were tempered at 180°C for two hours.
Surface hardness and micro hardness of the materials were measured and their
microstructures were examined. The hardness depth for the materials was 1.6 mm and
the effective hardness was 1.2 mm. Surface hardness values were measured as 832-860
HV for 15 mm thickness and 810-840 HV for 20 mm thickness according to six-seven
hour waiting period. It was observed that the hardening was at a maximum level up
to a depth of 0.2 mm, the hardness values decreased as the nucleus was approached
and a sufficient martensite phase was formed in the structure. It was observed that the
hardness values decreased with the thickness of the two samples, depending on time,
the structure was coarse to the core and the perlitic structure was transformed into the
beynitic structure. Material hardness and hardening time on the amount of carbon
after the hardening process has been found to affect the hardenability of steel.

Key words: carburized steels, carburization time, hardness, heat treatment,
microstructure

SEMENTASYON CELIKLERININ ISIL ISLEMINDE KARBURUZASYON
SURESININ SERTLIK VE MIKROYAPI UZERINDEKI ETKISI
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OZET: Diisiik karbonlu gelik grubundan olan sementasyon celikleri digliler, miller,
piston pimleri, zincir baklalari, makaralar, diskler, kilavuz plaka ve yataklar,
merdaneler, 6l¢ii ve kontrol aletleri, kesici takimlar gibi malzemelerin tiretiminde
kullanilirlar. Sementasyon ¢eliklerinin karbon miktar1 %0,20" nin altinda oldugu icin
normal yolla sertlestirilemezler. Sementasyon celikleri karbon miktarinin arttirilmasi
amaciyla ytizeye karbon emdirilerek ytizey sertlestirme yapilan sementasyon islemine
tabi tutulurlar. Bu calismada; SAE 8620 (21NiCrMo2) sementasyon celigine %10
siyantir iceren (Potasyum Siyantir KCN) tuz banyosunda sementasyon islemi
uygulanmistir. 15x15x100 mm ve 20x20x100 mm olarak iki farkhi olctide kesilen
numuneler oda sicakligindan sertlestirme sicaklig1 olan 930 °C’ ye kadar kademeli
sekilde 1sitilmistir. 930 °C’de malzemeler alti ve yedi saat stireyle iki farkli tutma
stresinde bekletilmis ve ardindan kademeli bir sekilde sicaklik 860 °C’ ye
dustrilmustiir. Malzemeler 860 °C’de 40 dakika bekletilmis ve sonrasinda
malzemelere yag sogutma ortaminda su verilmistir. Su verme sonrasit malzemeler 180
°C’de iki saat stireyle temperlenmistir. Mikroyapi incelemelerine uygun olarak 1200
zimparaya kadar zimparalanan ve elmas pasta ile parlatilan numune ytizeyleri asit
cozeltisi ile daglanmistir. Malzemelerin ytizey sertlikleri, mikrosertlik o©lgtimleri
yapilmis ve mikroyapilar1 incelenmistir. Malzemeler igin sertlik derinligi 1,6 mm ve
etkili sertlik derinligi ise 1,2 mm olarak tespit edilmistir. Ytizey sertlik degerleri
alti/yedi saat bekleme siiresine gore sirastyla 15 mm kalinlik icin 832/860 HV ve 20
mm kalinlik icinse 810/840 HV olarak olctilmustiir. 0,2 mm derinlige kadar
sertlesmenin maksimum seviyede oldugu, ¢ekirdege yaklasildikca sertlik degerlerinin
dustigti ve yapida yeterli seviyede martenzit fazinin olustugu gortlmustir.
Numunelerin sertlesen kisminda karbon miktarmm %0,5" in tizerine ¢iktigy, ytizeyde
ise %0,9 un tizerine ctkmadig1 ve dekarbiiriizasyonun olusmadigr goriilmiistiir. Tki
numune arasinda kalmlikla birlikte sertlik degerlerinin bir miktar duisttigti, zamana
bagh olarak cekirdege dogru yapinin kabalastig1 ve perlitik yapinin beynitik yapiya
dontstiigti gozlemlenmistir. Malzeme sertligi ve sertlestirme sonrasi karbon miktar:
tizerinde karbtirtizasyon stiresinin etkili oldugu, celigin sertlesebilirligini etkiledigi
gorulmistiir.

Anahtar sozciikler: sementasyon celikleri, karbiirtizasyon stiresi, sertlik ol¢timii, 1s1l
islem, mikroyap1

GIRIS

Metallerin sertlik, mukavemet vb. mekanik ozelliklerini gelistirmek amaciyla
metallere kat1 halde uygulanan kontrollii 1sitma ve sogutma islemleri 1s1l islem olarak
tanimlanmaktadir (Karagoz 2007). Celigin sertlestirilmesi, kritik bir sicaklikta veya
tizerine geligin 1sitilmasi, bu sicaklikta bir siire bekletilmesi ve sonrasinda su verme
sicakligina kademeli bir sekilde diistirtilerek sogutma isleminin yapilmas: seklinde
aciklanabilir (Bicer & Karagoz 2017).
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Teknolojik gelismelerle birlikte ortaya cikan ihtiyaclar dogrultusunda yeni malzeme
turlerinin ya da mevcut malzeme ozelliklerinin gelistirilmesine calisiilmaktadir.
Guinumiizdeki ozellikleri, kimyasal bilesimi, uygulama alanlar1 birbirinden farkl
ytizlerce gelik tiirti mevcuttur. Bu celik tiirlerinden biri endiistride yaygin kullanim
alanma sahip olan sementasyon celikleridir. Diisiik karbonlu gelik grubundan olan
sementasyon celikleri disliler, miller, piston pimleri, zincir baklalari, makaralar,
diskler, kilavuz plaka ve yataklar, merdaneler, 6l¢ii ve kontrol aletleri, kesici takimlar
gibi malzemelerin tiretiminde kullanilirlar (Karagoz 2007). Karbon miktar1 %0,20" nin
altnda oldugu icin normal yolla sertlestirilemeyen sementasyon c¢eliklerinin
sertlestirilmesi i¢in en eski yontemlerden biri olan ytiizeye karbon emdirilerek ytiizey
sertlestirme yapilan karbiirtizasyon teknigi kullanilmaktadir (Topbas 1998).
Karbiirtizasyon isleminin uygulanmasinda farkli teknikler kullanilmaktadir. Bu
tekniklerin biri yaygm kullanim oranina sahip olan tuz banyosunda karbiirtizasyon
islemidir.

Daha once yapilan calismalarda, arastirmacilar tarafindan sertlestirilmis AISI 8620
celiginin asmma davranist incelenmis ve 1s1l islemin asinma davrams: tizerindeki
etkisi belirlenmeye calisilmistir (Levy & Yan 1985). Gaz karbtrtizasyon ile
sertlestirilmis SAE 8620 celiginin sementasyon derinligi ve yorulma ozellikleri
arasindaki iliski incelenmistir (Asi et al 2007). Farkli sertlestirme sicakliklari ve stireleri
kullanilarak gaz karbiirtizasyonu ile sertlestirilmis malzemenin yorulma performansi
incelenmistir (Asi et al 2009). Stire¢ degiskenleri olarak zaman, sicaklik ve farkli gaz
karisimlarinda geligin iyon nitriirleme davranisini incelenmistir (Celik et al 2001). Isil
islemle birlikte AISI 8620 celiginde cift fazli bir mikro yap1 olusturulmaya calisilmus,
martenzit partikiil bliytikligtintin sabit hacim fraksiyonundaki gerilme catlag:
tizerindeki etkisi incelenmistir (Erdogan & Tekeli 2002). Isil islem sonras1 AISI 8620
celiginde sementasyon derinliginin yorulma performans: tizerindeki etkisi
incelenmistir (Genel & Demirkol 1999). AISI 8620" nin sertlestirilmesinde su verme
ortaminin kalint1 6stenit ve malzemelerin tribolojik 6zellikleri arasindaki iliski (Roy &
Sundararajan 2016) ve benzer bir ¢alismada da kalinti ostenit miktar1 ile catlak
yayilimi ve yorulma davranis: arasindaki iliski (Shen et al 2015) incelenmistir. Yegen
ve Usta (2010) tarafindan sementasyon islemi igin farkl stirelerde tuz banyosunda
tutulan sicak haddelenmis ve soguk sekillendirilmis SAE 8620 ve 16MnCr5" in
mekanik o6zelliklerinin tutma stirelerine bagli olarak degisimi incelenmistir.

YONTEM

Calismalarda endiistrideki kullanim oranlar1 dikkate alinarak daha ¢ok disli carklar ve
miller gibi makine parcalar1 ve kilavuz burg, kolon ve plaka gibi kalip elemanlarmin
yapiminda yaygin olarak kullanilan, TSE EN 10084 standardina uygun, malzeme no
1.6523 ve sembolii 21NiCrMo2 (SAE 8620) olan celik kullanilmistir. Malzemeler IMS
Ozel Celik (Istanbul) firmasindan sertifikali tiriin olarak temin edilmistir.
Malzemelere ait mekanik 6zellikler Tablo 1" de verilmistir.

Tablo 1. 2INiCrMo2 Sementasyon ¢eligine ait mekanik ozellikler
Ozellik Deger
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Cekme

Mukavemeti 530 MPa

Akma

Mukavemeti 385 MPa
: .. 190-210

Elastik Modiil GPa

Kayma Modiili 80 GPa
Poisson Orani 0,27-0,30
Izod Darbe

Dayanim 115]
Sertlik 149 HB
Kopma Uzamast % 10

Celigin kimyasal bilesimin standart degerlere uygun olmas 1s1l islem proseslerinin
dogru olarak uygulanabilmesi ve sonuglarin giivenilirligi acisindan onemlidir. Bu
nedenle GNR S7 marka (GNR/Italya) kiitle spektroskopi cihazi ile elde malzemelerin
kimyasal bilesimi belirlenmistir. Malzemelere ait kimyasal bilesim Tablo 2 de
verilmistir.

Tablo 2. 2INiCrMo2 ¢eliginin kimyasal bilesim 6l¢iim sonuclar:
Aciklama Kimyasal Bilesim (% agirlik)

FElement C Si Mn Pmaks. Smaks. Ni Cr Mo
Standard 0,18 0,20- 0,70- 0,040 0,040 040- 040- 0,15-
0,23 0,35 0,90 0,70 0,60 0,25

Bulunan 0,197 0,204 0,718 0,012 0,0076 0,439 0,415 0,158

Hazirlanan numunelere %10 siyantir iceren (Potasyum Siyantir KCN) tuz banyosunda
Sekil 1" de verilen 1s1l islem cevrimi ve stireglere gore karbiirtizasyon islemi yapild.
Malzeme kalinliginin sertlik tizerindeki etkisinin incelenmesi amaciyla 15x15x100 mm
ve 20x20x100 mm olarak iki farkli olctide kesilen numuneler oda sicakligimmdan
sertlestirme sicaklig1 olan 930 °C’ ye kadar kademeli sekilde 1sitilmistir. 930 °C’'de
malzemeler alt1 ve yedi saat stireyle iki farkli tutma stiresinde bekletilmis ve ardindan
kademeli bir sekilde sicaklik 860 °C’ ye dustirtilmiisttir.
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Sekil 1. Isil islem cevrimi ve siirecler
Malzemeler 860 °C’de 40 dakika bekletilmis ve sonrasinda malzemelere yag sogutma
ortaminda su verilmistir. Su verme sonras: malzemeler 180 °C’'de iki saat siireyle
temperlenmistir. Mikroyap1 incelemelerine uygun olarak 1200 zimparaya kadar
zimparalanan ve 3 pm ve 1 um elmas pasta ile parlatilan numune ytizeyleri asit
cozeltisi ile daglanmistir. Malzemelerin ytizey sertlikleri, kesit ytizeyinden merkeze
dogru MIKROSCAN marka sertlik 6lctim cihazi ile 1 kp ytik ve 136° ug agisina sahip
elmas piramit u¢ kullanilarak HV cinsinden sertlikleri ¢lgtilmiis ve optik mikroskop
ile mikroyap1 incelemeleri gergeklestirilmistir.

150

BULGULAR

Numunelerin sertlik ol¢tim grafikleri Sekil 2” de verilmistir. Malzemeler icin sertlik
derinligi 1,6 mm ve etkili sertlik derinligi ise 1,2 mm olarak tespit edilmistir. Yiizey
sertlik degerleri alti/yedi saat bekleme siiresine gore sirastyla 15 mm kalinlik icin
832/860 HV ve 20 mm kalinlik icinse 810/840 HV olarak olctlmistir. 0,2 mm
derinlige kadar sertlesmenin maksimum seviyede oldugu, cekirdege yaklasildikca
sertlik degerlerinin diistiigli ve yapida yeterli seviyede martenzit fazimin olustugu
gorulmistiir. Numunelerin sertlesen kisminda karbon miktarinin %0,5" in tizerine
ciktigl, ytizeyde ise %0,9" un tizerine ¢ikmadig1 ve dekarbiirtizasyonun olusmadig1
gorilmistiir. [ki numune arasinda kalmlikla birlikte sertlik degerlerinin bir miktar
duisttigii, mikroyap1 incelemelerinde zamana bagh olarak cekirdege dogru yapinmn
kabalastig1 ve perlitik yapinin beynitik yapiya dontisttigti gozlemlenmistir.
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Sekil 2. Sertlik ol¢iim grafikleri a) Kalinlik 15 mm, b) Kalinlik 20 mm

Sekil 3" te mikroyap:r incelemelerine ait resimler verilmistir. Mikro yap:
incelemelerinde ytizeyde martenzitik tabakanin olustugu ve igeriye dogru penetre
edildikce bu tabakanin etkisini yitirdigi gozlemlenmistir. Sekil 3 b” de beyaz olan
tabaka olusmus olan bu martenzit fazmna aittir. Buna bagl olarak iki numune arasinda
kalmlikla birlikte sertlik degerlerinin bir miktar duisttigti gozlemlenmistir. alt1 saat
stireyle tuz banyosunda tutulan numunelerde mikroyapida diiz martenzit sekillerin
yaninda perlit taneciklerine de rastlanmustir. Yedi saat stireyle tuz banyosunda tutulan
numunelerin mikroyapisinda ise stireksizliklerin ve beynitik yapmin olustugu
gozlenmistir.

Sekil 3. 50x biiyiitmeli mikroyap1 fotograflari, a) Kalinlik 15 mm/6 saat, b) Kalinlik
15 mm / 7 saat, ¢) Kalinlik 20 mm / 7 saat

SONUC

Malzemelerin prosese uygun olarak sertlestirildigi ve sementasyon sirasinda gelik
ytizeyinden belirli bir derinlige kadar karbon emdigi gortilmustiir. Calismada elde
edilen sertlik derinliklerinin parcanin kullanim amacina gére uygun oldugu, 1,2 mm
civarinda olan etkili sertlik derinliginin cekirdege dogru diistiigii tespit edilmistir. 6
saat stireyle tuz banyosunda tutulan malzemelerin dis kabugunda ince bir martenzit
tabakasmin olustugu ve tuz banyosunda tutma stiresiyle birlikte bu tabaka
kalmhigmm i¢ ytlizeye dogru arttigr gortilmiistiir. 7 saat tuz banyosunda tutulan
numunelerde ¢ekirdege dogru yapmin kabalastig1 ve perlitik yapmin beynitik yapiya
dontistiigti gortilmektedir. 7 saatlik stire sonunda ytizeyde sertlik degerinin
maksimuma ¢iktig1, 1 mm’ de karbtirlesme sicakliginda ¢oziinen karbon miktarmin
arttig1 ve otektoid ustti bir degere ulastig1 gortilmektedir. Su verme sonrasi yapilan
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temperlemeyle dairesel forma doniisen martenzit fazinin parcalarin kullanim 6mri
acisindan onemli bir avantaj olusturacag: duistintilmektedir.
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DESIGN AND SIMULATION DUAL-BAND FSS STRUCTURE BASED ON U-
SHAPED COMPACT SLOT RESONATORS
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ABSTRACT: In this article a dual-band frequency-selective surface presented. The
design of the FSS structure has closely spaced operation bands and high selective
frequency response at each operation band. Two-dimensional compact U-shaped slot
resonators are used in each FSS unit cell to obtain this ability. Also, each slot resonator
is composed of straight slot section at the centre connected to two U-shaped arms at
each end. The dimensions of the slot resonators are optimized using via full-wave
electromagnetic simulations using CST Microwave Solver. The proposed FSS structure
is independent of incident polarization and angle because of 90° rotation of the unit
cell.

Keywords: (dual-band, FSS structure)

INTRODUCTION

The electromagnetic properties of periodic surfaces have been widely studied for some
time now. A periodic surface is generally defined as a uniform assembly of elements
(or scatterers) arranged in one- or two-dimensional infinite arrays. Several arrays and
material layers may be combined to produce resonant structures commonly referred
to as a Frequency Selective Surface (FSS) [1] [2] [4]. These surfaces find a wide variety
of applications over a vast range of the electromagnetic spectrum, from below UHF to
the far-infrared regions. In the microwave region, periodic surfaces have been used
with great success as phased array antennas, artificial dielectrics, and diffraction
gratings, frequency selective reflectors for antennas, dichroic surfaces, angular filters,
and spatial filters. While many of the principles and design approaches described in
this chapter have direct application to active structures such as phased arrays, the
emphasis here is on passive frequency selective surfaces. The purpose of this chapter
is to provide an overview of the field rather than a comprehensive technical exposition
and therefore the interested reader is encouraged to consult the references cited in this
chapter, in particular the review articles and most importantly, the textbooks. A
frequency selective surface is essentially a filter designed to exhibit different reflection
and/or transmission properties as a function of frequency. Unlike an ordinary filter,
which generally considers only the frequency response, an FSS must maintain band
tilter characteristics for various angles of incidence and for various polarizations [12]
[22]. The latter issue is readily addressed by using elements that respond to the
particular polarization of interest. The former, however, represents a formidable
challenge because, independent of element type, variations in angle of incidence result
in both a shift in resonant frequency as well as a change in functional bandwidth
(including magnitude and phase response) with incidence angle and polarization.
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An FSS generally consists of a periodic arrangement of either wire or slot elements [17]
[18]. An FSS of wire elements is composed of arbitrarily shaped conducting elements,
which support electric currents. Alternatively, a slot FSS is composed of arbitrarily
shaped perforations in a metallic screen, which support magnetic currents. It is
convenient to view an FSS as consisting of two distinct regions: a central portion and
the portion near the edges. When considering an FSS that consists of a relatively few
number of elements, the frequency response is dominated by contributions from the
edge of the surface. This means that the influence of the changes in the mutual
coupling between all of the elements may easily be found by direct application of
conventional computational electromagnetic approaches (Method of Moments, Finite
Element Method, and so on) [21] [22]. There has been significant work on finite FSS
that addresses the edge effects and the reader is encouraged to consult the resulting
publications. More typically, Frequency Selective Surfaces are electrically very large
(in that they contain many thousands of elements) and the central region of the FSS
dominates the response. In this case the vast majority of the elements of an FSS appear
to be in the same environment (same impedances and coupling), and it is convenient
to analyse the FSS as if it were infinite. Under this condition, certain theoretical
approaches may be used that allow insight into the basic behaviour of the FSS in a
relatively direct manner. The Plane Wave Expansion Technique readily lends itself to
the analysis of FSS providing a deeper understanding of the nature of the FSS. This
deeper understanding results in better design procedures and practices.

Anatomy of a Frequency Selective Surface: Grids and Elements

An FSS is formed by the repetition of identical structures in two dimensions. Therefore
an FSS is comprised of two components: a grid (often referred to as a lattice) which
specifies the periodicity of the surface, and a reference element associated with every
grid point. The grid/element combination, used in concert with tuning materials,
define the frequency, bandwidth, polarization response, angular coverage, power
handling capabilities, cost and mechanical durability of the FSS. As such itis important
to understand the basic functionality and limitations of some common configurations
used in FSS design, recognizing that obtaining good FSS performance is not assured
by optimizing only performance parameters. In some applications, especially in
military systems, dual-band FSSs with large band separation are much more attractive
because they can avoid the interference and reduce the risk of radar detection [25] [16].
Design of the Dual-Band FSS
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In the design proposed of FSS. compact slot resonators are used as electric resonators. The compact slot
resonators are more suitable for FSS designs with narrow transition bandwidth [4]. The proposed design geometry
of the dual-band FSS is including the parameters of the design that shown in fig.1. The proposed design compact
on an ArlonDiclad 880 substrate. The relative pemmittivity of ArlonDiclad 880 substrate (ar) 2.2, and the loss
tangent (0.0009) and the thickness (h of 0.762 mm). The total lengths of the unit cells are 5 mm % 5 mm in the
directions of (x, ). The Fig.l shows the dimensions of the proposed structure that listed in Table 1. They are
chosen for X-band frequency charactenistics. The FSS structure will then fit in properly within the X-band
waveguide flanges and enable using waveguide measurement system for validation. Because of 90° rotation of the
unit cell that shows (in Fig. 2a) The proposed designed structure is independent of incident polarization .The

proposed antenna design is simulated by CST MWS and HFSS software packages.The CST MWS used

Frequency Domain Solver and it is depends on indirect and direct linear equation solver system.
In the design proposed of FSS, compact slot resonators are used as electric resonators.

The compact slot resonators are more suitable for FSS designs with narrow transition
bandwidth [4]. The proposed design geometry of the dual-band FSS is including the
parameters of the design that shown in fig.1. the proposed design compact on an
ArlonDiclad 880 substrate. The relative permittivity of ArlonDiclad 880 substrate (er)
2.2, and the loss tangent (0.0009) and the thickness (h of 0.762 mm). The total lengths
of the unit cells are 5 mm X 5 mm in the directions of (x, y). The Fig.1 shows the
dimensions of the proposed structure that listed in Table 1. They are chosen for X-band
frequency characteristics. The FSS structure will then fit in properly within the X-band
waveguide flanges and enable using waveguide measurement system for validation.
Because of 90° rotation of the unit cell that shows (in Fig. 2a) The proposed designed
structure is independent of incident polarization .The proposed antenna design is
simulated by CST MWS and HFSS software packages.The CST MWS used Frequency
Domain Solver and it is depends on indirect and direct linear equation solver system.

Figure 1: Geometrical dimensions of proposed FSS structure

L1 L2 L3 L4 L5 S1 S2
5mm 5mm 3mm 4mm 0.3mm 0.5mm 0.61lmm

Table 1: Geometrical dimension of the proposed dual-band FSS
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Figure 2: Schematic drawing of the proposed FSS (A) Periodic structure (B) Unit cell

RESULTS AND FINDINGS

Phase of Transmission and Reflection Results at Normal Incidence.

The phase characteristics of transmission and reflection coefficients are presented. The phase variation of the
reflection coefficient clearly shows that the proposed FSS has two resonant frequencies (fl = 8.80 GHz and fu=
9.54 GHz). Also, a very sharp transmission null at 9.06 GHz is observed. The transmission characteristics of the
proposed FSS structure are also investigated.

S-Parameter [Phase n Degrees]

I

— SZrrw{1),Zmin(1)
szmax{1

— ) Zmin{1)

— ;lm;(l);lmax(l)

Figure 3: Simulated phase of transmission and reflection results at normal incidence

Frequency Response of the Structure
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The figure below shows the simulated result of the frequency response of the proposed design structure and
frequency characteristic of the dual-band is clearly observed. The Centre frequencies of the first and second
bands are fl = 8.80 GHz and fu = 9.54 GHz, respectively. The bandwidth of first and second operation bands are
BW1=09 GHz and BW2 = 1 GHz, respectively.

PPt (Mg e b
e —— e ——

Pogurwy ) Oe

Figure 4: Simulated transmission and reflection coefficients results at normal
incidence

Transverse electric (TE) polarized electric field distributions at f1 = 8.80 GHz and fu
=9.54 GHz

Transverse electric (TE) polarized electric field distributions at fl = 8.80 GHz and fu =
9.54 GHz frequencies are presented in Fig. 5. As shown in Fig. 5a, strong electric fields
are induced on the 2 and 3 numbered elements of the unit cell at fl = 8.80 GHz. It is
clearly seen from Fig. 5b that electric fields are induced on the 1 and 4 numbered
elements of the unit cell at the upper frequency ( fu = 9.54). Therefore, slot-2 and slot-
3 control the lower frequency while the other slot elements control the upper frequency
of operations. With this combination, the proposed FSS structure has dual-band
characteristic.
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Figure 5: Simulated results of electric field distributions (a) 8.8 GHz
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Figure 5: Simulated results of electric field distributions (b) 9.54 GHz

4. Conclusions

A dual-band FSS structure with very close operation of bands has been introduced.
The proposed dual-band FSS structure is based on U-shaped compact slot resonators.
The FSS was validated through EM simulations and measurements. The effects of
several dimensions on the frequency performance have been investigated. Both EM
simulations and measurements show that the proposed FSS operates at 8.8 and 9.54
GHz. Also, the EM simulations show that the designed FSS has a stable transmission
response at oblique TE and TM polarization incidence.
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ABSTRACT: Cedrus libani A. Richard (Pinaceae) is grown in Toros mountains of South
Turkey, Eastern Mediterranean, Western Syria, and Lebanon. Cedar tar obtained from
Cedrus libani A. Richard woods by pyrolysis degradation is conventionally known as
katran. It is used to fight bacteria, insects, fungi and parasites in veterinary medicine
and to treat dermatological disorders in humans. In this study, inhibitor activity of
cedar tar produced by conventional process was investigated against 5 clinical isolates.
(Proteus spp, Klebsiella spp, E. faecalis, B. subtilis ve C. albicans). It was observed
antimicrobial activity of cedar tar against all tested microorganisms.

Key words: Cedrus libani A. Richard, cedar tar, antimicrobial activity

CEDRUS LIBANI A. RICHARD (SEDIR) KATRANININ in vitro
ANTIMIKROBIYAL AKTIVITESI

OZET: Giiney Tiirkiye, Dogu Akdeniz, Bati Suriye ve Liibnan'daki Toros daglarinda
yetisen Cedrus libani A. Richard (Pinaceae) giralarmin pirolitik parcalanmasi sonucu
tiretilen geleneksel katran, veterinerlikte bakteriler, bocekler, mantarlar ve parazitler
ile savasmak ve insanlarda yaralar1 ve dermatolojik bozukluklar: tedavi etmek igin
kullanilmaktadir. Bu calismada, geleneksel metotlarla tiretilen sedir katranmin 5 klinik
izolata (Proteus spp, Klebsiella spp, E. faecalis, B. subtilis ve C. albicans) kars1 inhibitor
etkisi arastirilmistir. Test edilen tiim mikroorganizmalara karsi sedir katranmin
antimikrobiyal aktivitesi gozlenmistir.

Anahtar sozciikler: Cedrus libani A. Richard, sedir katrani, antimikrobiyal aktivite
GIRIS
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Cedrus libani A. Richard (Sedir) Turkiye'nin en énemli endemik agaclarindan biridir.
Bu Toros sediri veya Liibnan sediri olarak da adlandirilmaktadir (Efe ve ark., 2016).
Toros sediri ilk olarak Fransiz botanikgi Achille Richard tarafindan siniflandirilmis
olup, Cedrus libani ssp. libani (Lebanon Cedar-Liibnan sediri) ve Cedrus libani ssp.
stenocoma (Turkish cedar- Tiirk sediri) olmak tizere iki alt ttirti bildirilmistir (Bal ve
ark; 2012). Sedir odun 6ziittintin biyolojik aktivitesi, gtizel rengi ve kokusundan dolay1
musirhilar tarafindan dini (tapinaklarin tasiyic kirisi), liiks (saray, ev esyalari, sandik,
stitunlar, kapilar ve mobilya), calg: aletleri, gemi, baraj ve set insasinda kullanildig:
bildirilmistir (Bal ve ark; 2012; Efe ve ark., 2016).

Gecgmisten giintimtize kadar bu oziitlerin kullanimi devam etmektedir. Geleneksel
tipta insan ve evcil hayvanlarin gesitli hastaliklarimin tedavilerinde sedir odunun siyah
renkli 6zutti (katran) kullanilmasindan dolay: bu agag¢ halk arasinda Katran agact
olarak da bilinmektedir (Kurt ve ark., 2008; Bal ve ark; 2012).

Ogzellikle tilkemizde Pinus sylvestris ve Cedrus libani A. Rich. (Liibnan veya Toros
sediri)” den elde edilen katran tarihsel acidan 6nemli olup genis uygulama alanmna
sahiptir. Gegmiste topraga gomiilen firinlar kullanilirken, gtintimiizde katran modern
laboratuvarlarda {iretilmektedir (Ar1 ve ark., 2014). Tiirkiye'nin gtineyinde sedir
agacindan (Cedrus libani) elde edilen katran, catilardan su sizmasimin 6nlenmesi ve
ahsap yapilarin bocekler ve mantarlardan korunmas: igin, kirsal kesimlerde
kullanmilmaktadir (Ar1 ve ark., 2014). Yara iyilestirici 6zelligi 6ncelikli olmak tizere,
literattirde geleneksel olarak pek ¢ok kullanim alani bildirilmistir: (Kurt ve ark., 2008;
Bal ve ark; 2012; Ar1 ve ark., 2014; Efe ve ark., 2016; Avct ve Ozen, 2016; Pekgozlii ve
ark; 2017)

Kemik iligi iltihabi, idrar yolu ve cocuklarda kulak infeksiyonlari, nezle, okstirtik,
astim, bronsit,

Egzema, mantar, akne, uyuz, sedef, sa¢ kiran gibi dermatolojik hastaliklar icin
antiseptik; topikal antifungal, hayvanlarda agiz ve ayak yaralari, kurtlara maruz
kalmis yaralarin iyilestirilmesinde,

Sindirim sisteminin endo-parazitlerinden korunmasi, ¢ocuklarda mide agrismin
engellenmesi, iilser tedavilerinde,

Keci siittinden Mycoplasma agalactine bakterisinin uzaklastirilmast ve koyunlarda
kelebek hastaliginin 6nlenmesi igin,

Kene, pire, sivrisinek, yilan, fareler, ortimcek, akreplerin piiskiirtiilmesi i¢cin

Katranin kalitesi ahsabin icindeki regine miktari, agacin yasi ve tiretim i¢in kullanilan
yonteme gore degismektedir. Laboratuvar ortaminda tiretilen ytiksek kalitede katran,
sabun, krem ve sampuan gibi pek ¢ok kozmetik tirtintin iceriginde yer almaktadir.
Calismamizda Tiirkiye'nin Dogu Akdeniz bolgesinde Mersin Mut ilgesinin Giime
koytinde geleneksel olarak {iretilen sedir katraninin klinik izolatlar tizerinde in vitro
antimikrobiyal aktivitelerinin incelenmesi amaclamamastir.

YONTEM
Bitki Materyallerinin Toplanmas: ve Hazirlanmasi

Calismamizda Tiirkiye'nin Dogu Akdeniz bolgesinde Mersin Mut ilgesinin Giime

koytinde geleneksel olarak {iretilen sedir katrani kullanilmistir (Sekil 1). Geleneksel
tretim Sekil 2'de gosterilmistir. Geleneksel yontemle elde edilen sedir katrani,
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pirolizis olarak ifade edilen oksijen yoklugunda biyokiitlenin termal dontisumii ile
elde edilmistir.

- ("-

Sekil 2 (a) Biri I;apakh iki metal kutu kullanild.
(b) Kapakli metal kutunun taban kismimin ortasma bir delik agilip piisesi ¢ikarilacak
sedir agacindan kiyilan ¢iralar bu teneke icine yerlestirildi ve agzi iyice kapatilir.

’
(c) Ates gukurunun ortasina metal kutunun 51gacag1 b1r cukur aglhp gukura once
kapaksiz metal kutu (toplama kabr), tizerine hava boslugu kalmayacak sekilde alti
delik metal kutu yerlestirildi.

(d) Toplama kab1 cukurun altinda kalacak sekilde kapatilir.

(e) Yuksk 51cak11ga gelene kadar yaka 1§le1n1n gergekle§t1r11d1 (1-2 saat kadar)
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(f) Iki tenekenin etrafindaki kiilleri ve toprag1 dikkatlice temizlendi ve toplama kabrnin
icinde sedir katrani elde edildi
(http:/ /www.practicalprimitive.com/skillofthemonth /birchtar.html)

Pirolizis ile elde edilen sedir katrani, saf olarak kabul edilmis ve 0Oziitiin
konsantrasyonu %100 olarak kabul edilmistir (Sekil 3).

Sekil 3. %100 saflikta sedir katrani
Antimikrobiyal Aktivitenin Belirlenmesi

4 bakteri (Proteus sp, Klebsiella sp, E. faecalis, B. subtilis) ve 1 mantar (C. albicans) klinik
izolatlarma karst sedir katranmimn antimikrobiyal aktivitesi Kirby-Bauer agara
diftizyon yontemi kullanilarak arastirilmigtir. Izolatlar Kilis Devlet Hastanesi
Mikrobiyoloji Boltimii'nden temin edilmistir. Pozitif kontrol olarak standart
vankomisin (SD045-5CT 30 mcg/disk) ve tetrasiklin (Himedia SD037-1CT 30
mcg/disk) antibiyotikleri kullanilmistir. Mikroorganizmalarm ekiivyon cubugu ile
Mueller Hinton Agar (MHA) /Potato Dekstroz Agar (PDA) besiyerlerine yayma kiilttir
seklinde inokiile edilmistir. Agarda kuyucuklar acilarak, kuyucuklarin dibine 6ztitiin
yayllmamasi igin yar1 kat1 agarlardan 20 pL ilave edilmistir. 30 pL sedir katram
kuyucuklara eklendikten sonra 37°C’de 12-24 saat inkiibe edilen petri plaklarinda,
kuyucuklarm etrafinda mikroorganizmalarin tiremedigi inhibisyon zonlar
olctilmiistiir. Ve antimikrobiyal aktivite mm cinsinden hesaplanmustir.

Minimal inhibisyon konsantrasyon analizlerinde 5 farkli sedir katrani konsantrasyonu
(%50, 10, 5, 1 ve 0.1) test edilmistir. Her bir konsantrasyondan 30 pL emdirilen steril
bos diskler, yayma Kkiilttir seklinde hazirlanan petri plaklarmna aktarilarak
stirdtirtlmiistiir.

BULGULAR
Sedir katranmn test mikroorganizmalar1 {izerindeki inhibisyon etkisi Tablo 1'de
verilmistir. Tablodaki verilere gore katranin klinik test izolatlarmin tiimiine karsi

antimikrobiyal aktivite gosterdigi gozlenmektedir.

Tablo 1. Sedir katraninin antimikrobiyal aktivitesi (mm cinsinden)

Enterik B. s Kiebsiella E. faecalis Proteus C. albicans
subtilis | spp. spp-
Sedir 15 23 25 20 15 13
katrani
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Vankomisin | 6 22 - 15 _* _*
Tetrasiklin 16

*Agar plaklarinda inhibisyonu zonu gézlenmemistir

Sedir katraninin s6z konusu klinik izolatlar tizerindeki inhibitor etkisi 13-25 mm zon
caplar1 arasinda belirlenmistir. 25 mm zon cap1 ile en yiiksek inhibitor etki Klebsiella
spp.'ye kars1 gozlenirken, en diisiik etki C. albicans’a karsi belirlenmistir (13 mm).
Insan bogaz florasimn bir iiyesi olan firsatci patojen Candida tiirleri son yillarda
ozellikle yogun bakim tnitelerinde transplantasyon uygulanan ve bagisiklik
baskilayic1 ilaclarla tedavi edilen, bagisiklik yetmezligi ve viral enfeksiyon
hastalarinda yaygimn olarak gortilmektedir. Enfeksiyon etkeni bu tiirlerin dagilimina
bakildiginda C. albicans tiirti 6ne ¢ikmaktadir. C. albicans’a kars: katran her ne kadar
en diistik inhibitor etki gostermis olsa da bu tiire kars: kullanilan antifungal ilaglarin
etkisini arttirabilmek icin yardimci ajan olarak preparatlarda yer bulabilecektir.

Sedir katraninin hem maya hem de Gr pozitif ve negatif bakterilere kars: belirlenen
inhibitor etkisi oldukga ilginctir (Sekil 4). Farkli izolatlar tizerinde gozlenen bu
aktivitenin oldukca genis spektrumlu bir etki alami oldugu soylenebilmektedir.
Ozellikle Gr negatif bakterilerin hiicre duvarina niifuz etmedigi icin, Gr pozitifler
tizerinde daha etkili vankomisin antibiyotiginin sedir katraminin B. subtilis ve E.
fecalis’e kars1 gosterdigi inhibisyondan daha az oldugu gozlenmektedir.

N Enterococcus
fecalls

Sekil 4. Klinik izolatlara kars: sedir katraninm inhibitor etkisi

Enterobacteriaceae tiyesi Klebsiella spp./nin etken oldugu hastane infeksiyonlarmin
insidansindaki artislar, bu bakterinin antibiyotiklere karsi direncinden
kaynaklanmaktadir. Standart olarak kullanilan antibiyotige karsm gozlenen inhibitor
etkinin ytiksek olmasi sedir katranimin bu bakteriye karsi klinik preparatlarda
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kullanilabilecegini gostermektedir. Klebsiella spp. tizerinde iki standart antibiyotik
calisilmis olup, Gr negatif bakteriler {izerinde etkili protein sentezi inhibitorii
tetrasiklin antibiyotiginin gosterdigi 16 mm zon ¢apli antimikrobiyal aktiviteye karsin
sedir katrani bakteri tizerinde daha etkili aktivite (25 mm) gostermistir. B. subtilis
saman basili olarak da bilinmektedir. Ve 6zellikle hayvancilikla ugrasan bireylerde
goz iltihab1 etkenidir. Infeksiyon tablolarina bakildigina sedir katraninin bu
patojenlere karsi bilinmeden de olsa geleneksel terapide yaralarda lokal kullanimi
sonuglarimizi desteklemektedir.

Sedir katraninin antimikrobiyal aktivitesini takiben, test mikroorganizmalarmin tiimii
icin tiremenin engellendigi en dtisiik konsantrasyon belirlenmistir. Minimal
inhibisyon konsantrasyon testi sonuglar1 Tablo 2’de verilmistir.

Tablo 2. Sedir katraninin minimal inhibisyon konsantrasyon analiz sonuglar1 (mm
cinsinden)

Sedir katrani konsantrasyonu

(%)

50 10 5 1 |01
C. albicans -* -* -* S
B. subtilis -* -* -* S
Enterik 9 . . | s
bakteri

*

Proteus spp. | 10 =¥ ¥ -
Klebsiella 9 3 . .|
spp-
E. faecalis 13 10 9 N
*Agar plaklarinda inhibisyonu zonu gozlenmemistir

*

Sedir katraninin test edilen konsantrasyonlarinda, C. albicans ve B. subtilis’e karsi
antimikrobiyal aktivite karakteristigini kaybettigi belirlenmistir (Sekil 5). %1 ve 0.1
konsantrasyonlarda diger test bakterilerine karsi da antimikrobiyal aktivitenin
gozlenmedigi belirlenmistir. Konsantrasyonun azalmasima bagli olarak inhibisyonun
azaldig1 gozlenmekte olup, Enterik bakteri ve Proteus spp igin minimal inhibisyon
konsantrasyonu %50 olarak belirlenirken (Sekil 6), diger test bakterileri icin bu deger
(C. albicans ve B. subtilis harig) ise %5'tir. Ozellikle hastane enfeksiyonu etkeni ve yatay
gen transferi sonucu coklu antibiyotik direnci gosterebilen Klebsiella spp. izolati
tizerinde %5'lik konsantrasyonda inhibitér etkenin korunmasi bu bakteri kaynaklh

hastaliklarin terapisinde oldukca nemlidir.

MHE ‘
aciluy bl "whx suth
v =0 ALY ‘"9 1
wo!
ad

Sekil 5. C. albicans ve B. subtilis’e kars: test edilen konsantrasyonlarin antimikrobiyal
aktivitesi
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Sekil 6. Enterik ve Proteus spp., Klebsiella spp., ve Enterococcus faecalis’e karsi test edilen
konsantrasyonlarin antimikrobiyal aktivitesi

Insan bagirsak florasi tiyesi Proteus spp., hastanede diger bakteriler ile birlikte ortak
enfeksiyon etkeni olarak taninmaktadir. Ozellikle idrar yolu ve yara enfeksiyonlarinda
rastlanan bu bakteriye kars: standart antibiyotigi inhibitor etki gostermezken, 15 mm
zon capt1 ile sedir katraninda gozlenen inhibisyon oldukca énemlidir. Sedir katranin
bakteri hiticreleri tizerindeki inhibitor etki mekanizmasi tam olarak bilinmemektir.
Ancak vankomisin antibiyotiginin etki mekanizmasi arttirabilmek icin preparatlarda
birlikte kullanimi s6z konusu olabilecektir. Bu organizmaya kars1 gozlenen MIC deger
%50 olup, 9 mm zon capz1 ile inhibitor etki gozlenmistir. Sindirim sisteminin florasinda
yer alan Enterococcus faecalis pelvik ve {iriner sistem enfeksiyonlarimin direkt
sorumlusu olup bircok antibiyotige kars: direng gostermektedir. Bu bakteriye karsi
sedir katrani standart antibiyotikle karsilastirildiginda, daha ytiiksek inhibisyonu zonu
(20 mm) gostermis olup, MIC analizinde Klebsiella spp.’ye benzer sekilde %5lik
konsantrasyonda antimikrobiyal aktivitenin devam ettigi gozlenmektedir. Enterik
bakteri olarak tanimlanan bagirsak florasinin tiyesi gr negatif bakteriye kars: 15 mm
zon cap1 ile vankomisin antibiyotiginin gosterdigi inhibitor etkiden (6 mm) daha
ytiksek etki gozlenmistir.

Sedir agacinin yapraklar1 ve odunsu kismunin Oziitleri ¢ikarilarak yapilan
antimikrobiyal aktivite analizleri literatiirde yer almaktadir. Ancak geleneksel
yontemlerle {tiretilen sedir katranina yonelik antimikrobiyal metotlarm sinirli olmasi
calismamizin dnemini arttirmaktadir.

SONUC

Bu calismada Tiirkiye'nin Dogu Akdeniz bolgesinde Mersin Mut ilgesinin Giime
koytinde geleneksel olarak {iretilen sedir katranmnin Kilis 7 Aralik Devlet Hastanesi
Mikrobiyoloji Anabilim Dalin'ndan temin edilen klinik izolatlar tizerinde in vitro
antimikrobiyal aktivitesi incelenmistir. 5 klinik izolata (Proteus sp, Klebsiella sp, E.
faecalis, B. subtilis ve C. albicans) kars1 inhibitor etkisi arastirilmis olup test edilen tim
mikroorganizmalara karsi sedir katraninin antimikrobiyal aktivitesi gozlenmistir. En
ytiksek inhibitor etki Klebsiella spp.’ye karsi 25 mm zon capi ile gozlenirken, en diistik
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etki C. albicans’a karst belirlenmistir (13 mm). MIC analizleri sonucunda,
konsantrasyona bagli olarak her bakteriye karsi gozlenen inhibitor etki degismesine
karsin %5 gibi diisiik konsantrasyonda dahi inhibitor etki belirlenmistir.

ONERILER

Sedir katranmin in vitro antimikrobiyal ve antimutajenite ¢alismalarimizin sonuglar:
(Mercimek Takcr ve ark., 2018) geleneksel yontemle elde edilen bu tirtintin tibbi
preparatlarda kullanilmaya deger oldugunu gostermektedir. Ancak halk arasinda
yara iyilestirici, antimikrobiyal ve antiparazitik ve antifungal 6zellikleri bilinen sedir
katram1 gibi pek cok bitkisel kokenli kimyasal maddenin kullanilmadan once
karsojenite, genotoksisite ve in vivo mutajenite gibi risk faktorlerinin belirlenmesi
gerekmektedir.
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ABSTRACT: With the increasing demand for energy after the industrial revolution,
use of fossil fuels has increased rapidly. The world has started to warm up as a result
of the greenhouse gas emissions which caused by the increasing use of fossil fuels.
Therefore, nowadays, important are being taken in the use of renewable energy. One
of the renewable energy sources, current energy is formed as a result of circulations
and tidal movements in the oceans. In addition, sea surface temperature, salinity, wind
speed, sea-atmosphere interactions mainly effect of current systems. Different studies
estimated that potential current energy available in the Mediterranean Sea. The Sea is
connected to the Atlantic Ocean with Gibraltar Strait, also communicates with Red Sea
through the Suez Channel complex thermohaline, wind and water flux-driven multi-
scale circulation with interactive variabilities. In this study we used ROMS (regional
ocean modeling system) for simulated current velocity and potential in the Sea. The
data has 1x1 km high spatial and daily temporal resolution. As a result of the study,
current system is continuously in the Sea and daily current velocity at some points
about 0.6 m/s and potential current power 2.6 megawatt. Furthermore, by following
the coast of Africa through until coast line of Turkey current flows, has huge amount
of energy that can be produced with turbine system.

Key words: renewable energy, current system, ROMS, Mediterranean Sea, modelling

INTRODUCTION

Since the industrial revolution due to excessive burning fossil fuels, Earth Systems
energy balance has changed. Earth’s energy imbalance which has caused by human
activity, clearly caused global warming (Schuckmann et al., 2016). Fossil fuels leads to
approximately 74% of all COzemissions in the Earth (Moriarty et al., 2012). Nowdays,
most energy supplies are mainly depend on fossil fuels, but this situation has to change
in the future ( Mathiesen et al., 2015). In recent years, renewable energy sources have
become a very reliable option to supply increasing energy demand of societies. Until
2050, the share of renewable energy sources in electricity production will increase by
39% (Bhattacharya et al., 2016). Marine current energy one of the renewable energy
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sources and it has the potential to play a crucial role in the future energy supply in
many countries around the world. Marine currents are produced from tidal
movements and ocean circulation. Furthermore, various discharge of rivers, sea
surface temperature, salinity levels, wind speed affect the local currents. Marine
current system has a very high kinetic energy potential and this energy is used through
various technologies (Rourke et al., 2010). A study indicates that thanks to only 0.1%
percent of ocean current energy will supply about 5 time much kinetic energy than all
world energy requirement (Rahman et al., 2014). The Mediterranean Sea has an
average depth of 1500 meters and is connected to the Atlantic Ocean with Gibraltar
Strait, also communicates with Red Sea through the Suez Channel (Schroeder, 2018).
The Sea is recognized by high biodiversity, complex thermohaline, wind and water
flux-driven multi-scale circulation with interactive variabilities (Bonanno et al., 2018).
The Sea because of transition region between tropical and mid-latitude differences,
due to susceptible and hot spot effects of climate change (Gogou et al., 2016). Various
studies indicate surface fresh water budget and discharge of river in the Sea affected
in the last decades, this situation will change water mass properties and circulation
(Schroder, 2018). Different studies indicate potential energy capacity of the
Mediterranean Sea average 37 gigawatt yearly (World Energy Council, 2016).

METHODS

Study Area and Data

The Mediterranean Sea have a very high spatial and temporal variability at all extents,
from small turbulence to basin scale processes (Millot, 1999). The Sea circulation has
clearly and robust connection with primary production which crucial to local fisheries
(McCall, 2008). Atlantic water entering the Sea with the Gibraltar Strait which
circulates owing to temperature and salinity increasing from west to east in whole
basin. In this study, we used ROMS (regional ocean modeling system) which provides
the most robust algorithms and parameterizations in ocean modeling, furthermore, it
is active and continuous development of source code and widely used for regional,
high-resolution simulations. To visualization of currents data, we used climate data
operator software version 1.6.0 (CDO, 2015). The data has 1x1 km high spatial and
daily temporal resolution.
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RESULTS AND FINDINGS
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Figure 1. High Resolution A Daily Mean Current Velocity [m/s]

As seen in the Figure (1), a part of the stream entering the Gibraltar Strait moving
continuously along the African coasts up to the Levantine basin. Moreover, current
velocity is very high in some parts of the Mediterranean and the Aegean Sea.
Furthermore, speed of throughout coast of Turkey continuously current line velocity
is approximately 0.6 m/s in gulf of Iskenderun.

Curent Power Density 01.01.2018
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Figure 2. High Resolution Daily Potential Current Energy [kW]

Amount of daily energy stream in the Mediterranean and Aegean Sea that can be
obtained from current energy turbine with a wingspan of 3.5 meters are shown in the
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Figure (2). According to this study, at some points daily maximum current power that
can be produced 2.6 megawatt.

CONCLUSION

Marine current energy has an important place among renewable energy resources. In
recent years, various studies estimate that current energy potential of the
Mediterranean Sea is very huge. In this study, we aim to determined daily mean
current velocity and potential current energy 1x1 km high spatial and temporal
resolution. As a result of the study, we determined continuously current flows are
present in the Mediterranean Sea and the Aegean Sea. It is important to mention that
at some points of the Mediterranean Sea daily current velocity about 0.6 m/s and
potential current power 2.6 megawatt.
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ABSTRACT: In this study, three different concentrations of control (OmM), 2.5mM
(GABA 1) and 5mM (GABA II) were applied to 'Hicaznar' pomegranate fruit for 10
minutes at 10 ° C after being packaged in 250 gr PVPP canisters Were stored for 20
days in cold air storage at 90% + 5 relative humidity conditions. The physical,
physiological (chilling injury), chemical (SCKM, TA, pH, phenol, DPPH, organic acids,
sugars) and microbial quality effects were determined during 4 days intervals during
20 days of storage to determine the effects of the application on the applied
pomegranate fruit pods. According to our findings, it was determined that weight loss
of GABA applied to pomegranate pomegranate fruit after sowing did not have a
significant effect on O2 / CO2 (%) change of gas composition measurement. It was
determined that the amount of phenolic and flavonoid substance especially in fruits
subjected to GABAII application increased compared to other applications. In
addition, it has been determined that fruit cold damage, which is an important
physiological damage limiting the pomegranate preservation, is limited by GABA
applications. According to the microbiological analysis results, the increase of total
mesophilic aerobic bacteria in the pomegranate granules applied to GABA on
bacterial, yeast and mold growth was found to be limited when the control group was
compared with the fruit grains.

Key words: ‘Hicaznar’, GABA, chilling injury, fungal decay

‘HICAZNAR’ NAR MEYVELERINDE DERIM SONRASI FUNGAL
BOZULMALAR VE USUME ZARARININ KONTROLU UZERINE GAMMA-
AMINOBUTIRIK ASIT UYGULAMASININ ETKIiSININ BELIRLENMESI

OZET: Bu calismada, ‘Hicaznar’ nar meyvelerine 10 dakika stireyle {i¢ farkli
konsantrasyonda kontrol (0mM), 2.5mM (GABA I) ve 5mM (GABA II) uygulamasi
yapilmis ve uygulama yapilan meyve taneleri 250 gr PVPP kutulara koyularak
ambalajlandiktan sonra 5°C’de % 9045 nispi nem kosullarinda soguk hava deposunda
20 gun stireyle depolanmistir. Uygulamaya tabi tutulan nar meyve tanelerinde
uygulamanin etkilerini belirlemek amaci ile 20 giinliik muhafaza stiresince 4 giin
araliklarla yapilan fiziksel, fizyolojik (tistime zarar1), kimyasal (SCKM; TA, pH, fenol,
DPPH, organik asitler, sekerler) ve mikrobiyal kalite etkisi belirlenmistir.
Bulgularimiza gore derim sonrasi tanelenmis nar meyvelerine yapilan GABA
uygulamalarimin agirlik kaybi, gaz bilesimi 6l¢imii O2/COz (%) degisimi tizerinde
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anlaml bir etkisi olmadig1 belirlenirken, GABA II uygulamas: yapilan meyvelerde
ozellikle fenolik ve flavonoid madde miktarmm diger uygulamalara gore artis
gosterdigi belirlenmistir. Ayrica nar muhafazasmi sinirlandiran énemli bir fizyolojik
zarar olan meyve {isime zararinin GABA uygulamalariyla daha smirli kaldig:
belirlenmistir. Yapilan mikrobiyolojik analiz sonuglarma gore, bakteri, maya ve kiif
gelisimi (fungal bozulma) tizerinde GABA uygulanan nar tanelerinde toplam
mezofilik aerobik bakteri miktarmin kontrol grubu meyve taneleri ile kiyaslandiginda
artisin daha smirl kaldig: belirlenmistir.

Anahtar sozciikler: ‘Hicaznar’, GABA, tisime zarari, fungal bozulma

GIRIS

Tiirkiye nar tiretim miktar1 502,6 ton (TUIK 2017) ile &nemli bir nar iireticisi
durumundadir. Mayhos nar cesitlerine gore ‘Hicaznar’ nar ¢esidi hem i¢ hem de dis
pazarda ttiketicinin istedigi ozellige sahiptir. Akdeniz, Cin, Hindistan, ABD ve
Meksika ve Ortadogu gibi bircok iilkede yetistirilmektedir (Oz ve Ulukanl 2011).
Yapilan arkeolojik kazilarda nar meyvesinin ¢ok eski kiilttire dayandig1 ve anavatanin
On Asya oldugu tespit edilmistir. Diinya’da nar meyvesi tropik ve subtropik
iklimlerin oldugu alanda yetistirilmektedir (Abbasoglu, 2016).

Avrupa tilkeleri nar1 egzotik meyve, Arap {ilkeleri ise kutsal meyve olarak gormekte
ve serinletici etkisinden dolayr nar meyvesine talep artmaktadir. Nar meyvesi
Islamiyet, Hristiyanlik ve Musevilik gibi tiim kutsal kitaplarda adindan bahsedilen
ozel anlamlar iceren meyvedir (Ozgﬁven, vd.,2015).

Diinya’da en ¢ok nar {iretimi yapan iilkeler arasinda Iran, Tiirkiye, Pakistan,
Azerbaycan, Ispanya yer alir. Nar ihracati yapan {ilkeler ise Tiirkiye, Tunus,
Hindistandir. Ithalat yapan {iilkeler arasinda Amerika, Hollanda, Almanya, Ukrayna,
Rusya gelmektedir (Yuksekkaya, 2013).

Punicaceae familyasina ait nar (Punica granatum) meyvesinin bilimsel ad1 Latincede
tane ve elma anlamina gelen kelimelerden tiiretilmistir. Pek cok kiiltiirde iyilik, sans
ve bolluk getirdigine inanilmakta ve hatta dini kaynaklarda kutsal meyve olarak
anilmaktadir.  ‘Olimiin  meyvesi’ tabiriyle Eski Yunan kaynaklarinda
rastlanilmaktadir (Ozdemir 2015).

Tiirkiye’de nar tiretiminin artmasinda ‘Hicaznar’ nar ¢esidinin buiytik katkist olmus,
bu gesit son yillarda en fazla dikimi yapilan nar cesidi olup biiytik cogunlugu Akdeniz
bolgesinde gerceklestirilmektedir (Ak, vd., 2013).

Nar tretim miktarinda goriilen hizli artisa paralel olarak, ihracat miktarnda da
(Cizelge 1.1) onemli artislar yasanmustir. Bu artisa yetisme, tasima, depolama ve isleme
kalitesinin artmasi neden olmustur. Uretimde artan miktarla beraber pazarlamada bir
takim olumsuzluklar yasanmigtir. Uretimin hem i¢ hem de dis pazarda artmasinda
kaliteli ve daha wuzun siireli depolama olanaklar1 etkili olmustur. Meyvenin
depolanmasinda patolojik, fizyolojik ve kalite degisimleri 6nemli etmenlerdir (Ttirk ve
Sen 2017).

Nar, yaklasik % 80 lezzetli meyve suyu ve % 20 yenilebilir tohum igeren tanelerle
doludur. Yenilebilir kistm olan tanelerde 6nemli miktarda organik asit, ¢oziintir kuru
madde, vitaminler, polisakaritler, yagh asitler ve mineral elementler bulunarak besin
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maddeleri bakimindan zengindir. Nar genis etnomedikal ge¢misi ve muazzam
cesitliligi barindiran, biyolojik olarak aktif, besleyici olmayan, sekonder metabolitler
bakimindan zengin bir meyvedir (Oz ve Ulukanly, 2011).

Nar igeriginde bulunan polifenolik maddeler, antioksidanlar, C vitamini, regineli
maddeler, flavanoid ve alkoloidler bakimindan zengin bir meyve olup ¢kstiriik, mide
yanmalari, kabizlik, kusmay1 kesme, ishali onlemede rol oynar. Ayrica ytiksek
tansiyonlu hastalarda kan basmcini dustirticti, kalp damar ve kanser hastaligimi
onleyici etkileri bilimsel arastirmalarla kanitlanmis ve fonksiyonel gidalar grubuna
alinmustir (Karaca, 2013).

Insanlarin beslenmesinde ve hastaliklara geleneksel olarak uygulanmasinda énemli
meyve cesididir. Nar meyvesi tilkemizde genelde taze olarak tiiketilmesinin yaninda
nar suyu, surup, nar eksisi, recel, nar tane kurusu, konserve, sarap, likor vb. sekillerde
tiiketilmektedir. Salatalara ve yemeklere renk ve tatlandiric1 olarak genellikle nar
eksisi kullanilmaktadir. Yemek sektorii disinda ilag, kozmetik, kimya sanayinde
miirekkep, boya, sirke, sitrik asit, kolonya tiretiminde faydalanilmaktadir. Narmn
dallarindan orme sepet, cekirdeklerinden ise baharat tiretilmektedir (Giiler, 2016).
Son yillarda tiiketici rahatlig1 ve degisimi nedeniyle minimum islenmis meyveler igin
pazar talebi ¢ok btiytik bir artis gostermekle birlikte, Uluslararas1 Taze Kesilmis
Uriinler Birligi az islenmis ve taze kesilmis tirtinleri orijinal formundan farkl olarak
soyulmasi, kesilmesi, yikama, kurutma ve paketleme islemleri her ne kadar
tiuketiminde kolaylik saglamasi yaninda, minimum islenmis {rtinlerin hizl
bozulmasma sebep olan solunum ve terlemenin artis gostermesi ile birlikte isleme
bagl olarak artan enzim aktivitesi hasat sonrasi isleme teknikleri, depolama sicaklig1
ve paketlemeye bagli olarak birkag giin kisa bir raf dmriine sahip olmas: gibi sebepler
bu trtinlerin muhafaza omriini arttirmak icin koruyucu o©nlemlere ihtiyag
artmaktadir (Adiani, vd., 2018).

Az islenmis taze tirtinlerin yiizeyleri hizli mikrobiyal bozulmay1 hizlandirmaktadir ve
bu tirtinlerde mikrobiyal biiytimenin hizli oldugu iyi bilinmektedir. Taze kesilmis
tirtinlerde bozulmaya neden olan mikrobiyal aktiviteler, istenmeyen koku, lezzet
kaybidir. Mikrobiyal bozulmalar tirtintin insan tiiketimine uygun olmayan hale
gelmesine sebep olur (Adiani, vd., 2018).

Gerek biittin ve gerekse tanelenmis nar meyveleri, meyve kalitesinin korunabilmesi ve
raf omriintin uzatilmas: amaci ile hasattan hemen sonra soguk hava depolarinda belli
bir stire kalite kayiplar1 olmadan depolanabilmektedir. 5-6° C'nin altindaki sicaklik
degerlerinde 2 aydan fazla bir siire depolandiginda biitlin meyvelerde meyveyi
odaciklara ayiran zarlarda tisime zarar1 meydana gelerek danelere de zarar vermekte
ve meyvenin hem i¢ hem de dis kalitesinde diistise neden olmaktadir (Kipri, 2010).
Uygun olmayan kosullarda depolanan nar meyveleri agirlik kaybi, ctirik meyve
miktarinda artis ve meyve albenisinde kayiplara neden olmaktadir. Su kaybina karsi
oldukca hassas yapiya sahip olan nar kabugu, su buharinin hareketine izin veren
minik odaciklara sahip oldugu icin su kayb1 esnasinda nar kabugunda kahverengimsi
renk ve sertlesme meydana gelmekte ve bunun sonucunda taneler zarar gorerek
kahverengilesmeye baslamaktadir. Bu da depolamada karsilasilan en onemli
sorunlardan biridir. Bu zarar1 azaltmak i¢in hasattan sonra modifiye atmosfer (MA),
kontrollti atmosfer (KA), stre¢ film ve kaplama, araliklarla 1sitma gibi yontemler
denenmistir (Selguk ve Erkan, 2013).
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Derim sonrasi depolama, isleme ve pazarlama esnalarinda karsilasilan kayiplarin
btiytik cogunlugunu diisiik oranda bakteriler, fungal kokenli etmenler ve fizyolojik
bozukluklar olusturmaktadir. Depolama ve pazarlama esnasinda daha ¢ok artan
kay1plarin 6nlenmesinde fungusitler kullanilmasi kalint: sorununa sebep oldugundan
ozellikle son donemlerde, kimyasal kalinti limitlerinin distirtilmesi, insan ve gevre
sagligini koruma agisindan alternatif dogal yontemlere olan talep giderek artmaktadir.
Gamma-Aminobiitirik asit (GABA); ve dort karbonlu bir bilesik olan, bitkilerde
biyotik ve abiyotik stres sirasinda hiicre i¢i diizeyleri artis gosteren ve bitkinin
savunma mekanizmasini giiclendiren protein olmayan amino asittir (Aghdam, vd.,
2016).

GABA derim sonras1 asamalarda dissal uygulamasiyla fungal bozulmalara ve tistime
zarar1 gibi fizyolojik bozulmalara kars: kimyasal uygulamalara alternatif dogal bir
uygulamadir. GABA uygulamasi sayesinde f{irtinlerin savunma mekanizmalar1
gliclendirilmekte, tirtinlerin raf dmrti ve kalitesi artirilabilmektedir.

Calismanin, ‘Gida giivenligi’ kapsaminda gerek i¢ gerek dis pazarlamada sagliga
zararli olmayan, katki ve kalint: maddeleri icermeyen tirtinlere olan talebi karsilama
potansiyeli bulunmaktadir. [hracat {irtinlerinde de gevre, insan ve hayvan sagligina
zarar1 en aza indirmeye calisan stirdiirtilebilir bir tiretimin yapilmasini hedefleyen,
gida gtivenliginin saglanmasini sart kosan bir tarimsal tiretim modelinin tesvik
ediliyor olmasi s6z konusu ¢alismanin amacini destekler niteliktedir.

Calismada derim sonras1 devam eden ve biiyiik kayiplara neden olan bazi fizyolojik
ve fungal hastaliklar1 engelleyerek s6z konusu hastaliklardan kaynaklanan tirtin ve
kalite kayrplarimin azaltilmasi amaglanmistir. Bu amacla, calismada tanelenmis
‘Hicaznar’ nar meyvesinin tanelenmesi ile elde eldilen nar meyve tanelerine ti¢ farkl
konsantrasyonda yapilan GABA uygulamasindan sonra meyve taneleri 5 °C de %90-
95 nispi nem kosullarinda 20 giin stire ile depolanmustir. Depolama sirasinda 4 giin
araliklarla yapilan uygulamanin etkilerini belirlemek amaci ile meyvelerin fizyolojik
(istime zarar1), fiziksel (meyve sertligi, agirhik kaybr ve renk degisimi), kimyasal
(SCKM; TA, pH, fenol, DPPH, flavonoid, antosiyanin,organik asitler ve sekerler) ve
mikrobiyal (TMAB, toplam maya- kiif) 6zellikleri incelenmistir.

Bu calismada taze tirtinlerin hasat sonrast donemde kimyasal maddelere alternatif
olarak kullanilan ucuz, kolay bulunabilen insan ve gevre dostu GABA uygulamasi ile
nar meyvesinde derimden sonra olusan meyve kalite ve mikrobiyal bozulmalardan
kaynaklanan tirtin kaybimin azaltilmasi1 hedeflenmistir. Cok ¢abuk bozulma 6zelligine
sahip olan nar tanesinin savunma mekanizmasi artirarak dayanikliligimi ve
muhafaza émriiniin uzatilmasi amaglanmustir. Ulkemizde bu konuda pratige yansimig
bir arastirma bulunmamas: calismanin 6zgtinlik degerini artirmaktadir. Bu
calismayla GABA uygulamasinin {irtindeki antioksidan madde miktarina ve tistime
zarar1 tizerine etkileri de belirlenmistir.

YONTEM

Nar Orneklerinin Toplanmast

Calismada bitkisel materyal olarak tilkemizde yaygin olarak yetistiriciligi yapilan hem
i¢ pazar hem de dis pazarda talep goren bir gesit olan “Hicaznar’ nar meyve cesidine
ait meyveler tanelenerek denemede materyal olarak kullanilmistir. Denemede
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kullanilan tanelenmis nar meyve materyali ticari olarak yetistiriciligi yapilan ve
Mersin’in Tarsus ilgesinde bulunan ‘Hicaznar’ nar meyve bahgelerinden temin
edilmistir.

Denemelerin Diizenlenmesi

Arastirmada ‘Hicaznar’ nar meyve bahgesinden alinan hastaliksiz ve muhafazaya
uygun, homojen olan tanelenmis nar meyveleri kullanilmis ve uygulamalar Osmaniye
Korkut Ata Univeristesi Merkezi Laboratuvarinda oda sicakliginda yapilmustir.
Derimden hemen sonra 0 mM (Kontrol), 2.5 mM (GABA I) ve 5 mM (GABA II) olmak
tizere {i¢ farkli GABA konsantrasyonlarinda, tanelenmis narlar 10 dk stireyle daldirma
islemine tabi tutulmustur (Shang, vd. 2011). Daldirma islemlerinden sonra,
tanelenmis nar meyveleri {izerlerindeki suyun uzaklastirilmasi i¢cin oda kosullarinda
bekletildikten hemen sonra (1 saat) tanelenmis nar meyveleri 5°C’de %90-95 nispi nem
ortaminda 20 giin stire ile depolanmustir.

Meyvelerin Ambalajlanmasi ve Depolanmasi

GABA uygulanmis ve kontrol grubu tanelenmis nar meyveleri 5°C’de % 9045 nispi
nem kosullarinda 20 giin stireyle depolanmistir. Uygulamalar 3 tekerrtirlii olacak
sekilde planlanmistir. Tanelenmis nar meyveleri orneklerinde depolama
baslangicinda ve 20 giin stire ile 4 giin araliklarla kalite degisimlerini belirlemek icin
baz1 fiziksel, kimyasal, biyokimyasal analizler ile mikrobiyal kaynakli bozulma
miktarlar1 belirlenmistir. Denemede kullanilan hastaliksiz, ayn irilik ve olgunlukta
bulunan tanelenmis nar meyveleri ayrilarak deneme kurulmustur. Deneme icin
tanelenmis nar meyveleri 250 g’lik PVPP kaplar igerisine alinmais, 20 giin 5°C, %90 + 5
oransal nem kosullarinda PVPP kutular plastik kasalar icerisinde muhafaza edilmistir
(Sekil 3.3).

Muhafaza periyodu siiresince 20 giin siire ile depolanan meyvelerde uygulamanin
etkilerini belirlemek amaci ile periyodik olarak 4 giin araliklarla fizyolojik (tistime
zarari), fiziksel (meyve sertligi, agirlik kayb1 ve renk degisimi), kimyasal (SCKM; TA,
pH, fenol, DPPH, flavonoid, antosiyanin,organik asitler ve sekerler) ve mikrobiyal
kalitesine etkisini belirlemek amaci ile maya - kiif saymmu ile toplam mezofilik aerobik
bakteri sayimi (TMAB) belirlenmistir.

Analizler
Agirlik Kaybi

Depolama oncesi agirliklar: belirlenen meyve ornekleri, 4 giin araliklarla depodan
cikarilarak agirlhiklar: tartilmistir. % agirlik kaybi miktart meyvelerin baslangicta
belirlenen agirliklarinin ytizdesi olarak hesaplanmaistir.

Tanelenmis Nar Meyvelerinde Tane Sertligi

Meyve tane sertligi meyveler tanelendikten sonra tekstiirel degisimler CT3 model
tekstiir analiz cihaz1 kullanilarak (CT3 model, Brookfield Engineering Labs. Inc. 11
Commerce Boulevard Middleboro, MA 02346, 1031 USA) olgtilmustiir. Meyveler
cihazin metal tabag1 (TA-BT-Kit Fixture Base Table) tizerine konularak meyve taneleri
petri kablarma konularak 1 cm lik bélgesinden birbirine ytizeyden silindirik ug (TA 44
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cylinder 4 mm D) yardimu ile olgtimler yapilmistir.Tanelerin basinca dayaniklilig:
Olctilmiis ve sonuclar N olarak ifade edilmistir.

Suda Coztinen Toplam Kuru Madde (SCKM)

Suda ¢oziinen toplam kuru madde miktar1 (SCKM) meyve suyunda mevcut bulunan
kuru madde miktari ile % olarak ifade edilmistir. Suyu ¢ikarilan nar érneklerinden 1
damla nar suyu dijital refraktometreye (hassasiyet +0.01) dokiliip okuma islemi
gerceklestirilmistir.Olgiim Kriiss marka refraktometre cihazi ile yapilmigtir
(Cemeroglu, 2010).

Usiime Zarar: Tayini

Tanelenmis ‘Hicaznar” nar meyve tanelerinden kontrol, GABA I ve GABA 1I den her
birinden iki paralel olacak sekilde 50" ser tane nar meyve tanesi alinmistir. Nar meyve
taneleri kendi icinde saglam ve yarali olmak tizere ikiye ayrilip, yarali olan nar
tanelerinin sayis1 ytizde (%) tizerinden hesaplanmus, tisiime zarari1 degeri ortaya
cikmustir (Sen ve Erogul, 2012).

pH Degeri

Tanelenmis nar meyvesinin aseptik kosullarda suyu ¢ikarilarak homojenlestirildikten
sonra ve pH metre drnege daldirilarak 6lgiilme iglemi yapilmistir.Olciimde Thermo
Scientific Orion 2 star marka alet kullanilmistir (Cemeroglu, 2010).

Titre Edilebilir Asit Miktar

Meyve tanelerinin sikilmasi sonrasinda elde edilen stiziilmiis meyve suyundan 5 ml
almarak once pH degeri 6lctilmiis, ardindan titrasyon asitligi icin (TA) 0.1 N NaOH
cozeltisi ile pH degeri 8.1'e gelinceye kadar titre edilmistir ve sonug narda baskin olan

sitrik asit cinsinden verilmis, g/100 mL olacak sekilde hesaplanmistir (Cemeroglu,
2010 ; Karagal, 2009).

Gaz bilesimi ol¢iimii (O2 ve CO2)
PVPP kutu igerisindeki %Oz ve %CO: gaz kompozisyonu degisimi, checkpoint
O2/COz gaz analiz cihazi (PBI-Dansensor, Ringsted, Denmark) ile dl¢tilmiistiir.

Meyve Tane ve Kabuk Rengi

Meyve renginin belirlenmesinde meyve eti ytizeyindeki 1cm lik bolgeden Minolta
renk olger (Model CR-400, Konica Minolta, Tokyo, Japonya) cihazi kullanimiyla L*
(parlaklik), a* (+kirmuzi-yesil), b* (+sari-mavi) modunda yapilmistir. Degerlerin artan
bicimde negatif veya pozitif olmalar1 rengin koyulasmasi anlamma gelmektedir.
Boylece a* ve b* degerleri incelenerek meyve etinde meydana gelen renk degisimleri
saptanmugtir. ) )

C’ (chroma, renk yogunlugu/ renk doygunlugu ): C* = (a* + b* )1/2

h°(hue agisi, renk tonu/ renk degisimi ): arctan (b*/a*)
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seklinde C" ve h® degerleri hesaplanmistir. C*, 0 (mat) - 60 arasinda olup, merkezden
uzaklastikca parlak tonlar artmaktadir. h®, 0°- 360° degerleri arasinda kirmizi, 90° sari,
180° yesil, 270° mavi renklerden olusmaktadir (Voss, 1992).

Mikrobiyolojik Analizler

Stomacher torbasmin icerisine sterilize 45 ml peptonlu buffer diltisyon sivis1 (Merck,
Almanya) konulup tizerine 5 g nar ¢rnegi steril kosullarda almip Stomacherde
homojenize edilmistir. Homojenizasyon isleminin ardindan ¢rnekler 1/10 oraninda
tamponlanmis peptonlu su ile seyreltilerek uygun besiyerine dokme plak yontemi ile
ekimleri yapilmistir. Deneylerde btitiin mikrobiyel ekimler her diltisyondan iki paralel
olacak sekilde yapilmis olup sayim sonugclar1 bu iki paralelin ortalamasi alinarak
logkob/g olacak seklinde ifade edilmistir (Ulukanli ve Karadag, 2010).

Toplam Mezofilik Aerobik Bakteri Sayimz1

Tanelenmis nar orneklerindeki toplam mezofilik aerobik bakteri sayisimi belirlemek
icin 6nceden hazirlanmis diltisyon sivilar1 PCA besiyerine dokme yontemiyle ekim
yapimustir (Anonim, 2001; Anonim, 2004). Ekimden sonra petriler 30- 32 °C
sicakliginda 24- 48 saat stiresinde inkiibe edimistir. Stire sonunda olusan koloniler
sayilmistir.

Maya ve Kiif Sayim

Tanelenmis nar ¢rneklerinde bulunan toplam maya ve kiif sayisinin belirlenmesi
amaciyla hazirlanan diltisyonlar pH’s1 3,5'e ayarlanmis ve 50 mg/1 kloramfenikol
antibiyotigi iceren PDA besiyerine, dokme plak metodu ekilmistir (Anonim, 1989;
Anonim, 2001). Ekim isleminin ardindan petriler 120 saat stire ile 25 °C sicaklikta
inkiibe edilmis ve olusan koloniler sayilmstir.

BULGULAR

Arastirma kapsaminda tanelenmis ‘Hicaznar’ nar meyvesi 3 farkli GABA
konsantrasyonunda (kontrol, 2.5mM ve 5mM), soguk havada depolanmus (5°C) 0., 4.,
8., 12, 16., ve 20., giinlerine ait fiziksel, kimyasal ve mikrobiyolojik analiz sonuglar1
cizelgeler ve tablolarla gosterilmistir.

Agirlik Kaybi (%)

Hasat sonras1 meyvelerde fizyolojik olaylar devam etmektedir ve bunun neticesinde
trtunlerde agirlik kaybr meydana gelmektedir. Agirlik kayb1 (%) ¢zellikle muhafaza
sonu itibari ile meyvenin pazarlanma asamasinda pazarlanabilirligi tizerinde 6nemli
bir kalite kriteridir. Meyve ve sebzelerde agirlik kayb1 % 51 gecerse pazarlanamaz
duruma gelir. GABA uygulanan ‘Hicaznar’ nar meyvelerinde agirhik kayb: miktar:
(Sekil 1) gosterilmistir. PVPP kutularda muhafaza edilen nar tanelerinde meydana
gelen agirlik kayb1 miktar: sirasi ile kontrol %0, GABA I %0 ve GABA II %0 olarak
Olctulmiistiir.

Nar taneleri +5 °C de 20 giinliik depolama stiresince PVPP kutularda saklandig igin
tirtindeki gaz buharmin c¢ikisina bariyer olusturdugu ve su kaybi engelledigi
anlasilmistir. GABA uygulamasmin kontrol grubu ornekleri ile kiyaslandiginda
istatistik olarak agirlik kayb1 tizerinde anlamli bir fark olmadig: belirlenmistir (Cizelge
1).

Gaz Bilesim Ol¢iimii (O2 ve CO»)
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Meyveler ve sebzeler gibi taze {irtinler hasattan sonrada fizyolojik aktivitesine devam
ettigi icin solunum gibi yasamsal olaylar devam eder. Genellikle, hasat sonrasi
tizyolojisi bakimindan solunum hizi yiiksek {irtinlerin raf émrii arasinda ters bir
korelasyon vardir. Tanelenmis ‘Hicaznar’ meyve tanelerinin 20 giinliik muhafaza
sirasinda GABA uygulamasi ile soguk muhafazasmin solunum hizina yapmis oldugu
etkiyi belirlemek amaciyla Oz / CO2 (%) 6l¢ctim cihaziyla dlgtilmiistiir.

Baslangicta % 20,1 civarinda olan O2 miktar1 muhafaza stiresince diisiis gostermis ve
muhafazanin 20. giiniinde kontrol grubu ve GABA I uygulamasinda O2 oranin %15
civarinda iken GABA II'de O2 miktar1 % 16,5 olarak olculmistir (Sekil 1).
Uygulamalar arasinda O2 miktar1 bakimindan uygulamalarin etkisi istatistiksel olarak
anlaml1 olmadigy, fakat muhafaza stiresinin O2 degisimi tizerine etkisinin istatistiksel
olarak anlamli oldugu tespit edilmistir (p<0.05) (Cizelge 1).

GABA uygulamasmin tanelenmis nar meyvelerinin % CO2 tiretim miktarmi
belirlemek amaci ile yapilan ol¢timlerde % CO. miktarinda artis gozlenmistir (Sekil
4.1). Muhafaza stresi ilerledik¢e artan % CO2 miktarinin ozellikle GABA
uygulamasmin yiiksek konsantrasyonunda daha sinirhi kalarak % 5,9’a ulastig1 fakat
kontrol grubu meyvelerde bu oranin iki katma c¢ikarak %10,53’e kadar ytikseldigi
belirlenmistir. Kontrol ve GABA I uygulamalar1 birbirine yakin degerler alirken
GABA II uygulamasi sonuglarinda ise 6nemli fark oldugu gortilmiistiir (Sekil 1). Bu
GABA uygulamasmin yiiksek dozda solunum hizim1 6nemli diizeyde yavaslattig
belirlenmistir (Cizelge 1). Benzer sekilde Selcuk ve Erkan, (2014) biitin nar
meyvelerinde yaptiklar1 calismada muhafaza stiresi ilerledikge O2 miktarmda diistis
olurken CO2 miktarinda da artis gozlendigini rapor etmistir. Ayrica, Opara, vd.
(2015)'de salisilik asit gibi organik kokenli uygulamalarm kontrol uygulamalarina
gore nar meyvelerinde solunum hizini yavaslattigini belirlemislerdir.
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pH Degeri ve Titre Edilebilir Asit Miktar1

‘Hicaznar’ nar meyve tanelerinde depolama boyunca pH degerlerinde meydana gelen
degisim degerleri incelenmis, Cizelge 1'de gosterilmistir. Baslangicta pH degerleri
kontrol grubu meyvelerinde 3,03, iken sirastyla GABA I ve GABA 1I 3,08- 3,00
degerlerinde bulunmustur ($Sekil 2). 20 gtinliik depolama sonunda kontrol 2,34, GABA
12,59, GABA Il uygulamasinda ise 2,47 degerleri elde edilmistir. Sekil 2'de goruldiigii
tizere depolama boyunca degerler arasinda diisiis egilimi olmustur. Istatistiksel olarak
degerlendirildiginde uygulamalar arasi fark anlamli bulunurken (p<0,05), muhafaza
sureleri pH tizerine etkisi 6nemsiz bulunmustur (Cizelge 1).

Ozdemir (2015), yapmis oldugu calismada kitosan uygulanmis nar meyvelerinde
depolama siiresinin pH tizerinde istatistiki olarak ¢nemli olmadigini belirtmistir.

Nar meyvelerinde yapilan titre edilebilir asitlik miktar1 genellikle sitrik asit sabiti
cinsinden hesaplanmaktadir. Buna gore, ‘Hicaznar’ nar meyve sularinda baslangig %
titre edilebilir asitlik miktar1 kontrol grubu meyvelerinde %1,38 ile 1,80 civarinda iken
muhafazanin 12. giintine kadar hafif bir artis egilimi gostermis ve muhafaza sonunda
% titre edilebilir asitlik miktarinin kontrol grubu meyvelerinde %1,6 iken, GABA I
uygulanan meyvelerde %1,35 ve GABA II meyvelerinde %1,68 olarak bulunmustur
(Sekil 2). Muhafaza sonunda uygulamalar arasinda TA degeri bakimindan anlamli bir
degisiklik oldugu (p<0.05) (Cizelge 1) fakat muhafaza sonunda TA degerinin
muhafaza baslangi¢ degerine yakin oldugunu belirlenmistir (Sekil 2).

Selcuk ve Erkan (2016)'nin, bildirimine gore nar meyvesinin muhafaza stiresince TA
degerlerinin metabolik aktivite sonunda muhafaza siiresi ile diistis gosterdigi
yoniindedir. Bu sonuglar 6zellikle kontrol grubu meyvelerinde diisiis yoniinde iken
uygulama yapilan meyvelerde ise ¢ok fazla degisiklik olmamas: sonuglarimizi
destekler niteliktedir. Benzer sekilde Ayhan ve Esturk,(2009) tanelenmis nar
meyvelerinde TA degerinin muhafaza siiresinin uzamasi ile belli bir diistis egiliminde
oldugunu belirtmis
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Sekil 2. GABA Uygulanan ‘Hicaznar® Nar Meyve Tanelerinde pH, Toplam Titre Edilebilir Asitlik
Degerteri Degigimi (%)

Renk Degerleri

‘Hicaznar’ nar meyvesinin hem dis kabuk renginin ve hemde tane renginin albenisinin
ytiksek olmasi tirtintin pazarlama kalitesi tizerinde gorsel olarak oldukc¢a onemli bir
etkiye sahip oOzelliklerinden biri olmasma sebep olmaktadir. Tanelenmis nar
meyvelerinde de muhafaza sonuna kadar tane renginin korunmas: meyvenin albenisi
icin dnemli bir kriterdir.

Hasattan hemen sonra meyve tane rengi olan ve meyvenin parlakligimi gosteren L
parlaklik renk degeri kontrol grubu meyve tanelerinde 25,58 iken GABA uygulanan
meyvelerde ise GABA I ve GABA II sirast ile 27,80- 26,15 olarak olctilmiistiir. 20 gtinltik
muhafaza sonunda kontrol grubunda 22,95 olan parlaklik renk degeri GABA
uygulamalarinda ise GABA I ve GABA II 27,42- 22,74 olarak olgtilmustiir (Sekil 3).
Sonuglara bakildiginda en fazla azalma GABA II uygulamasinda gortilmiis fakat,
uygulamalar arasinda istatistiksel olarak anlamli bir fark olmadig:1 belirlenmistir
(Cizelge 2).

+a* meyve renk degeri meyvenin kirmizi renk degisimini gostermektedir. Muhafaza
stiresince yapilan olgtimlerde a* degeri kontrol grubu meyvelerinde 17,52, GABAT de
18,33, GABA Il ise 16 olarak ol¢tilmiistiir. Depolama sonunda a* degeri, kontrol grubu
18.91, GABA I, 20,42, GABA 11, 18,71 (Sekil 3) ti¢ grupta artis olmustur. Artis olmasi
GABA uygulamasmin kirmizi renk kaybmi onledigini gostermektedir. GABA 1
uygulamasinda degerler yiiksek ¢ikmustir ancak istatistiksel olarak anlaml
bulunmamuistir (Cizelge 2).

b* meyve renk degeri +b* sar1 ve -b* mavi renk degerilerini gostermektedir ve kontrol
meyvelerinde +b* 8,06, GABA I 9,31, GABA I 7,61 olan +b* renk degeri depolama
sonunda kontrol grubu meyvelerinde 8.77 iken GABA 111,57, GABA Il ise 8,64 olarak
olctilmiistur (Sekil 3). Uygulamalar arasi istatiksel olarak anlamli bir fark olmadig:
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belirlenmistir (Cizelge 2). Aydmoglu,vd. (2017) yapmis olduklar1 ¢alismada b* renk
degerindeki dalgalanmay:r narin baskin renginin kirmuzi renk olmasindan
kaynaklandigimi bildirmislerdir.

Meyve renginin tonunu gosteren C* kroma degeri ile meyve rengi ho ag1 degerleri de
hesaplanmistir. C* kroma degeri, baslangicta kontrol meyve tanelerinde 19,30, GABA
I 20,57, GABA 1I 17,73 olctiliirken muhafaza sonunda kontrol 20,84, GABA 1 23,51,
GABA 1I 20,63 degerleri olctilmtistiir (Cizelge 2). Buna gore degerlerde artis meydana
gelmis ve bu artis tirtintin muhafaza stiresiyle canliligini korudugunu gostermektedir.
C* renk degerinin muhafaza sonu itibari ile istatistik agidan uygulamalar arasinda fark
anlamli bulunmustur (p<0,05 ) (Cizelge 2).

Nar meyve taneleri ho ag1 degeri ise muhafaza basinda kontrol meyve tanelerinde
grubunda 24,48 olan deger 20 giinliik depolama sonunda kontrol grubunda 24,84,
GABA 129,70, GABA II 24,63 degerleri elde edilmistir. [statistiksel olarak uygulamalar
arasi fark anlamsiz bulunmustur (Cizelge 2).

Karaca ve Sen (2014), yaptiklar:t nar meyvelerinde muhafaza calismasinda tanelerin
muhafaza stiresince mathiginin arttigini, canliliginin azaldigini, tanelerin koyu kirmizi
renginin kismen arttigini belirtmislerdir.

Aydmoglu,vd. (2017) ozon uyguladiklar1 nar tanelerinde, L, a* ve C* degerlerinde
azalmalar olurken, b* ve ho degerlerinde ise dalgalanmalar meydana gelmistir. Ozon
uygulanan kaselerdeki narlarda koyulasmanin daha fazla oldugu sonucuna
ulasmuglardir.

Sonu¢ olarak tiim renk degerlerine GABA uygulamasmin onemli bir istatistiki
anlamhilik bulunmazken ozellikle GABA I uygulamasinin meyve tane rengini
korumada diger uygulamalarla kiyaslandiginda daha etkili oldugu belirlenmistir

(Cizelge 2).

—8—-Kontrol —4—25mM —e=5mM

2 _
S 15
<
|_

1

0 4 8 12 16 20
Muhafaza Siresi (Gtin)
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Suda Coztintir Kuru Madde Miktar1 (SCKM)

Suda ¢ozuniir kuru madde miktar1 (SCKM), meyve kalitesinin degerlendirilmesi ve
meyve tat degerinin belirlenmesinde kullanilan ¢nemli parametrelerden biridir.
Hicaznar meyvelerinin baslangic SCKM miktarinin 15,24 ile 16,4 oldugu belirlenmistir
ve muhafaza stiresinin ilerlemesi ile birlikte SCKM miktarinin diistis egiliminde
oldugu ve 20.gtin SCKM degerlerinin siras: ile kontrol grubu meyvelerinde 14,04,
GABA 114,24 ve GABA 1l ise 14,67 oldugu belirlenmistir.

Yapilan uygulamalardan hemen sonra %15-16 degerleri arasinda iken muhafaza
stiresince tiim uygulamalarda SCKM degerinde diisme egilimi gostermistir (Sekil 4).
Muhafaza stiresinde en fazla SCKM % 14,7 civarinda oldugu belirlenmistir. Yapilan
uygulamalarm SCKM {izerine etkisinin muhafaza stiresinin ve uygulamalar
arasindaki farkin istatistiksel olarak anlamli oldugu belirlenmistir (p<0.05) (Cizelge 3).
Aydmoglu, vd. (2017) nar tanelerinde yaptiklar1 ozon uygulamas: calismasinda
depolama siiresince SCKM miktarinda dalgalanmalar gozlemlediklerini ve kismen
azalma meydana geldigini belirtmislerdir. SCKM miktarmin diistis sebebini,
solunumda sekerlerin kullanilmasindan kaynaklandigma ileri stirmitislerdir.

Selcuk ve Erkan (2014) ‘Hicaznar’ nar biitiin meyvelerinde yaptiklar1 MAP
uygulamasimin meyve muhafazanin 0. giin degerlerinin bizim ¢alismalarimizdan elde
ettigimiz degerlere yakin oldugu ve muhafaza stiresince farkli ozellikteki MAP
muhafazasmin meyve SCKM miktarindaki degisimi incelendiginde SCKM nin % 16,43
iken % 15,33 dusttigti belirlenmistir. Ancak bizim calismamizda muhafaza sonunda
SCKM degerlerinin soz konusu calismaya gore daha diisiik % SCKM degerine
ulasilmasinin sebebi olarak meyvelerin tanelenmesinden dolay1 fizyolojik aktivitenin
daha hizli olmasindan kaynaklanabilecegi sonucuna varilmaistir.

Meyve Tane Sertligi

Tanelenmis nar meyve tanelerinin tane sertlik degisimleri belirlenmistir. Meyvelerde
muhafaza siiresince meyve kalitesinin en ¢nemli gostergelerinden biri olan meyve
tane sertligi tirtin kalitesini gosteren 6nemli bir kriterdir.

‘Hicaznar’ nar meyve tanelerinin meyve tane sertlikleri muhafazasmm 0.gtinti olan
baslangic degerleri 3 - 4,5 N arasinda degisiklik gosterirken muhafazanin 20. giintinde
onemli diizeyde diistis gostermistir (Sekil 4). ‘Hicaznar” meyve tane sertlikleri 20. gtin
itibari ile kontrol grubu meyvelerinde 1,91 N iken GABA uygulanan meyvelerde sirasi
ile GABA I 2,40 N iken GABA 1II de ise 3,42 N olarak belirlenmistir. Istatistiki analiz
sonuclarma gore nar meyve tanesinin sertlik degisimi {izerine etkisinin anlamli
olmadig1 goriilmistiir (Cizelge 3). GABA uygulamasi, kontrol uygulamas: ile
kiyaslandiginda nar meyve tane sertligi tizerinde olumlu etkisinin oldugu ve meyve
tane sertligini korudugu belirlenmistir. Ozellikle minimum islenmis olan meyvelerde
onemli bir sorun olan bu kalite parametresi bircok meyvede pazarlanabilme kalitesi
tizerinde 6nemli gostergedir.

Usiime Zarar1 Miktar1

Sogukta depolama hasat sonras1 meyve ve sebzelerin raf émriinii uzatmak amacryla
kullanilmaktadir. Subtropik iklim meyvesi olan nar meyveleri dustik sicakliklarda
muhafaza edilmesi meyvede fizyolojik bozukluklara neden olabilmektedir (Sayyari,
vd., 2016). Bu amagla, GABA uygulamasinin ‘Hicaznar’ meyve tanelerinde muhafaza
stiresince meydana gelen {isime zararma olan etkisi belirlenmistir. Buna gore
muhafaza stiresi uzadikca nar tanelerinde tisiime zararinda artis gozlenmistir (Sekil
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4). Muhafaza stiresi sonunda %84 ile en fazla kontrol grubunda tisiime zarari
rastlanirken bunu % 70 ile GABA I uygulamas: ve %64 ile GABA II uygulamasinda
oldugu belirlenmistir ($ekil 4.). GABA uygulanan nar meyve tanelerinde tistime zarar1
kontrol uygulamasma gore kismen korudugu belirlenmis ve uygulamalar arasindaki
fark anlamli olmadig1 fakat GABA uygulanan meyvelerin tistime zarar1 % sinin daha
dustik oldugu belirlenmistir (Cizelge 3). Benzer sekilde nar meyvesinin tisimiiye kars1
cok hasasas olmasi 6zellikle +5 -C ve altinda biittin olarak depolanan nar meyvesinin
iki aydan uzun muhafaza edilmesi tirtinlere zarar vermekte ve iiriin ¢esidine bagl
olarak 5 °C ile 8 °C aralikta muhafaza edilmesi tirtintin tstime zararinin ontine
gecilmesinde 6nemli oldugu belirlenmistir (Selcuk ve Erkan, 2014).
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Mikrobiyolojik Degerler
Toplam Mezofilik Aerobik Bakteri (TMAB) Sayinm

Taze kesilmis tirtinlerin mikrobiyal kalitesi kesilmemis meyvelere gore daha hasass ve
muhafaza stiresi daha kisa olmaktadir. Gida sektoriinde kalite giivence biriminin taze
kesilmis tirtinlerde kalitenin objektif bir gostergesi olarak toplam mikrobiyal ytik
miktarin1 kullanmasi sebebi ile (Adiani, vd., 2018), tanelenmis nar meyvelerinde
GABA uygulamasinim mikrobiyal yiike etkisi incelenmistir.

GABA uygulamasimin nar meyve tanelerinin toplam mezofilik aerobik bakteri sayimi
tizerine etkilerini belirlemek amaci ile yapilan analiz sonuglar1 logkob/g cinsinden
Cizelge 4.5 de gosterilmistir. Muhafaza basinda 2,38 logkob/g olan degerler Adiani,
vd. (2018), ile Ayhan ve Estiirk (2009)"tin bildirdigi baslangi¢c degerlerine yakm bir
benzerlik icinde oldugu belirlenmistir. Muhafaza stiresi ilerledikce bakteri gelisiminin
artmaya basladig1 ve kontrol grubunda 6,9 logkob/g degeri ile artisa karsilik, GABA
uygulanan nar tanelerinde ise toplam mezofilik aerobik bakteri miktarindaki artisin
daha sinurh kaldig: belirlenmistir (Sekil 5). GABA uygulamasinin konsantrasyonlari
kiyaslandiginda ise GABA II'min daha etkili oldugu goriilmiis ve istatistiki olarak
uygulamalar arasinda anlamli bir fark bulunmamistir (Cizelge 4).

Lopez-Rubira, vd. (2005), nar meyvelerinde mikrobiyal sayim sonuglarinin raf dmrii
boyunca artis gosterdigini ve +5 °C UV-C uygulamalarinda bile bu artisin devam
ettigini ve mikrobiyal biiytimeye bagli olarak tanelenmis narlarda muhafaza émriintin
10 ila 12 gtin stirelerle simirl1 olacagini belirtmistir.

Maya- Kiif Sayimi

'Botrytis cinerea' nin neden oldugu bozulmalar gri ciirtikliik olarak adlandirilmakta
ve nar meyvesinin muhafazasinda en nemli ekonomik kayiplara sebep olmaktadir.
Bu ctirtimeyi engellemek ve bozunma kontrolii igin Fludioxonil uygulamast MAP ve
KA muhafaza ile kombine edildiginde, uygulamalarin bozulmay1 azaltmak amaci ile
kullanilmustir (Selcuk ve Erkan 2014).

Yapmus oldugumuz GABA uygulamasinin meyve ve kiif miktarina etkisini belirlemek
amaciyla yapilan maya-kiif sayim gerceklestirilmistir. 20 giin stiresince incelenen nar
tanelerinde meydana gelen maya- kiif miktar1 logkob/g cinsinden belirlenerek
Cizelge 4'de gosterilmistir. Sonuglar istatistiki olarak degerlendirildiginde muhafaza
stiresince maya-kiif miktarinm 2,15- 6,0 logkob/g araliginda degistigi gortilmusttir

(Sekil 5).

GABA 1II uygulanan nar tanelerinde dogrusal bir degisim goriliirken diger
uygulamalarda dalgalanmalar gorulmistiir (Sekil 5). Sonug¢ olarak GABA 1I
uygulamasimin maya- kiif gelisimini engellemede daha etkili oldugu gozlenmis ve
istatistiki olarak sonuglarin anlamli oldugu belirlenmistir (p<0.05) (Cizelge 4).
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2016-2017 derim depolama doneminde ticari olgunluk asamasinda derilen bitiin
‘Hicaznar’ nar meyvelerinin kabuklar1 soyularak tanelenmis ve tanelenen saglam
meyveler GABA uygulamasiyla ti¢ farkli konsantrasyonda kontrol (0mM), 2,5mM
(GABA 1) ve 5mM (GABA II) olacak sekilde daldirma yontemi kullanilarak
uygulandiktan sonra 250 gr PVPP kutulara koyulan nar meyve taneleri 5°C’de % 9045
nispi nem kosullarinda ait soguk hava deposunda 20 giin stireyle depolanmustir.

Muhafaza stiresince baslangic giiniinden itibaren 4 giin araliklarla yapilan kalite
degisimlerini belirlemek amaci ile agirlik kaybi (%), gaz bilesimi dl¢timii O2/CO2 (%),
meyve tane renk degisimi (L. a,b, C, h), pH, titre edilebilir asit (TA) miktar;, SCKM
(%), tane sertligi (N), tistime zarar1 (%) analizleri ile mikrobiyal kaynakli bozulma
miktarlarindan toplam mezofilik aerobik bakteri sayim1 (logkob/g), maya ve kif
saymmu (logkob/g) belirlenmistir.

Bulgularimiza gore derim sonrasi tanelenmis nar meyvelerine yapilan GABA
uygulamasmin etkisinin agirlik kaybi, gaz bilesimi Sl¢imu O2/CO2 (%) degisimi
tizerinde ¢cok anlamli olmadig: belirlenmistir. PVPP kaplari gaz ¢ikisina engel oldugu
ve su kaybimi 6nledigi goriulmiistiir. 02/CO2 (%) olgtimlerinde GABA uygulamasinda
dozaj miktar1 arttik¢a solunum hizimin yavasladigr gézlenmistir.

Meyve suyu pH degisimi tiim uygulamada diistis olurken ve TA miktarinin muhafaza
sonunda kontrol grubu disinda ytikselirken muhafaza siiresince anlamli bir degisiklik
oldugu belirlenmistir.

Yapilan GABA uygulamasinin meyve renk degerleri tizerine o6zellikle L, a ve b
degerlerine etkilerinde, parlaklik (L) degerinde diisiis olurken, a* (kirmizi), b* (sar1),
C ve Hue renk degerlerinde artis oldugu gozlenmistir. C degeri istatistiki olarak
anlamli bulunurken diger renk degerlerinde istatistiki anlamliliklar degiskenlik
gostermistir. Uygulama stiresince a* (kirmizi) degerinde istatistiksel degisim olmayip
meyve tane rengi olan kirmizi rengin korundugunu soyleyebiliriz. b* degerinde
meydana gelen dalgalanmalar meyve tane renginde baskin rengin kirmizi renk
olmasmdan dolayidur.

Onemli bir kalite gostergesi olan meyve tekstiirii iizerinde baglangic degeri ile
muhafaza sonunda 6nemli diistis oldugu ve GABA uygulanan meyvelerin sertlik
degerlerinin kontrol grubuna gore daha iyi korundugu belirlenmistir. Kuru madde
miktarinin raf omrii sonunda duistis gosterdigini GABA uygulamasmin istatistiki
olarak anlaml etki gosterdigi gortilmiistiir. Kuru madde miktarinda meydana gelen
diististi solunum sirasinda sekerlerin kullanilmas: olarak degerlendirebiliriz.

Nar meyve taneleri diistik sicakliklara maruz kaldigmnda tistime zararina ugrayarak
tirtin kalitesini olumsuz etkilemektedir. Yapilan GABA uygulamalar: tistime zararin
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simirlandirmistir. Ancak GABA II uygulamasinin daha baskin sekilde tistime zararmi

onledigi gorilmuistiir.

Muhafaza stiresi boyunca bakteri, maya ve kiif gelisimi incelenmis ve kontrol
grubunda artis gozlenirken GABA uygulanan nar tanelerinde ise toplam mezofilik
aerobik bakteri miktar1 kontrol grubu ile kiyaslandiginda artisin daha siurlh kaldig:
belirlenmistir.

Tanelenmis ‘Hicaznar’ nar meyvelerine yapilan GABA uygulamasmin ti¢ farkl
konsantrasyonun 50C de 20 giinlitk muhafazasi sonucunda, fiziksel, kimyasal ve
mikrobiyal degisim tizerine olan etkileri degerlendirildiginde meyvenin SCKM, pH ve
TA (titrasyon asitligi), agirlik kaybi, meyve tekstiirti tizerine olan etkileri kontrol
grubu meyveleri ile kiyaslandiginda hafif degisiklikler ile sonuclandig1 gortilmiistiir.
Calisma sonucunda elde edilen veriler degerlendirildiginde GABA uygulamasinin
etkinligini artirmak amaci ile yenilenebilir kaplama uygulamalar: ile kaplamak, hem
tirtintin albenisini ve hem de meyve suyu bilesiminin degisimlerini minimum
diizeyde tutmak icin daha etkili olabilecegi sonucuna varilmustir. Tek basina
uygulandiginda da tirtinleri smirli diizeyde koruyabilecegi kanisina varilmstir.

Piyasada kimyasal bulagmus triinler tiiketici tarafindan gtivensizlik olarak
algilanmaktadir. Ancak GABA aminoasit benzeri bir tirtin oldugundan dolayz tiiketici
tarafindan rahatlikla tercih edilebilecegi diistintilmektedir.
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ABSTRACT: Facial images are used to extract significant results such as classifying
facial emotions and face recognition in wide range of image-based studies. In such
studies, the use of features that completely representing face is a factor that contributes
to the accuracy of expected result. Sometimes it does not contribute to the expected
result to use all features. Hence, feature selection methods are used to eliminate
unnecessary features. In this paper, it is compared Principal Component Analysis
(PCA), Correlation-based Feature Subset Selection (CFS), and ReliefF for attribute
estimation as feature selection methods. Facial expressions are classified by Artificial
Neural Network (ANN) using these two feature selection methods.

Key words: feature selection, facial expression recognition, principal component
analysis, correlation-based feature selection, reliefF.

INTRODUCTION

Face expression recognition (FER) is one of major task in image processing and pattern
recognition. Facial expressions play an effective role as transition way which
individuals can have inferential outputs relating to their physical, sentimental, mental
activities. Mehrabian presented out that complete communication in between humans
is carried as 7% verbal, 38% vocal, and 55% by facial expressions (Mehrabian 2008). It
is clear that facial expression recognition can contribute to human-computer
interaction (HCI). Objective of facial expression recognition system is to develop a
method that distinguishes the face expressions as happy, anger, sad, neutral, disgust,
surprise, and fear. In recent times, facial expression recognition works have provided
advancements in many areas such as computer vision, pattern recognition, natural
human-computer interaction, human emotion analysis, interactive video, image
processing etc.

FER system has generally consisted of three stages: detection of facial region,
extraction of facial feature, and categorization of the relevant facial expression. A FER
system producing expected and effective results requires feature extraction methods
that must be representative for facial images. However, high dimensionality and poor
representation are two challenging tasks in most of current feature extraction
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methods. Selection of feature subset and reducing dimension approaches are two
beneficial methods to eliminate redundant features to contribute to performance of
classifier and feature extraction method used in a facial expression recognition system
(Cossetin, Nievola, and Koerich 2016). The main goal in feature subset selection is to
convert initial feature vector into lower dimensional space (Yeasin, Bullot, and Sharma
2006). In this paper, it is investigated that PCA, CFS, and ReliefF methods are used to
reduce initial high dimensional feature subspace into lower dimensional feature
subset vector without losing significant information for FER.

Feature selection has been a yielding research area in machine learning, pattern
recognition, and data mining in last decades and numerous attempts in this area can
be found in the literature (Chandrashekar and Sahin 2014; Liu and Yu 2005; Saeys,
Inza, and Larrafiaga 2007). Feature selection methods can be divided into four

subsections: filter, wrapper, embedded, and hybrid feature selection approaches
(Chandrashekar and Sahin 2014).

Filter-based feature selection methods benefit from ranking techniques which
considered as principle condition for feature selection. Ranking condition principle
that targets to have beneficial information regarding different categories in data uses
relevant features covering usefulness of features for classification purpose. Ranking
techniques are divided into two categories: correlation criteria and mutual
information (Battiti 1994; Forman 2003; Guyon and Elisseeff 2003; Kohavi and John
1997; Kwak and Choi 2002; Lazar et al. 2012).

Wrapper methods use the classifier as a black box and the classifier performance as
the objective function to evaluate the feature subset. To evaluate classifier
performance, a search algorithm is used to maximize objective function. Several
heuristic search algorithms are used such as the Branch and Bound (Kohavi and John
1997; Narendra and Fukunaga 1977), Genetic Algorithm (GA) (Goldberg and Holland
1988), Particle Swarm Optimization (PSO) (Kennedy and Eberhart 1995) etc. Wrapper
methods consist of two algorithms (heuristic search & sequential selection). The
operation procedure of the sequential selection method is as follows. Firstly, it begins
with a null set (or full set) to achieve maximum objective function. Then, check the
objective function whether it is obtained or not. If the maximum objective function is
obtained, stop the selection process (Pudil, Novovi¢ov4, and Kittler 1994; Reunanen
2003). To accelerate the selection process, a criterion that maximizes the objective
function and minimizes the number of features is chosen. In the heuristic search
algorithm, the second wrapper method, optimization of the objective function is
provided by considering the evaluation of varied subsets (Alexandridis et al. 2005;
Jouan-Rimbaud et al. 1995; Sun, Babbs, and Delp 2006; Yang and Honavar 1998).
Varied subsets are produced either by performing the search process in a search zone
or by creating optimized problem solutions (Chandrashekar and Sahin 2014).

Embedded methods aim to minimize the computation time during classification of
different subsets which is done in wrapper methods (Blum and Langley 1997; Guyon
and Elisseeff 2003; Langley 1994). In this method, feature selection approach is a model
building process. Use of this approach combining the feature selection as part of the
training process provides eliminating of both irrelevant and redundant features.
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The hybrid approach is a combination of the filter and wrapper models and makes
use of both approaches (Hsu, Hsieh, and Lu 2011; Unler, Murat, and Chinnam 2011).
The objective of this hybrid approach is to achieve the best performance with a
particular learning algorithm and to reduce time complexity.

The rest of the paper is organized as follows: Feature extraction is carried out in section
2. PCA, CFS, and ReliefF are used to eliminate redundant features in section 3.
Experimental results are reported and contribution of these three feature selection
methods to a classifier, Artificial Neural Network (ANN), is presented in section 4.
Lastly, section 5 concludes the study.

FEATURE EXTRACTION

Multimedia Understanding Group (MUG) created a face expression database to
overcome difficulties such as high resolution and uniform lightning to help scientists
in the field of image processing area. In this study, training and testing procedure is
performed by using the images taken from MUG face expression database (Aifanti,
Papachristou, and Delopoulos 2010). The database consists of 86 subjects performing
facial expressions. After images acquired, facial feature extraction process is applied to
perform PCA, CFS, and ReliefF methods on raw feature space.

Feature extraction process in facial expression recognition system transforms the raw
data (input image) into a significant level of representation using geometric features
of facial image. The extracted features are then used for classification task. In this
study, distances between landmarks surrounding face components are used as
geometric features. This study, an extension of previous work (Durmusoglu and
Kahraman 2016), uses 18 landmarks (shown in Figure. 1) which placed properly onto
dynamic face components that cause facial shape changes (eyebrows, mouth, and
eyes) (Suja and Tripathi 2015).

Figure 1. Spots surrounding the facial components.
Euclidean distance formula is used to determine distance feature vector provided by

the distances between spots surrounding face components.153 features obtained as a
result of distance computation process are the presentation of a facial image. For
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example, D1 is the distance 1 which represents the distance between landmark 1 and
landmark 2.

FEATURE SELECTION: PCA, CFS, AND RELIEFF

The problem of dimensionality occurred in image processing, particularly in facial
expression recognition, causes the decrease in performance of classification
algorithms due to probable availability of unnecessary features which do not provide
contribution to the discrimination of different categories and the increase in
computational effort (Cossetin et al. 2016). Hence, contribution to classification of
facial expression purpose provided by a lower subset of features can be actualized by
feature selection and dimensionality reduction techniques.

Feature selection helps researchers to reduce dimensionality and computational
complexity by transforming initial feature space into a lower subset space. For feature
selection and dimension reduction purpose, three approaches, PCA, CFS, and ReliefF,
are applied. Summarizer explanation for PCA, ReliefF, and CFS is given in this section
as well.

Principal Components Analysis (PCA) is a dimension reduction technique that uses
statistical information of data. Maximum amount of variance with a small number of
principle components are used to explain PCA (Abdi and Williams 2010). In this
study, data set consists of 246 images and data set converted into initial feature space
which is represented by 153 attributes. Initial feature space is reduced by PCA as a
new matrix having dimensions 246*18 (18 principal components).

Correlation-based feature subset selection (CFS) approach takes into consideration the
correlation based heuristic to compute feature worthiness. Further information about
CFS can be found in (Hall 1999). In this work, optimal feature subset generated by CFS
consists of 16 features. Details for these 16 distances are given in our previous study
(Durmusoglu and Kahraman 2016).

ReliefF algorithm has high efficiency and does not limit the characteristics of data
types, the Relief enable it to deal with data sets with discrete or continuous. ReliefF
method performs feature selection process by taking an instance from the data set to
create a model based on proximity and distance of that instance to other instances in
their own class (Liu and Motoda 2007). ReliefF algorithm is performed 6 times and
different numbers of feature subsets are obtained at each run time.

PCA, CFS, and ReliefF feature selection approaches are compared to determine the
contribution to classification performance. Table 1 shows the number of selected
features that obtained by each run time for all used feature selection approaches.
Table 1. Number of Determined Features

Approach | Number of selected features
No Method | 153

PCA 18

CFS 16

ReliefF* 10, 50, 105, 153

* Number of features is randomly selected
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EXPERIMENTAL RESULTS

Facial expression recognition (FER) system follows the image acquisition, feature
extraction, feature selection, and classification steps (shown in Figure 2). It is needed
to represent a facial image more efficiently by extracting its features that contribute to
classifier performance in a FER system.

Image [:> Feature
Acquisition Extraction

v

Classificati Feature
Classification | < | Seliction

Figure 2. Facial expression
recognition steps.

In this section, performance of each feature selection approach is shown by applying
Artificial Neural Network (ANN) (Zhang 2000) as a classifier that categorizing input

images into a set of target classes. Experimental results are given in Table 2.

Table 2. Experimental Results

Expression None |PCA | CFS |R(10)* R(50) | R(105) | R(all)
Surprise 87.1 825 888 |85 83.33 | 86.8 92.5
Sad 97.2 925 888 80 90 97.2 95
Neutral 66 75 85.7 |52 69.23 | 653 64
Happy 95.1 975 888 |95 97.5 95.2 100
Fear 72 80 100 |75 82.05 |73.8 85
Anger 87.0 833 |86.7 80 86.66 | 90.3 93.3
Disgust 93.3 90 100 | 83.8 96.55 |90.3 90.3
General 85. 81.6 | 91.2 | 80. 86.9 86.1 88.5

* R(10) stands for ReliefF algorithm with 10 features

For each feature selection approach, network is trained with online back propagation
learning algorithm using 10-fold cross validation. Performance is calculated by
considering accuracy formula which is given in equation 1.

P Y= {a/f)e100
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Where p is accuracy rate, a is number of correct classifications, and 3 is number of all
classifications.

CONCLUSION

Geometric features of facial image (distances between face components) that have
been processed in different feature selection approaches are used to classify facial
expressions as “Happy”, “Neutral”, “Anger”, “Fear”, “Surprise”, “Disgust”, and
“Sad” in this study. Our experimental results have shown that there are feature
selection methods providing contribution to the classifier performance as well as
feature selection approaches that do not contribute to classifier performance. It can be
also understood from Table 2 (ReliefF(10) general performance) that ReliefF algorithm
with low number of features does not increase the classifier performance. Correct
classification rate, 91.2%, is the performance of CFS+ANN. For future works, it will be
investigated an optimal combination of feature selection approach and classification
method.

REFERENCES

Abdi, Hervé and Lynne J. Williams. 2010. “Principal Component Analysis.” Wiley
Interdisciplinary Reviews: Computational Statistics 2(4):433-59.

Aifanti, Niki, Christos Papachristou, and Anastasios Delopoulos. 2010. “The MUG Facial
Expression Database.” Pp. 1-4 in Image analysis for multimedia interactive services (WIAMIS),
2010 11th international workshop on. IEEE.

Alexandridis, Alex, Panagiotis Patrinos, Haralambos Sarimveis, and George Tsekouras. 2005.
“A Two-Stage Evolutionary Algorithm for Variable Selection in the Development of RBF
Neural Network Models.” Chemometrics and Intelligent Laboratory Systems 75(2):149-62.
Battiti, Roberto. 1994. “Using Mutual Information for Selecting Features in Supervised Neural
Net Learning.” IEEE Transactions on Neural Networks 5(4):537-50.

Blum, Avrim L. and Pat Langley. 1997. “Selection of Relevant Features and Examples in
Machine Learning.” Artificial Intelligence 97(1-2):245-71.

Chandrashekar, Girish and Ferat Sahin. 2014. “A Survey on Feature Selection Methods.”
Computers & Electrical Engineering 40(1):16-28.

Cossetin, Marcelo J., Julio C. Nievola, and Alessandro L. Koerich. 2016. “Facial Expression
Recognition Using a Pairwise Feature Selection and Classification Approach.” Pp. 5149-55 in
Neural Networks (IJCNN), 2016 International Joint Conference on. IEEE.

Durmusoglu, A. and Y. Kahraman. 2016. “Facial Expression Recognition Using Geometric
Features.” in International Conference on Systems, Signals, and Image Processing. Vol. 2016-June.
Forman, George. 2003. “An Extensive Empirical Study of Feature Selection Metrics for Text
Classification.” Journal of Machine Learning Research 3(Mar):1289-1305.

Goldberg, David E. and John H. Holland. 1988. “Genetic Algorithms and Machine Learning.”
Machine Learning 3(2):95-99.

Guyon, Isabelle and André Elisseeff. 2003. “An Introduction to Variable and Feature
Selection.” Journal of Machine Learning Research 3(Mar):1157-82.

Hall, Mark Andrew. 1999. “Correlation-Based Feature Selection for Machine Learning.”

Hsu, Hui-Huang, Cheng-Wei Hsieh, and Ming-Da Lu. 2011. “Hybrid Feature Selection by
Combining Filters and Wrappers.” Expert Systems with Applications 38(7):8144-50.

831



AV
2 ‘ ’ ; 3rd International Energy & Engineering Congress Proceedings Book @

18-19 October 2018, Gaziantep University, Turkey

Jouan-Rimbaud, Delphine, Desire-Luc Massart, Riccardo Leardi, and Onno E. De Noord. 1995.
“Genetic Algorithms as a Tool for Wavelength Selection in Multivariate Calibration.”
Analytical Chemistry 67(23):4295-4301.

Kennedy, James and Russell Eberhart. 1995. “PSO Optimization.” Pp. 1941-48 in Proc. IEEE
Int. Conf. Neural Networks. Vol. 4. IEEE Service Center, Piscataway, NJ.

Kohavi, Ron and George H. John. 1997. “Wrappers for Feature Subset Selection.” Artificial
Intelligence 97(1-2):273-324.

Kwak, Nojun and Chong-Ho Choi. 2002. “Input Feature Selection for Classification
Problems.” IEEE Transactions on Neural Networks 13(1):143-59.

Langley, Pat. 1994. “Selection of Relevant Features in Machine Learning.” Pp. 245-71 in
Proceedings of the AAAI Fall symposium on relevance. Vol. 184.

Lazar, Cosmin, Jonatan Taminau, Stijn Meganck, David Steenhoff, Alain Coletta, Colin
Molter, Virginie de Schaetzen, Robin Duque, Hugues Bersini, and Ann Nowe. 2012. “A Survey
on Filter Techniques for Feature Selection in Gene Expression Microarray Analysis.”
IEEE/ACM Transactions on Computational Biology and Bioinformatics (TCBB) 9(4):1106-19.

Liu, Huan and Hiroshi Motoda. 2007. Computational Methods of Feature Selection. CRC Press.
Liu, Huan and Lei Yu. 2005. “Toward Integrating Feature Selection Algorithms for
Classification and Clustering.” IEEE Transactions on Knowledge and Data Engineering 17(4):491-
502.

Mehrabian, Albert. 2008. “Communication without Words.” Communication Theory 193-200.
Narendra, Patrenahalli M. and Keinosuke Fukunaga. 1977. “A Branch and Bound Algorithm
for Feature Subset Selection.” IEEE Transactions on Computers 9(C-26):917-22.

Pudil, Pavel, Jana Novovicova, and Josef Kittler. 1994. “Floating Search Methods in Feature
Selection.” Pattern Recognition Letters 15(11):1119-25.

Reunanen, Juha. 2003. “Overtitting in Making Comparisons between Variable Selection
Methods.” Journal of Machine Learning Research 3(Mar):1371-82.

Saeys, Yvan, Ihaki Inza, and Pedro Larrafiaga. 2007. “A Review of Feature Selection
Techniques in Bioinformatics.” Bioinformatics 23(19):2507-17.

Suja, P. and Shikha Tripathi. 2015. “Dynamic Facial Emotion Recognition from 4D Video
Sequences.” Pp. 348-53 in Contemporary Computing (IC3), 2015 Eighth International Conference
on. IEEE.

Sun, Y., C. F. Babbs, and E. J. Delp. 2006. “A Comparison of Feature Selection Methods for the
Detection of Breast Cancers in Mammograms: Adaptive Sequential Floating Search vs.
Genetic Algorithm.” Pp. 6532-35 in Engineering in Medicine and Biology Society, 2005. IEEE-
EMBS 2005. 27th Annual International Conference of the. IEEE.

Unler, Alper, Alper Murat, and Ratna Babu Chinnam. 2011. “Mr2PSO: A Maximum Relevance
Minimum Redundancy Feature Selection Method Based on Swarm Intelligence for Support
Vector Machine Classification.” Information Sciences 181(20):4625-41.

Yang, Jihoon and Vasant Honavar. 1998. “Feature Subset Selection Using a Genetic
Algorithm.” Pp. 117-36 in Feature extraction, construction and selection. Springer.

Yeasin, Mohammed, Baptiste Bullot, and Rajeev Sharma. 2006. “Recognition of Facial
Expressions and Measurement of Levels of Interest from Video.” IEEE Transactions on
Multimedia 8(3):500-508.

Zhang, Guogqiang Peter. 2000. “Neural Networks for Classification: A Survey.” IEEE
Transactions on Systems, Man, and Cybernetics, Part C (Applications and Reviews) 30(4):451-62.

832



18-19 October 2018, Gaziantep University, Turkey

YLY
2 ' ’ ; 3rd International Energy & Engineering Congress Proceedings Book @

EXPLORING THE POTENTIAL OF GIANT KING GRASS AS A BIOENERGY CROP
IN MEDITERRANEAN ECOLOGICAL CONDITIONS

Nafiz CELIKTAS, Ersin CAN, Ibrahim ATIS, Ibrahim ERTEKIN
Mustafa Kemal University, Agricultural Faculty, Field Crops Dept. Antakya Hatay

ABSTRACT: For the industrial purposes, renewable bioenergy can be produced as a
result of processing of the lignocellulosic structure in biomass with different
conversion technologies. The usage of Giant king grass (Pennisetum hybridum) as a
bioenergy feedstock has been increasing in recent years. It's a member of Poaceae
family which is an interspesific hybrid species. Bioenergy potential at different
conversion techniques of the commercial variety of Giant king grass “Paraiso” has
been investigated in this research. The permanent Giant king grass plantation which
is about 150 days old was located at the east Mediterranean costal region of Turkey.
The plots were regularly irrigated with a drip irrigation system and 100 kg ha-! NH4
nitrogen was applied. Chemical analyzes were carried out on the biomass harvested
in mid-September. Plants were measured as an average of 3.8 m length and green
herbage was 535.1 t ha't with the average %93.8 volatile solids (vs). Lignocellulosic
structure (hemicellulose, cellulose and lignin) of the biomass according to Van Soest
method was determined as 278.4 g kg1, 352.5 g kg1, 68.7 g kg! respectively. Biogas
production capacity of the biomass was measured as 107072.3 m3 ha-! (vs) which may
convert to 642434.1 kWh energy in a gas reactor. The average heating value (HHYV)
and the elemental composition, CHNS, of the biomass was measured as 16.7 Mj kg1,
44.3%, 6.0%, 0.3% and 0.07% respectively. Total HHV generated from unit area was
calculated as 3363940.6 Mj kg'hal. The electricity production potential of this heating
value in a combustion reactor system with %20 conversion coefficient was measured
as 672788.1 kWh. The cellulosic ethanol production capacity of the biomass after
pyrolysis, enzymatic hydrolyses and fermentation processes was calculated over total
fermentable sugars, especially glucans as 28425.8 L ha that is capable to generate
185478.3 kWh energy in a biofuel reactor or it is possible to produce E5 biofuels
blending with 540090.1 L petroleum. The energy produced from biomass based biogas,
combustion and biofuel is enough to satisfy the annual electricity requirement of 178.4,
186.8 and 51.5 number of homes respectively according to EU average annual
consumption. The results of the study showed that the giant king grass has a very big
alternative bioenergy production capacity in an appropriate biomass conversion
system in Mediterranean ecological conditions.

Key Words: Giant king grass, Pennisetum hybridum, conversion, biogas, combustion,
biofuel.
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BIOFUEL CELL PLATFORMS

Derya BAL ALTUNTAS
Recep Tayyip Erdogan University, Engineering Faculty, Department of
Bioengineering, 53100 Rize

derya.balaltuntas@erdogan.edu.tr

ABSTRACT: Electrochemical Bio-fuel cells are a type of alternative energy source. Bio-
fuel cells (BFCs) are systems that convert chemical energy into electrical energy by the
catalyzed reaction of biocatalysts. renewable alternative energy resources. Two-
dimensional (2D) materials represented by graphene show numerous attractive
electronic, optical, mechanical, and thermal properties. This study aims to develop the
potential of biofuel cells using Beyond Graphene in Two-Dimensional Materials.

Key words: Nanomaterials, MoS,, Biofuel cell.

REFERENCES

Nigam, P.S. ve Singh, A. (2011) Production of liquid biofuels from renewable
resources, Prog Energy Combust Sci, 37: 52-68.

Cracknell, J.A., Vincent, K.A. ve Armstrong, F.A. (2008) Enzymes as Working or
Inspirational Electrocatalysts for Fuel Cells and Electrolysis, Chem Rev, 108: 2439-61.

834



TS
i " : 3rd International Energy & Engineering Congress Proceedings Book @

18-19 October 2018, Gaziantep University, Turkey [V

ELECTRICITY, MARKETS AND TURKEY’S PATH IN LIBERALIZATION
PROCESS

Ali Ulvi Ozgﬁl, Ph.D.
Independent Researcher
ulviozgul@uydunet.net

ABSTRACT: Electricity, though considered as a commodity in price models, differs
from other goods in terms of its idiosyncrasies. The uninterrupted and pervasive need
for the services electricity markets render and non-storability of the product
necessitates a different and delicate market structure.

This research focuses on supply chain constituents of the electricity industry and their
implications on the liberalized market structure. As put forth in this paper US and
European markets differ in terms of market design. Turkey has taken big steps on
liberalization process which were spread across a considerably long period. This delay
in restructuring can be attributed to Turkey’s adoption of “learning from other
matured market models” strategy. Liberalization of the generation segment has
triggered the process, thanks to its more competitive structure.

Spot markets established within this framework are distinct from their counterparts in
commodity domain due to “specialized” product and sophisticated system/market
operations. The three spot markets, namely Day-Ahead-Market, Intraday Market and
the Balancing Market serve different needs of the participants and the whole society.
These markets differ in terms of delivery periods of the physical units, volumes and
risks borne by market participants. The trading rules and settlement mechanism
resembles conventional financial markets in most respects. The price determined on
hourly basis in Day-Ahead-Market is generally accepted as “spot” price and is
increasingly becoming a reference for pricing contracts within other segments of the
market domain. The physical contracts, known as bilateral agreements are typically
over-the-counter (OTC) risk products, which help market participants manage their
price risks in differing horizons. Though structured financial contracts written on
electricity offered by Borsa Istanbul (BIST) have very limited trading volume, they are
expected to have widespread coverage with further market progress. The increasing
integration of renewables and their apparent advantages pose a remarkable problem
on this progress.

Key words: Electricity, Liberalization, Electricity Markets, Electricity Spot Price
ELEKTRIK, PIYASALARI VE LIBERALLESME SURECINDE

TURKIYE'NIN IZLEDIGI YOL

OZET: Fiyat modellerinde bir meta gibi degerlendirilse de elektrik, kendine has
ozellikleri ile diger mallardan ayrismaktadir. Elektrik piyasalarmin sundugu

hizmetlere yonelik kesintisiz ve kapsayici ihtiyag ve tirtintin depolanamamasi, farkl
ve hassas bir piyasa yapisini gerektirmektedir.
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Bu calisma, elektrik sanayiinin tedarik zinciri bilesenlerine ve bunlarin liberallesen
piyasa yapisina etkilerine odaklanmaktadir. Ortaya konuldugu tizere, Amerika ve
Avrupa piyasalary, tasarim agisindan degiskenlik gostermektedir. Tiirkiye, uzunca bir
zamana Yyayllan serbestlesme siirecinde ©nemli mesafe kaydetmistir. Yeniden
yapilanmadaki gecikme, Tiirkiye'nin benimsedigi “daha gelismis orneklerden
ogrenme” stratejisine baglanabilir. Daha rekabet¢i yapismin yardmmiyla tiretim is
kolunun liberallesmesi, siireci tetiklemistir.

Bu gercevede kurulan spot piyasalar; tirtintin “6zel” olusu ve karmasik sistem/piyasa
isletimi nedeniyle emtia alanindaki 6rneklerinden farklidir. Ug spot piyasa; Giin
Oncesi Piyasasi, Giin Ici Piyasast ve Dengeleme Gii¢ Piyasasi katilimcilarin ve tiim
toplumun farkl ihtiyaglarina cevap vermektedir. Bu piyasalar fiziksel tirtintin teslim
zamani, hacim ve katilimcilarin katlandig: riskler bakimindan ayrismaktadir. Islem
kurallar1 ve uzlastirma mekanizmas: biiytik olgtide klasik finansal piyasalar
andirmaktadir. Giin Oncesi Piyasasinda saatlik belirlenen fiyatlar genelde “spot” fiyat
olarak kabul edilmekte ve piyasanin bagkaca boliimlerindeki sozlesmelerin
fiyatlanmasi agisindan artarak referans niteligi kazanmaktadir. Ikili anlasmalar olarak
bilinen fiziksel sozlesmeler, piyasa katilimcilarinin degisen vadelerde fiyat riskini
ydnetmeye yardimci olan tipik birer tezgahtistii risk tirtinleridir. Borsa Istanbul (BIST)
tarafindan sunulan elektrige dayali yapilandirilmis finansal sozlesmeler, cok kisitlt
hacme sahip olsa da piyasanin daha da gelismesi ile yaygimnlasacagi beklenmektedir.
Yenilenebilir kaynaklarm artarak piyasaya entegre olmasi ve belirgin goreceli fiyat
avantajlari, bu gelismede 6nemli bir problem olarak belirmektedir.

Anahtar sozciikler: Elektrik, Serbestlesme, Elektrik Piyasalari, Elektrik Spot Fiyat.
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COMPACTED CONCRETE PAVEMENT
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3Ankara Universitesi, Uygulamali Bilimler Fakiiltesi, Gayrimenkul Geligtirme ve
Yonetimi Boliimii, Ankara/ TURKIYE

ABSTRACT: Pavement is categorized under two headings: asphalt (flexible)
pavement and concrete (rigid) pavement. In the last decade, the use of concrete
pavement has increased due to its superior durability and longer life cycle when
compared to asphalt pavement. Moreover, the materials used to produce concrete
pavement are supplied conveniently and in a more cost-effective manner in
comparison. Today, roller-compacted concrete pavement (RCCP) is the method
commonly preferred for road construction. RCCP is a zero-slump (dry-mix) concrete
mixture. The most important advantages of RCCP over traditional concrete are the
reduced time needed for construction and its low cost. RCCPs do not lend themselves
to application of load transfer devices such as dowels or keyed joints and do not
require surface finishing. Another quality of RCCP, as distinguished from traditional
concrete, is the use of reduced cement and increased mineral additive content of the
mix. The use of active mineral additives such as fly ash in RCCPs bears environmental
significance. The use of industrial waste such as fly ash, silica fume and blast-furnace
slag as additives in concrete production has been increasing with an emphasis on
environmental sustainability and they have become components of concrete. Also
known as artificial pozzolans, these mineral additives are proven to offer important
benefits to the concrete technology, in terms of both economy and environment.
Among the technical reasons behind the use of mineral additives are the workability
of fresh concrete and the durability of hardened concrete. In some cases, economic and
environmental aspects may prevail over technical ones. With the use of artificial
pozzolans, it is possible to reduce the amount of cement used for concrete production
which translates into positive economic and environmental outcomes. Nevertheless,
most of the mineral additives consist of industrial by-products which can be
considered as waste material. This study explored the characteristics of a number of
industrial waste materials which can be used in RCCP applications. The effect of the
use of industrial waste matter such as fly ash, Blast furnace slag, silica fume, rice husk
ash, biofuel ash, electric arc furnace slag, sewage sludge ash, glass powder and waste
marble powder on durability properties is analyzed.

Keywords: Industrial Waste, Roller-Compacted Concrete, Ecology, Sustainability

SILINDIRLE SIKISTIRILMIS BETON YOL KAPLAMALARINDA
ENDUSTRIYEL ATIKLARIN KULLANIM OLANAKLARININ INCELENMESI
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OZET: Yol kaplamalary; kullanilan malzemelere gore asfalt (esnek) kaplama ve beton
(rijit) kaplama olarak iki siifa ayrilmaktadir. Son yillarda, beton kaplamalarin
kullanimi, asfalt kaplamalara gore {iistiin dayaniklilik ve daha uzun yapisal
omiirlerinden dolayr artis gostermektedir. Ayrica beton kaplamalarda kullanilan
malzemelerin temin edilmesi nispeten daha kolay ve ucuzdur. Giintimiizde beton yol
yapiminda genellikle silindir ile sikistirilmis beton (SSB) yollar tercih edilmektedir.
SSB, nemli ve kat1 kivama sahip (sifir slump) bir beton tiirtidiir. SSB beton yollarin
geleneksel beton yollara gore en biiytik avantaji yapim hizi ve maliyetinin distik
olmasidir. SSB’lerde kalip, baglanti demiri ve ytizey bitirme islemine ihtiyac
duyulmaz. SSB’yi geleneksel betondan ayiran en onemli 6zelliklerden bir tanesi de,
karisimda dtistik cimento ve yiiksek mineral katki kullanilmasidir. SSB yol
kaplamalarmda, ugucu kiil gibi aktif mineral katkilarinin kullanilmasi ¢evresel agidan
btiytik 6nem tasimaktadir. Cevresel stuirduiriilebilirlik acisindan ugucu kiil, silis
dumani ve ytiksek firm ctirufu gibi endistriyel atik katki malzemelerinin beton
tiretiminde kullanimi biiytik oranda artis gostermis ve betonun bilesenlerinden biri
haline gelmistir. Aym1 zamanda yapay puzolan olan bu mineral katkilar teknik,
ekonomik ve gevresel agidan beton teknolojisine biiytik yararlar saglamaktadir.
Mineral katki kullaniminin teknik sebepleri arasinda taze betonun islenebilirligi ve
sertlesmis betonun dayarnikliligi bulunmaktadir. Baz1 uygulamalarda ekonomik ve
cevresel nedenler teknik nedenlerden daha tnemli olabilmektedir. Yapay puzolanlar,
beton {iiretiminde kullanilan ¢imento miktarmin azaltilmasmi saglayarak hem
ekonomik hem de ¢evresel faydalar saglamaktadir. Ayrica, mineral Kkatk:
maddelerinin ¢ogu atik olarak kabul edilebilecek endiistriyel yan tirtinlerden
olusmaktadir. Bu calismada, SSB uygulamalarinda kullanilabilecek bazi endiistriyel
atiklarin 6zellikleri ele alinacaktir. Ucucu kiil, silis dumany, yiiksek firin ctirufu, piring
kabugu kiilii, biyoyakat kiilleri, elektrik ark firini ctiruflari, kanalizasyon camuru atig1
kiilleri, cam tozu ve mermer tozu gibi endustriyel atiklarin durabilite 6zellikleri
tizerindeki etkileri ortaya konulacaktir.

Anahtar Kelime: Endiistriyel Atiklar, Silindirle sikistirllan beton, Ekoloji,
Suirdiirtilebilirlik

1. GIRIS

Beton yollar, diistik maliyetli, stirdtirtilebilir ve dayanikliligi nedeniyle daha kullanish
karayolu tustyapilari olarak kabul gormektedir. Beton vyollarin bittimli yol
kaplamalarma kiyasla bakim ve onarimm stiireleri nispeten uzundur. Ancak SSB
(Silindirle sikistirilmis betonlar) beton yollarda bu durum ¢ok gegerli degildir.
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Bununla birlikte, SSB yol uygulamalarinda en énemli sorunun tuz ¢ozeltilerinden
kaynaklanan hasarin oldugu dustintilmektedir (Ghahari, Mohammadi, &
Ramezanianpour, 2017). Bu hasar geleneksel beton yollara gore SSB uygulamalarinda
daha az ortaya ¢ikmaktadir. SSB'lerin yol yapiminda kullanimina ait ilk raporlar 1865
yillinda Iskogya'da hazirlanmis ve bu tarihten 50 yil sonra betona vibrasyon
uygulanmaya baslanmistir. 70'li yillarda, petrol fiyatinin artmasi sonucunda yol
yapiminda alternatif malzemelerin kullanim olanag1 olarak SSB tekrar ortaya
citkmustir. SSB'nin ilk kullanimina 1970'lerde 1spanya'n1n dustik trafik hacmine sahip
yollarinda baslanilmistir. Kanada'daki bu tiir kaplamalar (SSB) 1976 yilinda kereste
endiistrisinde kullanilmaya baslanmistir. 1980'den sonra, en az 10 tilke (Fransa, ABD,
Norveg, 1sve(;, Finlandiya, Danimarka, Almanya, Avustralya, Arjantin ve Japonya),
100.000 m?'den fazla SSB yol yapmustir (Zarrin & Shirazi, 2015). Yiiksek oranli tiretim
ve diistik maliyet gibi 6zellikler SSB kullanimimin avantajlar1 arasinda yer almaktadir.
Ogzellikle son yillarda havalimani ve agir vasitalar igin yapilan karayolu iistyapist
projelerinde kullanim sikligini artmistir (Nanni, Ludwig, & Shoenberger, 1996). Beton
yollar icin kullanilan SSB, geleneksel betonda bulunanlara benzer igeriklere sahiptir.
Ayrica SSB ¢okmeyen beton ve sifir slumpli beton olarak da bilinilmektedir. SSB
uygulamalarinda beton 25 cm'lik tabaklar halinde sikistirilmakta ve bunun icin asfalt
yol kaplamalarmda tercih edilen ekipmanlar kullanilmaktadir (Delagrave, Marchand,
Pigeon, & Boisvert, 1997). SSB icin plastik biiztilme ve diisiik cekme mukavemeti
nedeniyle rijitlik ve catlak yayilimu bildirilen baz1 problemler arasinda yer almaktadir
(Jingfu, Chuncui, & Zhenli, 2009). Bu ytizden SSB'lerde termal catlak olasiligin
azaltmak igin, diisiik Portland ¢imentosu igerigi ile yiiksek miktarda ugucu kiil, silis
dumani ve yiiksek firin ctirufu gibi endiistriyel atik malzemeleri kullanilmaktadir
(Pigeon & Malhotra, 1995).

Son yillarda beton yollar geri dontisttirtilmiis malzemelerin kullanimina olanak veren
onemli bir yap1 olarak 6n plana gikmugtir. Ozellikle SSB cevresel ve ekolojik sorunlara
kismi bir ¢6ztim olmakla beraber dogal agrega ve ¢imento miktarini azaltarak insaat
maliyetlerini de azaltmistir (Shamsaei, Aghayan, & Kazemi, 2017). SSB
uygulamalarinda dogal agregalar yerine geri dontistiirilmiis agregalar kullanildig:
gibi ¢imento yerine yiiksek hacimde wugucu kil gibi endtstriyel atiklarda
kullanilmaktadir. Endtiistriyel atiklarm SSB uygulamalarinda kullanimi ekonomiklik,
durabilite ve ekolojik acidan buytk katki saglamaktadir. Sekil 1'de beton yol
yapiminda kullanilan SSB uygulamas: gorilmektedir.

Sekil 1. Beton yol icin SSB uygulamasi

2. MINERAL KATKI OLARAK KULLANILAN ENDUSTRIYEL ATIKLAR

Insaat sektoriindeki son gelismeler, yeni binalarin tasarmmi ve beton talebi oraninin
artmasma neden olmustur. Bu yiizden insaat yapimi ve yikimi esnasinda olusan
atiklarin degerlendirilmesi icin gevre dostu bir yontem aranmaktadir (Li, Wang, Li,
Zhao, & Qin, 2018). Diinyadaki COz emisyonu degerleri agisindan insaat sektoriintin
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onemli bir pay1 bulunmaktadir. Insaat sektoriinde ise kullamim orani siirekli artan
Portland ¢imentosu CO; emisyonlarini arttirmaktadir. Portland ¢imentosu {tiretimi,
kiiresel antropojenik CO2 emisyonlarinin yaklasik % 7'sini olusturmaktadir (Moffatt,
Thomas, & Fahim, 2017). Bu nedenle, kullanilan Portland ¢imentosu miktarimi
azaltarak karbon emisyonlarmi azaltma ihtiyact dogmustur (ACI, 1986). Bu kapsamda
ugucu kiil, ytiksek firin ctirufu ve silis dumaru gibi endiistriyel atiklar ¢cimento yerine
kullanilarak gevre dostu beton tiretimine yardimci olmaktadir (ACAA, 2016).

2.1. Ugucu Kiil

Ugucu ki, enerji santrallerinde komiiriin yanmasi sonucunda olusan yan triin
olmakla beraber beton tiretiminde ¢cimento ikame malzemesi olarak kullanilmaktadir
(Dong et al., 2018). ASTM C618'e gore ucucu kiiller; diistik alkali ve diistik kalsiyum
iceren F siufi ile yiiksek alkali ve yiiksek kalsiyum iceren C smifit olmak tizere
smiflandirilmaktadir. (Saha, Khan, Sarker, Shaikh, & Pramanik, 2018). Endistriyel
stirecin bir yan {irtinti olarak aciga c¢ikan ucucu kiiltin kullanimi, stirdiriilebilir
yapilarin tasarimma (sertifika sistemleri vb.) katkida bulunmaktadir. Mineral katk:
maddesi olarak ugucu kiil, yalnizca hidratasyon 1s1sin1 azaltarak beton performansimi
artirmaz, aym zamanda karbondioksit {iretimini de azaltmaktadir (Adriano, Page,
Elseewi, Chang, & Straughan, 1980).

Ugucu kiil normalde Portland ¢imentosu yerine % 15 ile 25 (agirlik olarak) oraninda
ikame edilerek kullanilir. Bununla birlikte, bircok yazar ugucu kiilti % 40 ve 60
oranlarinda ikame ederek iyi dayanim gelisimi elde etmistir. Ayrica yiiksek oranda
ucucu kil kullanimmin alkali-silika reaksiyonuna, donma c¢6ziilmeye, klor iyonu
penetrasyonuna ve siilfat saldirisina karst miikemmel direng gosterdigini kanitlamistir
(M. R. H. Dunstan & Joyce, 1987; Hopkins, Thomas, Oates, Girn, & Munro, 2001;
Langley, Carette, & Malhotra, 1989; Malhotra & Bremner, 1996; Swamy & Hung, 1998).
Buz ¢oziicti tuzlara maruz beton yol uygulamalarinda ytiksek hacimli ugucu kiil
kullanilmasi durumunda betonlarm pullanma direnci azalmaktadir (Tyler Ley, Harris,
Folliard, & Hover, 2008). Laboratuvar ve saha calismalar1 ugucu kiillerin klortir
penetrasyonunu engelledigi ve serbest kloriirlerin igerigini azaltarak korozyonu
azalttigin gostermistir. Ucucu kiil kalsiyum-silikat hidratlar (C-S-H) tiretmek igin
kalsiyum hidroksit ile reaksiyona girer ve daha az bir gozenek yapist olusturarak
gecirgenligi azaltmaktadir. Ayrica, altiminat hidratlar: arttirdig: ve bir C-A-S-H jeli
olusturdugu rapor edilmistir. Bu etki normal Portland ¢imentosu betonuna kiyasla
klortirleri baglama kapasitesini arttirmaktadir (Dhir, EI-Mohr, & Dyer, 1997). Dhir ve
arkadaslar1 (Dhir et al., 1997), klortir baglama kabiliyetinin ucucu kiiliin kiitle olarak
%50'lik ikame seviyelerine kadar yiikseldigini ve daha ytiksek oranlarda ucucu kiil
kullanilmasi durumunda ise %64 oraninda azaldigimi bulmuslardir. Yiiksek hacimli
ucucu kiil kullanilan betonun kloriir baglama kabiliyetindeki artis ugucu kiildeki
ytiksek altimina igerigine baglidir, bu da klortirlerin kimyasal baglanmasina ve Friedel
tuzunun olusumuna neden olmaktadir (Dhir et al., 1997). Thomas ve arkadaslari, 10
yil boyunca deniz ortaminda ytiksek hacimli ucucu kil (% 50'ye kadar) iceren
betonlarin  performansini incelemis ve wucucu kil igerigi arttikca Kkloriir
penetrasyonuna kars: direncin arttigini bulmuslardir. Bununla birlikte, yetersiz kiir
uygulanan ve diisik mukavemetli ugucu kiil katkili betonlarda portlanditin [Ca(OH):]
azalmasi sonucu olarak, normal betondan ¢ok daha hizli bir oranda karbonatlasma
tespit edilmistir (Moffatt et al., 2017; Thomas, M.D.A., Matthews, 1992).
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Ugucu kiliin kimyasal bilesimi, ASR azaltma mekanizmasi {izerinde 6nemli bir rol
oynamaktadir (Saha et al., 2018). Bircok calismada F simifi ugucu kiillerin, C sinifi
ucucu kiillere gore ASR etkisini azaltmada daha iyi performans gosterdigi
bildirilmistir (Carrasquillo & Snow, 1987; Garcia-Lodeiro, Palomo, & Fernadndez-
Jiménez, 2007; Shehata & Thomas, 2000, 2006). Bununla birlikte numunelerin boylarin
genlesme smir dahilinde tutmak icin C smifi ugucu kiiliin daha yiiksek oranlarda
kullanilmasi gerekmektedir. F Siif ugucu kiil ytiksek miktarda amorf silika ve diistik
miktarda kireg icermektedir. Sonug olarak yiiksek oranda amorf silikanin varlig:
portlanditi gozenek cozeltisinden tiiketmektedir. Portlanditin gozenek ¢ozeltisinden
kullanilmasi alkalinitenin azalmasina neden olmaktadir. Diger yandan C simifi ugucu
kil biinyesinde F smaif1 ucucu kiil ile kiyaslandiginda daha yiiksek miktarda kalsiyum
oksit bulundurmaktadir. Ayrica, F sinifi ucucu kiilde yer alan amorf silika puzolanik
reaksiyon etkisi ile gozenekliligi azaltmaktadir. Sonug olarak viskoz ASR jellinin
birikmesi i¢in F smifi ugucu kullti betonda daha az bosluk mevcuttur (Bellmann,
Moser, & Stark, 2003; Shehata & Thomas, 2000). Ek olarak, numunelerin genlesmeleri
sadece ugucu kiliin kalsiyum icerigine degil, ayn1 zamanda kalsiyum oksit silika
(CaO/Si0z) oranina da baghdir. Daha ytiksek CaO/SiO2 oranlarma sahip ucucu
killerin daha distik CaO/SiOz oranlarina kiyasla daha fazla genlesme gosterdigi
belirlenmistir (Shehata & Thomas, 2006). Ucucu kiil baglayici matriste alkalileri
baglayarak ve portlanditi azaltarak ASR genlesmelerini azaltmaktadir (Saha et al.,
2018).

F smif1 ugucu kiil, cimento hidratasyonu sirasinda olusmus olan portlanditi tiiketerek
stilfat direncini arttirir ve portlanditin stilfatlarla reaksiyona girmesini engeller. Kireg
acisindan zengin C smifi ugucu kiil, bagimsiz olarak kendi kalsiyum hidroksidini
tiretir ve boylece stilfat atagina kars1 betonu zayiflatir (Hemalatha & Ramaswamy,
2017). Dunstan, ugucu kiildeki siilfat direncine etkide bulunanlarin CaO ve Fe;Os
oldugunu bildirmistir. Ugucu kil btinyesindeki kalsiyum oksit miktarmin artmasi
yada demir oksit miktarmin azalmas: stilfat direncini azaltmaktadir (E. R. Dunstan,
1980). 24 aylik laboratuvarda gerceklestirilen siilfat atag1 deneylerinde, Al-Dulaijan ve
ark. kullandiklar1 ugucu kiiltin betonun siilfat direncini artirabilecegini iddia
etmislerdir (Al-Dulaijan, 2007). Nie ve ark. %30 oraninda kullanilan diistik kalsiyumlu
ucucu kiillerin NaxSOs'a karst dayanikliligmi arttirdigimi  belirtmistir. Yiiksek
kalsiyumlu ucucu killerde ise CsA ve C4A3S varhigindan dolay: siilfat direnci
azalmaktadir (Nie, Zhou, Shu, He, & Huang, 2014). Siilfat etkisine maruz betonlarda
kullanilan ugucu kiiltin biinyesinde CaO orami %10'u ge¢memelidir (Tikalsky &
Carrasquillo, 1989).

Wang ve dig. Kombine donma-coziilme ve siilfat ataklarina kars: ugucu kiil ve silis
dumani iceren betonlarin dayanikliligini arastirmislardir. Deneysel sonuglara gore, %
25 ucucu kil ve % 5-8 silis dumani kullanilmasi betonun kombine donma-¢dztilme ve
stilfat ataklarma kars: direncini arttirmistir (D. Wang, Zhou, Meng, & Chen, 2017).

Wang ve ark. ucucu kil katkili betonlarm yiiksek sicaklik dayanikliligi ve 1sil
iletkenligini arastirmislardir. Sonug olarak, yiiksek sicakliga maruz kaldiktan sonra
hem normal beton hem de ucucu kiilli betonunun basing dayanimi ve termal
iletkenliginin 6nemli olctide azaldigi ve numunelerin 550 °C sicakhiga tabi
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tutuldugunda, basing mukavemetinin yaklasik %26 azaldig1 tespit edilmistir. Ucucu

kiiltin ytiksek sicakliga maruz kalan beton 6zelliklerini iyilestirdigi de rapor edilmistir.

(W. Wang, Lu, Li, & Li, 2017).

Lu ve ark. ugucu kiillii betonlarin pH seviyelerini ve karbonatlasma derinlikleri
tizerine arastirma yapmuistir. Sonug olarak; Ucucu kiilli beton icin karbonatlasma
derinligi zaman ile birlikte kademeli olarak artmistir ancak biiytime hizi kademeli
olarak azalmistir. Bu olaymn nedeni ugucu kiiliin portlandit icerigini azaltmasi ile
aciklanmistir (Lu, Wang, Li, Hao, & Xu, 2018).

2.2, Yiiksek Firin Ciiriifu

Yiiksek firin ctirufu, yiiksek firmda pik demir tiretiminde agiga ¢ikan bir yan tirtind{ir
ve biinyesinde ytiksek oranda CaO bulunan altimino-silikat esasli attk malzemedir
(ACI, 2000). Erimis ctiruf bir havuzda su yardmu veya giiclii su jetleri ile hizla
sogutuldugunda, gizli hidrolik 6zelliklere sahip grantil biiytik oranda camsi bir forma
dontisir (Pal, Mukherjee, & Pathak, 2003). Gtintimtizde ytiksek firin ctirufu beton ve
¢imento teknolojisinde sikc¢a kullamilmaktadir. Yiiksek firin ciiruflu ¢imentolarin
kullanim1 oldukca avantajlidir; enerji korunumu, sera gazi etkisinin azaltilmas: ve
dogal kaynaklarin korunumu bunlardan bazilaridir (Ozbay, Erdemir, & Durmus,
2016). Yiiksek firin cturufu kullanimi, ¢cimento esasli malzemelerde ton basina diisen
karbondioksit salimimnlarmnda kayda deger bir azalmaya ve endiistriyel tiretim
stireclerinin yan {irtinlerini tiikketme anlamina gelmektedir (Thomas, Hooton, Scott, &
Zibara, 2012). Diinyada bir ton ¢imento tretimi i¢in ortalama emisyon faktorii
(cimentonun hazir beton tesisine tasinmasi dahil) 0.910 ton COz-e/ton'dur. Diger
taraftan, bu deger yiiksek firin ctiruflu ¢imentolar igin 0.143 ton CO»-e/ton'a
diismektedir. Yiiksek firin ciirufu betonda %35-65 oraninda ikame edilerek Portland
¢imentosu yerine kullanilmaktadir. Sonug olarak %50 oraninda ytiksek firin ctirufu
Portland ¢imentosu ile yer degistirildiginde yaklasik olarak 0.5 ton CO2 azalmasimi
saglayacaktir (Ozbay et al., 2016).

Yiiksek firm ctirufunun beton {iretiminde kullanilmasi sonucu gozenek boyutunun
degistigi ve yiiksek firin ctirufunun ¢imento hidratasyon trtinti olan kalsiyum
hidroksit ve alkaliler ile reaksiyonuna bagli olarak betonun gegirgenligini ¢nemli
vlctide azalttig1 belgelenmistir (Ozbay et al., 2016). Yapilan bir calismada %40 oraninda
ytiksek firm ctirufu kullanimi betonlarin asinma degerlerini arttirmaktadir. Yiiksek
firin ctirufu oranin artmasi sonucunda agirlik kaybr asinma derinligi azalmaktadir
(Ozbay, Lachemi, & Sevim, 2011).

Literattirde ytiksek firin ciirufu icerikli betonlarin karbonatlasma direnciyle ilgili
bircok calisma bulunmaktadir (Borges, Costa, Milestone, Lynsdale, & Streatfield, 2010;
Gruyaert, Van Den Heede, & De Belie, 2013; Sisomphon & Franke, 2007, Younsi,
Turcry, Ait-Mokhtar, & Staquet, 2013). Younsi ve ark. gore kompoze ¢imentodaki
ytiksek firin ctirufu iceriginin arttirilmasi karbonatlasma etkisine daha zayif betonlar
elde edilmesini saglamistir (Younsi et al., 2013). Borges ve dig., %75 ve %90 oraninda
yiiksek firin ctirufu iceren pastalarmn hizlandirilmis karbonatlasma direncini
incelemislerdir. Pastalar 20 ve 60 °C'de 90 giin stireyle %5 karbon dioksit ve %60 bagil
nem altinda kiirlenmistir. Pasta tiretimindeki ytiksek firin ctirufu miktarmin artmasi
karbonatlasma oranini onemli 6lgtide arttirmistir (Borges et al., 2010).
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Yiiksek firin ctirufu igerikli betonlarin donma-¢oziilme dayanikliligina ait literattirde
bircok calisma yer almaktadir (Deja, 2003; Giergiczny, Glinicki, Sokotowski, &
Zielinski, 2009; Osborne, 1999; Toutanji, Delatte, Aggoun, Duval, & Danson, 2004).
Bazi arastirmacilar, Portland ¢imentosundan {iretilen betonlarm yiiksek firin ctirufu
iceren betonlardan daha ytiksek donma-c¢oziilme direncine sahip oldugunu ileri
stirmiislerdir (Vejmelkova, Keppert, Grzeszczyk, Skaliniski, & Cerny, 2011). Bununla
birlikte, baz1 arastirmacilarda % 60 ytiksek firin ctirufu icerikli betonlarin geleneksel
betonlardan daha iyi donma-¢oziilme direncine sahip oldugunu iddia etmistir (Stark
& Ludwig, 1997).

Betonun alkalinitesini, alkali hareketliligini ve betondaki serbest kireci azaltma ile
betonun gecirgenlik direncini iyilestirmesi nedeniyle, yiiksek firin ctirufu alkali silika
reaksiyonuna bagli olarak betonun genlesmesini azaltmaktadir (Bouikni, Swamy, &
Bali, 2009; Gifford & Gillott, 1996; Siddique, 2014). Kwon tarafindan, ytiiksek firin
cirufu ikame oram1 ve inceliginin yiiksek dayanimli betonlarda alkali silika
reaksiyonuna etkileri ile ilgili kapsamli bir deneysel galisma gerceklestirilmistir. Sonug
olarak; en diisiik genlesme katsayist %60 yiiksek firin ctirufu iceren betonlarda elde
edilmistir. Ayrica yiiksek firin ctirufu inceliginin artmasi1 ASR hasarini azaltmaktadir
(Kwon, 2005).

Portland ¢imentosunun ytiksek firin ctirufu ile yer degistirilmesi sonucu, CsA ve
portlandit icerigindeki azalma, beton gecirimliliginin azalmasma da bagl olarak stilfat
direncinin arttig1 bircok arastirma ile kanitlanmistir (Maes & De Belie, 2014). Wee ve
dig. yiiksek firin ctirufu katkili betonlarin siilfat etkisi ile bozulma mekanizmasimi
tropik iklim sartlar1 altinda incelemistir. Betonlar %5 NaxSOs ¢ozeltisinde 32 hafta
boyunca bekletilmistir. Sonug olarak ytiksek firmn ctirufunun %75 ve 85 oranlarinda
kullanilmasi stilfat direncine buiytik katki saglamaktadir (Wee, Suryavanshi, Wong, &
Rahman, 2000). Higgins, ytiksek firin ctirufu ikame oranmnin betonun stilfat direncine
etkisini arastirmustir. Portland ¢imentosu betonu 6 yilda Na2SOs etkisinde tamamen
bozulurken, ytiksek firin ctirufu igerikli betonlarda sadece énemsiz mukavemet kaybi
ve orneklerde kose bozulmasi gozlemlenmistir. Ancak NaxSOs ¢ozeltisinin aksine,
magnezyum siilfat ¢ozeltisinde bekletilen yiiksek firin ctirufu icerikli betonlarin
performansi, normal betonunun performansindan daha kotti olmustur (Higgins,
2003). Lopez ve ark. ytiksek firin ctirufunun ¢imento harclarindaki etkilerini arastirmis
ve daha ince taneli ctirufun stilfat etkisine kars: olumlu etki gostererek minimum
genlesme oranini sunmustur (Lopez, Pineda, & Gutiérrez, 2015).

Beton tizerindeki buz ve karm erimesi icin kullanilan ¢oziicti tuzlar, ytizeyde
pullanmaya ve dokiilmeye neden olmaktadir. Yapilan deneysel calismalar sonucunda
yiiksek firin ctirufu ilavesi betonlarin pullanma direncini azaltmaktadir (Ozbay et al.,
2016). Bouzoubaa ve ark., Kanada-Montreal'de yedi farkli betondan tiretilen beton
yollarin buz ¢ozticti tuzlara kars1 zararhi etkilerini belirlemek icin arastirmalarda
bulunmustur. Sonug olarak %25 oraninda ytiksek firm ciirufu ilavesinin pullanma
direncini arttirdig: tespit edilmistir. Bununla birlikte karisim tasariminda ytiksek firin
clirufu igeriginin % 25'ten % 35'e ¢ikarilmasi betonun pullanma direncinde azalmaya
yol acmaktadir (Bouzoubaa et al., 2008).
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Thomas ve ark., ogititiilmiis yiiksek firin ctirufu icerikli betonlari, Essex'teki (Birlesik
Krallik) Shoeburyness yakinindaki Thames Estuary'de yer alan bir deniz yapisindaki
dalga bolgesinde bekleterek 25 yil deniz suyuna maruz birakmislardir. Bu
arastirmanin  bulgular1 olarak, yiiksek firn ctrufunun betonlarin Kkloriir
penetrasyonuna kars1 onemli l¢tide direng gosterdigini ve yiiksek seviyelerde ytiksek
firin ctirufu kullaniminin ¢ok agresif bir deniz ortaminda betonun nispeten daha tistiin
performans gosterdigini kanitlamistir (Thomas, Scott, Bremner, Bilodeau, & Day,
2008).

Curuflu ¢imento kullanilarak yapilan 12 km uzunlugundaki Kral Fahd Causeway
kopitirtisti (Suudi Arabistan) tamamlandiktan dokuz yil sonra yapilan incelemelerde
herhangi bir korozyon hasarma rastlanilmamistir (Bijen, 1996). Diger ¢rnekler ise
Hollanda'da Kuzey Denizi kiyisinda insa edilen ve ¢cogu ctiruflu ¢imento kullanilarak
yapilan deniz yapilaridir. Polder ve ark. 18 ile 41 yaslar1 arasindaki yapilar1 sahada
incelemis ve bunlarin ¢ogunda korozyon hasar: tespit edilememistir (Polder & De
Rooij, 2005).

Ortega vd. CEM I 42.5R ve CEM III/B 42.5 L/SR ¢imentolar1 kullanarak tirettikleri
betonlar1 180 giin boyunca Akdeniz iklimi sartlarma (Alicante/Ispanya) maruz
brrakmistir. Bu arastirmada elde edilen sonuclar dikkate alindiginda, ytiksek firin
ctiruflu betonlarin gercek bir Akdeniz iklimi ortamima maruz kaldiginda kisa vadede
(180 gtin) iyi hizmet 6zellikleri sagladigi, hatta Normal Portland ¢imentosu ile yapilan
betonlara kiyasla daha iyi oldugu da belirtilmistir (Ortega, Isidro, Marta, & Miguel
Angel, 2017).

Betonda ytiksek firin ctirufu kullanimiyla, betonun yiiksek sicakliktaki direnci,
clirufun puzolanik aktivitesinin bir sonucu olarak artmaktadir. Poon ve ark., silis
dumani, ucucu kiil ve ytiksek firm ctirufu dahil olmak {izere ytiksek mukavemetli
betonlar1 maksimum 800 °C'ye kadar farklh sicaklik kosullarma maruz birakmustir.
Deney sonuglarma gore, yiiksek firin ctirufu ile 6zellikle 600 °C'nin altindaki betonlar,
kontrol betonuna goére en iyi performansi gostermistir. Onceki calismalarda, beton
icerisinde %40 ytksek firm ctirufu kullanimi ile 200 °C yiiksek sicakliga maruz
betonlarin basing dayanimlarinin oda kosullarinda test edilenlere gore % 15 oraninda
arttig1 bulunmustur (Poon, Azhar, Anson, & Wong, 2001).

CEM III (ytiksek firin ctiruf ¢imentosu) ¢imentosundan tiretilen betonlar, laktik ve
asetik asit saldirisina karsi en iyi direnci gostermistir. CEM III ¢cimentosunu CEM 11
(kompoze ¢imento), CEM V (puzolanik c¢imento) ve CEM I (Portland ¢imentosu)
izlemistir (De Belie, Verselder, De Blaere, Van Nieuwenburg, & Verschoore, 1996).
Bertron ve ark., CEM III/B 42.5 N ile yapilan ve sentetik siv1 giibresine (pH 4 veya 6)
maruz birakilan ¢imento pastalarinin normal ¢imento pastalarindan daha iyi
performans gosterdigini belirtmistir. Yiiksek firin ctirufu igerikli pastalar igin kiitle
kayb1 ve asit penetrasyon derinligi daha az olarak bulunmustur. Bununla birlikte,
yiiksek firin ctirufu igerikli pastalarn yani sira normal ¢imento pastalarinda
penetrasyon bolgesindeki, kristalize (susuz ve hidratlanmis bilesikler) ve amorf
hidratlanmis fazlarin neredeyse tamamen dekalsifikasyona ugradig: yada ortadan
kalktig1 gortilmiistiir. Ayrica penetrasyon bolgesi neredeyse tamamen Si, Al ve Fe'den
olusmakla beraber zayif bir mekanik performansa sahiptir. Ancak biinyesinde Al ve
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Fe iceren silika jel olusumu muhtemel asit etkisinin siddetini smirlamaktadir (A.
Bertron, Escadeillas, & Duchesne, 2004; Alexandra Bertron, Larreur-Cayol, &
Escadeillas, 2011). Gruyaert ve ark. yaptig1 calismaya gore ¢cimento yerine kullanilan
ytiksek firin ctirufunun %50'den %85'e c¢ikarilmasi, betonun asit direncine ¢nemli
olctide katki saglamamaktadir (Gruyaert, Van Den Heede, Maes, & De Belie, 2012).

2.3. Silis Dumani

Silis dumany, silikon ve ferrosilikon end{istrisinde ergitme isleminin bir yan tirtintidir.
Mikro silika, yogunlastirilmus silis dumani, ugucu silis veya silis tozu olarak da bilinir.
Silis dumani rengi ya hafif beyaz yada gridir. Silis duman parcacik boyutu acisindan
¢imentodan 100 kat daha kiigtik endiistriyel atiktir (Khan & Siddique, 2011). Silis
dumani, betonun siilfat ve asitlere, korozyona, asmma gibi zararli etkilere karsi
ozelliklerini iyilestirmek i¢in kullanilmaktadir (Motahari Karein, Ramezanianpour,
Ebadi, Isapour, & Karakouzian, 2017).

Hooton tarafindan yapilan ¢alisma bulgularina gore, alkali-silika reaksiyonunu (ASR)
kontrol etmek icin silis dumani kullanimi etkili bir yontem olarak belirlenmistir. Bu
ozelliginden dolay1 silis dumani kullaniminda bir artis meydana gelmistir (Hooton,
1993). Bazi arastirmalarda, silis dumarni tanelerinin, puzolan yerine reaktif agrega
olarak davrandigmi ve aslinda ASR'yi siddetlendirdigi one stirtilmiistiir. Bu tiir
geligkili sonuglar sahada ve laboratuar kosullarinda da elde edilmistir (Maas, Ideker,
& Juenger, 2007).

Hooton, %0, %10, %15 ve %20 silis dumani iceren betonlarin donma-¢6ziilme direncini
incelemistir. Test sonuglari, Portland ¢imentosu betonunun 58 dongtiden sonra ASTM
C 666'ya gore (Prosediir A) basarisiz oldugunu gosterdi; tim silis dumani igerikli
betonlarda ise 300 dongitiden sonra %90'm tizerinde dayanikhilik faktorii elde
edilmistir. %10, %15 ve %20 silis duman igerikli betonlarda sirastyla 97.5, 93.4 ve 92.8
dayaniklilik faktorleri elde edilmistir (Hooton, 1993). Cwirzen ve Penttala, cimento-
agrega araylizey gecis bolgesinde (ITZ) yiiksek performansh betonlar igin silis
dumaninin dona dayaniklilig1 tizerindeki etkisini arastirmustir. Pullanma direnci,
artan silis dumani miktar1 ve azalan s/b orani ile artmistir (Cwirzen & Penttala, 2005).

Dotto ve ark, silis dumanimnin betonarme cubuklarmin korozyon davranislar:
tizerindeki etkisini incelemislerdir. Sonuclar, %6 silis dumani katkisinin betonun
elektrik direncini 2,5 kat artirdigmi ve %12 silis dumanimin ise 5 kat arttigimni
gostermistir. Bu etki, betonarme igerisindeki geligin korozyona karsi korunmasimda
silis dumanimin kullanilmasinin etkili bir yontem olacagini gostermektedir (Dotto, De
Abreu, Dal Molin, & Miiller, 2004).

Kayali ve Zhu, silis dumani takviyeli 70 MPa'lik basing dayanimina sahip betonlar1 %2
Klortir soltisyonunda kismi daldirma islemine tabi tutmus ve sonra klor gecirgenligini
incelemistir. Test sonuglar1 %10 silis duman igeren ytiksek mukavemetli betonlarin
asir1 yiiksek korozyon direncine sahip oldugunu gostermistir (Kayali & Zhu, 2005).

Wee ve ark. cimento yerine %5 ve %10 oraninda silis dumani kullanmis ve
hazirladiklart numuneleri sodyum stilfat etkisine maruz birakmuslardir. Silis dumani
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katkil1 betonlarin yaklasik 1 y1l %5'lik sodyum siilfat ¢ozeltisinde maruz kalmasmin

ardindan numunelerde belirgin hasar tespit edilmemistir (Wee et al., 2000).

Grimaldi ve ark, karbonatlasma derinliginin, silis dumani igeren harclarda referans
karisima gore daha fazla oldugunu bulmuslardir. Bu olayin sonucunu, puzolanik
reaksiyonun neden oldugu pH'!m azalmasmna baglamislardir (Grimaldi & Rinaldi,
2004). Kulakowski silis dumam katkili betonlarda yaptig1 arastirmada da benzer
sonuglart belirlemistir. Silis dumanmin %10'dan fazla kullanilmasi durumunda
karbonatlasmanin arttig1 ve buna bagh olarak da korozyon riskinin ortaya ciktiginm
belirtmistir (Kulakowski, Pereira, & Molin, 2009).

Farahani ve ark. %5, 7.5, 10 ve 12.5 oranlarinda c¢imento yerine silis dumani
kullanmustir. hazirladiklart beton numunelerini 28 giinliik kiir stiresinden sonra
[ran'in giineyinde yer alan Bandar Abbas'da bulunan aragtirma merkezinde, 3, 9, 36 ve
60 ay boyunca gelgit bolgesinde bekletmislerdir. Test sonuglarina gore deniz
ortaminda meydana gelen klor diftizyonu %10 silis dumamn kullanilarak oldukca
azaltilmistir. Gelgit bolgesindeki beton numunelerinin sicakligimin artmasi sonucuna
klor diftizyonunda da artislar gozlenmistir (Farahani, Taghaddos, & Shekarchi, 2015).

2.4.Pirin¢ Kabugu Kiilii

Diinya genelinde yillik piring tiretimi 742 milyon tondur ve yaklasik 148 milyon ton
piring kabugu olusmaktadir. Her bir ton piring kabugu i¢in yaklasik 0.19 ton kiil elde
edilmektedir. Piring kabugu kiilti piring kabugu yakilarak tiretilir. Pirin¢ kabugu
kiltintin betonda kullanilmasiyla daha ekonomik ve cevreci c¢oziimler elde
edilmektedir. Yiiksek bir ytizey alanina ve puzolanik ¢zellige sahip olan tarimsal yan
turtin  piring kabugu  kilu ¢imento ikame malzemesi olarak
kullanilabilmektedir.(Sandhu & Siddique, 2017).

Ramasamy, piring kabugu kiiltintin ¢cimento ile kismen yer degistirilmesi sonucu,
kloriir penetrasyonunun arttigimi ancak bu artisin ¢ok diisiik kategoride (100-1000
coulombs) oldugunu savunmustur. Benzer davramslar1 Chopra ve ark.'da yaptig
calismada elde etmistir (Chopra, Siddique, & Kunal, 2015; Ramasamy, 2012).

Kannan ve Ganesan, metakaolin, piring kabugu kiilti ve metakaolin+pirin¢ kabugu
kiltinti ¢cimento ile yer degistirerek kendiliginden yerlesen betonlarda asit direncini
incelemistir. Piring kabugu kiilti ve metakaolin+piring kabugu kiilti katkili KYB
karisimlarinin, siilftirik asit ataklarina karsi metakaolin katkili KYB karisimlarindan
daha iyi bir direng gosterdigi gozlenmistir (Kannan & Ganesan, 2014).

Le ve ark., %20 oraninda piring kabugu iceren KYB karisimlarmin alkali silika
reaksiyonuna direncini arastirmislardir. 14 giin sonra, 6rnekler % 0.10'dan daha diistik
bir genisleme gosterirken, 28 giin sonra kontrol numunesi ve piring kabugu kiili
katkilt (15.6 pm tane boyutlu) numune, swrasiyla %0.27 ve %0.46ik bir artis
gostermistir. Piring kabugu kiiltintin tane boyutunun 7.7 pm olmasi durumunda harg
numunelerinin 56 giin sonrasinda ASR agisindan daha fazla genlesme gosterdigi rapor
edilmistir (Le, Siewert, & Ludwig, 2015).
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Yiiksek oranda karbonatlasmaya maruz kalan beton 6rneklerinde kullanilan, piring
kabugu kiltintin kloriir penetrasyonuna karst direnci azalttigi tespit edilmistir
(Chindaprasirt, Rukzon, & Sirivivatnanon, 2008). Gastaldini ve ark. KxSO4'ti kimyasal
aktivator olarak kullanmasiyla piring kabugu kiilti ile betonda karbonatlasmanin
azaldig1 belirlenmistir (Gastaldini, Isaia, Gomes, & Sperb, 2007). Rukzon ve
Chindaprasirt yaptiklar1 calismada; karbonatlasma derinliginin piring kabugu kiilii
oraninin artmasi ile birlikte arttigimi gozlemlemistir (Rukzon, Chindaprasirt, &
Mahachai, 2009).

2.5. Biyokiitle Kiilleri

Odun dis1 biyo-yakitlar (6rn. tarmmsal atiklar) alternatif yakitlar arasinda yer
almaktadir. Biyo-tirtinlerden cikarilan enerji ve atiklarin kullanimu giderek artan bir
uygulamadir. Elde edilen kiiller, enerji santralleri ve biyo-tiriinlerdeki biyokiitle
yanmasinin yan irtinleridir. Odun dis1 biyokiitle kiiliintin nispeten yiiksek silis ve
alkali icerikleri, ytiksek performansli ve surdirilebilir beton malzemelerin
tiretilmesine yonelik katki saglamaktadir. (Matalkah, Soroushian, Ul Abideen, &
Peyvandi, 2016).

Garcia ve Sousa biyokiitle kiiltintin icerigi arttikca kloriir gegirgenliginin arttigim
belirtmistir (Garcia & Sousa-Coutinho, 2013). Johnson ve ark., biyokiitle kiil iceriginin
donma-coziilme dongtlerinin davranislar1 tizerinde bir etkisi olmadigim
gozlemlemistir (Johnson, Catalan, & Kinrade, 2010). Ramos ve ark. biyokiitle
kiillerinin alkali-silika testindeki genlesmeyi azalttigini belirtmistir (Ramos, Matos, &
Sousa-Coutinho, 2013). Wang ve Baxter %25 oraninda biyokiitle kiiltinti ¢imento
yerine kullandiginda, donma-¢oziilme etkisi tizerinde hicbir etkisinin olmadigimni ve
daha yiiksek partikiil btiytikltigtine bagh olarak daha yiiksek kloriir gecirgenligi
sergiledigini gostermistir (S. Wang & Baxter, 2007).

Nagrockien ve Daugela tarafindan yapilan testler sonucunda, %15 oraninda biyokiitle
killintin daha iyi donma-¢oziilme direnci 6zelliklerine sahip oldugunu ve insaat
islerinde kullanilabilecegini ortaya koymustur (Nagrockiené & Daugéla, 2018).

2.6. Elektrik Ark Firmni Ciirufu

Elektrik ark firmi ctirufu celik {iretim stirecinde, ton basmna yaklasik 150 kg aciga
c¢ikmakta ve her yil 2,5 milyon tondan fazla bir miktarda attk madde ortaya
cikmaktadir. Celik ctiruflari, yapay agrega olarak beton tiretiminde ve puzolan olarak
¢imento endtstrisinde, aym1 zamanda karayolu ve geoteknik uygulamalarda da
kullanilarak geri dontistimii saglanmaktadir (Autelitano & Giuliani, 2016).

Amaral, ark firimi ctirufu ile yaptig1 calismada alkali-agrega reaksiyonu ve siilfat
etkisinde betonda tnemli genlesme davranislarimi gozlemlememistir. Ayrica ark firim
cirufu kullanimi betonda karbonatlasma derinligini bir miktar arttirmaktadir
(Arribas, Vegas, San-José¢, & Manso, 2014). Ark firmi ctirufu genellikle beton
endtistrisinde agrega olarak kullamilmaktadir. Yapilan arastirma bulgularinda ark
firinm1 ctirufu stilfatlara kars: dayaniklihig biraz daha azaltmaktadir. Ark firini ctirufu
ytiksek gozenekliligi nedeniyle betonun donma-¢oziilme dongtilerine kars: direncini
de azaltmaktadir (Arribas et al., 2014).
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Vicario ve ark., dogal ince agregalar yerine degisik miktarlarda elektrik ark firmi
cirufu kullanarak bazi dayaniklilik deneyleri yapmustir. Donma-c¢6ziilme etkisi,
1slanma-kuruma c¢evrimi, deniz suyu etkisi, tuz kristallendirme ve endistriyel
atmosferlere (Kesternich testi) tabi tutulan harclarin dayanikliliklar: incelenmistir.
Testler, yiiksek oranlarda agrega olarak kullamilan ark firimi ctirufu iceren harglarin
uzun stireli dayamikliligmi dogrulamistir (Santamaria-Vicario, Rodriguez, Junco,
Gutiérrez-Gonzalez, & Calderén, 2016). Santamaria ve ark. yaptigi baska bir
calismada ark firmi clirufunu kendiliginden yerlesen betonda agrega olarak
kullannrminin  betonun pompalanabilirligini ve maliyetine katki sagladigim
gostermistir (Santamaria et al., 2017). Faleschini ve ark., yiiksek performanslh beton
tiretiminde elektrik ark firmi ctirufunu agrega olarak kullanmustir. Ark firim ctirufu
kullanmmi klortirlii ortamda betonun dayanikliligini arttirarak diftizyon katsayisinin
azalmasmma neden olmaktadir (Faleschini et al., 2015). Santamaria yaptigi bir
calismada; elektro-kimyasal korozyon deneylerinde, elektrik ark firmi ciirufu
agregalarini iceren betonlarin gelik donat1 korozyonuna kars1 olumlu etkisini ortaya
koymustur. Ca-iyonlarmin ctiruftaki varligima bagli olarak c¢imentolu matrise
eklenmesi, celik donatinin uzun siireli korunmasina iliskin olarak cok olumlu katki
saglamistir (Santamaria, Orbe, San José, & Gonzélez, 2018).

2.7. Cam Tozu

Geri dontistimli cam tozunun, literattirde son yillarda ¢imento ikame malzemesi
olarak kullanimi artis gostermistir (Dyer & Dhir, 2001; Kamali & Ghahremaninezhad,
2015; Nassar & Soroushian, 2012; Shao, Lefort, Moras, & Rodriguez, 2000). Beton
tiretiminde atik camin kullanilmasi, camin geri dontistim oranini arttirmakta ve ¢op
alanlarinda biriken camin azaltilmasina yardimci olmaktadir (Nassar & Soroushian,
2012). Betonda agrega olarak attk cam kullanimi 6nceki arastirmacilar tarafindan
incelenmis sonug olarak betonun mekanik ve dayaniklilik 6zelliklerini azatligim
gostermistir (Jin, Meyer, & Baxter, 2000; Topgu & Canbaz, 2004). Cam igerisindeki silis
icerigi, alkali-silika reaksiyonunun (ASR) olusumu icin biiytik bir potansiyele sahip
olup betonda birincil bozucu etkisi olarak gosterilmistir (Kamali &
Ghahremaninezhad, 2015). Camin tane boyutu dagilimmin betonun ASR davranis:
tizerindeki etkisi kapsamli bir sekilde arastirilmis ve camin ortalama tane
buiytikligtiniin azalmasiyla birlikte ASR genlesmesinin azaltilmasina yonelik genel bir
egilim gozlenmistir (Shayan & Xu, 2004). Cam tozlarinin ¢imentolu malzemelerin ASR
genlesmesi tizerindeki azaltic1 etkisi, ugucu kiil, silis dumani ve metakaolin gibi diger
puzolanik malzemelerde sergilenen puzolanik reaksiyonlara atfedilmistir (Duchesne
& Bérubé, 1994).

Schwarz ve ark., ortalama 20 pm boyutunda cam tozunun betonun kloriir gecirgenligi
tizerindeki etkisini arastirmislardir. Erken yaslarda klortir gecirgenliginde bir azalma
ve daha sonraki yaslarda kontrol betonuna benzer bir klor gegirgenligi gozlenmistir
(Schwarz, Cam, & Neithalath, 2008). Kamali tarafindan yapilan calismada benzer
sonuglar gozlenmistir. Cam tozu iceren beton numunelerin, kloriir penetrasyonuna
kars1 onemli direng gosterdigi gozlenmistir (Kamali & Ghahremaninezhad, 2015).
Sousa-Coutinho, ¢cimento yerine %10 ve 20 oraninda cam tozu kullanmis sonug olarak;
cam tozu eklenmesiyle karbonatlasma direncinin azaldig1 ve klortir diftizyonunun ise
azaldig: belirlenmistir (Matos & Sousa-Coutinho, 2012).
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Beton veya harc tiretiminde cam tozunun ¢imento ile yer degistirilmesi asit saldirisina,
donma-coziilme etkisine ve ASR genlesmesine karsi direnci ¢nemli Olctide
arttirmaktadir (Omran & Tagnit-Hamou, 2016; Schwarz et al., 2008; Siad, Lachemi,
Sahmaran, & Hossain, 2016). Ayrica yapilan bazi calismalarda cam tozunun puzolanik
ozelligi nedeniyle gozenek yapismni gelistirmesine baglh olarak stilfat direncini
arttirdig1 da rapor edilmistir (Matos & Sousa-Coutinho, 2012).

2.8. Kanalizasyon Camur Kiilleri

Biiytik miktarlarda (yilda 1.7 milyon ton) agiga ¢ikan kanalizasyon camuru kiillerinin,
kompoze ¢imentolarin tiretiminde kullanim1 yogun olarak arastirilmustir (Cyr, Idir, &
Escadeillas, 2012; Donatello & Cheeseman, 2013; Zhan & Poon, 2015). Kanalizasyon
camuru kiilii, har¢ ve beton tiretiminde mineral katki maddesi olarak kullanilmaktadir
(Monzé6, Paya, Borrachero, & Corcoles, 1996; Pan, Tseng, Lee, & Lee, 2003).
Kanalizasyon camurunun elde edilmesi asamasinda su, organik madde ve patojenik
mikroorganizmalarm giderilmesin icin kalsinasyon islemi gereklidir. Kalsinasyon
ayn1 zamanda kanalizasyon camur kiiltiniin ¢imento hidratasyonundan olusan
bilesiklerle reaksiyonunu da (puzolanik ozellik) saglamaktadir (Durante Ingunza,
Camarini, & Murilo Silva da Costa, 2018). Chen ve Poon cimento yerine farkl
oranlarda kanalizasyon ¢amurunu kullanmis ve pastalarin gozenek yapilarindaki
degisikliklerin diistik gamur kiilii iceriklerinde 6nemsiz oldugunu belirlemistir (Chen
& Poon, 2017). Kanalizasyon c¢amuru kiltine ait durabilite ozellikleri ¢ok
incelenmemis sadece mekanik 6zellikleri ele alinmistur.

2.9. Mermer Tozu

Beton ve harg tiretiminde mermer atiklarimnimn kullanimina yonelik arastirmalar son
yillarda biiyiik 6nem kazanmustir. Cimento yerine mermer tozu icin tane boyutunun
2 mm'den daha kiiciik olmasi gerekmektedir. Mermer tozunun %10'dan fazla
kullanilmast durumunda mekanik ozelliklerde azalmalar gerceklesmektedir
(Khyaliya, Kabeer, & Vyas, 2017; Sardinha, de Brito, & Rodrigues, 2016). Betonda
¢imento yerine mermer tozu kullanildiginda, istenen ¢cokme degeri igin karisimlarda
akiskanlastirici kullanilmalidir. Mermer tozunun artmasi ile betonlarin birim hacim
agirhgr azalmaktadir. Aymi etki betonlarin elastisite modiillerinde de ortaya
¢ikmaktadir (Rodrigues, De Brito, & Sardinha, 2015). Dayaniklilik acisindan, mikro
bosluklar1 azaltma etkisi nedeniyle ince mermer tozu, ¢imento yerine %10 oraninda
kullanildiginda zararli iyonlarmn betona girisi engellenmektedir. Mermer tozunun bu
etkisi korozyon ve karbonatlasma riskini de azaltmaktadir (Rana, Kalla, & Csetenyi,
2015). Beton karisimlarmin dayanikliligy ile ilgili olarak, Gameiro ve ark. kilcallik etkisi
ve su emme degerinin azalmasi i¢in optimum ikame oranmm %20 oldugunu
belirtmislerdir (Gameiro, De Brito, & Correia da Silva, 2014). Kelestemur ve ark.
Tarafindan yapilan calismalarda mermer tozu igerigindeki artisla yangin direnci
artmis ancak tam tersine donma ¢oziilme direnci azalmistir (Oguzhan Kelestemur,
Aric, Yildiz, & Gokger, 2014; Oguzhan Kelestemur, Yildiz, Gokger, & Arici, 2014).

Munir ve ark. ASR kontrolii i¢in mermer tozu tizerine arastirmalar yapmaislardir. Atik
mermer tozu ASR genlesmesini kontrol etmek igin ve stirdtirtilebilir yapi tasarimu icin
etkin bir sekilde kullanilabilir. Mermer tozunun KYB iiretiminde mineral katki
maddesi olarak kullanilmasi betonun siilfat atagina kars1 direncini arttirir 6zellikle
mermer tozu igeriginin artmasi ile sodyum siilfat saldirisina kars1 direnci artmaktadir
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(Sadek, El-Attar, & Ali, 2016). Mermer tozu, kompozit ¢cimentoda klinker yerine %15
oraninda kismi olarak kullanilabilir. Buna ek olarak dayaniklilik 6zelliklerinde bir

gelisme gozlenirken betonun basing dayaniminda azalma meydana gelmemektedir
(Talah, Kharchi, & Chaid, 2015).

3. SONUCLAR

Yapilan literatiir taramasi sonucunda asagidaki genel sonuglar elde edilmistir.

Bu calismada yer alan endiistriyel atiklarin kullanimi betonlarin siilfat, asit, klor
gecirgenligi, donma ¢oziilme dayanikliligin1 ve korozyon direncini arttirmaktadir.
Endiistriyel atiklar beton igerisindeki bosluk icerigini azalttigr igin durabilite
ozelliklerini genellikle olumlu etkilemektedir.

ASR acgisindan C smift ucucu kiiller olumlu katk: saglamamaktadir. ASR riskini
azaltmak i¢in F sinif1 ucucu kiiller, silis dumani, ytiksek firin ctirufu kullanimi daha
olumlu katkilar saglamaktadir.

Beton tiretiminde kullanilan endiistriyel atiklarin dezavantajlar1 arasinda
karbonatlasma ve pullanma direnci yer almaktadir. Endiistriyel atiklarm kullanimi
sonucunda beton igerisindeki pH degerinin azalmasi karbonatlasmay1
hizlandirmaktadir. Yapilan calismalarda endiistriyel atik kullanimi genellikle
pullanma direncini de azaltmistir. Ancak bu olumsuz ozellikler s/b oranmin
azaltilmasi ile ortadan kaldirilacaktir.

Endtistriyel atiklarin kullanimi betonun hidratasyon 1sisin1 azaltarak rotre catlaklarmi
azaltmaktadir. Bu etkisinden dolay1 beton yol tasariminda endiistriyel katkilarin
kullanimi 6nemli bir etken olmaktadir.

Son yillarda tilkemizde SSB ile beton yollarin yapmm orani artis gostermistir. SSB
yapiminda endiistriyel atiklarin kullanimi betona teknik, cevresel ve maliyet agisindan
btiytik katk: saglayacaktir.

Tiirkiye’de daha ¢ok ucucu kiil ve ytiksek firin ctirufu gibi endiistriyel atiklar ortaya
c¢ikmaktadir. Bu atiklar ile SSB f{iretildigi takdirde stirdiirtilebilirlik ve durabilite
kriterleri agisindan daha uygun ¢oziimler ortaya ¢ikacaktir.
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EFFECT OF THERMAL TREATMENT ON PPO & POD ENZYME ACTIVITY
AND SOME QUALITY PARAMETERS IN PEACH (PRUNUS PERSICA L. cv.
MONROE) JUICE

Hande BALTACIOGLU
Nigde Omer Halisdemir University, Department of Food Engineering, 51240, Nigde,
Turkey handebaltacioglu@ohu.edu.tr

ABSTRACT: Influence of heat treatment on peach juice was evaluated in this study.
In order to determine the effect of thermal treatment on peach (Prunus Persica L. cv.
Monroe) juice, different mild temperatures (40, 50, 60 and 70 °C) and times (10, 20, 30
and 40 min) was applied to the juices. Although, 99% inactivation was observed at 60
°C for 10 min for PPO, same reduction was observed at 70 °C for 10 min for POD.
During the thermal treatment, pH decreased, titrable acidity and total soluble solid
increased. According to the color values, fruit juices became darker, lost the yellowness
and became red during the heat treatment. However, BI values showed that thermal
treatment at 70 °C for 10 min did not cause a big change in color and sufficient for
complete inactivation for PPO and POD enzymes in peach juice (Prunus Persica L. cv.
Monroe).

Key words: Peach juice, heat treatment, PPO, POD, quality attributes

INTRODUCTION

The consumption of fruit juice is increasing day by day with the tendency to healthy
diet in recent years. Peach (Prunus persica L.), which belongs to the Rosaceae family, is
processed to juice due to its delicious flavor and nutritional value. Peach was reported
that one of the most consumed fruit juice in our country and the second most produced
fruit juice after apple juice (Anonymous, 2011).

The color changes due to enzymatic browning during the processes of fruit juice
production have been seen as an important problem affecting the color, flavor and
nutritional quality of fruit juice. Polyphenol oxidase (PPO, E.C 1.14.18.1) and
Peroxidase (POD, E.C 1.11.1.7) are the important enzymes associated with the
enzymatic browning of phenolic substances in fruit and vegetable products. PPO, a
copper-containing enzyme, oxidizes the phenolic compounds in the presence of
molecular oxygen to the corresponding o-quinones, which subsequently polymerize
non-enzymatically to brown pigments. POD catalyzes the oxidation reaction in which
hydrogen peroxide acts as the acceptor and phenolic compounds act as the hydrogen
donor (Lopes, Toralles, & Rombaldi, 2014).

Thermal treatment is the most common and widely employed technique in order to
obtain a reliable product for the inactivation of microorganisms and enzymes in the
fruit juice industry. However, thermal treatment may induce several chemical and
physical changes that impair the organoleptic properties of fruit juices, while
inactivating enzymes and microorganisms. Recent years, mild temperature-long time
(MTLT) heat treatments (temperature <80 °C and holding times >30 s) were studied in
fruit juices to improve the quality while inactivating enzymes. MTLT heat treatments
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provided significant reduction of PPO and POD enzymes in pear juice (Saeeduddin et
al., 2015), apple/banana/orange/strawberry smoothie (Keenan, Rofile, Gormley,
Butler, & Brunton, 2012) and preserved color cucumber juice (Wang et al., 2013).
Although, thermal stabilities of purified PPO and POD in different peach varieties
during thermal treatment were investigated in many research (Lopes et al., 2014;
Tijskens et al., 1997; Yemenicioglu & Cemeroglu, 1997; Neves & Lourenco, 1998;
Toralles, Vendruscolo, Vendruscolo, Del Pino, & Antunes, 2005; Liu, Cao, Qi, & Yang,
2015), the effect of MTLT heat treatment on PPO and POD enzymes and some quality
attributes such as color, browning index, pH, titrable acidity and brix in peach juice
has not been studied yet. In this study, the effect of MTLT heat treatment on peach
(Prunus persica L. cv. Monroe) juice investigated for the first time. For this purpose,
taking into account different temperature and time, the effect of thermal treatment on
PPO and POD enzymes and important quality parameters of peach juice such as brix,
pH, titrable acidity, color and browning index (BI) were examined.

METHODS

Chemicals

Sodium hydroxide, pyrocatechol, dibasic potassium phosphate (K2HPOs), monobasic
potassium phosphate (KH2POs), hydrogen peroxide (H20:), and pyrogallol were
obtained from Sigma Chemical Co. (St. Louis, MO, USA). All other chemicals were of
analytical grade.

Materials

The fresh peach (Prunus persica L. cv. Monroe) used in this study was provided from
the Research and Application Garden of Faculty of Agricultural Sciences and
Technologies at Nigde Omer Halisdemir University. The peaches were washed with
water, dried with paper towels and cut into two pieces. The seeds were discarded.
Juice extractor of K1579Y (Arcelik, Turkey) was used to extract the juice. The freshly
extracted juice was selected as the control. It was put in a vessel of 200 mL and
wrapped by parafilm and stored at 4 °C until further analysis.

Thermal treatment at ambient pressure

Thermal treatment of peach juice was performed at varying temperatures in the range
of 40-70 °C with a 10 °C increment for 10, 20, 30 and 40 min. The peach juice (200 ml)
in a glass vessel were heated in a temperature controlled water bath (Yiiksel Kaya
Makine, YKM-AS209, Turkey) at selected temperatures and times. In order to provide
uniform distribution of the temperature in the sample, laboratory type special
mechanical stirrer (Isolab, Germany) was used during the heat treatment. The
temperature of samples were controlled by thermocouple during the thermal
treatment and the time was started when the set temperature was reached. They were
immediately transferred to an ice water to stop thermal inactivation instantaneously
and the enzyme activity measurements were performed after 10-60 min of storage. All
the experiments and measurements were repeated in triplicate.

Determination of PPO residual activity
The peach juice was centrifuged (Niive, NR 800R, Turkey) at 9,000g, 4 °C for 15 min
and then filtrate was used for activity determination. 2 ml of 50 mM potassium
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phosphate buffer (pH 6.5) and 0.3 ml of 0.25 M catechol solution in the phosphate
buffer which was used as substrate were incubated in a test tube at 25 +1 °C. 0.3 ml of
peach juice was added to the test tube to initiate the enzyme reaction. Then the tube
contents were stirred in a vortex and then transferred to a plastic cuvette
instantaneously. PPO activity was determined using a UV-Vis spectrophotometer
(Thermo Fisher Scientific, Evolution 300, Massachusetts, USA) at 420 nm at room
temperature (25 £ 1 °C). Absorbance was read every 5 s for 3 min. Enzyme activity was
calculated from the slope of the initial linear section of the absorbance versus time
curves. One unit of enzyme activity was defined as the amount of the enzyme which
caused a change of 0.001 in absorbance unit per minute. Enzyme activities were
measured 3 times and expressed as residual activity which was calculated by applying
Egs. (1).
Residual activity (%) =100 x At /Ao (1)
where Apis the enzyme activity of the control sample and A:is the enzyme activity of
treated sample (Baltacioglu, Bayindirli, Severcan, & Severcan, 2015).

Determination of POD residual activity

POD activity was determined using pyrogallol as a substrate according to the method
described by Abid et al. (2014) with slight modifications. The reaction mixture was 3.0
mL which contained 1 mL centrifuged peach juice, 1.52 mL of 100 mM potassium-
phosphate buffer (pH = 6), 0.32 mL of 5% pyrogallol and 0.16 mL of 0.147 M H2O>. The
reaction was initiated by the addition of HOz and the increase in absorbance was
recorded using a spectrophotometer (Thermo Fisher Scientific, Evolution 300,
Massachusetts, USA) at 420 nm in 3 min. Enzyme activity was calculated from the
slope of the initial linear section of the absorbance versus time curves. One unit of
enzyme activity was defined as the amount of the enzyme which caused a change of
0.001 in absorbance unit per minute. Enzyme activities were measured 3 times and
expressed as residual activity which was calculated by applying Egs. (1).
Determination of °Brix, pH, titratable acidity, color and browning index

Brix, pH, titratable acidity and color were measured according to the official methods
(The Association of Official Analysis Chemists, AOAC, 2000). Total soluble solid
content of samples was determined with Hanna refractometer (HI96801, Woonsocket,
R.I, US.A) at 20 £ 0.5 °C. In order to wash the prism of the instrument after each
sample, distilled water was used. All the determinations were carried out in triplicate.
The pH level was measured by using a digital pH meter (VWR, pH 1000 L, Pessac,
France). Before determination, buffer solutions of pH 7 and 4 were used to calibrate
the pH meter. 10 g of sample and 100 mL of purified water were mixed, continuously
stirred with a magnetic stirrer and the pH of the mixture was measured at 20 + 0.5 °C.
Titratable acidity was measured using 0.1 M NaOH up to pH 8.1 and was expressed
as a percentage of citric acid. Color values, L* (whiteness/darkness), a*
(redness/ greenness) and b*(yellowness/blueness) of the samples were determined by
a colorimeter (Chroma Meter CR-400 Konica Minolta, Sensing, Inc., Japan). A white
reference tile was used to calibrate the instrument. All the measurements were carried
out in triplicate.

Bl is an important parameter in processes where enzymatic browning takes place and
represents the purity of brown color. In order to determine the effectiveness of thermal
treatments on the peach juice color, the BI was calculated by using Egs. (2) and (3).

BI = [100(x - 0.31)] / 0.172 (2)
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where;

x = (a* +1.75L*) / (5.645L* + a* - 3.012b%) 3)

Statistical analysis

The data were analyzed as a completely randomized design by ANOVA using Minitab
17 (Minitab Inc., State College, PA). Mean separation was performed by Tukey test at
p <0.05 level. Analyses results were the mean with triplicate.

RESULTS AND FINDINGS

PPO inactivation during thermal treatment

The results regarding the effects of thermal treatment on enzyme activity of PPO in
peach juice were presented in Figure 1. Inactivation of PPO increased when
temperature and time increased during the thermal treatment (p < 0.05) and also there
was a significant interaction (p < 0.05) between time and temperature. Low reduction
in enzyme activities of peach juice samples treated at 40 °C was observed and residual
activity of PPO enzyme 7.94 + 0.87 % after 40 min heat treatment at 40 °C. Considerable
reductions were observed between 50 °C and 70 °C and 99% inactivation was observed
at 60 °C for 10 min. Residual enzyme activity after 40 min heat treatment at 50 °C was
detected as 2.02 + 0.03%.

PPO
45

25 - 40°C
1 °
20 - 50°C
m60°C
m70°C

Residual Activity (%)

10 20 30 40
Time (min)

Figure 1. Residual Enzyme Activities of Peach PPO Treated at Different Times and
Temperatures

Similarly, PPO inactivation was found to be accelerated above 50 °C in many studies.
However, the thermal resistance of the PPO enzyme obtained from different peach
varieties was different. The residual activity of PPO was found to be 21% at 70 °C for
5 minutes (Yemenicioglu & Cemeroglu 1998). It was observed that 95% of the PPO
enzyme activity was lost in Jubileu peach at 70 ° C for 550 s (Lopes et al., 2014). Toralles
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et al. (2005) determined that 80% of activity was lost at 60 °C for 540 seconds. In the
inhibition of the PPO enzyme, obtained from peach (Prunus persica L. Batsch), the
remaining enzyme activity at pH 6.8 was determined as 20.36% after 9 minutes of
incubation at 70 °C.

POD inactivation during thermal treatment

The residual enzyme activity of POD after thermal treatment for different time
intervals is shown in Figure 2. It can be seen from the figure that peach POD enzyme
was more heat stable than peach PPO enzyme. Similarly, increasing time and
temperature increased the inactivation rate of POD enzyme (p < 0.05) and also there
was a significant interaction (p < 0.05) between time and temperature. Heat reduction
rate was low in enzyme activities of peach POD during the thermal treatment at 40 °C.
The residual activity of POD enzyme was observed as 37.05 + 0.56 % after 40 min heat
treatment at 40 °C. Reduction rate increased after 50 °C heat treatment and 99%
inactivation was observed at 70 °C for 10 min.

POD
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Figure 2. Residual Enzyme Activities of Peach POD Treated at Different Times and
Temperatures

In many studies, it was found that POD inactivation increased with increasing
temperature and time. However, the inactivation time of POD enzyme obtained from
different peach varieties differed according to the heat treatment parameters applied.
The remaining activity of peach (Prunus persica L. var. Rei da Conserva) POD enzyme
at 65 ° C for 4 minutes heat treatment was determined as 20%, POD enzyme was lost
95% of its activity at 70 °C for 3 min and at 75 °C for 1 min heat treatments (Neves &
Lourenco, 1998). In Jubileu peach, the POD enzyme lost 95% of the activity at 65 °C for
150 s heat treatment (Lopes et al., 2014). It was determined that Granada Peach POD
was approximately lost 80% of its activity at 60 °C for 180 seconds heat treatment
(Toralles et al., 2005).

Effect of Heat Treatment on Quality Parameters
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In parallel with the decrease in enzyme activity, the change in pH, titration acidity,
color and brix during heat treatment were also investigated. Quality parameters were
not determined at 60 °C for 30 minutes and 70 °C for 20 minutes heat treatments
because of sufficient enzyme inactivation. According to the pH values, applied heat
treatment temperature and time increased, pH decreased (Table 1).
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Table 1. pH values change during heat treatment

Time pH
(min) Temperature (°C)

40 50 60 70
Control 3.900 £ 0.001 3.900 £ 0.001 3.900 £ 0.001 3.900 £ 0.001
10 3.889 + 0.002 3.859 £ 0.001 3.831 + 0.003 3.852 + 0.003
20 3.891 + 0.002 3.833 + 0.003 3.826 + 0.002 3.849 + 0.002
30 3.882 + 0.005 3.834 + 0.002 3.819 £ 0.001 -
40 3.879 + 0.004 3.827 + 0.002 - -

The values of titration acidity during the heat treatment recorded at different
temperatures and times were shown in Table 2. Parallel to the decrease in pH, titratable
acidity slightly increased during the thermal treatment. Increase in acidity was also
observed for thermal pasteurized tomato juice (Giner, Hizarci, Mart, Saura, & Valero,

2013).

Table 2. Change in titration acidity during the heat treatment

. Titratable acidity (g/100ml)
Time o
(min) Temperature (°C)

40 50 60 70

Control | g 627 +0.01 0.627 + 0.01 0.627 + 0.01 0.627 + 0.01
10 0.632 + 0.01 0.640 + 0.02 0.666 + 0.01 0.655 + 0.03
20 0.631 + 0.01 0.650 + 0.04 0.679 + 0.01 0.660 + 0.01
30 0.636 + 0.02 0.660 + 0.01 0.696 + 0.01 -
40 0.623+ 0.01 0.660 £0.014 | - ;

To determine the effect of heat treatment on total dry matter, brix were determined
and the results were shown in Table 3. According to the results, as the temperature
and time increased, the values of brix increased. This might be due to the evaporation
of water which causes concentration of juice to some extent by heat processing. Similar
increase in total soluble solids was observed in mandarin juice, processed at 65, 75 and
85 °C for different times (Pareek, Paliwal, & Mukherjee, 2011).

Table 3. Change in brix during heat treatment

Time Brix (%)
/.\ Temperature (°C)
40 50 60 70
Control | 12,90 +0.100 12.90 £ 0.100 12.90 £ 0.100 12.90 £ 0.100
10 13.23 £ 0.058 13.22 £ 0.029 13.27 £ 0.058 13.03 + 0.058
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20 13.30 £ 0.100 13.18 £ 0.035 13.47 £ 0.058 13.03 £ 0.058
30 13.45 £ 0.071 13.23 £ 0.058 13.43 £ 0.058 -
40 13.33 £ 0.058 13.27 £ 0.058 - -

The color changes in the samples as a result of heat treatments were examined and the
results were shown in Table 4. In general, L*, a* and b* values decreased according to
the control sample. With the increase of heating time for each temperature, peach juice
became darker due to the decrease in the L value, also lost its yellowness due to the
decrease in b value and became more red due to the increase in the a value. Color
changes during thermal treatment was observed in apple/banana/orange/strawberry

smoothie (Keenan et al., 2012) as well as peach puree (Avila & Silva 1999).
Table 4. Change in color during heat treatment

Color Values
Temperature 40
()
Time (min) L* a* b*
Control 42,01 £ 0,04 5,58 + 0,01 23,65 + 0,05
10 40.33 £ 0.09 8.36 + 0.09 21.66 + 0.07
20 39.94 + 0.03 8.13 +0.03 21.54+0.12
30 39.28 +0.18 8.06 + 0.07 20.75 +0.09
40 39.97 + 0.58 8.44 +0.18 21.76 £ 043
Temperature 50
Q)
Time (min) L* a* b*
Control 42,01 £ 0,04 5,58 + 0,01 23,65 + 0,05
10 40.87 £ 0.06 6.16 + 0.06 23.31 £ 0.09
20 40.95 £ 0.03 5.78 + 0.03 23.69 + 0.06
30 41.18 £ 0.01 5.84 +0.01 22.77 £ 0.01
40 40.43 £ 0.02 5.94 + 0.05 23.05 +0.07
Temperature 60
Q)
Time (min) L* a* b*
Control 42,01 £ 0,04 5,58 + 0,01 23,65 + 0,05
10 42.10 £ 0.05 7.84 +£0.04 23.53 £ 0.04
20 41.90 £ 0.02 7.65 + 0.06 23.15+0.05
30 41.56 £ 0.04 7.61 +0.05 23.04 + 0.03
40 - - -
Temperature 70
Q)
Time (min) L* a* b*
Control 42,01 £ 0,04 5,58 + 0,01 23,65 + 0,05
10 41.69 £ 0.01 5.67 £ 0.03 23.65 +0.05
20 41.55 £ 0.04 6.00 + 0.03 23.42 +0.02
30 - - -
40 - - -

BI has been extensively used in the evaluation of color parameters in many foods such
as green vegetables, fruits and meats (Maskan, 2006; Arlette, Olivier, Jean, 2018). BI
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values were calculated in order to compare the effect of thermal treatment on peach
juice color. The BI values were shown in Table 5. According to table, BI values
increased compared to the control. It also incresed with the increase of heating
temperature for each treatment time up to 70 °C. It could be said that thermal treatment
at 70 °C for 10 min did not affect color very much when completely inactivated PPO
and POD enzymes in peach juice (Prunus Persica L. cv. Monroe).

Table 5. Change in Bl values during heat treatment

BI
Temperature (°C)
Time 40 50 60 70
Control | 87.93 87.93 87.93 87.93
10 88.50 90.76 91.15 89.04
20 88.67 91.69 89.63 88.97
30 86.66 89.64 90.04 -
40 90.17 90.43 - -
CONCLUSION

In this study, the effect of mild heat treatments on peach (Prunus Persica L. cv. Monroe)
juice was investigated. For this purpose, peach juice was heated at different
temperatures (40, 50, 60 and 70 °C) and times (10, 20, 30 and 40 min). Complete
inactivation for PPO enzyme was obtained for thermal treatment at 60 °C for 10 min
and that was obtained for POD enzyme at 70 °C for 10 min. When quality attributes
examined, pH decreased, titrable acidity and total soluble solid increased during the
thermal treatment. Color values indicated that fruit juices became darker, lost the
yellowness and became red during the heat treatment. Nonetheless, according to the
BI values, color of peach juices were not affected very much from thermal treatment at
70 °C for 10 min, that was sufficient for complete inactivation for PPO and POD
enzymes in peach juice.
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ABSTRACT: With the new technologies developed in the automotive industry,
vehicle manufacturers are making improvements in many areas and existing
technologies in order to be competitive and to ensure customer satisfaction. For a
vehicle to be competitive, it is expected that its features such as driving comfort, safety
and cost should be at the optimum level.

One of the most effective parts that provides optimum comfort and safety
requirements among the suspension system elements is the shock absorber. In
determining the performance and safety level of the shock absorber, the amount of oil
is of great importance.

The vehicle shock absorbers used in today's technology are designed in three different
types: active, semi-active and passive. In these types of shock absorbers, there are two
different designs as single pipe and double tube.

In this study, the effects of the amount of oil on the damping force were investigated
in a passive and double tube cabin absorber. It was observed that lack of damping
force was observed as far away from the optimum oil level. And as a result, the test
method has been developed to determine the correct amount of oil in the shock
absorber.

Key words: Suspension system, shock absorber, amount of oil, lack of damping,.

AMORTISORLERDE YAG MIKTARININ SONUMLEME KUVVETI UZERINE
ETKILERININ INCELENMESI

OZET: Otomotiv endiistrisinde gelistirilen yeni teknolojiler ile arag ireticileri
rekabetci olabilmek ve miisteri memnuniyeti saglamak admna bircok alanda yenilikler
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ve mevcut teknolojilerde iyilestirmeler yapmaktadirlar. Bir aracin rekabetci olabilmesi
i¢in, stirtis konforu, gtivenlik ve maliyet gibi 6zelliklerinin optimum seviyede olmasi
beklenir.

Stispansiyon sistemi elemanlar arasinda konfor ve emniyet gerekliliklerinin optimum
olarak saglanmasindaki en etkili pargalardan bir tanesi amortisordiir. Amortisor
performans ve giivenlik seviyesini belirlemede ise yag miktar1 biiytik 6nem
tasimaktadir.

Giintimiiz teknolojisinde kullanilan ara¢ amortisorleri; aktif, yari-aktif ve pasif olmak
tizerine 3 farkli tipte tasarlanmaktadir. Bu amortisor tiplerinde de tek borulu ve cift
borulu olmak tizere iki farkli tasarim mevcuttur.

Bu calisma kapsaminda pasif ve cift borulu bir kabin amortisoriinde yag miktarmin
sontimleme kuvveti tizerindeki etkileri incelenmistir. Optimum yag seviyesinden
uzaklastikca kuvvet sontimleme kayiplarinin yasandig gorilmiistiir. Ve sonug olarak
amortisorde yag miktarmin dogru belirlenebilmesi icin test yontemi gelistirilmistir.

Anahtar sozciikler: Stispansiyon sistemi, amortisor, yag miktari, soniimleme kuvvet
kaybu.

GIRIS

Stispansiyon sistemi, arag sasisi ve tekerlekler arasinda yer alan yay, amortisor, burg,
cubuk, baglant: ve kollardan olusan bir sistemdir. (Putgtil Y. 2016)

Gerek ara¢ dinamiginden kaynaklanan, gerekse yoldaki diizgiinstizliiklerden
meydana gelen hareketleri sontimleyen stispansiyon sisteminin gorevleri su sekilde
ozetlenebilir (Emekli, M.E. 2008):

Arag govdesinin yolun bozucu etkisinden izole edilmesi ve bu sayede aracin konfor
ozelliklerinin artirilmasi: Bu 6zellik genelde aracin govdesinin hareketi ile
iligkilendirilir. Ayni1 zamanda aracin yalpalama hareketlerinin kontrol altina alinmasi
da stispansiyonun konfora yonelik gorevlerinden birisidir. (Rajamani R. 2012 -
Isermann, R. 2005)

Aracin gerek diiz gerek diizgiin olmayan yol sartlarinda ayrica hizlanma ve fren
sirasinda yol tutus 6zelliklerinin saglanmasi: Bu ¢zellik ise dikey kuvvetlerin etkisi
sonucunda meydana gelen tekerlegin sekil degistirmesi ile ilgilidir. Sekil degisiminin
azaltilmasi aragta daha iyi yol tutusu, cekis, fren ve donme ozellikleri saglayacaktir.
(Rajamani R. 2012 - Isermann, R. 2005)

Stispansiyon sistemi igerisinde en kritik parcalardan birisi amortisordiir. Arag yol
ytizeyindeki darbelere maruz kaldiginda siispansiyon yaylari uzayarak ya da
kisalarak bu darbeleri karsilar. Darbeleri karsilamalar1 esnasinda bir siire salinim
hareketi yapar. Bir yayin kisa bir salinimdan sonra durmasi beklenir. Sarsint1 ve
darbeyi sasiye iletmeyen yayin yavasca gevsemesi ve sikismasini saglayan, kontrolstiz
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salimimi kisa stirede durduracak donanima ihtiya¢ vardir. Bu gorevi amortisorler
gerceklestirir. Sekil 1'de amortisor sontimleme etkisi modeli gortilmektedir.
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Sekil 1. Amortisor Soniimleme Etkisi (Cotur A. E. 2010)

Amortisorler asagidaki sekilde karakterize edilebilir;

Genel boyutsal veriler,
Amortisor stroku, baglant1 noktalar1 arasindaki minimum ve maksimum boy, baglantt
metodu vb.

Kuvvet karakteristigi,
Sontimleme kuvvetlerinin belirlenmis olan 6zel spesifik sikisma ve agilma hizlarma
gore nasil degistigi, bu kuvvetler i¢in tiretim tolerans aralig1 vb.

Diger faktorler.
Calisma sicakligl, sogutma gereksinimi ve diger 6zel miisteri gereklilikleridir. (C.
Dixon J. 2007)

Amortisorler calisma prensiplerine bagh olarak tek borulu ve cift borulu olmak tizere
ikiye ayrilirlar. Cift borulu amortisorler (Sekil 2) bir govde borusu ve bunun igine
yerlestirilmis ekstra bir silindir ile taban ve piston valf gruplarina sahiptir. Cift borulu
amortisorlerde kuvvet, piston valf grubu ve taban valf grubu tarafindan yaratilan bir
zorlanmisg akis ile olusturulur.
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Sekil 2. Cift Borulu Amortisér Modeli

Hidrolik amortisoriin ¢calismasmin arkasindaki prensip oldukca basittir. Piston kolu
kapanma (compression) yontinde bastirildiginda (taban valf grubuna dogru hareket
ettiginde), kapanma odasindaki basing artar ve direng kuvveti ortaya ¢ikar bu da yagin
uygun kanallardan (Sekil2’de kirmizi ile gosterilen oklar yontinde) agilma odasma
akmasma neden olur. Kapanma cevrimi esnasinda hareket eden piston kolu hacmi
kadar yag taban valf grubundan rezervuar odasina gecer ve rezervuar odasmdaki
basmnci artirir. Agilma (rebound) ¢evriminde ise, hem piston kolu hem de piston valf
grubu yukar1 dogru hareket ederek agilma odasimndaki basincin artmasina neden olur.
Yag, uygun kanallardan (Sekil2’de mavi ile gosterilen oklar yoniinde) gecerek piston
valf grubunun {istiindeki alandan, onun altindaki bolmeye dogru akar. Aym
zamanda, acgilma cevrimi esnasinda hareket eden piston kolu hacmi kadar yag,
kapanma hacmi odasindaki basmci dengelemek icin taban valf grubundan gecer.
(Ferdek U. & Luczko J. 2012)

YONTEM

Amortisor kuvvet karakteristikleri normal yol sartlarinda ortaya ¢ikan hiz degerlerine
gore gelistirilir. Normal yol sartlarinda etkili olan hiz degerleri: 0.052m/s, 0.13m/s,
0.26m/s, 0.39m/s, 0.52m/s dir. Bu hiz degerleri ayrica amortisore ait seri {iretim ve
teknik resim kontrol hiz degerleridir. Bu hiz degerlerinde 6rnek gorseli Sekil 3.'te
gorilen loop (kuvvet-yer degistirme) grafiginde sontimleme kuvvet kayb1
gorilmemesi beklenmektedir.

872



YLY
i " : 3td International Energy & Engineering Congress Proceedings Book ((//;

18-19 October 2018, Gaziantep University, Turkey [V

(n Y [1 - o~ f2bx |
< 8= IR BN | 1 F
7 00| = |- AL ) SOO| 1. oty |

"
O 3 D a3 i 1 | 0 J

[hspl -~‘;‘vn"|-l r len Diapdocement = [om)
Sekil 3. Kuvvet-Yer Degistirme Diagrami (a) strok etkisi (f=2Hz), (b) frekans etkisi
(a=2cm) (Ferdek U. & Luczko J. 2012)

Aracglarda emniyet gereksinimi her gecen giin artmakta ve aracglardan daha kisa fren
mesafesi, daha fazla yol tutus ve direksiyon hakimiyeti beklenmektedir. Belirtilen bu
taleplerde amortisor sontimleme kuvveti direkt olarak etkilidir. Her durumda
amortisor gorevini yerine getirerek yoldan gelen tepkilere cevap verebilmeli ve
sontimleme gerceklestirebilmelidir.

Arag tireticileri, arag prototip olarak ortaya ¢iktig1 andan seri tiretim asamasina kadar
ki stirecte 6zel pistlerde amortisor kuvvet karakteristigini belirlemek adma stirtisler
yapmaktadr.

Amortisorlerden standart disi siirtis kosullar1 ve yol sartlarinda (cukura ya da tiimsege
hizli girisler ya da ani frenleme vb.) ortaya cikan yiiksek hizlarda, sasi
amortisorlerinde 3m/s, kabin amortisorlerinde 1m/s hiz degerlerinde dahi
sontimleme kuvvet kayb1 meydana gelmeden galisabilmesi beklenmeye baslanmaistir.

Bu calisma kapsaminda yag miktarmin yiiksek hizlardaki sontimleme kuvvet kayb:
olusumunda en etkili parametrelerden bir oldugu gortilmustiir.

BULGULAR

Her amortisor, kullamildigr ara¢ o©zellikleri ve gerekliliklerine uygun valf
kombinasyonuna ve sonucunda farkli kuvvet karakteristigine sahiptir. Amortisoérde
uygun yag miktarinin kullanilmasi, sontimleme kuvvetinin farkli yol sartlarinda
kayipsiz sekilde olusmasimi saglar. Bunu saglamanin yolu tasarim asamasinda yag
miktarinin test yontemleriyle dogrulanmasi olmalidur.

Amortisorde Ortaya Cikabilecek Yag Miktar1 Seviyeleri
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Sekil 4. Amortisorde Olusabilecek Yag Miktar1 Seviyeleri

Optimum yag miktary;

Normal yol sartlarina ait sontimleme hizlarinda (Teknik resim hiz degerleri) ve ytiksek
hizlarda soniimleme kuvvet kaybi1 yasanmamaktadir. Rezerv yag miktarimin (Vr)
optimum olarak belirlendigi durumdur.

Birinci seviye minimum yag miktar:

Normal yol kosullarina ait soniimleme hizlarinda sontimleme kuvvet kayb:
yasanmamaktadir. Yiiksek hizlarda sontimleme kuvvet kayb1 meydana gelmektedir.
Amortisor 6mrii icin risk olusturmaktadir.

Ikinci seviye minimum yag miktar1

Normal yol kosullarina ait soniimleme hizlarinda ve ytiksek hizlarda soniimleme
kuvvet kayb1 yasanmaktadir. Amortisor bu sekilde ¢alisamaz.

Birinci seviye maksimum yag miktar1

Normal yol kosullarina ait soniimleme hizlarinda ve ytiksek hizlarda soniimleme
kuvvet kayb1 yasanmamaktadir. Fakat amortisor ¢alismasi esnasindaki sicaklik artisi
nedeniyle meydana gelecek olan rezerv hacim (Vh) basimnc fazla olacagindan, yag
sizdirmazhigl saglayan kece omrii igin risklidir. Amortisér 6mrii diistintildiigiinde
risklidir.

Ikinci seviye maksimum yag miktar1
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Fazla yag miktarindan dolay1 amortisér tasarimda belirlenen tam kapali boya
gelemez, kat1 boya gelir ve i¢ basing cok yiiksek degerlere ulasir. Amortisor bu sekilde
calisamaz.

Yag Miktar1 Teorik Hesaplama Metodu

Amortisor tam agik boyda iken;
Teorik yag miktari= Vc1+Vc2+Vr (Bakimiz Sekil 2.)

Kati Boy: Amortisoriin ¢alismasi esnasinda sicaklik artist meydana gelir. Bu sicaklik
artis1 nedeniyle rezerv yag hacmi seviyesi yiikselir. Rezerv hacim (Vh) her kosulda
amortisor kapanma strokunda hareket eden piston kolu hacminden biiytik olmalidir.
Eger bu kosul saglanmaz ise amortisor istenilen kapali boya ulasmayacak ve kat1 boya
gelecektir.

Amortisor aracta calismasi esnasinda zorlanmis tasimim ile siirekli olarak
sogumaktadir. Bu nedenle 120°C’ nin {izerinde bir c¢alisma sicakligina
ulasmamaktadir.

KA Oy
o
KAPALI BOY Ino Seviye Mak Yad Mibkzan
£
Optmum Yag Seviyest

High Level Gas Pressure
Yiiksek Seviye Gaz Basinci

Normal Gas Pressure P>10 Bar

Normal Seviye Gaz Basinci
P<10 Bar

Sekil 5. Amortisor Kapali Boy ve Kat1 Boy Problemi

Amortisdorde Optimum Yag Seviyesi Altindaki Yag Miktarinin Tespiti

Kabin amortisorleri normal yol sartlarina ait resim hiz degerleri( 0.052m/s, 0.13m/s,
0.26m/s, 0.39m/s, 0.52m/s) ve yiiksek hiz degeri olan 1m/s hizda ol¢tilmiistiir. Bu
ol¢timde tiim hizlar igin soniimleme kuvvet kaybi1 goriilmeyen yag miktar1 optimum
smir deger yag miktarin belirleyecektir.

Yag miktar1 optimum degerler altinda oldugunda iki durum s6z konusudur.

Birinci seviye minimum yag miktarinda, sadece ytiksek hiz degerinde soniimleme
kuvvet kayb1 meydana gelir.

Ikinci seviye minimum yag miktarinda, test edilen {irtiinde hem resim hiz degerleri
hem de yiiksek hiz degeri icin sontimleme kuvvet kayb:r meydana gelmektedir.
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Calisma 1: Optimum Ya§ Miktarina Sahip Amortisérde Soniimleme Kuvveti Olgiimii
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Sekil 7. 115cc Resim Hiz Degerleri + Yiiksek Hiz Ol¢iimii Loop Diyagranm

Teknik resim hiz degerlerinde ve yiiksek hiz degerinde sontimleme kuvvet kayb1
meydana gelmemistir. Amortisor normal yol sartlar1 ve ekstrem yol sartlar1 icin hicbir
durumda soniimleme kuvvet kaybi olusmadan calisabilmektedir. Istenilen ideal
durumdur.

Calisma 2: Birinci Seviye Minimum Yag Miktarina Sahip Amortisorde Soniimleme
Kuvveti Olciimii

876



E

LT
¥ ."1:-_!_: (‘4\
" > 3td International Energy & Engineering Congress Proceedings Book
Y iTa '

18-19 October 2018, Gaziantep University, Turkey \”

Cornctand For Do Fovce

o
—— - = o WAL W
T T e { 228 Aual Pl o P
NP SRR — st e R ~1
e i S e, T —oyte LMD 23 I
. > B e — Tl N 0% Ao Forcet Gm
LA e} 200 e —— P Sare = -0.578
z LS L B
B / > e e — e e—— = : \\ —_— ImEC_NC v
H 4 e R — Y OM | Nk Pawi| Gis
- o — ) s — Tuwe = A1 ATy
2 c"'--__)_o_ 1 * ™ _— x
S ————F B i oS
N S — - . e mp—— " Ewws w 40 40
_’s_.__ 2000 - —_—
B — . O i
faxo = v 50
)
Ovsplecerrmer! [reev)
Sekil 8. 105cc Resim Hiz Degerleri Loop Diyagrami
Conecnnd Far Gam Farce
" e
230 . Aem Tannt G Ponn
Rt ]
—oyls WEC M e

040 Ao Toroel Om
Puma = AL AT

—gy e HECE 20 v
S0 Ay Foroit O
L LD

Farce (N

—py e Eee 2w
LI e Fored)
Famg =i

—yte e 35C v
OXT . M PTG O
Faxa s 4ty

e _MCE_XC v
TR A vt U
Faxe » 4190

Osplacerrent (reee) [ Soénumleme kuvvet kavbi ]

Sekil 9. 105cc Resim Hiz Degerleri + Yiiksek Hiz Olgiimii Loop Diyagram

Teknik resim hiz degerlerinde uygun loop karakteristigi gozlemlenirken, 1.052m/s
ytiksek hiz degerinde sontimleme kuvvet kayb1 yasanmaktadir. Amortisor kapanma
cevrimine basladiginda yaklasik olarak 10mm kadarlik bir strok igin yeterli
soniimleme yapamayacaktir. Uriin 6mrii diisiiniildiigiinde istenmeyen bir durumdur.

Calisma 3: Ikinci Seviye Minimum Yag Miktarina Sahip Amortisérde Soniimleme
Kuvveti Olciimii
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Sekil 10. 90cc Resim Hiz Degerleri Loop Diyagrami
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Sekil 11. 90cc Resim Hiz Degerleri + Yiiksek Hiz Olciimii Loop Diyagram1

Kabin icin ekstrem yol sartlarina ait 1m/s hizinda ve ayrica teknik resim hiz
degerlerine ait 0.39m/s ve 0.52m/s hizlarinda dahi sontiimleme kuvvet kaybi
yasanmaktadir. Stirtis esnasinda hissedilir derecede konfor ve yol tutus kaybi yasanur.
Amortisor bu sekilde calisamaz.
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Amortisérde Optimum Yag Seviyesi Ustiindeki Yag Miktarinin Tespiti
Amortisorler 2.5Hz frekansta, maksimum strokta ve 140°C - 150C’ye kadar
calistirnldiginda; i¢ basincin smmir degerlerini asmamasi, sikistirma (compression)
cevriminin de kat1 boya ulasmadan tamamlanmasi beklenmektedir.

Yag miktar1 optimum seviyenin tizerinde oldugunda iki durum s6z konusudur.
Birinci seviye maksimum yag miktarmda, tirtin kat1 boy problemini yasamayabilir
fakat bu sicaklikta ortaya ¢ikan rezerv hacim basinci 10 bardan fazla olmaktadir.
Ikinci seviye maksimum yag miktari icin test edilen tirtinde, sicaklik artist nedeniyle
meydana gelen yag hacmi artisindan dolay: i¢ basing 10 bardan fazla olmakta ve bu
nedenle {irtinde istenmeyen yiiksek kuvvetlerle meydana gelmektedir. Bazi
durumlarda ise tirtinde kat1t boy problemi yasanabilir.

Calisma 4: Birinci Seviye Maksimum Yag Miktarina Sahip Amortisérde Soniimleme
Kuvveti Olciimii
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Sekil 12. 150°C Sicaklik Ol¢iimii Loop Diyagrami

Sicaklik degeri 150°C’ye ulastigr halde sikistirma (compression) ¢evrimi uygun bir
sekilde tamamlanmustir.

Tablo 1. Sicaklik - Gas Force - I¢ Basing Degisim Tablosu

Sicaklik | Gas 23°C’deki Ic

(°C) Force duruma gore | Basing
(N) Gas Force (Bar)

23 -58.496 =k ~4

55 -79.764 =1.364 k 5.456

85 -106.201 | =1.816 k 7.264

~110 -120.626 | =2.062 k 8.248

130 -140.943 | =2.409 k 9.636

150 -161.537 | =2.762 k 11.048

879



2
i " > 3td International Energy & Engineering Congress Proceedings Book @

18-19 October 2018, Gaziantep University, Turkey \,

Tablo 1'deki Gas Force degerlerine bakildiginda sicaklik artistyla i¢c basmcin arttig
gozlemlenmektedir. Oda sicaklik degerine gore 140°C’de i¢ basing degerinin 2.76 kat
arttig1 ve son durumda i¢ basmg degerinin siir deger olan 10 barm tizerinde oldugu
gorulmektedir.

Sacaklik (*C) - Gas Foce (N)
Dregigimi

10 132 141
¥ L0 110, 121

i) 30 0 &) 100 1. 140 160

CAS PORCY (Nj

Sekil 13. Sicaklik - Gas Force Degisim Diyagram

Calisma 5: Ikinci Seviye Maksimum Ya§ Miktarina Sahip Amortisérde Soniimleme
Kuvveti Olciimii

Ikinci seviye maksimum yag miktarina sahip farkli bir kabin amortisorii icin yapilan
calismaya ait sonug asagida paylasilmistir.

o0

1” 1 - — PP _1C 20 Aot Lot
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e P eI I06 B ONE Ak Loy

Forsn N
2

x '_&—'— Pder_ 800 2 Sne: Aoke Loty
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viksek soniimleme kuvvetleri ortava

Sicaklik etkisiyle meydana gelen i¢ basing artisi, }

Oaplacemert rer

Sekil 14. 140°C Sicaklik Olgiimii Loop Diyagrami

Sicaklik degeri 23°C ve 120°C icin tirtin uygun sekilde galismaktadir. Fakat sicaklik
degeri 140°C’e ulastiginda yag seviyesi artis1 nedeniyle Rezerv hacmi i¢ basinci (Vh)
cok fazla arttigr igin {rtin compression ¢evrimini olmasi gerektigi sekilde
tamamlayamayarak standart dis1 cok ytiksek kuvvetler ortaya ¢gikmistir. Amortisoriin
bu yag miktari ile kullanilmasi uygun degildir.

SONUC

Yapilan calisma sonucunda farkli yag miktarlarmin amortisér séntimleme kuvveti
tizerine olan etkileri incelenmistir. Tasarim asamasinda uygun olarak belirlenemeyen
yag miktarmin ileriki tirtin dogrulama stirecleri olan dizayn validasyon testlerinde ya
da yapilan kotii yol arag testlerinde tespit edilmesi iirtin gelistirme stireci i¢in zaman
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ve maliyet kaybedilmesine, test siireclerinin tekrar yapilmasma neden olabilir.
Asagidaki adimlar ile tasarim asamasinda dogru yag miktar: belirlenebilecektir.

Optimum Seviyenin Altinda Yag Miktar1 Kullanimini Tespit Etmek

Tasarmm asamasinda arag {tireticisi ile birlikte amortisor kuvvet karakteristigine bagh
hangi yiiksek hiz degerlerinde kuvvet sontimleme kaybi yasanmayacagi ve kabul
edilebilir toleranslar belirlenmelidir. Sasi amortisorlerinde 3m/s, kabin
amortisorlerinde 1m/s gibi.

Kuvvet karakteristigi belirlemek icin yapilan arag stirtislerinde, resim degerleri ve
ayrica belirlenmis olan ytiksek hiz degerleri ¢lciilerek kontrol edilmelidir.

Optimum seviyenin altinda yag kullanim1 var ise resim hiz degerlerinde ya da ytiksek
hiz degerlerinde yapilan amortisor 6l¢timiinde sontimleme kuvvet kayb1 yasanacaktir.

Optimum Seviyenin Uzerinde Yag Miktar1 Kullanimim Tespit Etmek

Teorik yag miktar: belirlendikten sonraki calisma kosullarinda, amortisor $Sekil 5'te
belirtilen kat1 boya ulasmamali ve yag sizdirmazlig1 saglayan kegce dayanim ve kege
omrii goz Oniine almarak rezerv hacim basincmin 10 bardan kiigiik olmast
gerekmektedir. Bunun tespiti i¢in asagida detaylar1 verilmis olan maksimum strok
testi uygulanmalidir.

Maksimum strok test kosullarinda amortisor;

Sabit frekans,

Maksimum strok,

Belirlenen ekstrem calisma sicakligina kadar galistirildiginda (120°C’ nin tizerinde bir
sicaklik degeri) kat1 boya ulasmamali ve i¢ basing 10 barin tizerine ¢tkmamalidir.
ONERILER

Amortisor stispansiyon sistemi elemanlar1 arasmnda konfor ve emniyet
gerekliliklerinin optimum olarak saglanmasindaki en etkili parcalardan bir tanesidir.
Bu da amortisoriin daha fizibilite asamasinda iken dogru olarak tasarminin
yapilmasmimn cok kritik oldugunu gostermektedir. Yag miktarmin dogru olarak
belirlenmesi de en 6nemli tasarim kriterlerinden bir tanesidir.

Yapilacak olan ilk prototip amortisorlerde yukarida belirtilen yag seviyesi kontrol
metodu kullanilarak yag miktarmin ilk asamada dogru olarak hesaplanmasim
saglanmis olacaktir.

Bu ¢alismanin yapilmasma imkan sunan Maysan Mando Otomotiv Pargalar1 San. Tic.
A.S'ne tesekkiir ederiz.
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ABSTRACT: Risk analysis could be defined as the precautions to identify or to assess
the risks in the companies and to minimize or to get rid of these risks. The situations
which are present in the application environment or are likely to come from outside
and the conditions that would harm the employees, company and surrounding
environment is called as Danger. The risk is the relationship between the likelihood
that any danger will arise and the seriousness of the effect that this danger will cause.
Possible work accidents in companies and pre-determination of occupational diseases
are very important to be taken into account for both of employees and companies in
term of financial and spiritual loss. The drilling sector involves many hazards due to
the working conditions. Drilling sector work is one of the hardest sectors that contain
risks which may arise from these hazards. It is very important to carry out and take
care of risk analyzes in the drilling local which involves various hazards. Because these
precautions can prevent the loss of life and property. (1) Determining the possible risks
that may cause and result in accidents in the work environment and (2) to completely
eliminate risks are possible with risk analysis. Risk and danger could at least be
minimized with risk analysis even though risks and dangers can not be completely
removed.

In this study, a risk analysis of a drilling area belonging to TPAO Batman Regional
Directorate was performed. A questionnaire applied to the field staff was used for this
analysis. Risks and effects were determined according to the survey results. In the risk
analysis, 90 hazards were observed and risk levels were determined by their
probabilities and severity. 36 low-grade risks were identified when risk scores were
evaluated. 45 risk were found in the Intermediate Degree risk group and 9 risks in the
High Degree risk group. Following the risk assessment, necessary precautions were
taken and the risk scores were reduced.
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BIR SONDAJ SAHASININ PERSONEL ANKETI ILE RISK ANALIZININ
YAPILMASI VE iS GUVENLIGI ACISINDAN DEGERLENDIRILMESI

OZET: Isletmelerde ortaya gikabilecek risklerin her yoniiyle tanimlanip
degerlendirilmesi ve bu riskleri en aza indirmek veya tamamen ortadan kaldirmak
amaci ile alinan 6nlemlere “'risk analizi” denir. Calisma ortaminda mevcut olan ya da
disaridan gelebilecek calisanlara, isletmeye ve cevreye zarar veren durumlara tehlike
denir. Risk ise herhangi bir tehlikenin meydana gelme ihtimali ve bu tehlikenin
meydana c¢iktig1 anda sebep olacag etkinin ciddiyeti arasindaki iligkidir. Isletmelerde
muhtemel is kazalar1 veya meslek hastaliklariin olusma olasili§inin 6nceden
belirlenmesi hem calisanlarin maddi veya manevi hem de isyerinin maddi kayiplarla
karsilasmamas1 yoniinden oldukg¢a 6nemlidir. Sondaj sektorii calisma kosullar: nedeni
ile bircok tehlikeyi ihtiva eder. Sondaj calismalar1 bu tehlikelerden kaynaklanabilecek
riskleri ihtiva eden en zor sektorlerden biridir. Birden ¢ok tehlikeyi ihtiva eden sondaj
mahallinde risk analizlerinin yapilmasi olduk¢a ehemmiyetlidir. Ciinkii bu sayede can
ve mal kaybmun ontine gecilebilir. Calisma ortaminda kazaya neden olabilecek
risklerin belirlenmesi ve o risklerin tamamen ortadan kaldirilmas: risk analizi ile
miimkiindiir. Risk analizi ile tehlike ve riskler tamamen ortadan kaldirilamiyorsa hig
degilse asgari diizeye indirilebilir.

Bu calisma ile TPAO Batman Bolge Mudtirltigtine ait bir sondaj sahasinin risk analizi
yapilmistir. Bu analizin yapilmasmnda saha personellerine uygulanan bir anket
kullanilmustir. Anket sonuglarma gore riskler ve etkileri belirlenmistir. Yapilan risk
analizinde 90 adet tehlike gozlemlenmis ve olasiliklari ile siddetleri belirlenerek risk
derecesi elde edilmistir. Risk dereceleri degerlendirildiginde Diistik Dereceli 36 adet
risk belirlenmistir. Orta Dereceli risk grubunda 45, Yiiksek Dereceli risk grubunda ise
9 veri saptanmistir. Risk degerlendirilmesi sonras1 gerekli 6nlemler alinarak risk
skorlarmin asag1 cekilmesi saglanmaistir.

Anahtar sozciikler: Risk Analizi, Sondaj, ig. Gtivenligi, Batman

GIRIS

Is saghg ve giivenligi konusu cagdas toplumlarm calisma hayatinin en temel
konularindan biridir. Is saglig1 ve giivenligi gliniimiizde bir bilim dal1 olarak kabul
gormektedir. Uretim stireclerini, tretim yontemlerini, verimliligi, ergonomiyi,
calisanlarm sagligini yakindan ilgilendiren is saghg: ve gtivenligi konusu giintimtizde
cevre konusuyla birlikte diistintilmekte, birlikte ele alinmaktadir (Akay, 2006).

Diinyada en fazla is kazasi olan tilkeler arasinda Tiirkiye tictincti sirada yer alirken AB
tilkeleri arasinda olumlii is kazalar: acisindan ilk sirada yer almaktadir (ESAW, 2013).
ILO verilerine gore; diinyada her yi1l 270 milyondan fazla is kazas1 meydana gelmekte,
160 milyon calisan yaptig1 is nedeniyle hastalanmakta 2,2 milyon calisan da meslek
hastaliklar1 ya da is kazalar1 sonucunda 6lmektedir (ILO, 2009). ILO’nun 2002 yilinda
hazirladigr “Gtivenlik Kiltiirti Raporuna gore, meslek hastaliklarimin tiimi, is
kazalarmin %98’i onlenebilir kazalardir. Bu baglamda, gtivenli calismanin saglanmasi,
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calisanlarm stirdiiriilebilir bir refah seviyesine ulasabilmeleri agisindan ISG biiyiik
Onem tasir.

Is Sagligr ve Giivenligini yakindan ilgilendiren temel alanlardan biri de sondaj
sektortidiir. Sondaj sektorii calisma sartlar1 geregi diinyada en riskli meslekler
arasinda yer alir. Bu nedenle madencilik, petrol ve dogalgaz gibi is kollar1is saghg: ve
glivenligi kavraminin ortaya c¢ikmasina sebep olan ana sektorler arasindadir. Bu
alanlarda ozellikle sondaj esnasinda bircok is kazas1 meydana gelebilmekte ve ytiksek
oranlarda meslek hastalig1 ile karsilasilmaktadir. Bu nedenle gerekli risk analizleri ile
tehlikeler degerlendirilerek olas1 riskler Dbelirlenmelidir. Analiz sonuglar:
yorumlanarak tehlikelerin giderilmesi icin onlemler almmalidir (Erdogan ve dig.,
2017; Ertus, 2016).

Bu calisma ile TPAO Batman Bolge Mudtirltigtine ait bir sondaj sahasinin risk analizi
yapimustir. Bu analizin yapilmasinda saha personellerine uygulanan bir anket
kullanilmustir. Anket sonuglarina gore riskler ve etkileri belirlenmistir.

YONTEM

Yapilan calismada TPAO Batman Bolge Midirliigiine ait bir sondaj lokasyonu
incelenmistir. Risk analizi calisan personeller ile yapilan bir anket calismasi ile
belirlenmistir. Bu anket ¢alismasi belirtilen sahada calisan personeller ile yapilmustir.

Bu calismada, sondaj mahallinin risk analizi 5x5 L tipi matris yontemi kullanilarak
yapilmustir. Bu metot ile 6ncelikle bir olayin gerceklesme ihtimali ile gerceklesmesi
halinde sonucunun derecelendirilmesi ve dl¢timii yapilir. Risk degeri, olasiligmn ve
siddetin bileskesinden hesaplanir. Belirlenen risklerin her birine 1’den 5’e kadar bir
siddet degeri ve bir olasilik degeri verilir. Siddet ve olasilik diizeyi en diistik icin 1, en
yiiksek i¢in 5 degeri kullanilir. Tablo 1’de verilen olasilik degerleri siddet degeri ile
carpilarak her bir olayin risk puan veya risk skoru bulunur (Ozkilig, 2005).

Risk skoru Tablo 2'de verilen riskin derecelendirilmesine bakilarak, riskin hangi
kategoriye girdigi tespit edilir. Tablo 2'de goriildiigii gibi risk skoru; 1, 2, 3, 4, 5 ve 6
puan alan tehlikeler ‘Diistik Derece Risk’ grubuna, 8, 9, 10, 12 puan olan tehlikeler
‘Orta Derece Risk’” grubuna, 15, 16, 20, 25 puan alan tehlikeler ise “Yiiksek Derece Risk’
grubuna girmektedir (Ozkilig, 2005).

Tablo 1. L Tipi Matris icin Olasilik-Siddet Degerleri

SONUC OLASILIK
Cok Kiiciik ‘ 1 Hemen hemen hic¢
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Kigtik 2 Cok az (yilda bir kez), sadece anormal durumlarda
Orta 3 Az (yilda bir kez)
Yiiksek 4 Siklikla (ayda bir)
Cok Yiiksek 5 Cok siklikla (haftada bir, her giin), normal calisma
sartlarinda
SONUC SIDDET
Cok Hafif 1 [s saati kayb1 yok, ilkyardim gerektiren
: Isgtinti kayb1 yok, kalic1 etkisi olmayan ayakta tedavi,
Hafif 2 . .
ilkyardim gerektiren
Orta 3 Hafif yaralanma, yatarak tedavi gerektiren
Ciddi 4 Ciddi yaralanma, uzun siireli tedavi, meslek hastalig:
Cok Ciddi 5 Oliim, stirekli is gorememezlik

Tablo 2. Risk Skoru Tablosu (Ozkilig, 2005).

SIDDET

OLASILIK

Ciddi Orta Hafif Cok Hafif

Cok
Yiiksek

Yiiksek

Orta

Kiugtik

Cok
Kiugtik
BULGULAR

Calisma kapsaminda sondaj sahasinda galisan 35 personelin goriisleri anket ile elde
edilmistir. Bu anket calismasi ve saha calisanlarmin gozlemleri dogrultusunda risk
analizi yapilmustir (Tablo 3). Yapilan risk analizinde 90 adet tehlike gbzlemlenmis ve
olasiliklar1 ile siddetleri belirlenerek risk derecesi elde edilmistir. Risk dereceleri
degerlendirildiginde Diistik Dereceli 36 adet risk belirlenmistir. Orta Dereceli risk
grubunda 45, Yiiksek Dereceli risk grubunda ise 9 veri saptanmistir. Risk
degerlendirilmesi sonrasi gerekli onlemler alarak risk skorlarmin asag: cekilmesi
saglanmugstir.

Bu sonuglar 1s1g1nda sahadaki tiim risk olusturan etmenlere kars: 6nlemler alimmis ve
gerekli egitimler verilmistir.
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: RISK
SIRA | TEHLIKE OLASIL | SIDD DERECE
IK ET Si

1 Calisirken koruyucu techizat kullanmama 4 2 8

5 Sondaj mahallinde is glvenligi 3 5 6
uygulamalarinin yetersiz olusu
Yangin sondirme ekipmanmin yeterli

3 3 3 9
sayida olmamasi

4 Is gtivenligi uygulamalarina yeterince 6nem 4 5 8
verilmemesi
Iscilere, sondaj ve is gtivenligi egitimi

5 : . 2 2 4
verilmemesi
Lokasyon ve sondaj yerinin yabanci insan ve

6 diger canlilara karsi gtivene alnma |3 2 6
durumunun yetersiz olmasi
Sondaj yollarinin, personel ve malzeme

7 < 4 4 16
tasinmasina uygunsuzlugu
Yangin sondirmeye karst  personelin

8 s . 3 4 12
egitilme durumunun yetersiz olmasi

9 Mast trmanma merdiveninin saglam 3 4 1
olmamast

10 Derikmen kemerinin saglam olmamasi 2 4 8

11 Platform korkuluklarinin saglam olmamas: | 3 4 12

1 Platformda yeterli sayida ikaz levhasmin 3 3 9
olmamasi

13 Platform aydimlatmasinin yeterli olmamast | 3 3 9
Hareketli ve donen makine aksami

14 . . 4 4 16
tizerindeki muhafazalarm olmamasi
Emniyet vanalar1 ve Choke Manifoldu'nun

15 y 1 5 5
bagli olmamasi
Kuledeki yasam barakalarmin yasam

16 4 1 4
standartlarma uygun olmamasi
Kullanilan madeni yaglarin cevreye zarar

17 vermemesi  icin  uygun  bidonlarda | 3 2 6
stoklanmamasi
Bot ve baret tahsis edilen personelin, bot ve

18 3 3 9
baret kullanmama durumu

19 Uygun is elbisesi ve eldiven kullanmama 3 3 9
Lokasyon girisindeki ikaz levhalarmimn

20 ; 3 2 6
yetersiz olmasi
Mevcut acil durum planina gore personelin

21 irs . 2 2 4
egitilmemesi
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Mudpit ve check-shot cukurlarmm ikaz

22 : e 1 3 3
bandi ile cevrili olmamasi

23 Hkyardlm sand1ginin bulunmamasi 1 3 3

24 Personelin ilkyardim kursu gérmemesi 1 3 3

25 Uygunsuz lokasyon zemini ve saha kosullar1 | 3 3 9
Basing altindaki ekipman ile calisanlarin

26 . 2 4 8
ytiksek basimnca maruz kalmas:
Basing ekipmanlarimin sokiimii sirasinda

27 demontaj ekibinin elle ytk kaldirmast ve | 3 4 12
tasimasi
Yiiksek basingli baglanti ekipmanlarmin

)8 sokiilmesi  sirasnda  montaj-demontaj 5 5 10
ekibine ytiksek basing boru veya ekipman
carpmast
Camur pompa ve tanklarinda montaj ve

29 . . . : 2 3 6
demontaj ekibinin kaymasi ve diismesi
Camur hazirlamada kullanilan kimyasal

30 . : 4 4 16
maddelerle temas edilmesi

31 Makaralarin tasmnmasinda el, parmak, kol 3 4 1
sikismalari
Makaralarin ~ keskin ~ ve  ytizeyindeki

32 3 3 9
cikintilarin carpmasi

33 Elektrik carpmasi 4 5 20

34 M_ast ﬁzerinde . bulunan malzemlerin 3 4 12
yiiksekten diismesi
Mastin parcalara ayrilmasi, baglanmasinda

35 2 4 8
parmak sikigsmasi

36 Kimyasal maddelerin goze ve viicuda 3 4 1
sigramaslt

37 Kimyasal maddelerin solunmasi 3 5 15

38 El aletlerinin uygun kullanilmamasi 3 2 6

39 Malzeme istiflenmesi sirasinda devrilme, 3 4 1
yikilma

40 Forkhft (;a.rpmasL ezilme, sikisma, malzeme 1 4 4
devrilmesi

41 S?nd:i] masasinda tijlerin istif yerinin 5 4 3
diizgiin olmamasi

42 Manevra yeri korkuluklarmm saglam 5 3 6
olmamasi
Tepe flasortin (Yiikseklik ikaz lambasr)

43 1 2 2
calismiyor olmasi
Korkuluksuz dikey merdivenlerden

44 tirmanirken diisen personeli durdurmak igin | 2 4 8
emniyet kemerinin olmamasi
Platform’da is emniyetine aykir1 delik ve

45 y 2 3 6
acikligin olmasi
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Platform’a baglanan merdivenler diizgiin
46 olmamasi ve merdiven korkuluklarmn |2 4 8
yerinde olmamasi

Platform’daki hareketli malzemelerin (Tong
anahtarlari, camur muhafazasi, DP Spinner,

47 Eze Torque, Power Tong vb.) emniyetli bir 3 4 12
sekilde sabit bir yere baglanmamis olmasi

48 Tong Anahtar1 ¢ekme halati klempslerinin 5 4 3
emniyetli bir sekilde baglanmamis olmasi

49 Rotary emniyet zinciri takili olmamasi 1 3 3

50 Drawworks mekanik freninin iyi durumda 5 3 6
olmamasi

51 Drawworks etrafindaki merdiven ve 5 3 6
korkuluklar1 tam ve emniyetli olmamasi
Catworks, drawworks, cathead,

50 transmisyon, c¢amur pompast power-end 5 3 6
yaglama pompasi ve basing saatlerinin faal
olmamasi

53 Hareketli makara muhafazasinin ve 3 4 1

makaralarm iyi durumda olmamasi

Tim kaldirma ekipmanlarmm gtinlik,
54 haftalik ve aylik kontrol bakimlarmm |3 2 6
yapilmamasi ve giinliik rapora yazilmamasi

Camur tabancalarmm emniyet pim ve
zincirlerinin takili olmamasi

55

Tanklarmn {izerinde ytirimeyi engelleyici

56 acikligin varlig

Kimyevi madde kullanirken koruyucu
57 techizatlarin (gozlik, eldiven, onliik, maske | 4 4 16
vb.) kullanilmamas

Mud-pit, check-shot ve celler havuzunda

o8 merdiven veya kurtarma halatinin olmamasi 3 4 12

59 Camur pompast ¢ikis hortumlarmm iki 3 3 9
ucunda emniyet zincirinin olmamasi
Tij c¢amur muhafazasinin olmamas1 ve

60 camur ¢ikisinin Flow-Line’e verilmemis | 2 3 6
olmasi
Kuyu Programina gore uygun emniyet

61 vanalar1 ve Choke Manifoldunun kuyu |1 3 3
sartlarma uygun baglanmamasi
Closing unit yag seviyesinin uygun

62 olmamasi ve basmg ayarlarmm dogru |2 4 8
olmamast

63 Celler havuzu etrafinin tamamen cevrili 5 3 6

olmamasi ve ikaz levhasimnin bulunmamasi
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Kule, kamp ve akaryakit tanklarinda statik
64 elektrik, yildirim ve elektrik kacaklarina | 2 4 8
kars: topraklanma olmamasi

Choke manifoldu ve yiiksek basmgh

65 hatlarda uygun basing gostergelerinin (Mud | 1 4 4
Pressure Gauge) olmamasi

66 Motor egzoz susturucularinin olmamast 2 2 4
Elektrik  islerinin  sertifikali  personel

67 1 2 2
tarafindan yapilmamasi

68 Calisanlarmm  sahadaki wuyar1 ve ikaz 4 3 1
levhalarma uymamasi

69 Arac kullananlarin dikkatsiz kullanmasi 3 4 12

70 Kisisel koruyucu donanim kullanilmamasi 4 4 16
ya da dogru bir sekilde kullanilmamasi
Calisanlarm, is gtivenligi ve teknik acgidan

71 o .. . 2 3 6
bilgilendirilmemesi
Calisanlarm is saghgi ve giivenligi

72 kurallarma uygun olup olmadigmin |2 2 4
denetlenmemesi

73 Is §agllg1 ve glivenligi egitiminin yeterli 3 4 1
verilmemesi
Calisanlarm is saghgi ve giivenligi

74 s : 2 2 4
egitimlerine katilmamasi
Kimyasal maddelerin talimatlara uygun bir

75 . 4 4 16
sekilde kullanilmamasi

76 Motor egzoz gazi sogutma ve kivilcim 3 3 9

onleyicinin olmamasi

Tim basmnch kaplar ve kompresorlerin
77 periyodik  testten  gecirilmemesi ve |3 4 12
raporunun olmamasi

Hava tiipleri ve kontrol panelinde hava

78 . 2 4 8
basing saatlerinin faal olmamasi

79 Kesici malzemelerin diizensiz bulunmasi 4 3 12

30 Motorlu aralarin gegis yerlerinin uygun 4 5 3
olmamast
Gii¢ kontrol ve enerji dagitim barakasinda,

81 jenerator odasinda, “Izinsiz Girilmez” ikaz | 2 2 4
levhasi asili olmamasi

3 Sondaj kampinin tel 6rgii icine alinmamug 5 5 4
olmasi

33 Kimyasal katki maddelerin riizgar yoni 4 3 1
dikkate alinmadan depolanmasi

34 Kimyasal katki maddelerinin etiketli 3 4 1
olmamast
Kimyasal maddelerle ilgili gitivenlik bilgi

85 formlarmin (MSDS) lokasyonda mevcut |3 3 9
olmamast
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Emniyet gozltigi, toz gozliigi, yliz maskesi,

86 isin sekline uygun ve yeterli sayida |3 3 9
olmamast

37 “Botsuz ve Baretsiz Girilmeyecek” alanlarin, 5 5 4
ikaz band1 ve levhalar ile belirtilmemesi

88 Lokasyonda emniyetli toplanma alanlarmin 5 5 4
olmamast

89 Elektrik ka]?IF) halatlarmm uygunsuz | , 4 16
yerlerden gecirilmesi

90 Gidalarm uygun kosullarda depolanmamasi 3 4 1
ve hijyen kurallarma dikkat edilmemesi

SONUC

Bu calisma ile Batman ilinde bulunan bir petrol sondaj sahasi ISG yoéniinden
incelenmistir. Tehlike kaynaklar1 ve etkileri detayl: bir sekilde belirlenmistir. Inceleme
sonucunda 5x5 L tipi matris yontemi kullanilarak 90 adet tehlike igin risk analizi
yapilmustir. Elde edilen sonuglara gore Diisiik Dereceli 36 adet, Orta Dereceli 45 ve
Yiiksek Dereceli 9 risk skoru saptanmistir. Risk degerlendirilmesi sonras1 gerekli
onlemler alinmustir.

5x5 L tipi matris metoduna gore yapilan risk analizi sonucuna gore gerekli tedbirlerin
almmasi ve kontroliiniin saglanabilmesi icin egitim dtizenlenmistir.

Calismanin sonucunda elde edilen bulgular benzer isletmeler, isveren veya vekilleri,
is gtivenligi uzmanlari, saha miihendisleri, formenler, ekip baslar1 ve galisanlar igin
tehlikelerin azaltilmasinda yol gostermesi bakimindan biiyiik 6nem arz etmektedir.
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ABSTRACT: The information required for the efficient and economical use of
geothermal energy sources is obtained by well tests. It is important to determine the
temperature determinations according to the depth of the well, the presence of any
leakage during the drilling, the determination of the crusting and the actual formation
temperature of the well as a result of the temperature tests which are important among
the well tests. In the measurements of temperature tests carried out in depth of 800
meters Beydag: II geothermal well, static temperature was measured to 24.86°C at 5
meters and reached minimum value to 24.45°C at 20 meters. On the other hand, it
reached its maximum level with 41,88°C at 800 meters. On the other measuring
techniques, the minimum dynamic temperature value is 33.87°C at 5 meters and the
minimum dynamic pressure value is 1.50 bar at the same depth. The maximum value
of the dynamic temperature is 45,28°C at the depth of 790 meters and at the same
depth's dynamic pressure value is 72,30 bar. As a result of the tests obtained, profiles
that are important for the determination of depth in the well during the production
process of the system to be established and the operation of the system to be
established in order to prevent mud leaks and wells in the wells were simulated. In
addition, these data are reference for geothermal wells in the Elaz1g province and in
the Southeastern Anatolia region.

Key words: Geothermal Energy, Well Complete Tests, Temperature Tests, Static
Temperature, Dynamic Temperature

ELAZIG 'BEYDA(V;I IT JEOTERMAL SONDA]INDAKi SICAKLIK TESTLERI VE
DERINLIGE BAGLI SICAKLIK/BASINC PROFILLERININ ARASTIRILMASI

OZET: Jeotermal enerji kaynaklarin verimli ve ekonomik kullanilabilmesi igin gerekli
bilgiler kuyu testleri ile elde edilmektedir. Kuyu testleri arasinda onemli bir nitelik
tastyan sicaklik testleri sonucu kuyuya ait derinlige gore sicaklik tespitleri, sondaj
esnasinda olusacak herhangi bir kacagm varligi (veya gelis), kuyuya ait
kabuklagsmalarm ve gercek formasyon sicakliginin tespiti belirlemek icin 6nemli bir
firsat yaratmaktadir. Elazig'da 800 metre derinligine sahip Beydag: II Jeotermal
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Kuyusunda gerceklestirilen sicaklik testleri tl¢timlerinde, kuyu {iretim yapilmadan
veya kuyuya akiskan basilmadan, kuyu kapal1 iken yapilan statik sicaklik 5.metrede
24,86°C degerinde olctildiikten sonra 20. metrede 24,45°C ile minimum degere
ulasirken son seviye olan 800. metrede 41,88°C ile maksimum degerine ulasmustir.
Kuyudan tiretim yapilirken veya kuyuya akiskan basilirken gergeklestirilen dinamik
sicaklik degeri 5.metrede minimum degerleri olan 33,87°C dinamik sicakligina ve 1,50
bar dinamik basing degerleri dlctiliirken, kuyuya ait son seviye 790.metrede dinamik
sicakligin maksimum degeri 45,28°C ve dinamik basincm maksimum degeri 72,30 bar
olarak olctulmiistiir. Elde edilen veriler 1s1g1nda sicaklik testlerine gore degerlendirilen
tiretim Oncesi ve sonrasi kuyularda olusabilecek kabuklasmay1 ve camur kagaklarmi
engellemek maksadiyla kurulacak sistemin 6n miihendislik ¢alismas: yapilmas: ve
kuyularda kurulacak inhibitor sistemlerinin tiretim stireci boyunca kuyudaki derinlik
tayini i¢in 6nem arz eden profiller simule edilirken yine Elazig il cevresi ve
Gilineydogu Anadolu bolgesinde ileride yapilacak olarak jeotermal kuyular igin de
referans niteligi tasimaktadur.

Anahtar sozciikler: Jeotermal Enerji, Kuyu Tamamlama Testleri, Sicaklik Testleri,
Statik Sicaklik, Dinamik Sicaklik

GIRIS

Jeotermal kuyular kazilirken, sondaj operasyonu sirasinda ve sondaj bitiminde,
rezervuar hakkinda olabildigince fazla ve saglikli bilgi almak amaciyla bir dizi test
operasyonu gerceklestirilir. Bu testlerin, uygulama siras1 ve teknige uygun olarak
gerceklestirilmesiyle alinacak saglikli veriler, yorumlarin hataya yer vermeyecek
sekilde yapilmasmi saglayacaktir. Jeotermal sondaj kuyularinda yapilan test
calismalary;, sondaj sirasnda yapilan testler, sondaj bitiminde yapilan kuyu
tamamlama testleri, normal sicaklik ve basing testleri, tiretim testleri ve diger kuyu
testleridir. Bu testler yardimiyla rezervuar parametreleri hakkinda bilgiler elde edilir
ve jeotermal saha hakkinda yorumlamalar gerceklestirilir. Kuyu testleri kuyular
delinirken baglayan, jeotermal kaynaga uygun optimum performanslt isletmenin
planlanmas: stirecinde devam eden ve jeotermal sistemlerin dinamigi geregi isletme
asamasinda da stireklilik arz eden ¢alismalar biuitiintidiir (Ozudogru, 2015).

Bu calisma Elazig Beydagi Il kuyusunda yapilan 800 metre derinligine sahip jeotermal
kuyusunda gergeklestirilen kuyu tamamlama sicaklik testleri ve testlerin 6l¢timlerinde
kullanilan donanimlardan ve bu testlerden elde edilen veriler neticesinde derinlige

bagli sicaklik ve basing profillerinin arastirilmas: sunulmustur.
YONTEM

Jeotermal kuyularda kuyu tamamlama sicaklik testleri, jeotermal enerji sistemlerin
tiretim ve rezervuar mithendisliligi calismalarinda gerekli olan temel araclardan
biridir . Sicaklik Olciileri sondaj esnasinda alinmaya baslanilir ve isletme asamasinda
da belirli araliklarla alinmaya devam edilir (Onur, 2015). Sondaj esnasinda alman
sicaklik olgtileri sondaj ile ilgili kararlarin alinmasinda kullanildig: gibi daha sonraki
degerlendirmelerde de kullanilir. Kuyu tamamlandiktan sonra farkli asamalarda kuyu
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kapali durumda iken statik sicaklik, kuyudan tiretim yapilirken veya kuyuya akiskan
basilirken de dinamik sicaklik degerleri olgtiltir (Erkan, 2015).

Sondaj akiskani olarak kullanilan ¢amurun sicakligi kuyu agzinda stirekli olarak
olctiltir ve gozlenecek 1s1 artiglarma gore sicaklik bir zona girildigi tespit edilir.
Termometre ile alman olctiler giris ve ¢ikis camur sicaklig1 olarak kayit edilir. Sicaklik
testlerinde camur kacaklar1 ve artislarinin periyodik olarak takip edilmesi
gerekmektedir . Bunun icin kagak veya artisin hangi metrelerde oldugunun ve debi
miktarinin gozlenmesi, kitikli, catlakli, gegirgen bir zona girildiginin belirlenmesi ve
onlem alinmasi agismndan o¢nemlidir.  Kuyu aktifken alman c¢amur sicaklik
degerlerinden veya kuyuya indirilen gesitli 6l¢tim aletlerinden statik sicaklig1 bulunur.
Kuyu tiretime acildiktan sonra da dinamik sicaklik ve basing degerleri olgiiltir (Tan,
1996).

1. Jeotermal Kuyularda Statik Sicaklik Testi

Kuyudan tiretim yapilmadan, kuyu kapali iken statik durumda yapilan 6lgtimlerdir.
Kuyu ici sicaklik profilini belirlemek amaci ile yapilabildigi gibi belirli bir derinlikteki
sicaklik degisimini gozlemek amaci ile de yapilabilir. Sondaj esnasinda gecilen
formasyonlarin sicaklik degerleri hakkinda bilgiler elde etmek amaci ile statik sicaklik
Olctileri ~alinmaktadir. Ara muhafaza borusunun indirilecegi derinligin
belirlenmesinde, muhafaza borusu arkasma almacak seviyeler hakkinda bilgi
edinilmesinde, kuyuya devam edilip edilmeyecegine karar verilmesinde sondaj
esnasinda alman sicaklik olgtileri kullanilmaktadir. Ayrica farkli sicaklikli rezervuar
seviyelerinin gecilmesi durumunda seviyelerin sicakliklarinin belirlenmesinde
kullanilmaktadir. Ciinkii daha sonraki asamalarda seviyeler arasi akis olmasi
durumunda seciyelerin gercek sicakliklarinin = belirlenmesi ve rezervuar
degerlendirmeleri gibi daha sonraki degisik asamalarda da kullamilmaktadir. Sondaj
calismalarina herhangi bir nedenle ara verilmesi sicaklik 6l¢timleri igin iyi bir firsat
olusturmaktadir. Statik sicaklik 6lctimlerde sirkiilasyon kacarlarinin oldugu boliimde
gercek formasyon sicakliklarinin saptanmas: i¢in kullanilmaktadir. Sondajin
tamamlanmasindan sonra kuyuda sondaj akiskani varken ve {tiretime acilmadan
genelde sicaklik 6lgiimii yapilmaktadir. Uretim ile kuyu igerisine girecek akigkan diger
seviyelerin orijinal degerlerini bozacagindan bozulmamis sicakliklarin alinmasi
acisindan énemlidir. Bekleme zamani ne kadar uzun olursa gercek sicaklik degerlerine
o derece yaklasilir (Erkan, 2015).

Kuyu tamamlama testleri kapsaminda yapilan su kaybi1 ve enjeksiyon testleri
esnasinda kuyu sogutuldugundan, kuyunun 1sinma periyodunda belirli araliklarla
statik sicaklik 6lgiileri alinmaya yine devam edilebilir. Olgiilere kuyunun daha hizl
1sinan  seviyeleri goreceli olarak belirlenir ve diger sicaklik olciilerinin
yorumlanmasinda kullanilir (Erkan, 2015). Kuyunun uzun stire kapali kalmalar1
durumda kuyu icinde ¢ok belirgin ve stirekli bir kuyu ici akis yoksa kuyu ici sicakliklar
uzun siirede dengeleneceginden formasyon sicakliklar1 ve gradyan degisimleri
hakkinda bilgiler elde edilir . Uzun stireli tiretimlerden sonra alinan sicaklik olgtileri
olas1 degisiklerin degerlendirilmesinde ve diger ¢lgtilerin yorumlanmasinda kullanilir
(Gsenergy, 2017).

2. Jeotermal Kuyularda Dinamik Sicaklik ve Basing Testi

Kuyudan {iretim yapilirken veya kuyuya akiskan basilirken dinamik durumda
yapilan olgiimlerdir. Kuyu ici sicaklik profilini belirlemek amaciyla yapilir. Uretim
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halinde 6l¢ti alinirken {iretim debisi sabit ve test aleti kuyuya rahatlikla indirilip
cikartilabilecek seviyede olmalidir . Uretim halinde alinan dinamik sicaklik
olctimlerinde elde edilen kuyu ici sicaklik profillerinden, farkli sicakliklara sahip
rezervuar seviyelerinin olup olmadigy, varsa farkli seviyelerin sicaklik veya kuyu ici
karisim sicakliklari, kuyu ici faz degisimleri ve derinlikleri saptanmaktadir . Belirli
zaman araliklarinda alinan farkli dinamik profillerin karsilastirilmas: sonucu ise
tiretimle rezervuar sicakliklarindaki degisimleri belirlemek miimkiindiir. Ozellikle
reenjeksiyon uygulamalarinin yapildigr durumlarda olgtimler siklastirilmalidir
(Erkan, 2015).
BULGULAR

Tiirkiye'de Elazig Formasyonunda Beydag: II Kuyusunda (Sekil 1) yapilan kuyu
tamamlama sicaklik testlerine ait uygulamalar gerceklestirilmistir. Kuyuya ait Statik
ve Dinamik sicaklik olmak {tizere iki farkli 6l¢tim testine tabii tutulmustur. Kuyu 800
metre derinlige sahip olup, statik sicaklik degerleri her 5 metre araliklar ile dlctiliirken,
dinamik sicaklik ve basing degerleri ise her 50 metre araliklar ile 6l¢tim saglanmustir.
Kuyuya ait kesilen formasyon ve derinlikler hakkinda Sekil 2'de gosterilmektedir.
Litolojik olarak "Traverten" formasyonu ile baslayan sondaj islemi "Permo-Triyas"
formasyonu ile sonlanmustir.

Renkli Traver

SRS
Traverten Om-40m E e I

Geg¢ Miyosen - Pliyosen
Volkanik Kum =

Liitesiyon-Oligosen

Beyaz-Satims: Kir 250m-350m
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Sekil 2. Elazig Beydag: II Kuyusuna Ait Formasyon ve Derinlik

Kuyu icindeki sicaklik Olctimleri jeotermal kosullara uygun olarak yapilmus ozel
cihazlarla yapilmaktadir. Son yillara kadar mekanik cihazla kullanilirken gelisen
teknoloji ile birlikte elektronik cihazlar da kullanilmaya baglamigtir. Ulkemizde
kullanilan cihazla ile ilgili baz: bilgiler Tablo 1' de gosterilmistir.

Tablo 1. Kuyu Sicaklik ve Basing Test Olgiimlerinde Kullanilan Cihaz Modelleri (Erkan, 2015)

Dogruluk Sicaklik
. . ve ve Basing
Cihaz Modeli Coztintirl  Kapasites
ik i
KPG 400°C ve
0,05% ve
(Bourden o2ops 13005200
tipii) psi
KTG  (Bi- E)/J(’);O/(’C Ve 3000C
Metal) 5’ 0
RPG- 02%FS 2000 e
3(Bourden ve 0,05% si
Tiipii) P
300°C (6
Sicaklik o Saat) ve
(RTD) 7+ 02°C 5000 psi

1. Elaz1g Beydagi Il Kuyusu Statik Sicaklik Olgiim Degerleri ve Analizi

Asagidaki Tablo 2'de Elazig Beydagi II kuyusuna ait her 5 metrede ol¢timii
gerceklestirilen statik sicaklik degerleri gosterilmektedir.
Tablo 2. Elazig Beydagi 11 Kuyusu ve 5 Metre Araliklar Ile Olgiilen Statik Sicaklik Degerleri

Termik Termik Termik Termik
Derinlik le ! Derinlik |1 Derinlik |1 Derinlik |1
(m) (°C) (m) (°C) (m) (°C) (m) (°C)
] Statik Statik Statik
Statik
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5 24,86 195 29,81 385 33,73 675 38,77
10 25,47 200 29,92 390 33,72 680 38,89
15 24,98 205 30,20 395 33,78 685 39,03
20 24,45 210 30,31 400 33,77 690 39,13
25 24,57 215 30,45 405 33,81 695 39,29
30 24,67 220 30,69 410 33,91 700 39,36
35 25,27 225 30,89 415 33,91 705 39,46
40 25,45 230 31,05 420 34,00 710 39,53
45 25,81 235 31,33 425 34,07 715 39,57
50 25,95 240 31,46 430 34,11 720 39,69
55 26,04 245 31,82 435 34,19 725 39,76
60 26,30 250 31,78 440 34,23 730 39,85
65 26,52 255 31,87 445 34,27 735 40,00
70 26,59 260 31,91 450 34,40 740 40,12
75 26,58 265 32,02 455 34,46 745 40,12
80 26,94 270 32,11 460 34,50 750 40,32
85 27,62 275 32,25 465 34,59 755 40,51
90 27,77 280 32,32 470 34,66 760 40,71
95 27,41 285 32,33 475 34,71 765 40,87
100 27,46 290 32,40 480 34,88 770 41,02
105 27,63 295 32,65 485 35,16 775 41,16
110 27,74 300 32,85 491 35,24 780 41,30
115 27,94 305 32,86 495 35,27 785 41,49
120 27,86 310 32,94 500 35,31 790 41,62
125 27,87 315 32,97 505 35,41 795 41,78
130 27,96 320 32,96 510 35,44 800 41,88
135 28,08 325 33,04 515 35,60
140 28,36 330 33,08 520 35,63
145 28,38 335 33,10 525 35,76
150 28,50 340 33,16 530 35,83
155 28,72 345 33,20 535 35,95
160 28,85 350 33,47 540 36,01
165 29,03 355 33,49 545 36,11
170 29,25 360 33,51 550 36,21
175 29,44 365 33,53 555 36,29
180 29,49 370 33,57 560 36,39
185 29,63 375 33,58 565 36,53
190 29,68 380 33,63 670 38,67
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Sekil 3. Elazig Beydag: II Kuyusu ve Derinlige Bagl: Statik Sicaklik Profili

Kuyuya ait tiretime agilmadan once elde edilen statik sicaklik deger degisimleri ve
derinlige gore karsilastirilmasi yapildiginda 5.metrede 24,86°C ile baslayan kuyu
minimum degere 20.metreden itibaren ulasarak 24, 45°C gostermistir. Bu deger
kuyuya ait son derinlik olan 800.metrede 41,88°C olarak olctilmiistiir. Gosterilen
grafigin (Sekil 3) dogrusalligi kuyuda herhangi bir camur kacagin fazla olmayisi ya da
kabuklasmanin 6nemli bir boyutta olmadigimi gostermektedir.

2. Elaz1g Beydagi Il Kuyusu Dinamik Sicaklik ve Basing Olgiim Degerleri ve Analizi

Elaz1g Beydag: II kuyusunda belirli metrajlar araliginda yapilan saatlik dinamik
sicaklik ve basing Olctimlerinden elde edilen veriler asagidaki Tablo 3'de
gosterilmektedir.

Tablo 3. Beydag: 11 Kuyusu ve 5 Metre Araliklar Ile Olgiilen Dinamik Sicaklik ve Basing
Degerleri

Dinamik  Dinamik
Derinlik Sicaklik Basing
(C) (bar)
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5 33,87 1,50

50 34,12 3,12

100 34,54 6,05

150 34,88 10,70
200 34,88 15,35
250 34,88 20,30
300 37,05 25,16
350 40,50 29,70
400 42,54 35,07
450 42,85 40,02
500 43,35 44,67
550 43,67 49,12
600 44,31 58,74
650 44,47 61,06
700 44,80 64,15
750 45,12 68,75
790 45,28 72,30

473 Max 790@;45.28 oc
a6

44,7
434

a1

Sicaklik (oC)

369

: Min 5m; 33,87 oC

343

3

5 50 100

150 200 250 300 350 400

450 500

Derinlik (m)

550 600 650 675 700 750 790

Sekil 4. Elazig Beydag: II Kuyusu ve Derinlige Bagli Dinamik Sicaklik Profili

Kuyuya ait tiretime acildiktan sonra elde edilen dinamik sicaklik deger degisimleri ve
derinlige gore karsilastirilmasi (Sekil 4) yapildiginda 5.metrede 33,87°C ile baslayan
kuyu minimum degere yine ilk 5.metrede ulasmis olup, 790.metrede 45,28°C ile en
ytiksek dinamik sicaklik degerine ulasmistir. Dinamik sicaklik degerleri olgtiltirken
kuyu igerisinde dinamik basing dl¢tistinde lineer olarak diiz bir ¢izgi halinde uzanan
basing profili belli bir seviyeden ytizeye dogru sapma gosterir ki bu da kuyu iginde
kabuklasmanin basladig1 seviye hakkinda fikir verir (Bhatia, 2014).
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Max 790m; 72,3 bar

Basine (bar)

-

Min 5m; 1.5 bar

s 30 1o 1% 00 %0 plo ] 150 0 A% 30 550 400 wa 6rs ™ ™ o
Derindik (m)

Sekil 5. Elazig Beydag: II Kuyusu ve Derinlige Bagli Dinamik Basing Profili

Elde edilen dinamik basmcin derinlige gore karsilastirilmas: yapildiginda 5.metrede
1,5 bar ile baslayan kuyu maksimum basmg degerine 790.metre de 72,30 bar olarak
olculmustur (Sekil 5).

Max 72,3 bar;45,28 oC
a6 T
-9
44,7
Q 14
=
: 42,1
= a0
S
wy 395

Min 1,5bar; 33,87 oC
e

15 312 605 107 1535 203 2516 29,7 3507 40,02 4467 49,12 53,78 5874 6106 64,15 6875 723
Basing (bar)

Sekil 6. Elazig Beydag: II Kuyusu ve Dinamik Sicakliga Bagli Dinamik Basing
Profili
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Kuyuya ait elde edilen dinamik basmcmn dinamik sicakligmma gore karsilastirilmas:
yapildiginda 5.metrede sicakligin 33,87°C ile baslayan noktada basmcin 1,5 bar, kuyu
maksimum basing degerine 72,30 bar ile ulastiginda dinamik sicaklik 45,28°C olarak
olculdtigt gorulmustir (Sekil 6).

SONUC

Jeotermal kuyularda stirdtiriilebilir sondaj, tiretim ve projelerin planlanmasi oldukca
onemlidir. Sahanin optimum ve verimli isletilmesi i¢in kaynakla ilgili olarak kuyular,
rezervuar ve jeotermal sistem hakkinda onemli bilgiler kuyu testleri ile elde
edilmektedir. Bu testler arasinda 6nem arz eden sicaklik testleri kuyu agilirken baslar,
jeotermal kaynaga optimum performansli isletmenin planlanmasi stirecinde devam
eden ve jeotermal sistemlerin dinamigi geregi isletme (iiretim) asamasinda da
stireklilik arz eden calismalardir.

800 metre derinligine sahip Beydag: II Jeotermal Kuyusunda gerceklestirilen sicaklik
testleri Olctimlerde, statik sicakligin maksimum degeri 41,88°C, minimum sicaklik
degeri 24,45°C olctiltirken dinamik sicakligin maksimum 45,28°C degerinde dinamik
basing 72,30 bar iken minimum 33,87°C degerinde dinamik basmng 1,50 bar olarak
olctilmiistir. Elde edilen veriler 1s1ginda kuyu tamamlama sicaklik testleri kuyu
performansmin planlanmasi ve rezervuar parametrelerinin yaninda rezervuarin
yapisi, camur kacagmin bulunup bulunmadigi ya da rezervuarin durumu hakkinda
onemli bilgiler sunar.
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COMPARISON OF SOIL ENZYMES AND SOIL PROPERTIES IN GRASSLAND,
WHEAT AND PISTACHIO AGRICULTURAL LANDS IN ARABAN, GAZIANTEP
PROVINCE

Erdihan Tung!, Awet Tekeste Tsegail, Omer Celik?, Aydin Atakan?

University of Gaziantep, Faculty of Arts & Science, Department of Biology 27310,
Sehitkamil/ Gaziantep, Turkey

2University of Gaziantep; Araban MYO Araban /Gaziantep, Turkey

ABSTRACT: Agricultural practices change soil properties thus affecting soil health
and fertility. Therefore, an assessment of these changes is necessary for soil health and
management. Soil enzymes especially urease and catalase are highly sensitive to the
change in biological and physicochemical properties of soil. In this study we compared
the activities of urease and catalase enzymes, as well as the physicochemical properties
of soils from grassland, wheat and pistachio agricultural lands in Araban area of
Gaziantep province. Our result showed highest total organic carbon (TOC) as well as
urease and catalase activities in grassland followed by wheat and then pistachio
agricultural land. Unlike in the agricultural lands - pistachio being a perennial tree and
wheat due to seasonal harvest- grasslands showed high TOC possibly due to higher
plant residue in soil, which in turn may have provided organic matter that was used
as a substrate that resulted in the high enzyme activities. Moreover, in the same trend
to enzyme activity, soil pH was least alkaline in grassland followed by wheat and
pistachio agricultural lands respectively, possibly the near neutral pH might have
resulted in higher enzyme activities, contributing to the trend. Further, respiration rate
though not statistically significant was highest in grasslands as compared to the wheat
and pistachio agricultural fields. Wheat agricultural fields showed high EC and salt
(%) while all soil samples showed no difference in K, P, N content. Overall our results
suggested a higher microbial activity in the grassland than in the agricultural lands.

Keywords: Soil enzyme, Urease, Catalase, Grassland, Agricultural land, Pistachio,
wheat.
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ABSTRACT: The velocity of flow passing through the wind turbine could be
increased by using a diffuser around the turbine. In order to obtain flanged diffuser
geometry leading maximum average velocity at the wind turbine zone, the
optimization analysis is applied by using 2D CFD results. SST k- turbulence model
is used for solving corresponding Reynold Average equations. The diffuser angle,
flange angle and ratio of the height of flange to entrance diameter is considered as the
geometrical parameter of the flanged diffuser. Box-Behnken experimental design and
Response Surface methodology is used to obtain the objective function and the
relationship between velocity of flow passing through diffuser and independent
parameters. By using the Response Optimizer tool in Minitab, values of parameters
that leaded maximum average flow velocity at the entrance zone are obtained. The
average flow velocity is increased by 1.5 times at the entrance zone when a flanged
diffuser is used.

INTRODUCTION

Due to the rapidly increasing population and technological advances, the demand for
energy is increasing day by day. To meet this demand, the technology is turning to
renewable energy sources rather than fossil fuels. Wind energy is one of the renewable
energy sources and they are used widely around the world. Wind turbines are
classified from small to large scale. Small-scale turbines generally operate in household
applications. Also, it is known that the power derived from the wind turbines is
proportional to the rotor blade area and cube of wind speed. Thus, with a small
increase in flow speed, the power output from the wind turbine can be increased
substantially. One of the ways to increase the power of a small scale wind turbine is to
place a diffuser around it. The diffuser increases the mass flow through the inside of
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the diffuser, thus more power could be obtained from the wind turbine with respect
to the bare turbine. Many diffuser types are investigated in the literature. One of them
is flanged diffuser. With adding a flange behind the diffuser, it creates a low-pressure
zone behind the concentrator. This zone draws more flow into the diffuser to equalize
the pressure gradient.

Ohya et al. (2008) designed with and without flange for wind turbines. They
investigated the effects of the different concentrator types on the turbine performance.
Experimental studies were carried out for 3 parameters such as concentrator length,
height of flange, and concentrator angle. They obtained that turbine power was
increased 4-5 times. Zahaby et al. (2017) studied concentrator with different flange
angles. The effect on velocity distribution in the concentrator of the flange angle was
examined by using CFD analysis and they compared the results with literature.
Kosasih and Tondelli (2012) experimentally examined a flanged wind turbine in
different geometries and found that the performance of the small-capacity wind
turbine was increased by 63%. Matsushima et al. (2006) experimentally demonstrated
that a wind turbine enclosed by a small-capacity flanged concentrator produces 2.4
times more energy than the turbine without a flanged concentrator. Similar studies
were carried out by different authors (Ohya, 2010, Chen, 2012, Abe, 2004, Toshimitsu,
2008).

In all studies outlined above, the effects of the design parameters on the flow through
the diffuser are investigated separately, however, the interaction between design
parameters are not considered. To reach the optimum values, the interactions between
design parameters are also important. In this study, by referring Abe et al. (2004)
optimization study is carried out via the Response Surface Method and 2D CFD
analyses. The Box Behnken experimental design is chosen to obtain regression model.

METHODS

Geometry of diffuser

The geometry of diffuser is given in Figure 1. The structure can be defined by 3
parameters as a (diffuser angle), 6 (flange angle) and h/D (ratio of the height of flange

to entrance diameter). Here, L/D (ratio of the diffuser length to entrance diameter)
ratio is taken as 1.5 and it is kept constant.

DS
/)
\||// =
Y/
4’(1/
L

Figure 1. The Geometry of Diffuser with Flange
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Response Surface Method

The response surface methodology (RSM) is used in order to reveal the effect of the
parameters over the response variables and to find out the values which make the
response variable among the combinations of the factor values maximum or minimum
(Simsek, 2013)

The first step in the response surface method is to determine factors. After this step,
experimental design, regression modeling, and optimization techniques are used one
within another.

There are two main types of response surface designs: Central Composite Design
(CCD) and Box Behnken designs. Box Behnken designs generally give fewer
experiment number than CCD. Therefore, they are less expensive to run with the same
number of factors. The quadratic polynomial regression equation of velocity
distribution on the diffuser entrance derived from CFD results is in the format which
is given by the Eq. (1).

k k-1 k k
Y=ﬁo+2ﬁixi+223ijxixj+ Zﬁijxiz +e (1)
i1 =1 j=2 i1

In the equation, Y is the objective function or the predicted response (in this study, it
is average of the velocity distribution on diffuser entrance region), o is the offset term,
Pi is the linear effect, (3ij is the squared effect and fii is the interaction effect (Simsek,
2016). The level of diffuser geometry parameters for using RSM are given in Table 1.

For this study, the 3 parameters with their 3 levels are given in Table 1. Each
parameter has three levels as low (-1), middle (0) and high (1).

Table 1. Diffuser Geometry Parameters Level for RSM
Levell Level2 Level3

a 40 120 200
0 -150 00 150
h/D 0.25 0.375 0.5

Box-Behnken experimental design method (BBD) with 3 parameters and 3 levels gives

15 experimental samples. Experimental sample schedule for CFD analyses is given in
Table 2.

Table 2. RSM Design Schedule

Coded Uncoded

a 0 h/D a 0 h/D
1 0 1 200 00 0.5

1 -1 0 200 -150 0.375
-1 0 -1 40 00 0.25
0 -1 -1 120 -150 0.25
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-1 -1 0 40 -150 0.375
1 1 0 200 159 0.375
-1 0 1 40 00 0.5
0 -1 1 120 -150 0.5
0 0 0 120 00 0.375
0 1 1 120 150 0.5
0 1 -1 120 150 0.25
0 0 0 120 00 0.375
0 0 0 120 00 0.375
1 0 -1 200 00 0.25
-1 1 0 40 150 0.375
CFD Analyses

ANSYS-FLUENT 18.1 software package is used for CFD analysis. SST k- turbulence
model is used for solving corresponding Reynolds Average equations. In the analyses,
RANS solution is obtained using the simple algorithm with steady-state flows. Green-
Gauss Node Based discretization method is chosen as a solver in the CFD analyses.
Also, the second-order scheme is used for the momentum and turbulence equations
discretization. The k-omega turbulence model is used to solve the incompressible
Navier Stokes equations. The convergence rate is observed by plotting residuals
during the iteration process. Different sizes of grids were used to obtain grid
independency in CFD analyses. The numbers of grids nodes are changed until there is
negligible change in results.

Firstly, for diffuser which has L/D (1.5), h/D (0.5), a (4°) parameters, is modeled as
Abe, (2004) and CFD analysis is carried out. The result is compared with the Abe et al.
(2004) as shown in Figure 2 for verification of CFD analysis. Figure 2 shows the axial
flow velocity on the axisymmetric axis. It can be seen that similar results are obtained.

Abe et.al 2004 {Exp.)
Abe el al. 2004 {CFD)
54 CFD

i,
L

08 -

06 4
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024

og T T v T T T 1
-2 -1 0 ! 2 3 4

XD
Figure 2. Comparison of Axial Velocity
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After the verification study, the geometries are obtained according to Box Behnken
design, are analyzed at 5 m/s wind speed. A vertical line is drawn between the axis
and diffuser at the entrance zone, however, there is a gap between the diffuser and the
vertical line. The vertical distance between the end point of the line and diffuser is
given as 3% of the turbine radius and average axial flow velocity on the line is obtained
for all 15 experimental sample. The CFD analysis conditions of overall view are given
in Figure 3.

Figure 3. Computational Domain Structure

RESULTS AND FINDINGS

The CFD analyses are carried out for 15 samples and the average velocity which is
acquired with axial velocity values at the entrance zone is calculated. Analyses results
are shown in Table 3.

Table 3. CFD Results with respect to RSM

a 0 h/D Average
1 0 1 5.78
1 -1 0 5.79
-1 0 -1 7.25
0 -1 -1 5.87
-1 -1 0 7.19
1 1 0 5.82
-1 0 1 7.06
0 -1 1 6.23
0 0 0 6.35
0 1 1 6.30
0 1 -1 6.44
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0 |0 |0 | 6.34
0 |0 |0 | 6.34
1 |0 | -1 | 5.88
-1 |1 |0 | 7.20

The regression equation is given Eq. 2 which is obtained using RSM with respect to the
CFD results. The empirical equation between the response and independent variables
is determined in the coded units. In Eq. 2, A, B, C represent dimensionless parameters
and present levels (-1,0,1) of the design parameters.

Y(Velocity) = 6.3441 -0.6778 A +0.0850 B - 0.0070 C + 0.2195 A*A - 0.0645 B*B -
.0688 C*C+ 0.0042 A*B +0.0196 A*C -0.1240 B*C

(2)

Using Response Optimizer from Minitab program the optimum parameter levels
leading to the highest velocity increase on entrance zone as A= -1, B=1; C = -1. Real
parameter values can be calculated as 4° (a), +159, (8), 0.25° (h/D). Optimum average
velocity distribution on the entrance zone is obtained as 7.33 m/s.

Also, using the optimum geometric parameters, the CFD analysis is carried out. The
maximum average speed on the entrance zone is about 7.26 m/s.

The velocity contour and pressure distribution obtained from the CFD for optimum
geometric are shown in Figure 4. As shown in the figure, flange causes a low-pressure
zone behind the diffuser, and consequently, the velocity increases inside the diffuser.
The velocity increases from the concentrator inlet and then it decreases.
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Figure 4 Counter of (a) Velocity and (b) Pressure for optimum diffuser
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CONCLUSION

The optimization study for flanged type diffuser is carried out with Response Surface
Method and CFD analyses. Conclusions drawn from the study are;

As the flange creates a low-pressure zone behind the concentrator and the free wind
speed increases in the diffuser.

The RSM represented a good relationship between the objective function and design
parameters. It offers a geometry which has the highest velocity increase on the
entrance zone from among other 15 experiments.

Response optimizer offers optimum velocity as 7.33 m/s for the parameters 4° (a),
+159, (8), 0.25 (h/D). Also, from the CFD analysis for optimum geometric parameters,
optimum velocity 7.26 m/s is obtained. It is shown that response optimizer shows
good agreement with CFD.

By using diffuser, the average flow velocity is increased by 1.5 times at the entrance
zone.

Further studies, to obtain more realistic results, it is necessary to take into account the
turbine effects. Therefore, the porous jump model may be used to represent the turbine
for 2D analysis.
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ABSTRACT: Having higher quality nutritious foods with prolonged shelf life is a
constant demand of food processing industry. Processing results in some losses of
certain food components depending on the nature of food, processing method and
storage conditions. Enrichment studies have gained increasing interest in recent years
to overcome and compansate nutritional losses occured due to food processing.
Vacuum impregnation simply is a controlled hydrodynamic process that eases and
accelerates the mass transport during processing due to capilarity of food matrix.
Vacuum impregnation of porous food is based on transferring internal gas or liquid
from open pores to external liquid phase by the help of hydrodynamic mechanism that
occurs due to the sub atmospheric pressure. Technique originates from the idea of
accelerating the rates of osmotic dehydration of foods and success of process mainly
depends on time, temperature, pressure and properties of food. The aim of the study
is to summarize the basic mechanism of vacuum impregnation, process parameters
and selected studies from recent publications.

Key words: Vacuum impregnation, mass transfer rate, hydrodynamic mechanism,
food, processing.

Vakum Impregnasyonun Gida Zenginlestirme Isleminde Kullanim1

OZET: Gida isleme endiistrisinin daimi talebi gidalarin yiiksek kaliteli, uzun 6miirlii
ve besleyici olmasidir. Ancak gida isleme gidanin yapisi, isleme yontemi ve depolama
kosullarma bagli olarak bazi bilegenlerin kayiplariyla sonuglanmaktadir. Isleme
esnasinda meydana gelen bu kayiplari telafi etmek zenginlestirme calismalarinin son
yillarda artmasma sebep olmustur. Vakum impregnasyon temel olarak gida
matrisinin kapilerligi nedeniyle islem sirasinda kiitle aktarimini kolaylastiran ve
hizlandiran kontrollii bir hidrodinamik islemdir. Gidalarda vakum impregnasyon
islemi sub-atmosferik basmn¢ nedeniyle olusan hidrodinamik mekanizmanin
yardimiyla i¢ gozenekteki gazmn veya sivinin agik gozeneklerden dis sivi fazina
aktarilmasma dayanmaktadir. Teknik, gidalarmn ozmotik dehidrasyon oranlarmi
artirma fikrinden kaynaklanmakta ve stirecin basarisi esas olarak zaman, sicaklik,
basing ve gida ozelliklerine bagli kalmaktadir. Bu ¢alisma vakum impregnasyonun
temel mekanizmalarini, proses parametrelerini ve literattirden segilmis son ¢alismalar1
Ozetlemeyi amaglamaktadir.
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mekanizma, gida, isleme.

GIRIS

Hizla degisen ve spesifiklesen tiiketici taleplerini karsilamak tizere gida endiistrisi
tiketime hazir yar1 islenmis veya islenmis gidalarin ve 6zellikle de bebek mamalari,
unlu mamuller ve tahillar, sekerlemeler, siit tirtinleri, hazir yemekler, atistirmaliklar
gibi tirtinlerin gesitlendirilerek tiretimine hiz vermistir. Ancak bu durum endtistriyel
toplumlarda dengesiz ve yetersiz beslenmeye sebep olmaktadir. Beslenme
konusundaki yanhs bilgilendirme ve uygulamalar besin degeri diisiik triinlerin
ortaya c¢ikmasina neden olmustur. Bu sebeple son donemlerde tiiketicilerin
fonksiyonel gidalara talepleri artmus ve o©zellikle zenginlestirilmis gidalara ilgi
yogunlagmustir.

Fonksiyonel gida pazar1 diinyada en biiyiik paya sahiptir. Tiiketicilerin fonksiyonel
gidalara talebi temel besleyici 6zelliklerinin yiiksek olmasi yaninda saglikli ve uzun
yasama arzusu olup bu yeni durum gida endiistrisini yeni tirtin, metot ve siireg
gelistirmeye yonlendirmektedir. 2017 yilinda 299,32 milyar ABD dolar1 piyasasina
sahip bu pazarm %30'luk biiytimeyle 2022 yilma kadar 441,56 milyar ABD dolar1
degerinde bir paya ulasmasi beklenmektedir (Statiska, 2017).

Urtinlere vitamin ve mineral, antioksidan, probiyotik ve prebiyotikler gibi bilegsenlerin
takviye edilmesi gida zenginlestirme isleminin 6nem kazanmasina sebep olmustur
(Bellary ve Rastogi, 2014). Zenginlestirme calismalarinda siklikla ozmotik dehidrasyon
kullanilsa da vakum impregnasyon (VI) alternatif olarak gelistirilmis yeni bir teknoloji
olarak nitelendirilmektedir. Calismanmn amaci vakum impregnasyonun temel
mekanizmalarini, proses parametrelerini ve literatiirden secilmis ¢rnek calismalar:
Ozetlemeyi amacglamistir.

Vakum Impregnasyon Mekanizmasi

VI en yalin tanimlama ile ¢ozeltiye daldirilan gozenekli {irtintin icinde dogal olarak
bulunan gazin veya sivinin disar1 ¢ikartilip yerinin ¢ozelti sivisi ile degistirilmesi
islemidir. Sekil 1'de patates 6rneklerinin fenolik madde ve antosiyaninler bakimindan
zengin {izim suyu ile vakum impregnasyonu goriilmektedir. VI islemi basing
degisimlerinden kaynaklanan hidrodinamik mekanizmalarin etkisiyle
gerceklesmektedir. Sivi tarafindan kaplanan gozeneklerdeki hacimsel degisimin
gozenek i¢ basinci (P;), kapiler basing (Pc) ve sivi tizerine etki eden basmcin (P1) (Pa
cinsinden ifade edilen) bir fonksiyonu oldugu diisiiniilmektedir. Ozellikle kapiler
basing gozeneklerin 6zelliklerine baghdir ve bu durum Young-Laplace esitligi (Esitlik
1) ile ifade edilmektedir (Panarese ve ark., 2013).

Pc=0[1/r1+1/12] cosb (1)

Esitlikte o ara ytizey gerilimi (N.m™1), r1 ve r2 gozeneklerin temel yaricaplarmi (m) ve
0 temas agisinu (rad) temsil etmektedir.
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Sekil 1. Patates dilimlerinin tiziim suyu fenolik madde ve antosiyaninleriyle
zenginlestirilmesi

VI islemi deformasyon ve gevseme olmak tizere iki temel asamada gerceklesmektedir
(Sekil 2). Cozeltiye daldirilan tirtintin kapiler yapisi geregi i¢ ve dis basinci baslangicta
atmosferik basinca esit durumdadir. Bu anda kapiler yapmin ici gazla doludur. Ik
adimda sisteme belirli bir stire (t1) vakum uygulanir (Pi<Pam) ve basmcimn diismesiyle
kapilerdeki gazin disar1 ¢ikmasi saglanir. Bu durum kapiler yapinin deforme olup
gozeneklerde bulunan gazin genlesmesine neden olur (Pi> P + P¢). Gozenek gaz
basinci sistem basincina esit oldugunda (Pi=Pj; Pi<Patm) hidrodinamik mekanizma
sonucu kapiler borular siv1 ile dolmaya baglar ve kapiler yapinn i¢ basmc yavasca
yiikselir. Ikinci adimda ise sistem vakumu kesilip t. siiresince atmosferik basincta
(P1=Patm) brrakilir. Kapiler yapinin i¢ basincinin yiikselmesiyle gevsemeye baslayan
triinde distan ige yogun sivi akist meydana gelir (Yilmaz ve Ersus Bilek, 2017;
Panarese ve ark., 2013).

e Yo

Sekil 2. Gidalarin vakum impregnasyonunda deformasyon ve gevseme

Islem Parametrelerinin Etkileri

Basing degisimleri sadece gaz veya sivi akisina degil aym zamanda kati matriks
deformasyonu ve gevsemesine de sebep oldugu igin VI islemi biyolojik malzemenin
mekanik 6zelliklerinden onemli 6lgiide etkilenmektedir. Ozellikle gida sektoriinde
islem verimliligini ve gida maddesinin kalitesini etkileyen faktorler goz ontinde
bulundurulmalidir. Cesitli calismalarda islem veriminin tirtiniin 6zellikleri kadar
uygulanan vakumun basinci, stiresi, daldirilan sivinin konsantrasyonu, ortam sicaklig1
gibi faktorlere de bagli oldugu belirtilmistir (Sulistyawati ve ark., 2018, Lima ve ark.,
2016).

Ytizey alami ve ytizey kalnlig: kiitle transfer hizini etkilemektedir. Dolayisiyla VI
uygulanacak meyve ve sebzelerin hazirlanmasinda amaca yonelik islemler 6nem
teskil etmektedir. Cesitli calismalarda ham madde 6zelliklerinin en az tirtintintin hticre
morfolojisi, hiicrelerarasi kuvvetleri ve gozenek caplar1 kadar etkili oldugu
vurgulanmaktadir (Panarese ve ark., 2013). Gras ve ark. (2003) impregnasyon oraninin
sadece i¢ gaz veya serbest sivinin degisimine degil dokunun yapisal ve mekanik
ozelliklerine de bagli oldugunu bildirmislerdir. Meyve ve sebzenin ayni gesit ve tiirleri
kullanildiginda dahi farkliliklar gozlenebilmektedir. Uriiniin hasat olgunlugu,

915



-;._J' l"lﬁ_ : ﬁ
" 3+ International Energy & Engineering Congress Proceedings Book o

e L 18-19 October 2018, Gaziantep University, Turkey \”
yetistigi cografya, iklim ve ttirti gibi bircok faktorden kaynaklanabilmektedir (Yilmaz
ve Ersus Bilek, 2017).
Impregnasyon oramini hiicrelerarasi bosluk belirlemektedir. Farklt meyve ve sebzeler
yapica farklilik gosterdigi icin VI islemine uygunluklarmin incelenmesi ve optimum
islem kosullarimin belirlenmesi basarili bir igslem igin gereklidir. Ozellikle vakum
basinci, vakum stiresi ve vakum sonrasi restorasyon stiresi gibi vakum
parametrelerinin aktarilan madde miktari, {irtin hiicre yapis: ve {irtintin fiziksel ve
kimyasal kalite o©zellikleri {tizerinde oldukga etkili oldugu bircok c¢alismada
vurgulanmaktadir (Panarese ve ark., 2013). Literatiir incelendiginde vakum basincinin
genellikle 100-650mmHg basing araliginda, vakum stiresinin 1-10dak ve vakum
sonrasi restorasyon siiresinin de 5-30dak araliginda secildigi goriilmektedir. Baz
calismalarda farkli isleme siiresi araliklarinin secildigine rastlanilmaktadir. Ornegin,
restorasyon stiresinin kabak dilimlerinin maltodekstrinler, tuz ve kalsiyum klortir ile
zenginlestirilmesinde 40dak, patates diliminin askorbik asit ile zenginlestirilmesinde
ise 180dak olarak kullanildig1 goriilmiistiir. (Occohino ve ark., 2011; (Panarese ve ark.,
2013; Yilmaz ve Ersus Bilek, 2017).
Ozmotik dehidrasyonda oldugu gibi VI isleminde de ¢ozeltinin konsantrasyonu,
vizkozitesi ve sicakligi islemin verimliligini etkileyen faktorlerdendir. [zotonik
cozeltide hiicrede degisim gozlenmezken hipotonik cozeltide suyun hiicre icine
girmesi ile hiicrede sisme goriiltir. Hipertonik ¢ozeltide ise hiicre su kaybederek
btiziistir. Ozmotik dehidrasyon islemlerinde hipertonik c¢ozeltiler kullanilirken
zenginlestirme islemlerinde gida maddesinden impregnasyon cozeltisine gecisin
simirlandirilmasi igin izotonik ¢ozeltiler tercih edilmektedir. Sicakligin kiitle transfer
kinetigini etkiledigi bilinmektedir. Impregnasyon ¢ozeltisindeki sicaklik artis1 aym
zamanda ¢Ozeltinin viskozitesini duistirdiigiinden sicakligin kiitle transferine etkisi
oldugu, karistirma isleminin ise tiirbtilent akis olusturmasi nedeniyle her iki fazla
kiitle transferinin arttig1 bildirilmektedir (Yilmaz ve Ersus Bilek, 2017).

Ornek Vakum Impregnasyon Uygulamalar

Konuya iliskin garpict bir 6rnek ¢zel tiiketici gruplarimi ve tavsiye edilen giinliik
mineral tiiketim miktarin1 baz alarak meyve ve sebze dokularma demir, potasyum,
kalsiyum gibi minerallerin aktarildig1 calismalardir. Junqueira ve ark. (2017) patlican
dilimlerindeki sodyumun potasyum ve kalsiyum kloriirlerle kismen degistirilmesi
i¢in vakumlu osmotik dehidrasyon uygulamistir. Calisma sonunda artan potasyum ve
kalsiyum iceriginin iyon ve askorbik asit tutulmasma yardimci oldugu sonucuna
varilmistir. Dolayisiyla patlican orneklerinden besinsel, fiziksel veya kiitle transfer
parametreleri olumsuz etkilenmeden saglikli bir zengin tirtin elde edilmistir. Erihemu
ve ark., (2014) patateslerin demirle zenginlestirilmesi igin VI islemini kullanmistir.
Vakum basmcinin 1000Pa, vakum stiiresinin 0-120dak ve restorasyon siiresinin 0-4saat
olarak belirtildigi calismada, VI islemi uygulanan patateslerde VI uygulanmayan
kontrol grubuna kiyasla 6 kat daha fazla demir icerigine sahip oldugu rapor edilmistir.
Ananas dilimlerinde siikroz, kalsiyum ve askorbik asit impregnasyonu yapilan bir
baska calisma ise Silva ve ark. (2014) tarafindan yapilmustir. Ozmotik ¢ozeltilerde
sukroz, kalsiyum laktat ve askorbik asit konsantrasyonunun su kaybina sebep olurken
siikroz, kalsiyum ve C vitamini kazammlarina etkisini gosteren esitlikler
bulunmustur.

Literatiir incelendiginde taze meyve ve sebzelerin yani sira atistirmaliklar tizerinde de
zenginlestirme galismalarmin yapildig: goriilmektedir. Lima ve ark., (2016) VIislemini
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kalsiyum takviyeli ananas cerezleri tiretmek i¢in kullamilmistir. Kalsiyum kloriir
soltisyonu icine daldirilmis taze ananas dilimlerine 20dak atmosferik basing, 10dak
vakum (13.33kPa), 10 restorasyon ve devaminda vakum darbelerinin (6.70 kPa)
uygulandig1 islemde orneklerin son triinde kalsiyum igeriklerinin %91 arttig1
belirlenmistir. Ayrica kurutma isleminin de uygulandig calismada VI isleminin
kurutma prosesini hizlandirdig: kaydedilmistir.
Tiiketime hazir gidalarda zenginlestirme sadece raf omriinti uzatmak icin degil
probiyotik ve fenolik maddeler gibi tirtinlerle besin degerini artirmaya da yonelik
olmustur. Noorbakhsh ve ark., (2013) probiyotikle zenginlestirilmis elma dilimleri
tizerinde raf dmriiniin etkisini arastirmistir. VI islemi ile birlikte hava kurutmanin da
uygulanmis, elma dilimlerinin duyusal 6zelliklerinin 25°C'de 30 giin ve 4°C'de 180
giin boyunca kabul edilebilir seviyenin tizerinde kaldig1 tespit edilmistir. Ayrica
kurutulmus elma dilimlerinin asidik mide suyundaki hiicrelere belirgin bir koruma
saglayabildigini belirlenmistir. Moreira ve Almohaimeed (2018) tarafindan kirmizi
pancar suyuna daldirilmis  patateslerin  fenolik  bilesenler bakimindan
zenginlestirilmesi islemi yapilmistir. 10 dak 600mm Hg vakum basinct ve 60 dak
restorason stiresi olarak uygulanan VI islemi sonunda zenginlestirme isleminin
triuniin doku, renk, yag icerigi ve lezzet 6zelliklerinin korunmasinda etkili oldugu
bildirilmistir. Castagnini ve ark. (2015) ise elma dilimlerine 6n islem olarak VI ile
yaban mersini suyunu aktardiktan sonra konvektif ve dondurarak kurutma uygulayip
atistirmalik trtin tiretmislerdir. Farkli sicakliklarda konvektif kurutma isleminin (30,
40 ve 50°C) ve dondurarak kurutma isleminin karsilastirildigi calismada {irtinlerin
antosiyanin, fenolik madde ve antioksidan kapasiteleri dikkate almmuistir. Calisma
sonunda en uygun yontemin dondurarak kurutma ya da 40°C’de konvektif kurutma
oldugu bildirilmistir.
VI islemi sadece zenginlestirme degil yeni tirtin gelistirme alaninda da tercih
edilebilmektedir. Karpuz kabugunu antosiyanin ile zenginlestirilerek karpuz sekeri
elde eden calisma Bellary ve ark. (2016) tarafindan yapilmustir. Gelistirilen tirtinde
antosiyanin aktarmmi sonikasyon gibi 6n islem uygulanmasiyla arttirilmistir. Son
tirtintin kabul edilebilir bir dokuya, tada ve goriintise sahip olmasmin yani sira ortam
sartlarinda 90 gtine kadar raf 6mriinti uzattig1 tespit edilmistir.
Literattirde 6n islem ya da kombine uygulamanin VI isleminin etkinligini artirdiginm
gosteren calismalar bulunmaktadir. Ozellikle ohmik 1sitma ve ultrases teknolojilerinin
siklikla kullanildig1 gortilmektedir. Bellary ve Rastogi (2014) muz dilimlerine
kurkumin renk maddesinin aktarilmas: icin VI isleminde restorasyon stiresince
ultrasesin uygulanmasini incelemistir. Calismada ultrases kullaniminin kurkumin
aktarmmini  artirdigl, toplam renk farki degerini yiikselttigi ve orneklerin
dehidrasyonunda kurkuminin daha ¢ok korundugu rapor edilmistir. Moreno ve ark.
(2016) atistirmalik elma dilimlerinin ozmotik dehidrasyonu asamasinda VI islemiyle
eszamanli olarak ohmik 1sitmanin kurutmaya etkisini incelemistir. Calismada kontrol,
VI, VI/Ohmik 1sitma islemleri uygulanmis son tiriinde folik asit, doku ve rengin
kinetik impregnasyonu degerlendirilmistir. Atistirmaliklarda istenen sertligin olumlu
yonde etkilendigi ve son tirtinde yiiksek oranda folik asit bulundugu rapor edilmistir.
Yilmaz ve Ersus Bilek (2018) ise calismalarinda elma dokular: tizerinde kalsiyum laktat
flizyonunu artirmak ve siyah havugctaki fenoliklerin tiriin icine daha hizli aktarilmasi
saglamak icin ultrasesin VI islemi ile es zamanl: etkisini degerlendirmistir. Calisma
sonunda VI/Ultrases eszamanli uygulanmasmin hiicresel biitiinliigii bozmadig:
ayrica kalsiyum igeriginde (%13.8), toplam fenoliklerde (%11.8), toplam
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flavonoidlerde (%17.3), toplam antosiyaninlerde (%24.6) ve antioksidan
kapasitelerinde (%23.6) artisa sebep oldugu belirlenmistir.

SONUC

Vakum impregnasyon gida sektoriinde isletme maliyetini azaltmasi ve tiiketici
ihtiyaglarina yonelik tirtin saglamasi sebebiyle arastirma konusu olmustur. Calismada
son yillarda popiileritesi artan vakum impregnasyon hakkinda temel ve giincel
bilgilere yer verilmistir. Vakum impregnasyonun tek basina bir isleme teknigi
olmasindan ziyade cesitli teknolojilerle birlikte uygulandiginda islem etkinliginin
arttigl belirlenmistir. Vakum impregnasyon isleminin gidalara cesitli maddelerin
aktarilmasiyla endiistride yeniliklere yol acabilecegi sonucuna varilmstir. Ozel
tuketici gruplar1 da goz onitinde bulunduruldugu takdirde pek cok {iirtin genis
yelpazede kullanim alani bulacaktir.
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ABSTRACT: Activated carbon is a porous material which has extensive surface area,
high surface reactivity and pore size distribution. Lignocellulosic biomass is a suitable
precursor as energy source to produce activated carbons for various utilizations. In
this study, common applications of activated carbons from lignocellulosic biomass are
discussed. The utilizations of activated carbons in adsorption of heavy metals, dyes,
volatile organic compounds, gas storage and electrochemical capacitors is also
included. The effect of carbonization and activation parameters such as temperature
and activating agent on properties of activated carbon were reviewed. Finally, this
study revealed that activated carbons could solve environmental pollution, gas storage
and eco-friendly material production due to its surface area, pore size, pore volume
and surface functional groups.

Key words: Activated carbon, lignocellulosic biomass, adsorption.

INTRODUCTION

Biomass and Lingocellulosics as Activated Carbon Precursors

Activated carbon is a common carbon-based material that have significant properties
such as high surface area, diverse well-organized macro, meso, and micro-pores and a
wide spectrum of chemical functional groups present on the surface of activated
carbon make it a versatile material which has numerous applications (Danish and
Ahmad, 2018; Gonzélez-Garcia, 2018). The use of lignocellulosic resources and waste
biomass has had an important impulse in last years because of utilizing low cost
biomass by transforming it into high quality and value-added products through
various post-handling processes (Gonzalez-Garcia, 2018; Tang et al. 2018). Selection of
the precursor for the development of low-cost activated carbons depends upon several
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factors. The precursor should be preferable freely available, inexpensive, and
nonhazardous for nature. Furthermore, for good development of the surface,
structural and textural characteristics, high contents of fixed carbon and low amount
of ash are desirable (Gonzalez-Garcia, 2018).

Low-cost, quite abundance, renewability, and high lignocellulosic content of
agricultural biomass make them promising precursors for cost-effective activated
carbons (Ahmed, 2016). The activated carbon fabrication from lignocellulosic biomass
has many advantages: many parts of plants can be used such as the core, stems, shells,
peels, flowers, fruits, seeds, stones, husks and leaves; it helps to decreasing costs of
waste disposal and it contributes to pollution control strategy (Gonzalez-Garcia, 2018).
Also, due to its high surface area, well-developed porous structure, and favorable
surface properties, high physicochemical-stability, and excellent surface reactivity,
activated carbon has various applications (Tan et al. 2017) such as; adsorbents of heavy
metals (Ahmed, 2016), synthetic dyes from water and air, electrodes, catalysts,
fertilizers, liming and neutralizing agents (Gonzélez-Garcia, 2018). The traditional
activated carbon is produced from wood, coal, petroleum residues, peat, lignite and
polymers, which are very expensive and non-renewable. Therefore, many researchers
have been focusing on cost-effective methods and sustainable alternative precursors
(rice husk, corn straw, bagasse etc.) and the economic feasibility of large scale activated
carbon production (Tan et al. 2017). Due to the continuous awareness towards
environmental and energy issues, the worldwide demand for activated carbon is
expected to grow over 12% by 2019, and also activated carbon can play a key role,
while the global AC market is forecasted to record revenues of up to 4.9 billion $ by
2021 according to recent reports (Kostoglou et al. 2017).

Preparation Methods of Lignocellulosic Biomass Activated Carbon

Direct carbonization

Carbonization and activation are two basic steps to produce activated carbons derived
from lignocellulosic biomass. The carbonization of lignocellulosic biomass is carried
out to produce a solid known as char ranging from 400 °C to 850 °C under an inert
atmosphere (Abioye and Ani, 2015). Temperature, heating rate and residence time has
the most significant effect in carbonization process. Higher carbonization
temperatures such as 600-700°C leads to reduce yield of char while increasing the yield
of liquid and gases (Gonzalez-Garcia, 2018). The process provide volatiles are removed
from lignocellulosic biomass and then carbon atoms are regulated to generate stacks
of flat aromatic matrix. Thus, different carbonaceous structures and better quality char
take place during carbonization (Ravenni et al. 2018).

Chemical activation

In the chemical activation process, acid activating agents such as HCl, HNOs, H2SOy,
base activating agents such as KOH, NaOH, K>CO; and oxidant such as H.O2 and
KMnO; are commonly used (Tan et al., 2017). The activation step is significant due to
improvement of porous structure, the pore volume and surface area of activated
carbon. Activated carbon has 4-50 times more specific surface area than carbonized
lignocellulosic biomass. The properties of lignocellulosic biomass are influenced
physical and chemical properties the activated carbon depending on the activation
method6 (Tang et al. 2018). Compared with physical activation, chemical activation
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has operating conditions such as a single treatment stage, lower temperature and
shorter operating time as well as higher yield (Ahmed, 2016).

Physical activation

Carbonized lignocellulosic biomass is entreated a high oxidizing agent such as COy,
water steam, O, at a temperature range of 600°C - 900 °C in a physical activation
process (Abioye and Ani, 2015). Steam activation as biomass activation method is
generally used and can be produced high porosity activated carbon from carbonized
lignocellulosic biomass. The chemical reactions of steam activation are given as
follows (Tan et al. 2017):

C+HO - CO+H: AH =117 kJ /mol

CO+HO < CO2+H2 AH =41k]J/mol

The Most Common Applications of Lignocellulosic -Derived Activated Carbons

Activated carbon has been used as a versatile adsorbent against a wide range of water-
soluble and gaseous pollutants. To removal of undesirable taste, odor, color, and other
inorganic and organic impurities from water, soil and air, the activated carbon can use
as an extensive adsorbent (Danish and Ahmad, 2018). The reasons for the use of
activated carbons as adsorbent is that the versatility of high surface area, porous
structure and adsorption capacity (Ahmed, 2016). The precursor as well as the method
of activation are directly linked with the physical and chemical properties of activated
carbons. These properties considerably influence its adsorptive properties. Activated
carbons can be used as an excellent adsorbent against various toxicants such as; the
removal of ingested toxins from the human body; for the bacterial infections in certain
ailments. It can be used extensively for the removal of inorganic and organic water-
soluble chemical pollutants from municipal and industrial (food processing, chemical
manufacturing, pharmaceutical, paper, and cosmetic industries) wastewater. Also,
activated carbons application have been proposed as a possible strategy for climate
change mitigation. They are renowned for their applications in air pollution control,
manufacturing industry, food processing industries, chemical industries, automobile

pollution control devices and in a variety of other gas-phase applications (Danish and
Ahmad, 2018).

Dyes removal

Dyes are organic compounds considered particularly dangerous for the environment.
The applications of dyes are common in food, cosmetics, pharmaceutical, rubber,
textiles, plastics, paper, and leather industries (Danish and Ahmad, 2018). It was
estimated that there are around of 10,000 commercial dyes and over 7 x 105 tons are
worldwide produced annually. Most of them are not biodegradable (Gonzalez-Garcia,
2018). Due to their toxicity and carcinogenicity, it is essential to reduce the
concentration of dye in water and wastewater to the minimum possible level which is
accepted by the health and environmental laws of the various countries. Danish and
Ahmad, 2018; Ahmed, 2016). Conventional removal techniques of dyes are Fenton-
oxidation, photodegradation, microbiological decolouration and adsorption on
various materials. Among removal techniques, the adsorption method which using
activated carbon is inexpensive and efficient for dyes removal from wastewaters
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(Mahamad et al. 2015) and the surface chemical properties of carbon play a decisive
role in adsorption of dyes (Gonzélez-Garcia, 2018).
Baysal et al. prepared NaOH and KOH treated sunflower pith activated carbon for the
removal of methylene blue. The result shows BET Surface area of the NaOH-activated
carbon was calculated as 2690 m?/g and was higher than KOH-activated carbon with
2090 m?/g. Maximum adsorption capacity of NaOH-activated carbon was calculated
as 965 mg/g whereas it was 580 mg/ g for KOH-activated carbon. It was reported that
the sunflower pith is an alternative renewable activated carbon precursor choice for
dye removal applications due to its highly porous microstructure, pore volume and
wide pore size distribution (Baysal et al. 2018). Sangon et al. studied the adsorption
properties of waste rice straw of chemically treated with carbon dioxide, potassium
hydroxide and phosphoric acid. The characterization of the activated carbon
demonstrated that rice straw pre-carbonization at 400 °C prior to activation using
potassium hydroxide at 700 °C, resulted in a material with surface area of 1973 m?/g.
The pre-carbonized potassium hydroxide activated carbon was demonstrated to be
highly effective at the adsorption of methylene blue (cationic dye) and congo red
(anionic dye) with the adsorption capacity of 527.6 and 531.4 mg/g respectively
(Sangon et al. 2018). Synthesized activated carbon from Acacia mangium wood by
using different activation atmosphere and activating agents was investigated
adsorption properties such as surface area, pore volume, yield, and adsorption
capacities. It was reported that the Acacia mangium wood was found more reactive
towards acidic activating agents and form highly mesoporous large surface area
activated carbons. The phosphoric acid treated Acacia mangium wood activated
carbons have a largest surface area (BET surface area,1161.29 m?/g) among
synthesized activated carbons and high adsorption capacities and removal efficiency
against rhodamine B and methylene blue. The adsorption capacity and removal
efficiency of phosphoric acid treated Acacia mangium wood activated carbon against
rhodamine B, and methylene blue was found to be 76.6 mg/g, 159.9 mg/¢g, and 49.5%,
97.31%, respectively (Danish et al., 2018). Gopu et al. used municipal solid waste with
COz activation to generate activated carbons for water treatment. The surface areas of
COz activated biochars (activated at 600 °C and 900 °C) was found over 300 m?/g, with
the lower pyrolysis temperature and higher activation temperature yielding the
highest areas. The highest methylene blue adsorption capacity was seen for the sample
pyrolyzed at 408 °C and activated under CO; at 900 °C, able to adsorb upwards of
320 mg of dye per gram of activated biochar (Gopu et al. 2018).

Heavy metals removal

Heavy metals (e.g., Pb2+, Cu?+, Cd?+, Zn?+, Hg?+ and Ni?+) are among the most toxic
and carcinogenic inorganic pollutants (Oliveira et al. 2017) and they have been
considered as a serious environmental and human health hazard because the metal
ions do not degrade into harmless end products. The metal ions concentration in
ponds, river, and seawater, get accumulated to the bodies of aquatic creatures and
finally entering the food chain. Through food, heavy metals tend to accumulate in
living organisms above tolerance limit, causing various diseases and disorders (Danish
and Ahmad, 2018; Ahmed, 2016). To diminish the negative impact of the heavy metals
on the health of human beings, animals and crops, the application of activated carbons
for metals removal from aqueous solutions has been widely studied. In the literature
review it was found that to affect the adsorption process, the factors are the dose of the
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activated carbon, pH and temperature of the solution, adsorption kinetics, initial metal
ion concentration (adsorption isotherms), adsorption thermodynamic and the
diffusion modeling. Also, it was found that each activated carbons has different
adsorption behavior in front of each metallic ion (Gonzalez-Garcia, 2018).
Consequently, activated carbons can be utilized as low-cost adsorbents for the removal
of heavy metal cations from water (Qambrani et al. 2017).
Aguayo-Villarreal et al. used the pecan nutshell (Carya illinoinensis) biomass by using
physical and chemical activation methods with different reagents for the adsorption
of heavy metal ions such as Zn?+, Cd?+, Ni>+ and Cu?+. The result shows activated
carbons produced with combination of physical and chemical activations enhanced
heavy metal adsorption. It was reported that NaCl and KCl treated pecan nutshell
activated carbon had high surface area and calcium exchange properties than other
activated carbons. Metal adsorption capacities on activated carbons was observed
between 0.011 and 0.368 mmol/g (Aguayo-Villarrea et al. 2017). Tounsadi et al.
studied the effect of carbonization temperature (500-600 °C), activation temperature
(400-500 °C), activation time (1-2 h) and impregnation ratio (1.5-2) on activated
carbons which activated with phosphoric acid. In this study, optimization of
preparation of Diplotaxis Harra activated carbon was carried out for the removal of
cadmium and cobalt ions. Adsorption of cadmium and cobalt on activated carbons
were 31.6 mg/g and 25.9 mg/g respectively. Adsorption capacities of a commercial
activated carbon was 0.8 mg/g for cadmium and 21.2 mg/g for cobalt removal. From
this observation, it can be concluded that Diplotaxis Harra activated carbons was
determined as a good precursor in cadmium and cobalt ions removal (Tounsadi et al.
2016). Plum stones were converted into a low-cost activated carbon by
thermochemically-modified to remove lead (Pb?*), cadmium (Cd?+), nickel (Ni*+). It
was explored that the influence of pH (2-9), adsorbent dosage (0.2-10 g L),
temperature (295, 305 and 315 K), contact time (5-60 min) and initial metal
concentration (5-500 mg L) in batch adsorption experiments. Removal of Pb?+, Cd2+
and Ni?+ ions by using the Langmuir isotherms was determined as 172.43 mg g7,
112.74 mg g and 63.74 mg g, respectively. Plum stones activated carbon was
regenerated in 3 cycles and achieved efficiency of over 90% (Pap et al. 2017).
Anirudhan and Sreekumari investigated steam treated activated carbon derived from
waste coconut buttons for the removal of heavy metal ions such as Pb(Il), Hg(II) and
Cu(II). Removal of heavy metals correlated with metal concentration, contact time, pH,
ionic strength and carbon dose in batch adsorption experiments. The maximum
adsorption of the metal ions on activated carbon was carried out for Hg(II) at pH 7.0,
Pb(II) and Cu(II) at the pH 6.0. At 30°C, the adsorption capacity for Pb(Il), Hg(Il) and
Cu(Il) was found 92.72 mg/¢g, 78.84 mg/g, 73.60 mg/g, respectively (Anirudhan and
Sreekumari, 2011).
Removal of pesticides
Pesticides and herbicides are two major pollutants agents which are arises as a result
of agricultural practices. The excessive utilization of pesticides which are known as
hazardous pollutants in surface water and groundwater, is a major threat to human
health (Bayat et al. 2018). During the past two decades, environmental concern has
arisen that rivers, lakes, and groundwater could be polluted by pesticides. Due to their
toxicity and carcinogenicity, pesticides and their degradation products are of potential
hazards for aquatic environment. The pesticides contamination in the vegetables and
irrigational wastewater has been increased (Ahmed, 2016). The presence of pesticides
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and herbicides in water, as well as in soil, pose a serious threat to the ecosystem such
as grazing animals and vegetarian population (Danish and Ahmad, 2018). In many
countries, for drinking water standards selected pesticides are listed and guidelines
are intensively monitored in natural waters (Matsushita et al. 2018). Therefore, for the
contemporary researchers, the removal of pesticides from potable water, irrigational
water, vegetables, and cereals are the major challenge. To tackle this problem, one of
the most practical and the best available procedure for removal of pesticides, despite
of various methods, is that adsorption on activated carbon (Bayat et al. 2018).
Vukeevi¢ et al. investigated production parameters of carbonized hemp fibers which
were chemically activated using KOH as an activating agent for pesticide adsorption.
The experimental data analyses revealed that the amount of specific surface area and
the surface oxygen groups was enhanced due to the increase in carbonization and
activation temperature. The highest yield of pesticides removal was carried out at 900
°C with KOH/carbonized material ratio of 2/130 (Vukcevic et al. 2014). Ioannidou et
al. studied removal of a pesticide by using activated carbon generated from
agricultural residues such as corn cob, olive kernels, soya stalks and rapeseed stalks.
Carbonized agricultural residues were activated with steam. Produced activated
carbons was used for removal of an acaricide, Bromopropylate, from water. The
highest adsorption capacity for Bromopropylate was achieved activated carbon from
corn cob while the lowest adsorption capacity was obtained rapeseed stalks activated
carbon due to its low specific surface area. It was reported that removal of
Bromopropylate from water was achieved about 90 % for all activated carbons
(Ioannidou et al. 2010). Adsorption of herbicide Diuron by using the African Baobab
resides derived activated carbons was reported. The activated carbons were produced
by physical activation with carbon dioxide. It was reported that surface area and pore
volume was achieved up to 2130m?g! and 0.99cm3g-1, respectively. The maximum
adsorption capacity of herbicide Diuron reached 400 mg g' for sample BS-6232
(Tchikuala et al. 2017).

Electrochemical double layer capacitors (EDLC)

Electric double layer capacitors (EDLCs) are devices which have attracted a lot of
scientific and technological attention during last decade, that can store energy through
the adsorption and desorption of electrolyte ions on the surface of polarized electrodes
(Mori et al. 2018). Due to its high power density, long cycle life, and quick
charge/discharge capability, EDLCs, an energy storage device, has received attention
to harvest energy (Qian et al. 2015). However, their energy densities are much lower
than those of secondary batteries. One of the solutions to improve the energy density
of EDLC:s is that carbons as electrode materials (Mori et al. 2018). The performance of
the EDLC is related with the porous network (Tan et al. 2017). Carbon material with
high surface area and rich porous structure are the primary raw materials for EDLC
(Qian etal. 2015). Activated carbons have also been used in energy storage fields. Some
characteristics of activated carbons such as the surface area and porous structure of the
carbon materials are the most significant features that affect the performance of the
EDLC (Gonzélez-Garcia, 2018). In addition, due to reusability and stability of carbon
matrix under a wide range of potentials, activated carbons are promising for future
production and application in energy storage (Tan et al. 2017).
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Activated carbon material was directly made from Eucommia ulmoides Oliver (EUO)
wood through hydrothermal pretreatment at 150, 160 and 170 °C for 1.0 h, and 170,
180, 190 and 200 °C for 0.5 h, respectively. Afterward, obtained product was activated
via impregnation of the carbonized material with phosphoric acid. When increase of
HTP temperature from 150 to 170 °C led to increase in the specific surface area from
1272.38 to 1534.06 m? g71. The specific surface area decreased to 1284.69 m?g™! at
200 °C. The high specific capacitance of activated carbon was obtained 185 F/g (Sun et
al. 2018). Jain et al. used Coconut shell to obtain hydrochar-derived activated carbons
for supercapacitor applications. It was reported that BET and mesopore areas was 2440
m? g1 and 1121 m? g7, respectively. The energy density was determined as a high
value of 7.6 W h kg™ at a power density of 4.5 kW kg™ (Jain et al. 2015). Takeuchi et
al. studied carbonization and NaOH/KOH-activation process of polysaccharides for
the electrode of electric double layer capacitors. The capacitance and rate performance
for NaOH treated activated carbon was reported as 46.1 F/g and 26.4 F/cm3 at 600 °C.
NaOH was determined suitable as activated agent (Takeuchi et al. 2018). Inal et al.
produced activated carbons derived from raw and acid washed cumin plants for
generation of carbon electrodes. The raw cumin plants treated using chemical
activation agent such as HCl and HF to remove minerals. Compared with cumin plants
activated carbon (1361 m?/g), the surface areas of washed activated carbons with HCl
were 1468 m?/g while the surface areas of washed activated carbons with HF were
1472 m?/g. The specific capacitances of HCl and HF washed activated carbon
electrodes were 127 F /g and 155 F/ g at current density of 1.5 mA /cm?, compared with
the cumin plants activated carbon electrodes (117 F/g) (Inal et al. 2018).

Gas adsorption/storage

Due to the climate change and health hazards, it is urgently needed to reduce the toxic
and greenhouse gases released from the industries through capture and storage of
gases (Sawant et al. 2017). Also, depending on air pollutants type, concentration, and
exposure duration, it causes the adverse acute or chronic impacts on human health
(Cha et al. 2016). The separation of COz and CO; the reducing of COz, NOz, CHs and
chlorofluorocarbon emissions is a very important task to minimize their
environmental hazards and to provide the reuse of these gases as feedstocks for a
different process (Gonzélez-Garcia, 2018). To success this task, easily reusable and
durable adsorbent with a high adsorption capacity can be used. For the separation of
gases various materials such as zeolite, metal organic framework, synthetic clay, and
carbon nanomaterials have been studied as an adsorbent material. One of the
promising material for gas adsorption and separation processes is activated carbon
(Sawant et al. 2017) because of it can be obtained at low cost from a renewable and
globally available lignocellulosic biomass and the surface chemistry of activated
carbon can strongly affect the adsorption capacity with highly micro-porous, high
packing densities and specific surface area (Gonzalez-Garcia, 2018).

Bader and Ouederni prepared KOH treated olive pomace activated carbon for H»
storage application. KOH/ precursor weight ratio of activated carbons ranged from 1:1
to 5:1 to achieve hydrogen storage capacity. The high H> pressures led to an increase
in the surface area which enhanced H: sorption capacity. It was reported that the
capacity of optimal activated carbon was observed 6 wt% and 1.22 wt% at =196 °C and
25 °C, respectively. The highest apparent surface area was obtained as 1269 m? g
Total micropore volume was determined as 0.48 cm3 g~ for N2 adsorption isotherms
and 0.40 cm? g-1 for CO; adsorption isotherms (Bader and Ouederni, 2016). Ramesh et
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al used tamarind seeds to produce activated carbons for hydrogen storage. Activated
carbons derived from tamarind seeds were activated by using thermal, microwave and
chemical KOH activation treatment. It was reported that the carbonization
temperature and concentration of KOH influenced increasing of the surface area,
micropore volume and pore size. It was observed that a high surface area activated
carbon of 1785 m? g1, micropore volume of 0.94 cm3 g~ and pore size of around 0.8-
1.1 nm was obtained. The hydrogen storage capacity of KOH treated activated carbon
was found to increase from 0.54 wt% to 4.73 wt%. (Ramesh et al. 2015). Cruz Jr et al.
produced activated carbon by microwave-assisted hydrothermal carbonization from
Amazonian fruit waste combined with CO; as activating agent for methane storage.
The highest surface area yields and micropore volume of CO: treated activated carbon
was reported as 1100 m?/g and 0.45 cm?/ g, respectively. The methane storage capacity
of microporous activated carbon was obtained 140 V/V at 25 °C and 4 MPa (Cruz Jr et
al. 2016). Nowrouzi et al. studied the adsorption capacity of CO; and the economic
analysis of produced activated carbons derived from Persian Ironwood biomass. The
effect of different carbonization temperatures and impregnation ratios of activation
agents such as KOH and H3POs on activated carbons was examined by different
analyses. For KH-8-3 sample, the highest surface area of 1100 m?/g, CO2 adsorption of
5.05 mmol/g and micropore volume percentage about 98% at 1 bar and 303 K was
reported. The capital costs were determined as US $1.65 for H3POs treated activated
carbon and $1.58 KOH treated activated carbon per kg (Nowrouzi et al. 2017).

CONCLUSION

This review presents a summary of activation of lignocellulosic biomass, the effects of
activation variables and the multiple applications of resultant activated carbon. It was
also reviewed that the yield and porous structure of activated carbons were related to
activation variables (time, temperature, impregnation ratio, and activating agent) The
activated carbons have some advantages such as abundance, applicable
physical/chemical properties, and ease of processability make it suitable to be
employed as cost-effective and environmentally-friendly material. The application of
activated carbon is various and the review included the application of activated
carbons for adsorptive removal of pollutants such as, dyes, pesticides, and heavy
metals and also included the air pollution control for example CO; capture, energy
storage. It is possible to suggest that research in activated carbon will continue
growing along the years, based on the statistics literature review. The key factor for
this continuous growth will be that activated carbons with ecofriendly, low-cost and
specific characteristics such as high surface area and controllable oxygen
functionalities (for higher gas storage capacities and better performance of the actual
electrochemical capacitors) Also, the activated carbon research would add value to
wood waste and waste management issue, carbon fixing, greenhouse gas problems
and help to decrease the cost of waste disposal.
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ABSTRACT: Sulfate attack of cement and concrete is a very serious problem caused
by aggressive influence of sulfate solutions from many different sources. The effect of
sulfate on concrete is via chemical reactions between hydrated Portland cement and
sulfate ions. This effect increases/decreases according to the permeability rate of
concrete and the type of cement used in concrete. Puzolanic additives such as fly ash
and blast furnace slag are used together with sulfate resistant cement to increase
sulfate resistance of concrete. In this study, a special type concrete was produced with
Boron Modified Active Belite (BAB) Cement for the investigation of Boron effect on
the sulfate attack. For comparison Portland Cement (CEM I 42.5R) was also utilized.
In all mortar mixtures cement: sand ratio and water-cement ratio were kept constant
at 1:2.75 and 0.485 by weight. Extension rate and compressive strength of concrete
specimens were tried to investigate.

Key words: Boron Modified Active Belite (BAB) Cement, Sulfate Attack, Extension
Rate, Compressive Strength

INTRODUCTION

Attack can be defined as: the onset of a corrosive or destructive process (as by a
chemical agent): therefore, the series of detrimental effects on hydrated Portland
cement caused by sulphates may be summarized by thewords sulphate attack.
However, certain elements such as temperature, solution concentration, or exposure
regimen may influence the outcome of the deterioration process. For this reason, many
definitions of the term sulphate attack are used in common literature. In Collepardi’s
state-of-the-art review (2003) sulphate attack is defined as the: “deterioration of
concrete involving any type of sulphate interactions with cement paste independently
of the curing temperature and sulphate source” (Collepardi 2003).This broad
definition and implied focus on the sulphate ion may be misleading as to the type of
attack investigated; whether it can be delayed ettringite formation of external sodium

932



YLY
2 ' ’ ; 3rd International Energy & Engineering Congress Proceedings Book @

18-19 October 2018, Gaziantep University, Turkey

sulphate attack (Santhanam 2001). The fact that the presence of ettringite may not be a
sign of attack is emphasized by Skalny et al. (2002). On the other hand, according to
ACT’s Guide to Durable Concrete, there are two mechanisms that can be considered to
be sulphate attack: formation of gypsum and formation of ettringite (Skalny et al 2002).
This leads to questioning whether thaumasite formation can be considered a product
of sulphate attack and how the attack process manifests itself (Neville 2004). For
instance, should chemical interactions with the cement paste only be considered or can
the physical form of the attack, caused by salt crystallization, be deemed sulphate
attack as well.

Sulphate Attack Mechanism

The primary manifestations of sulphate attack in cementitious materials visible to the
naked eye include spalling. delamination, macro cracking and possibly loss of
cohesion. These are the consequences of complex chemical reactions and processes
between the components of hydrated cement and sulphate compounds. Adsorption,
desorption, dissolution a precipitation and recrystallization are some of the common
types of reaction (Skalny et al. 2002). Usually, alumina-bearing phases and calcium
hydroxide are more vulnerable to sulphate attack than other elements present in
hydrated Portland cement (Ramyar and Inan 2007). A typical instance of sulphate
attack may involve some, or even all, of the following physico-chemical processes
(Skalny et al. 2002).

Decomposition of unhydrated components and hydration products;

Formation of ettringite:

Formation of gypsum;

Formation of thaumasite;

Formation of brucite, magnesium silicate hydrate and hydrous silica;

Fepeated recrystallization of sulphatic salts;

Penetration into concrete of sulphate anions and subsequent formation;
Dissolution or removal of calcium hydroxide from the cement paste;

Complex and continuous change in the ionic composition of the pore liquid phase;
Adsorption or chemisorption of ionic components present in the pore liquid phase.

Ettringite Formation

Ettringite is categorized in the AFt phase, calcium aluminate trisulphate hydrate, and
its formation has been identified as the leading cause of disruption of Portland cement
pastes arid concretes exposed to sulphates in solution. The resulting expansion may
lead to serious deterioration mechanisms, though these are not yet fully understood in
spite of the many advanced hypothesis (Collepardi 2003, Ramyar and Inan 2007).

First, for the purpose of clarification, not all ettringite related reactions are disruptive.
Early ettringite formation (EEF) occurs within hours of cement-water contact during
the plastic stage of cement hydration where ettringite precipitates at the surface of
tricalcium aluminate (C3A) grains in a through-solution reaction with gypsum
(Equation 2.1) (Hewlett 2004, Collepardi 2003). With time, this early ettringite is
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converted into calcium aluminate monosulphate hydrates, also called the AFm phase,

as seen in Equation 2.2 (Hewlett 2004, Prasad et al. 2006).

CA+3CSH+26HF  CeASsHz (Eq.2.1)
CeASsHz+2C5A +2H 3C4ASH12 (Eq. 2.2)

The early transformation of the calcium aluminate trisulphate, which is distributed
throughout the paste, leads to a non-harmful homogeneous expansion of the bulk
material. Conversely, later-formed ettringite in localized areas of the rigid paste leads
to heterogeneous expansion. Then, cracking and spalling may take place. While the
terminology is a subject of debate (Collepardi 2003, Skalny et al. 2002), this is known
as delayed ettringite formation (DEF) or secondary ettringite formation, in reference
to the previously described mechanisms being primary ettringite formation. Only the
later reaction is recognized as being associated with sulphate attack (Collepardi 2003).

During sulphate attack, ettringite is generally formed from components of the
monosulphate phase as seen in Equation 2.2. The aluminate necessary to produce
ettringite may also come from CasAl:O26H3s, CazAl2O¢, CasAl2Fe2Oq9 or other alumina
bearing phases present in hydrated cement (Monteiro 2006). As seen in Equation2.3
(Monteiro 2006), these compounds (e.g. monosulphate) dissolve primarily in the
surrounding aqueous phase. Ettringite may then precipitate from the solution if an
additional source of sulphate ions is available, Equation 2.4 (Monteiro 2006).

CasAly(OH)12* (SO4) * 6H0 -. 4Ca2 + 2A1(OH)s + 4(OH)- + S042- + 6H,0  (Eq. 2.3)
6Ca2e + 2A1(OH)s * 4(OH) + 35042 + 26H,0 -* CasAL(OH)12(S04) 26H20  (Eq. 2.4)

From Equation 2.4, the calcium ions required to complete the reaction may be obtained
from either the surrounding phases, calcium hydroxide for example, or from an
external source (Monteiro 2006). This depends on the type of ongoing sulphate attack.
One of the known consequences of this monosulphate conversion to trisulphate (also
known as ettringite corrosion) is harmful expansion.

Gypsum Formation

As seen in Equation 2.5 (Santhanam et al. 2003) gypsum is the product of the chemical
reaction between calcium hydroxide, formed during the cement hydration process,
and sulphate ions present in the pore solution. This reaction is often referred as
gypsum-corrosion.

Ca(OH)2+ 2H,O + SEm2- . CaSO;+2H:0 + 20H (Eq. 2.5)

The extent of the reaction depends on two factors: the first being the source of sulphate
ions (groundwater contaminated by NaxS0s, MgSOs. FeSOs, and CaSOs) and the
second being the specific type of Portland cement Gypsum is primarily found in cracks
and voids or as layers near the surface of concrete elements subjected to sulphate
attack. However, the effects of gypsum-corrosion on the physical and mechanical
properties of hardened concrete are not yet fully determined. Opposing theories are
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still under discussion in the literature (Tian and Cohen 2000). According to Hansen
and Mather, “the formation of gypsum would not cause an increase in volume If the
reaction proceeds by a through-solution mechanism.” (Santhanam et al 2003). “’Only
when gypsum forms in situ, i.e., topochemically by the sulfation of solid calcium
hydroxide, does its formation becomes destructive” (Bonen and Cohen 1992).
According to Hansen’s (1968) calculations, the volume of the gypsum formed would
be 74,2 cc if one mole of each reactant were present in the reaction (Eq. 2.5), where
calcium hydroxide is made available by dissolution of the walls of the void space and
sodium sulphate is already present in the pore solution. Thereafter, the volume filled
pore may no longer contain water and hence the reaction ceases causing no measurable
expansion of the paste. Nevertheless, a change in crystal structure, from reactant to
product, could result in early air void closure. This mechanism might lead to paste
expansion (Santhanam et al. 2003).

Santhanam et al. state (2003) that crystal growth pressure and hydraulic pressure are
other theories supporting paste expansion caused by gypsum formation. However,
they also acknowledge that gypsum formation related to sulphatic reactions is not well
documented. The disruptive effects of gypsum formation in concrete are not yet clearly
understood because they are typically overshadowed by the formation of ettringite. In
order to better comprehend the consequential mechanisms, studies need to be carried
out with aluminate free cement types.

Tian and Cohen (2000) studied expansion mechanisms due to gypsum formation by
subjecting alite mortar prisms to a sodium sulphate solution. They concluded that the
measured expansion might be attributed to gypsum formation. Santhanam et al.’s
investigations (2003) also support these findings. It is known that cements higher in
CsS content produce a significantly higher quantity of CH during the hydration
process.

“This phase may directly react with sulphate ions at elevated concentration (48,000
ppm 5042) to cause gypsum corrosion’ (Ramyar and Inan 2007). In addition to paste
expansion, this reaction reduces the cohesion stiffness and strength of hydrated
cement paste (Ramyar and Inan 2007). Whether It Is a topochemical or through-
solution reaction, the weakening results of cement paste are indeed complicated and

should be emphasized more when investigating sulphate attack (Santhanam et al.
2003; Santhanam et al. 2001;Tian and Cohen 2000) .

Types of Sulphate Attack

Different types of exposure along with diverse environmental conditions may lead to
different reaction and deterioration mechanisms. For the purpose of this review, this
section briefly summarizes both internal and external sulphate attack in order to better
understand and differentiate Sulphate attack induced by the chemical composition of
the cement itself and its hydration process (i.e., internal sulphate attack) versus the
chemical interaction of cement based elements with their environment (i.e., external
sulphate attack).

Internal Sulphate Attack
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Some may argue that internal sulphate attack may be considered as a classical form of
sulphate attack, which is dependent an interpretation of the term delayed ettringite
formation (DEF) (Collepardi 2003; Skalny et al. 2002). the terminologies that have
differentiate expansion mechanisms due to ettringite formation, namely - heat
treatment-generated expansion and excess sulphate-generated expansion (Skalny et
al. 2002). The former case is often referred to as DEF.

External Sulphate Attack

In general, there are three parameters required for external sulphate attack to occur:
concrete with poor resistance to solution penetration, a sulphate-rich environment,
and water exposure (Collepardi 2003, Mather 1968). Current research activities on
sulphate attack primarily focus on the negative effects of the SO4. ion on hydrated
cement in relation to these parameters. However, the role of the sulphate compound’s
cation (e.g. Ca. Na or Mg) is equally important for establishing the type of reaction
mechanisms (Dehwah 2007; Santhanam et al. 2001). Consequently, an improper
material selection may result in a reduction in the concrete’s resistance to sulphate
attack. For example, research investigations have shown that cement of low CsA
content is resistant to sodium sulphate attack but is not adequate for resisting
magnesium sulphate or sulphuric acid attack (Santhanam et al. 2001).

TESTING METHODS AND EVALUATION OF SULPHATE ATTACK

There are many ways of experimentally inducing a sulphatic reaction in a cementitious
system by implementing various exposure mechanisms. The variety of tests described
in the literature to investigate sulphate attack is countless. The differences in results
obtained may vary according to the exposure parameters, namely: the type and
concentration of sulphatic solution used, the temperature at which the experiment
takes place, the time of exposure and finally, the experimental setup. In addition to
these, the type of investigation and measurements taken may also influence the
interpretation of the attained results.

Moreover, many argue that laboratory simulations are not entirely representative of
field conditions, which makes sulphate attack evaluation even more difficult when
assessing the causes and level of deterioration in the field (Santhanam et al. 2003). The
current standardized tests may predict the relative performance of a cement type in
the field, however; they are not practical for evaluating damage induced in the field.
This section reviews past and present experimental practices to qualify and quantify
the extent of sulphate interactions with concrete.

Physical Testing

Traditionally, physical testing such as expansion measurement and visual grading has
been utilized as a means for evaluating the levels of deterioration due to sulphate
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attack. Loss of mass has also been suggested in some investigations as a way for
qualifying the extent of degradation. These tests take into account two of the known
consequences of sulphate attack: expansion due to the formation of new sulphate
compounds, e.g., ettringite, and the visual signs of damage, macrocracking and
scaling.

Visual Rating of Deterioration

Visual rating of deterioration is often used in experimental investigations as a method
for qualifying the degree of damage over time due to the ingress of sulphates. This
method is based on a visual rating system where the type and magnitude of
deterioration is taken into account to monitor its progress. The mean rating values
provided by different observers may provide results in agreement with other test
methods such as mechanical strength measurements. However, establishing failure
criteria is complicated due to mix designs (paste being more susceptible than concrete)
and surface-to-volume ratios of specimens (Cohen and Mather 1991). This aspect of
the test procedure is also true for determining failure criteria due to expansion.

Expansion

Expansion measurements seem to be an adequate parameter to assess damage due to
sulphate attack of continuously submerged specimens. This method is the basis of the
ASTM C 1012 and ASTM C 452 standards to evaluate the resistance of cement to
sulphate attack wherein the expansion measurements are taken with a standardized
length comparator. After a certain period of exposure, the percent difference in length
establishes the resistance of the cement in relation to an exposure class corresponding
to field environment.

A non-accelerated study conducted by the USBR on partially submerged cylinders also
utilized a length comparator to assess the damage due to sodium sulphate exposure
over a period of 40 years. Although expansion was the only measurement used to
investigate the attack, the exposure term has provided useful information in
determining time to failure models for various water-cement ratios and cement types
(Kurtis et al. 2000; Monteiro and Kurtis 2003). Even so, some may argue that
quantifiable degradation of mortars bars immersed in sulphate solutions arises before
expansion occurs.

Mass Loss

Mass loss is an important parameter to consider when investigating sulphate attack
because of the many deteriorative mechanisms that lead to leaching of hydration
products cracking and spalling. Haynes el al. studied the effects of temperature and
humidity on the conversion of the crystalline form of sodium sulphate (i.e. salt
weathering) whereby “scaling at the outer surface of the cylinders was observed above
the solution level in all of the samples” (Haynes et al. 2008). Mass loss was the only
method used for measuring the extent of damage. Cohen and Mather (1991) and
Santhanam et al. (2003) recommend monitoring the change in mass in addition to other
physical or mechanical methods of testing for any type of exposure regimen. Taking
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the submerged in sodium sulphate solution regimen for example. Cohen and Mather
(1991) anticipate an initial gain in mass as pores fill with newly formed sulphate
products, followed by a progressive decrease as the paste begins to soften. For other
regimens, this method may not necessarily be applicable.

Hewayde et al. (2007) investigated mixes of diverse water to cement ratios and
different sulphuric acid concentrations, and concluded that the measured mass loss
was greater for the specimens with the lowest w/c for a pH level below 1. For greater
pH levels, mass loss due to deterioration was no longer an appropriate measurement
of deterioration because the surface paste undergoes a change in chemical composition
leaving a protective layer of gypsum, thus improving the concrete’s resistance to the
attack. Moreover, the shape and size of the specimen may affect the uniformity of the
reaction kinetics. Gollop and Taylor (1992) noticed in their investigations on
submerged cubic specimens that “at the cube edges, material had been lost, giving
surfaces bevelled by corrosion. The faces of the cube showed little visible damage”
(Gollop and Taylor 1992). If the specimens are subjected to other forms of testing, e.g.,
mechanical testing, these changes in shape and volume may ultimately influence the
results interpretation of results.

Mechanical Testing

Mechanical testing is considered adequate for measuring the loss in engineering
properties of a cementitious material subjected to sulphate attack. However, in early
stages of the attack, as the pores fill with the products of the chemical reactions, an
increase in strength is noticed, primarily due to the densification of the porous
hydrated cement paste matrix. Then, the test may not reflect actual changes in
microstructural properties, Nonetheless, Cohen and Mather (1991) state that
mechanical properties, such as elastic modulus, compressive strength or tensile
strength, have been used to investigate effects of the softening-spalling type.

EXPERIMENTAL STUDY
Materials
Portland Cement:

The cement used in this study is Portland cement (CEM I 42.5R) conforming to the
Turkish Standard TS-EN 197-1 (which mainly based on the European EN 197-1). It
has a specific gravity of 3.14 and a surface area (Blaine) of 327 m?/kg. The physical and
chemical properties of the cement used are given in Table 1. It was supplied by Cimko
Cement Factory.

Boron Modified Active Belite (BAB) Cement:
BAB cement conforming TS 13353- Draft Turkish Standard way used in this study.

Major characteristic of the BAB cement is shown in Table 1. Boron cement was
obtained from the Goltas power-plant.
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Table 4 Chemical Compositions and Physical Properties of Portland Cement and

BAB Cement
Chemical Comnasition (%) Portland BAR Cement
SiOs 19.73 19.10
AlOs 5.09 4.68
FexOs 3.99 3.42
CaO 62.86 57.1
MgO 1.61 1.32
SOs 2.62 2.68
Equivalent Alkalies (Na20+0,658.K20) 0.18 0.86
Cl- 0.01 0.001
Insoluble residue 0.24 0.70
Loss on ignition 1.90 3.82
Free lime 0.57 --
Physical Properties
Specific gravity (g/cm?) 3.14 3.09
Setting time, Vicat needlelnitial /Final (h-min) 2-46/3-44 2-25/3-00
Le chatelier (mm) 1 0.5
Specific surface area (m?/kg) 327 356
Boric Oxide (B2053) -- 3.00
Gypsum -- 4.85
Clinker -- 86.1

Mixtures

Mortar mixtures were prepared using the cements mentioned previously and the sand
meeting the requirements of ASTM C 778. In all mortar mixtures cement: sand ratio
and water-cement ratio were kept constantat 1:2.75, and 0.485 by weight. In addition
to mortar mixtures, two concrete mixtures incorporating blended cement or OPC at
constant water-cement ratio of 0.40 were also produced. The detail of the mixture
proportions of concrete is given in Table 2.

Table 5 Mixture Proportions of the Concrete in kg/m?

Concrete series
Materials (W/cm=0.40)
Portland Cement | BAB Cement
Concretes Concretes
Cement 400 400
Water 160 160
) Natural
go Sand 603 603
Y
@ & | Crushed 185.3 185.3
in < Sand
5 ®BYNoI 766.6 764.8
O ¥4 ' '
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No II 268.3 267.7
Superplasticizer 6 6

From each mortar mixture, 25x25x285 mm prismatic mortar bars and 50mm cubes
were cast. The prismatic mortar bars were used for length measurements and the cubes
were used to determine compressive strength. After casting and finishing, the molds
were covered with plastic sheets and stored for 24 hours in a moist room (relative
humidity: above 95% and temperature: 35+30C ). After the initial curing period, the
specimens were demolded and cured in lime saturated water (23+1.70C) until the
mortar cube specimens gained a compressive strength of 20 MPa as described by
ASTMC1012 Upon reaching a compressive strength of 20 MPa were stored in a 5%
sodium sulfate (Na2SOs) solution.

From each concrete mixture, 100 mm cubic specimens were cast. Theconcrete cubic
specimens were used for compressive strength measurements. After casting and
finishing, the concrete molds were covered with plastic sheets and stored for 24 hours.
After 24 hours initial curing period, the concrete specimens were demoulded and
cured in lime-saturated water for 7 days. At the age of 7 days half of the cubic
specimens were stored in three different curing conditions: %10 continuous sodium
sulfate solution, %10 cyclicsodium sulfate solution and continuous lime saturated
water.

RESULTS AND CONCLUSION
According to compressive strength test results (Table 3, Figure 1, Figure 2):

-For continuous water curing, all Boron Modified Active Belite Cement samples show
lower strength when they compared to normal Portland Cement (CEM I 42.5R)
samples. The highest difference was observed as 7.2 MPa after ninety days of curing
time.

-For continuous Na>SO; solution, all Boron Modified Active Belite Cement samples
show higher strength when they compared to normal Portland Cement (CEM I 42.5R)
samples. Except 90 days of curing results, the difference between the compressive
strengths results of the 28th day cure and 80th day cure period increased. The highest
difference was 18.9 MPa.

-For cycling NaxSOs solution, Boron Modified Active Belite Cement samples showed
lower performance in early strength, but after 90 days of curing these samples showed
better result compared to Portland Cement (CEM I 42.5R) samples.

Table 6 Compressive strength values of Boron Modified Active Belite Cement and
Ordinary Portland Cements.

Cement | w/c Initial Days
Type ratio | Curing 28 90 120 180
PC 0.40 HO 60.6 66.1 67.3 69.0
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(continuous)
NazS0x 613 |584 |505 |43.7
(continuous)
NazSOq4 56.9 55.3 487 141.0
H0 54.2 58.9 60.5 62.4
(continuous)

BABC 0.40 NazS04 57.7 60.0 59.3 60.6
(continuous)
NazSOq4 51.1 55.6 58.2 58.8

-
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Figure 19 Compressive Strenth of Boron Modified Active Belite Cement Samples
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Figure 20 Compressive Strenth of Ordinary Portland Cement Samples

According to expansion rate measurement results (Table 4, Figure 3):
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Expansion rate of Boron Modified Active Belite Cement samples showed better
performance than the Portland Cement (CEM I 42.5R) samples. Expansion rate of
Portland Cement (CEM I 42.5R) samples, increased 25 times from the first week to the
26th week. The increase rate of expansion rate of Boron Modified Active Belite Cement
samples is 13.5. Boron Cement gave approximately 3 times better results than Portland
Cement when 26-week results were compared.

Table 7 Expansion of Boron Modified Active Belite Cement and Ordinary Portland
Cements Samples
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Test Age | W/c Ratio Ordinary Portland | Boron Cement
(Week) Cement
0 0.485 0.000 0.000
1 0.485 0.011 0.007
2 0.485 0.019 0.010
3 0.485 0.027 0.014
4 0.485 0.036 0.019
8 0.485 0.050 0.028
13 0.485 0.081 0.045
15 0.485 0.099 0.056
17 0.485 0.133 0.063
26 0.485 0.276 0.095
3% o
> ¢
;:.!K‘
g ‘
“a1m ‘ -y
2050 — g
o000 W
' [ 0 " o n W
TestAge. Weebs

Figure 21 Expansion Rates of Boron Modified Active Belite Cement and Ordinary
Portland Cement Samples
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ABSTRACT: Activated carbon is a member of the family of carbon blacks, nuclear
graphites, carbon fibers and compounds, electrodes graphite, and many more. They
all come from organic main sources with different carbonization and production
processes. From a structural point of view, carbon materials collectively form carbon
family. However, each individual carbon has certain characteristics. Each carbon has
a unique identity. In our study, activated carbon was produced from human hair
which were at different age ranges. Activated carbons were characterized by nitrogen
adsorption/desorption isotherms (BET), thermal gravimetric analysis (TG), X-ray
diffraction (XRD) and scanning electron microscopy (SEM), Fourier Transform
Infrared Spectroscopy (FTIR) techniques. Capacitance of the synthesized materials
was determined by using cyclic voltammetry (CV). Characterization results showed
that activated carbon had very high surface area and capacitance values are changed
according to the activated carbons obtained at different ages.

Key words: activated carbon, human hair, supercapacitor

INTRODUCTION

Activated carbon is produced from carbonaceous sources such as peanut shell, coconut
shell, peat, wood, walnut, lignite, coal and petroleum pitch. This biomass waste
materials could contribute to produce activated carbon. Evaluating waste hair will
contribute to the economy (Gupta). Activated carbon; is used in gas treatment, gold
treatment, metal extraction, water treatment, pharmaceuticals, sewage treatment, gas
masks and breathing apparatus, air filters, compressed air filters and many other
applications. It is widely used for the purification of electrolytic coating solutions. In
the environmental field, the adsorption of activated carbon in both air and in the water
is used to clean wastes, groundwater reclamation, drinking water filtration, air
purification, paint, dry cleaning, gasoline distribution operations and other operations.
It is also used as supercapacitor electrode material. Recently, it has been used as an
active carbon source in human hair. Human hair is one of the most important
biological wastes in the cities which is burned in order to destroy. However, as a result
of burning, ammonia emits irritating odors such as sulfide compounds (Gupta).

944



o )
: i} : 3rd International Energy & Engineering Congress Proceedings Book @
e L 18-19 October 2018, Gaziantep University, Turkey \”
Human hair is a rather interesting waste material. Waste hair has plenty of
applications in industry and academic research. It has a unique chemical composition
and comes with several interesting properties. These listed properties lead to diverse
applications. Human hair is made up of approximately 91% polypeptides, which
contain more than 50% carbon, and the rest are elements such as oxygen, hydrogen,
nitrogen, and sulphur (Pramanick et.al). Hair consists of three main parts: cuticle,
cortex and medulla. Activated carbon from the hair is used as a supercapacitor
material due to its high surface area. The efficiency of supercapacitors is proportional
to surface areas. The surface areas of the supercapacitor materials are less than 2000
m?/g. Zhang et al. are prepared high-performance supercapacitor electrode materials
from biomass waste of various pollens at large scale through a green and low-cost
chemical activation method (Zhang et.al.).

METHODS

In this study, human hair was used in order to obtain activated carbon. Usually male
hair is unpainted and has not been treated in any way. That's why we chose to work
with men's hair. They were classified into two groups as 0-18 and 18-40 years old by
ages. The hair was washed with isopropanol and dried at 80°C. Cleaned hair was cut
to ~ 5mm long. It was then carbonized under argon atmosphere at 300°C for 1.5 hours.
The carbonized materials were then mixed with KOH and carbonized under argon
atmosphere at 800°C for 2 hours. The resulting dark material was mixed with 1M HCl
solution and then washed thoroughly with distilled water. The residue was collected
and dried at 80°C. And then activated carbon produced from human hair was
produced. Nitrogen adsorption/desorption isotherms (BET), thermal gravimetric
analysis (TG), X-ray diffraction (XRD) and scanning electron microscopy (SEM),
Fourier Transform Infrared Spectroscopy (FTIR) methods were wused for
characterization. Capacitance of the materials was determined by using cyclic
voltammetry (CV).

RESULTS AND FINDINGS

The surface areas of the activated carbons obtained from human hair are given in Table
1. As seen from this table the surface area of the 18-40 age group was found to have a
higher surface area than the activated carbon from the 0-18 age group.

Table 1. Surface areas of of the synthesized activated carbon materials obtained from
Nitrogen Adsorption/Desorption Isotherms (BET)

Material Surface  Areal

/“,.2 [ =\

0-18 age range2307,58

945



i
i " : 3rd International Energy & Engineering Congress Proceedings Book f();

18-19 October 2018, Gaziantep University, Turkey \

18-40 age3504,22

Thermogravimetric analysis (TG) (Netzsch STA 409 PC Luxx) under air was used with
a flow rate of 90 mL min-and at heating rate of 10 K min-!. This analysis was conducted
from room temperature to 900°C. The thermal behavior of activated carbons obtained
from two different age groups was approximately the same as given in Figure 1.
Weight loss was observed in the thermograms for the 0-18 and 18-40 age groups as
99,12% and 99,26 %, respectively. Activated carbons degrade with two steps. The first
step is corresponding to the water evaporation. The second step is related to the
decomposition of hair keratin, with organic degradation of hair microfibrils and
matrix.

Figure 1. Thenmal Gravimetric Analysis (TGA) of of the synthesized activated carbon materisls

Figure 2 shows the XRD patterns for the activated carbon materials obtained for
different age groups. As can be seen from XRD patterns that amorphous structures
were obtained for the synthesized materials. Additionally, graphitic stacking peak
located at around 23° is clearly seen for 18-40 age group. Similarly, a peak located at
43.8° was also clearly seen for 18-40 age group. High density of micropores were
confirmed with the intensity increase at low-angle scattering peaks (Qian et al.).
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Figure 2. X-Ray Diffraction (XRD) putterns of of the synthesized astivated carbon matsrials

SEM images for the synthesized activated carbons are given in Figure 3, Dense stnuctuses with holes wer
obtained for both activaad carbon malerisls. Sraller holes with more poroes strocture i obtained for the
activated carbon synthessand with 1840 age groap.

ARv range
Flgure 3. Scamaing Clestron Microssops (SEM) imegss of the synthesized activased carbon messnials

Figure 4 shows the FTIR results of the synthesized activated carbon materials. Similar
functional groups were obtained for both activated carbon materials. The peaks
located at 1710 and 1562 cm! represent C=0O bonds of the carboxylic groups (—~COOH)
and the stretching vibrations of conjugated C-C bonds of aromatic rings, respectively
(Cao et al.).
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Figure 4. Fourier Transform Infrared Spectroscopy (FTIR) results of the synthesized activated carbon maserials

The spedific capacitances of the matenials are taken by using cyclic voltummetry technipe. Firstly, electrode
ink was obtained by mixing Iml of pure waser, Iml of 1.2-propancdiol, 165ul (20% ion power) Nafion
solution. Mixture was stirred with magnetic stirrer. The solution is added dropwise 1o the working clectrode
(glassy carbon) from the solution prepared by micro-pipette and allowed to dry at room temperature. Ag/AgCl
clectrode was used as reference and Pt wire was used as counter electrode. Before starting the CV analysis, the
electrolyie was exposed to nitrogen gas for 30 minutes 1o remove dissolved oxygen from the electrode solution.
Cocresponcling cyclic voltammograms are given n Figure 5. Specific capacitance of the activated carban
obluined for 018 age group was higher then 18-40 age group although its surface anes was small. This situation
can be attributed to the difference between the micropore structures of the synthesized materials which affect the
clectrolyie 1o reach the active surface arca.

i ()

Figure 5. Cyclic voltammograms of the synthesized activated casbon matcrals

CONCLUSIONS

Human hair is a commonly and general waste that will always exist in the world.
Therefore, it is very important to dispose of these wastes. In this respect, disposal of
this waste to useful materials is very crucial. In the scope of this study, human hair
obtained from different age groups (0-18 and 18-40) are used to synthesize activated
carbon materials. These carbon materials were characterized by using XRD, FTIR, SEM
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and BET techniques. It was observed that the surface areas of the materials are
significantly changed depending on the age group. The difference between the
structural changes in the activated carbons resulted in a significant change in the
specific capacitance values. This study showed that the activated carbon properties
strongly depend on the hair source age.
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ABSTRACT: Phase locked loop (PLL) is a very popular synchronization methods and
widely used for grid-interfaced converters. Among the PLLs, one of the most known
and commonly used is Synchronous Reference Frame-PLL (SRF-PLL) thanks to its
advantages such as simple structure and ease of application. However, the dynamic
response of the SRF-PLL is considerably deteriorated under adverse grid conditions
such as unbalanced and distorted. Therefore, various PLL methods have been
developed for a robust and reliable synchronization in such adverse grid conditions in
the literature. One of them is Enhanced-PLL (E-PLL). The aim of this study is to analyse
and compare the different E-PLL structures with classical E-PLL. Simulation studies
clearly show the transient and steady-state response of E-PLLs under non-ideal grid
conditions.

Key words: E-PLL, grid-interfaced converter, phase locked loop, PLL, SRF-PLL

INTRODUCTION

According to European Commission report on renewable energy vision, the European
Union states set a target to 2030 of at least 27% renewable energy based generation
systems (Corbetta, 2015), where photovoltaic (PV) and wind systems are supposed to
be the most leading examples of such systems in the electrical grid (Luna et al., 2015).
Frankly speaking, wind energy-based electricity generation systems are foreseen to get
the lion’s share of this electricity generation (Corbetta, 2015).

The increased use of these systems (PV and wind power plants) significantly affect the
safety and stability of grids in distributed generation systems (DGSs). Because, power
systems and their operations are developed according to conventional power plants.
PV and wind power plants are different from conventional plants in terms of
operation. For this reason, the electricity transmission and distribution operators set
some rules for these plants to be connected to the grid to ensure that the system
continues to operate well and safely in terms of resource security, reliability and power
quality. These rules, which PV and wind power plants must obey, are called grid code.
Grid code demands are applied to ensure the voltage and frequency stability of the
power grid and to ensure that the PV and wind power plants remain stable in the
system until the fault is eliminated in case of failure. Consequently, the grid code
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demands clearly reveal the need for fast and accurate synchronizing of these plants to
the grid, even in the case of an adverse situation in the electricity grid (Kurt, 2011;
Teodorescu, Liserre, & Rodriguez, 2011).

In DGSs, the synchronous reference frame-phase locked loop (SRF-PLL) is the most
known method for synchronizing in three phase systems. However, although the
performance of the SRF-PLL is acceptable under normal grid conditions, its dynamic
response is not satisfactory under abnormal grid conditions such as unbalanced,
distorted, or faulty (Kaura, & Blasko, 1997; Chung, 2000; Blaabjerg, Teodorescu,
Liserre, & Timbus, 2006). So, advanced PLL methods have been proposed to achieve a
robust and reliable synchronization in such abnormal grid conditions in the literature.
One of these is Enhanced-PLL (EPLL) that has non-linear adaptive control mechanism

and robust performance against abnormal conditions (Karimi-Ghartemani, & Iravani,
2004).

In this study, the classical EPLL and three-different versions of the EPLL are analyzed
and evaluated. These EPLL versions are dual EPLL (DEPLL) (Rodriguez, Luna,
Ciobotaru, Teodorescu, & Blaabjerg, 2006), two phase stationary frame-based EPLL
(TPSF-EPLL) (Wu, Zhang, & Duan, 2015), and space vector EPLL (SV-EPLL) (Bendrat,
Chhor, & Sourkounis, 2017). Performances of four EPLL methods are evaluated
according to amplitude, phase and frequency detection of the positive sequence of grid
voltages under abnormal grid conditions. The rest of the paper configured as follows.
In Chapter 2, each EPLL method is shortly analyzed. In Chapter 3, these EPLLs are
modelled in MATLAB/Simulink and compared with each other. Finally, in Chapter 4,
conclusions are given.

ANALYSIS OF FOUR DIFFERENT EPLLS
Principle of Classical EPLL

The classical single-phase EPLL method by Karimi-Ghartemani and Iravani (2001)
consists of a combination of the SRF-PLL and adaptive notch filter (ANF). The EPLL is
a non-linear grid synchronization method that adapts to grid frequency changes. The
amplitude, phase and frequency detection of the positive sequence of grid voltages are
estimated fast and accurately under unbalanced, distorted and variable frequency grid
conditions by means of the superior filtering ability of the ANF (Karimi-Ghartemani,
& Iravani, 2002; Karimi-Ghartemani, & Iravani, 2004).

Fig. 1 shows the block scheme of the single-phase EPLL, where V¢ =V, cos(0;). As
shown in Fig. 1, the single-phase grid voltage (V) is firstly driven by the ANF pattern
and the filtered y =Ucos(6") voltage is determined, where y is the same phase with V,
(y = Vg under ideal grid conditions). Hence, while the U voltage provides the peak
value of the grid voltage (U = V,; under ideal grid conditions), the 8" provides the phase
angle of the grid voltage (6" = 0; under ideal grid conditions). Furthermore, 90° leading
and filtered phase voltage from the y voltage is determined (jU = Ucos(8" + 90°) = -
Usin(6")). Then, the voltage error (e = V; - y) is passed through the SRF-PLL pattern to
be controlled by PI controller.
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There are three invariants (y1, 2, and ys) to control the dynamic response of the EPLL.
The p1serves like a proportional controller and ensures the stability of the U voltage.
Increment of the y1 accelerates the convergence speed of the U; however, it leads to
oscillations in the U voltage. Therefore, there is a trade-off between speed and
accuracy. The y2 and y3 control the convergence speed of the frequency and phase
angle of the input voltage, respectively.

. SRF-PLL

Figure 1. Block scheme of the single-phase EPLL

In Fig. 2, the three-phase EPLL block diagram is given (Karimi-Ghartemani, & Iravani,
2004; Karimi-Ghartemani, 2014). Unlike the SRF-PLL technique, there is no need for
Clarke and Park conversions in the EPLL method. Each grid phase voltage (V,, Vi, and
Ve) is seperately processed in the EPLL and then filtered and shifted phase voltage
pairs for each phase are obtained in the three-phase system (V."-jV.", Vu" - jVi and V"
- V). After, the six-voltages at the output of the EPLL(1), EPLL(2), and EPLL(3) blocks
are transferred into the computational unit. In the computational unit, by virtue of the
in-quadrature voltages, the instantaneous-symmetrical-components (ISC) method is
used to reveal the positive sequence components of three-phase voltages (Va*). The
positive components estimated on account of using the ISC method are shown as
follows (Luna et al., 2015).

11 T
a+=§%*—g(VJ+ V) + m](Vb—Vc)

V= -0+ V) 1)
Ver =gV — 2 + V) + m]("& - V)

Here, j is the phase shift operator. The 90° leading-phase of the grid voltages are
expressed by the j multiplier.
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As shown in Fig. 2, the amplitude(V:*) and phase angle (8*) of the grid voltages are
estimated by using a fourth EPLL after the positive sequence components of the grid
voltages are obtained.

A = \ —l-'$
_g .{P.Pllu)l__’
» — Ve
v .,1mun| Vi '}g . Vi

V
v .;E?LL(J)|T\' ]

Figure 2. Block scheme of the three-phase EPLL

— \,

The advanced EPLL methods are studied by Karimi-Ghartemani, Khajehoddin, Jain,
and Bakhshai (2012), where moving average filter (MAF) is used in EPLL loop, by
Karimi-Ghartemani et al. (2013), where second order linear band-pass filter is added
to proposed EPLL, and by Karimi-Ghartemani (2014a), where the two-advanced EPLL
(namely linear time invariant-EPLL [LTI-EPLL], and pseudolinear-EPLL [PL-EPLL])
independently operate from the amplitude of the grid voltages to improve the
performance of the EPLL under abnormal grid conditions. Also, advanced and
different EPLL structures can be found in Karimi-Ghartemani (2014b).

Principle of DEPLL

The dual EPLL structure is proposed by Rodriguez, Luna, Ciobotaru, Teodorescu, and
Blaabjerg (2006). The DEPLL composes of band-pass filter (BPF) and the SRF-PLL. In
the classical EPLL structure (Karimi-Ghartemani, & Iravani, 2001), the in-quadrature
phase voltages are 90° leading the in-phase voltages. In the DEPLL method, a slight
change is made according to the classical EPLL. The quadrature grid voltages (jVa,
Vv, and jV.) are now 90° lagging according to the V., V), and V." voltages,
respectively. Fig. 3 shows the block diagram of the single-phase DEPLL structure.
Transfer function of the BPF is given as follows.

V*_ ks
V  s2+4+ks+ w*?

D(s) = (2)

where ©" is the estimated grid frequency by the SRF-PLL.
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SRF-PLL

Figure 3. Block diagram of the single-phase DEPLL

In the DEPLL, the three-phase grid voltages are firstly transformed to V; - Vj voltages
by Clarke conversion. That is, the ap stationary reference frame is used instead of the
abc natural reference frame. Owing to using only two EPLL, the DEPLL has lower
computational burden than the classical EPLL. Besides, it has a higher robustness by
means of eliminating zero sequence components by Clarke conversion.

If it is assumed that V. - Vj voltages are in-quadrature all the time, there is no need to
estimate the phase angle of V. - Vp voltages separately. Thus, one phase estimator can
be used for both voltages. As a result, two BFFs and only one SRF-PLL are need to
operate the DEPLL (in Fig. 4).

BPF-1

GRID [2+| abc2ap

Figure 4. Block diagram of the DEPLL

954



18-19 October 2018, Gaziantep University, Turkey

YLY
2 ' ’ ; 3rd International Energy & Engineering Congress Proceedings Book @

As can be shown in Fig. 4, the positive sequence components of the V; and Vpvoltages
(Va*, and Vp*) are calculated as follows which bases on the ISC method. Here, the ISC
method is formulated on the ap stationary reference frame.

11
w_2|t Tz Tz |
lvﬁ+l_§ \/§ \/§ []I})
07—z
1 1 1 1 1
2|t 72 ‘E]m 2|t 77 73 [V]
3 V3 3 3 V3 V3 Vg
2 Tz O 7 7
11 = % 3)
AR A
1 a?> a o
where [T] = % [a 1 azl, a=-¢e '3
a’ 1

After the V,* and Vj* voltages are determined, the amplitude and phase angle of grid
phase voltages are simply estimated as follows.

N
vt = \[(V(;)z + W2 6t = arctan(%) (4)

In many electrical grids, as impedances of the positive and negative sequence
components are equal, the DEPLL synchronization system works well under faulty
grid conditions. But, effects of dynamic loads cause diversities between the positive
and negative sequence impedances. Especially, when large-scale induction motors are
tied to the grid, this negative situation generally occurs. In this case, synchronization
errors happen when the DEPLL is used due to assumption that V, - Vs voltages are in-
quadrature. Therefore, dual second order generalized integrator-frequency locked
loop (DSOGI-FLL) method by Rodriguez, Luna, Ciobotaru, Teodorescu, and Blaabjerg
(2006) are presented, where a FLL are driven instead of a PLL.

Principle of TPSF-EPLL

A new two phase stationary frame-based EPLL (TPSF-EPLL) by Wu, Zhang, and Duan
(2015) needs less calculation as there is no conversion to the synchronous reference
frame (dg) from the stationary reference frame (af). All calculation is operated in af
frame. In fact, the structure and operation of this EPLL is very similar to three-phase
magnitude-PLL (3MPLL) by Karimi-Ghartemani (2006), where the 3MPLL works in
the abc natural reference frame instead of the af stationary reference frame. In the
TPSE-EPLL, thanks to performing in aff frame, the TPSF-EPLL has less computational
burden than the classical EPLL as in the DEPLL. Moreover, it has a higher robustness
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in terms of eliminating zero sequence components by Clarke transformation. The
differential equations of the TPSF-EPLL derived using the gradient descent method
are obtained from minimizing the cost function given as follows. The block diagram
of the TPSF-EPLL is presented in Fig. 5.

] = ”U(t) _y(t)l 2= (va _ya)z + (UB _yﬁ)z = eczr + eé (5)

TF

GRID [—{ abc20f

<

e, .
N U

Figure 5. Block diagram of the TPSF-EPLL

According to a linear analysis, the linear equations can be written as

m= —p,m
n=—u,Un (6)
n=n-—pen,Un

wherem =U"-U=0,n=60"—0 = 0,and n = w* — w = 0. Thus, the nonlinear terms
equals to zero. Eq. 6 shows that the dynamics of amplitude has a negative real

eigenvalue of 4, = —,, which meets to a time constant of 7,, = ui The phase angle and

frequency dynamics can be stated as

AD) = 22 + 28w, A + w?
1 2
wrzl = l'la)U ; gwn =S Holy ; wy = _f (7)

T2 tg
To improve the dynamic response of the TPSF-EPLL, especially under unbalanced and
distorted conditions, I- ap-EPLL is proposed by Luo, and Wu (2017). The I- ap-EPLL
method contains additional two pure integrators and MAFs into both amplitude and
frequency detection loops of the af-EPLL. Although only additional two integrators
and the MAFs are used, the computational burden is not considerably increased as
compared to the TPSF-EPLL.

Principle of SV-EPLL
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The space vector-EPLL method is offered by Bendrat, Chhor, and Sourkounis (2017)
has a similar idea with the DEPLL. As aforementioned in the DEPLL method, one
phase estimator is used for both voltages (V. - V) in the DEPLL and the V, - Vg voltages
are always assumed in-quadrature. Contrary to the DEPLL, one-classical EPLL is used
for each V, and Vj voltages in the SV-EPLL. Again, in contrast to the DEPLL, 90°

leading phase voltage are obtained according to original one (V" -jV.", and Vy" - jVp").
After obtained quadrature voltages, these voltages are passed through into the
positive sequence extraction (PSE) unit, as shown in Fig. 6. The mathematical

expression of the PSE unit is given as

I ®

GRID i abc2ap

v, €
o PSE EPLL(3)

Figure 6. Block diagram of the SV-EPLL

As can be seen from Fig. 6, the amplitude(V;*) and phase angle (8*) of the grid voltages
are estimated by using a third EPLL when the positive sequence component of the V,
voltage (V.*) is determined. Since the SV-EPLL requires only three-EPLL in
comparison to classical EPLL, the computational burden of the SV-EPLL is lower than
the EPLL. In addition, experimental study of the SV-PLL by Chhor, Manolioudakis,
Bendrat, and Sourkounis (2017) are performed under abnormal grid conditions such
as voltage sags, frequency jump, phase jump, and harmonics.

SIMULATION RESULTS

Performances of the classical EPLL and three-different versions of the EPLL are
performed according to amplitude, phase and frequency detection of the positive
sequence of grid voltages under abnormal grid conditions such as unbalanced,
distorted, and variable frequency. The results are achieved using MATLAB/Simulink
to compare each of the EPLLs. In overall simulations, the three-phase grid voltages are
set to 311 V-50 Hz under balanced conditions up to 0.1 s. Moreover, all test conditions
have a time interval of 0.1 s between 0.1-0.2 s, so that there is an adequate time to
observe the characteristics in transient-states. Finally, the three-phase grid voltages are
adjusted again to balanced conditions after 0.2 s.

The pi1, p2, and ps coefficients of the classical EPLL and SV-EPLL and the k, and PI
controller parameters of the DEPLL are calculated according to Karimi-Ghartemani
(2014b) and po, po, and pg coefficients of the TPSE-EPLL are calculated according to
Wu, Zhang, and Duan (2015) given in Eq. 7 and these parameters are listed in Table 1.
The settling time (t5), damping ratio (), and cut-off frequency of filter of each EPLLs
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for calculating their coefficients are considered 40 ms, 0.707, and 176.77 rad/s,
respectively

Table 1. Tuning Parameters of the EPLLs

PLL Values
EPLL & SV-
EPLL p1 =250, pr =201, ys =1.61
DEPLL k= 250’ kp = 161/ ki =201

- Ho = 125, Ho = 100.5, Mo =
TPSF-EPLL 0.008

Performance Comparison under Unbalanced Grid Condition

Fig. 7 shows the three-phase grid voltages and simulation results of the estimated
amplitude, phase error and frequency under unbalanced grid condition. The three-
phase grid voltages are changed as follows in test condition.

373cos (2150t)
V, 2m
Ve = (V| = 285cos (2m50t — ?) 9)
f 2m
285cos (2m50t + ?)

As can be shown in this figure, all EPLL methods are not affected by an unbalanced
three-phase voltages except for the TPSF-EPLL. That is easy to say that the estimated
amplitude, phase angle and frequency exactly match with real ones except for the
TPSF-EPLL. The classical EPLL and the SV-EPLL show a similar dynamic response
due to the their similar structures. However, the phase errors overshoot of the EPLL
and the SV-EPLL are bigger than the DEPLL, which are about 0.12 rad and 0.06 rad,
respectively. The DEPLL may be the best choice under this condition. Clearly, the
TPSF-EPLL has the worst dynamic response according to the other three methods. In
addition, since the positive sequence and negative sequence components of the grid
phase voltages cannot be obtained independently, the effect of the 24 harmonic
component (100 Hz) on the the estimated amplitude, phase angle and frequency is
clearly visible. But, after the test conditions, the transient response time of the TPSF-
EPLL is considerably shorter than the others. Especially, transient response time of
estimated amplitude of the TPSF-EPLL is nearly zero because of the eliminating the
Park transformation.
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Figure 7. Amplitude, phase error and frequency estimation of the four tested EPLLs
under unbalanced grid condition. (a)-(c) Three-phase grid voltages (V), (d)-(f)
Amplitude (V), phase error (rad) and frequency (Hz) detection for classical EPLL, (g)-
(i) Amplitude (V), phase error (rad) and frequency (Hz) detection for the DEPLL, (j)-
(I) Amplitude (V), phase error (rad) and frequency (Hz) detection for the TPSF-EPLL,
(m)-(o) Amplitude (V), phase error (rad) and frequency (Hz) detection for the SV-
EPLL.

Performance Comparison under Distorted Grid Condition

Fig. 8 illustrates the simulation results of the estimated amplitude, phase error and
frequency under distorted grid condition. The grid voltages are set as follows in test
condition.

Va
Vb
Ve
311cos(2m50t) + 31.1cos(2m250t) + 15.55 cos(21350t)

(10)
2T 21 21t
_|311cos (21150t— ?) + 31.1cos (211250t— ?) + 15.55cos (2m350t — ?)
2T 2T 21t
311 cos (21150t+ ?) + 31.1cos (211250t+ ?) + 15.55cos (2m350t + ?)
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As can be seen from graphs, pairs of the EPLL and the SV-EPLL and pairs of the DEPLL
and the TPSF-EPLL have almost same response to distorted grid condition. Figs. 8 (i)
and (1) show obviously that the frequency errors of the DEPLL and the TPSF-EPLL are
larger than the the EPLL and the SV-EPLL, which are about + 0.8 Hz, + 4 Hz, + 6 Hz
and + 0.8 Hz, respectively. Consequently, the EPLL and the SV-EPLL have a better
immunity to harmonics than the DEPLL and the TPSF-EPLL due to the high pre-
tiltering capability.

bEFLL
|

112

Figure 8. Amplitude, phase error and frequency estimation of the four tested EPLLs
under distorted grid condition. (a)-(c) Three-phase grid voltages (V), (d)-(f) Amplitude
(V), phase error (rad) and frequency (Hz) detection for classical EPLL, (g)-(i)
Amplitude (V), phase error (rad) and frequency (Hz) detection for the DEPLL, (j)-(1)
Amplitude (V), phase error (rad) and frequency (Hz) detection for the TPSF-EPLL, (m)-
(o) Amplitude (V), phase error (rad) and frequency (Hz) detection for the SV-EPLL.

Performance Comparison under Variable Frequency Grid Condition
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Fig. 9 demonstrates the simulation results of the estimated amplitude, phase error and
frequency under variable frequency grid condition. The grid voltages are adjusted as
follows in test condition. The frequency is changed from 50 Hz to 52 Hz at 0.1 s.

311cos(2m52t)
Val 311 (2 52t 2“)
vy | = |31t cos (252t~ 5 )
Ve

2T
311 cos (21152t + ?)

As can be shown, all EPLL methods provide a good amplitude, phase and frequency
tracking capability. Moreover, there is no steady-state error in both EPLLs thanks to
their frequency adaptive mechanism. However, the overshoots and synchronization
times of the EPLL, DEPLL and TPSF-EPLL are larger than the TPSF-EPLL Fig. 9 (j)
shows that in the amplitude estimation, the TPSF-EPLL is in no way affected by the
frequency change.

Also, the phase errors and frequency overshoots of the TPSF-EPLL are much lower
than the others. Consequently, the TPSF-EPLL may be the best candidate under
variable frequency grid condition.
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Figure 9. Amplitude, phase error and frequency estimation of the four EPLLs under
variable frequency grid condition. (a)-(c) Three-phase grid voltages (V), (d)-(f)
Amplitude (V), phase error (rad) and frequency (Hz) detection for classical EPLL, (g)-
(i) Amplitude (V), phase error (rad) and frequency (Hz) detection for the DEPLL, (j)-
(I) Amplitude (V), phase error (rad) and frequency (Hz) detection for the TPSF-EPLL,
(m)-(o) Amplitude (V), phase error (rad) and frequency (Hz) detection for the SV-
EPLL.

CONCLUSION

In this paper, the EPLL and three-different EPLL structures are comparatively
presented for three-phase grid synchronization. Based on the simulation findings, the
performances of the EPLLs are compared under abnormal grid conditions. In case of
unbalanced grid condition, all EPLL methods accurately give amplitude, phase angle
and frequency of the grid voltages expect for the TPSF-EPLL. In case of distorted grid
condition, the classical EPLL and the SV-EPLL have a better immunity to harmonics
than the DEPLL and the TPSF-EPLL due to the high pre-filtering capability. In case of
variable frequency grid condition, all EPLLs achieve a good amplitude, phase and
frequency tracking capability. However, the TPSF-EPLL may be the best choice under
variable frequency grid condition by means of lower overshoot and synchronization
time.
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ABSTRACT: In this paper, by adding pure iron powder and ferromagnetic liquid to
the openings in the body of industrial single phase 5W, 220/12 V reducer transformer,
the effects and comparisons on the output voltages were made according to the first
case reference. The results are supported with tables and graphs and supported by
comparative graphs. Positive effects were observed on the output voltage of pure iron
powder and ferromagnetic liquid transformer added to the body according to the
reference transformer.

Key words: ferrofluid; transformer; magnetic particules; magnetic core

Tek Fazli Transformatoriin Niivesinde Olusturulan Hava Bogluklarinda Manyetik Sivi
Kullanilarak Cikis Karakteristiklerinin Incelenmesi

OZET: — Bu bildiride endiistriyel PCB tip tek fazli 5W gii¢ degerinde 220/12 V
gerilim degerlerine sahip algaltic1 transformatoriin sa¢ govdesinde acilan bosluklara
saf demir tozu ve ferromanyetik sivi eklenerek, referans alinan ilk duruma gore ¢ikis
gerilimleri tizerindeki etkileri ve kiyaslamalar1 yapilmistir. Elde edilen sonuglar tablo
ve grafiklerle aktarilmis olunup, karsilastirmali grafiklerle desteklenmistir. Referans
transformatore gore govdeye eklenen saf demir tozu ve ferromanyetik sivili calistirilan
transformatorde cikis gerilimi tizerinde pozitif etkiler gozlemlenmistir.

Anahtar sozciikler: ferrosivy;, ferromanyetik sivy; transformator; manyetik partikiiller;
manyetik ¢ekirdek.
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Glintimiizde elektrik enerjisi sektorii ve mithendislik bilimlerinde transfomatorler en
kritik elemanlarmn basinda yer almaktadir. Kullanim amaglarina gore bircok alt dallara
ayrilan ve ozel olarak dizayn edilen transformatorlerin gelistirilmesi, elektriksel
kayiplarinin minimize edilmesi ve daha yiiksek verim almmasi giintimiiz 6nemli
miihendislik sorunlarindan birini tegkil etmektedir. Ozellikle manyetik niivenin
malzemesinin yiiksek kaliteli, ytiksek miknatislanma degerlerine sahip olmasi
istenmektedir. Bu baglamda malzeme biliminin calismalar1 oldugu gibi, tasarimsal
olarak da iyilestirmelerin yapilip, metal govde kaynakli elektriksel kayiplarin
indirgenmesi olasidur.

Elektromanyetik sistemler icinde ferromanyetik sivilarin kullanimi ve uygulamalar:
glinimiizde 6nem kazanmaya baslamis ve oldukca yaygmlasmistir. Ferromanyetik
stvilar savunma sanayi, tip, biyoloji, gtic sistemleri, agir sanayi gibi bircok endiistriyel
alanda ¢6nemli bir yere sahiptir (Berkovskii et al. 1993; Berkovskii, Bashtovoi, and
Unesco. 1996; Odenbach 2009; Lucian Pislaru-Danescu et al. 2013; R. E. Rosensweig
2014). Ferromanyetik sivilar gesitli tasiyict non-manyetik bazlar(iso-parafin, yag vb.)
iceren, nano veya mikron boyuttaki ferromanyetik parcalardan olusan kolloid bir
yapiya sahiptir. Katt manyetik materyaller gibi miknatislanma 6zelligi tasimalarmin
yant sira ayrica sivl formda olmasi sebebiyle akiskan karakteristikleri sergilemesi
onemli avantaj saglamaktadir. Transformatorlerde niive olarak ya da govdenin belirli
bir kisminda ferromanyetik sivilarm kullanilmasimin elektriksel kayiplarin daha az
olmasi, transformatér govdesinin daha hafif olmasi verimliligi ve uygulama
kolayligini arttiran 6nemli avantajlarindandir.

Bu calismada standart endstriyel tip 220/12 V, 5W degerlerine sahip PCB tip
transformatoriin govde kollarmin her iki tarafinda da 0.5 mm ve 1 mm olmak {izere
yariklar acilsmu ve bu iki deger icin de yariklarin ici saf demir tozu ve ferromanyetik
stvi ile tamamlanarak her bir durum igin ayr1 ayri cikis gerilim karakteristikleri
incelenmis, sonuclar tabloya aktarilmis ve grafiklerle karsilastirilmistir. Referans
olarak alinan transfoérmatoriin ilk halinin calisma degerleri ile deney sonuclari
karsilastirildiginda cikis gerilim degerleri tizerinde tiim durumlarda bir deger artisi
gozlemlenmistir. Kullanilan manyetik sivi sanayi ortaminda (SIGMA HI-CHEMICAL
INC) hazirlanmis ve 1so-parafin bazlidir. Elde edilen sonuglar tablo ve grafikler
seklinde sunulmus ve tartisiimistir.

MATERYAL VE YONTEM

Transformator

VDE 0570 /EN 61558 Normuna gore tiretilmis tek fazli, 220/12 V, 5W elektriksel degerlerine
sahip PCB tip standart endiistriyel olarak iiretilmis transformatorler kullamlmistir. Aym
degerlere sahip transformatirlerden birisi referans olarak tutulmustur diger transformatord
govde kaynag1 ve vernikleme islemleri yaptinlmayip, parcalarina aynlabilir formda
tutulmustur.  Kullamlan  transformatérler  Sekil ~ 1'de  gosterilmistir.  Kullanilan
transformatdrlerin govdesini olusturan sag plakalarin kalinligr 0.5 mm’dir.
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Miknatislanma Egrisi

Sekil 15: Kullanilan Trasnformatorler. Referans transformator (solda), Kaynaksiz,
demonte transformator (sagda).

Saf Demir Tozu

Uygulamada kullanilan saf demir tozu (magnetit Fe;O,) mikropartikiil boyutunda
sanayi ortaminda ogittilmustiir. Malzemenin elektron mikroskobu gortinttisi Sekil
2'de gosterilmistir.

Mag= 5.00KX EHT=20.00kv SignalA=SE1 WD= 10mm |BTAM

Sekil 16: Saf Demir Tozunun Elektron Mikroskobu Partikiil Gortintiisii

Ferromanyetik Sivi

Manyetik storlar 1960°l: yillardan itibaren bircok bilim alaninda kullanimlar: baglannmisnistir
(Berkovskiiet al. 1993; Odenbach 2009; Lucian Pislaru-Danescu et al. 2013; R. E. Rosensweig
2014). Giinitimiizde kullanim alanina ve ihtiyaglara gore farkl tasiyict bazlarla yapilmus birgok
tip ferromanyetik stoilar kullanilmaktadir. Esasen nano ve mikro teknoloji sinifina dahil edilen
manyetik swwilarin bircok sanayi alaminda etkin olarak kullanminu goriilmektedir. Yapilan
deneylerde SIGMA HI-CHEMICAL INC firmas: tarafindan iiretilmis DS-50 tipi, doyma
miknatislanmas: Ms=47mT olan manyetik sio1 kullamlnistir. Bu stoimin miknatislanma egrisi
ve malzemenin gorseli 2 ve Sekil 3'te gosterilmistir. Manyetik swvilarin en dnemli
uygulamalarindan biri de bu swilann  transformatirlerin  esas elemani olan metal
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cekirdeklerinin yerine kullanmilabilmesidir (Chaudhari et al. 2012; Morega, Morega, and
Dumitru n.d.; L. Pislaru-Danescu et al. 2013).

Magnetization Qurve
60 Miknatislanma Egrisi

—-’_—=
- 0S50 _
-~ " =  mpe—
g 40 En
: © —————
B 0F £
g s ¥
w20 =
2 g
10 5
0 200 400 600 80

. Megnetio Field (KW Manyetik Alan (kA/m)
Sekil 17: DS-50 manyetik sivisinin miknausianma egrist (91uivIA-HC CO. n.d.)

Sekil 4: Sigma DS-50 Manyetik Sivi

Bu calismada demonte transformatoriin kollar1 tizerinde ilk olarak 0.5 mm’lik cift
tarafh yariklar acilarak bosluklara saf demir tozu ve ferromanyetik sivi eklenerek her
durum igin ayr1 ayri gikis gerilim degerleri gozlemlenmistir. Daha sonra yariklar 1 mm
olarak acilarak ayni 6lctimler her iki durum tekrar edilmis ve son olarak tiim durumlar
kiyaslanarak incelenmistir.

UYGULAMA VE SONUCLAR

Endiistride standart tip olarak kullamilan tek fazli 220/12 V, 5W’lik PCB tipi
transformatorlerden estes iki adet alinmustir. Transformatorlerden birisine govde
kaynak ve vernikleme islemleri uygulanmamistir. Bu iki transformatore uygulanan
varyak kontrolli AC giris gerilim degerine gore elde edilen c¢ikis gerilim degerleri
olctiltip Tablo 1'de gosterilmistir.

Tablo 3. Referans transformator ve kaynaksiz transformatoriin reel calisma gerilim
degerleri.
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Primer Sargilara Referans Trafo Sekonder Kaynaksiz Trafo Sekonder
Uygulanan Giris Sargi Cikis Gerilimi (V)  Sargi Cikis Gerilimi (V)
Gerilimi (V)

30 1.975 1.975

50 3.285 3.284

100 6.60 6.61

120 7.93 7.92

150 9.899 9.89

170 11.23 11.22

190 12.55 12.54

200 13.20 13.21

Tablo 1’den de goriildiigii tizere referans transformator ile kaynaksiz transformatoriin
calisma degerleri neredeyse ayrdir.

Deneyde ilk olarak govdesi ayr1 trafonun her iki kolunda 0,5mm lik hava boslugu
acilmustir. Govdesi fiziksel olarak tekrar birlestirip herhangi bir kaynak islemi
yapilmamistir. Her iki kolunda da 0.5 mm hava bosluklu yarik bulunan
transformatoriin ¢alisma degerleri Tablo 2’de gosterilmistir.

Tablo 4: Govde kollar1 0.5 mm hava bosluklu transformatoriin calisma gerilim
degerleri

Primer Sarg1 Girig Gerilimi Sekonder Sarg: Cikis Gerilimi (V)

V)

30 1.677
50 2.839
100 5.744
120 6.97
150 8.70
170 9.87

Kaynaksiz ve govdesi hava bosluklu transformatorde primer sargiya 200 V AC gerilim
uygulanmak istendiginde sargilarda ciddi 1smnma farkedildigi icin trafoyu
koruyabilmek adma maksimum 170 V AC gerilim uygulanmustir. Isinan sargilarin
Olcim degerlerini etkilememesi icin trafo sogutulduktan sonra olgtimlere devam
edilmistir.

Iki kolunda hava boslugu bulunan transformatsrde hava bogluklari saf demir tozuyla
doldurulup govde ve boyundurluk herhangi bir kaynak islemi olmaksizin sadece
fiziksel olarak tekrar birlestirilmistir. Transformatoriin hava bosluklarinin demir
tozuyla doldurulmus ve 6l¢time hazir hali Sekil.5’te verilmistir.
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Sekil 5. Govde kollarinin her iki tarafina 0.5 mm yarik a¢ilip saf demir tozu ile
doldurulmus transformator. Transformatoriin yan goriiniisii (a). Yariklarin iistten
goriintisii (b)

Govde kollarindaki 0.5 mm hava boslugu saf demir tozu ile doldurulan
transformatoriin reel calisma gerilim degerleri Tablo. 3'te gosterilmistir.

Tablo 5. 0.5 mm hava bosluklar1 saf demir tozuyla doldurulan transformatoriin
calisma gerilim degerleri

Primer Sargi Giris Sekonder Sargi Cikis

Gerilimi (V) Gerilimi (V)
30 1.885

50 3.160

100 6.312

120 7.59

150 9.49

170 10.50

200 13.20

Daha sonra transformator kollarindaki hava boslugu 0.5 mm olarak sabit tutulup
bosluktaki demir tozu temizlenerek yerine ferromanyetik sivi sirmga yardimiyla
yerlestirilmistir. Ol¢iim igin hazirlanan ferromanyetik sivili transformatériin gorseli
Sekil 6'da gosterilmistir.
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Sekil 6. Govde kollarma ferromanyetik sivi eklenen transformatoriin tistten goriintisi.

Ferromanyetik sivi ile doldurulan yariklarin ustii seffaf bant ile kapatilarak
transformatoriin boyundurluk kismi tstiine yerlestirildikten sonra primer sargiya
varyak ile uygulanan giris gerilim degerlerine gore elde edilen sekonder ¢ikis gerilim
degerleri Tablo 4'te gosterilmistir.

Tablo 6. 0.5 mm vyariklarin ferromanyetik sivi ile doldurulup elde edilen 6l¢im
sonuclari.

Primer Sargi  Giris Sekonder Sarg Cikis
Gerilimi (V) Gerilimi (V)

50 3.115

120 7.56

170 10.67

Sekil 7 de referans alinan transformatoriin Tablo 1'de verilen ¢ikis gerilim degerleri ile
acilan yariklara saf demir tozu ve ferromanyetik sivi eklenerek yapilan ve sonuglari
Tablo 3 ve Tablo 4 ‘te derlenen sekonder gerilim degerleri 6l¢iim sonuglar:
karsilastirilmastir.
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Sekil 7: Referans cikis gerilim degerleri ile yariklara demir tozu ve ferromanyetik sivi
doldurularak yapilan dl¢timlerin sekonder gerilimlerinin kiyaslanmasi.
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TARTISMA

Yapilan deneyler sonucunda Sekil 7’den goriildugu tizere referans transformatore
gore ferromanyetik sivili ve saf demir tozlu uygulamalar ¢ikis gerilimi tizerinde
arttiric1 bir etki olusturmustur. Ayrica govde yariklar1 herhangi bir maddeyle
doldurulmadan yapilan olgtimlerde hava boslugunda direncin artmasindan dolay:
ciddi 1sitnma sorunlar1 gozlemlenmistir. Primer sargiya 185 V AC'nin iistii uygulanan
gerilim degerlerinde cikis karakteristikleri saf demir tozu ile yapilan uygulamada
referans trafo degerleriyle neredeyse ayni karakteristigi gosterirken, ferromanyetik
stvili uygulamada sekonder ¢ikis karakteristigi artis gostermistir.

Sanayide kullanilan buytk olcekli trafolarda montaj, tasima vb. zamanlarda
olusabilecek mekanik govde hasarlanmalarinda, hasarli bélge olabiligince rijit bir hale
getirilip ferromanyetik sivi veya demir tozu ile doldurularak govde onarmminin
yapilabilinecegi ve bu dolgu isleminin ¢ikis gerilim karakteristikleri tizerinde olumlu
etki yaratabilecegi elde edilen sonuglardan ongoriilmektedir. Ferromanyetik siv ile
yapilabilecek bu onarim ile ayrica maliyet ve zaman anlaminda da kazanimlar
olacaktir. Bundan sonraki calismalarimizda farkli fiziksel yapiya ve manyetik
ozelliklere sahip manyetik sivi ntiveli transformatorlerin karakteristiklerinin
incelenmesi sunulacaktir.
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ABSTRACT: Electric vehicles are both environmentally friendly and they replace the
vehicles with internal combustion engine. In this transition stage, hybrid vehicles,
which incorporate both engine technologies, have been introduced. Both the states and
the private sector have been conducting extensive research in the field of electric
vehicle technologies that increase their importance day by day and allocate high R&D
budgets to this issue. In our country, comprehensive studies have been initiated within
the Inonti University in order to develop these technologies with domestic and
national resources. In this study, producing the Turkish academic sources of battery
technologies, which is the most important element of electric vehicle technologies, is a
part of our study. For this reason, firstly conceptual definitions are given.
Subsequently, the battery types were given in short definitions and the importance of
battery management was discussed. Examples of the functions and possible topologies
of the battery management systems are given. This study has been presented in order
to contribute to the literature about the development of electric vehicle technology
which is of strategic importance for our country with domestic and national resources.
The main content of a product that will be elaborated in the future and will be
presented to the use of academic and industry in a comprehensive manner.

Key words: battery management system, bms, bys, electric vehicles

BATARYA TEKNOLOJILERINE GENEL BiR BAKIS

OZET: Elektrikli araglar hem gevre dostu olmalari hem de maliyetleri ile igten yanmali
motora sahip araglarin yerini almaktadir. Bu gecis asamasimnda her iki motor
teknolojisini bir arada barmndiran hibrit araglar piyasaya c¢ikmustir. Gin gectikce
onemini arttiran elektrikli arag teknolojileri konusunda gerek devletler gerekse 6zel
sektor genis capli arastirmalar yapmakta ve bu konuya yiiksek Ar-Ge biitceleri
ayirmaktadirlar. Ulkemizde de bu teknolojilerin yerli ve milli imkanlarla gelistirilmesi
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maksadiyla inonti Universitesi biinyesinde kapsamli calismalar baglatilmistir. Bu
calisma ile elektrikli arag teknolojilerinin en 6nemli 6gesi olan batarya teknolojileri
konusunda Tiurkce akademik kaynaklar {iretmek c¢alismamizin bir parcasmi
olusturmaktadir. Bu nedenle oncelikle kavramsal tanimlara yer verilmistir. Takiben
batarya cesitleri kisa tanimlariyla verismis ve batarya yonetiminin onemi ele
almmistir. Batarya yonetim sistemlerinin sahip olmasi gereken fonksiyonlar ve
muhtemel topolojilere drnekler verilmistir. Ulkemiz agisindan stratejik éneme sahip
olan elektrikli arag teknolojisinin yerli ve milli imkanlarla gelistirilmesi konusunda
literattire katki yapmak amaciyla sunulan bu calisma; gelecekte detaylandirilarak
kapsaml1 bir halde akademik ve sanayinin kullanimma sunulacak bir tirtintin temel
igerigini olusturmaktadir.

Anahtar sozciikler: batarya yonetim sistemi, bms, bys, elektrikli araglar

GIRIS

Ulasim her zaman insanlarin ¢ozmesi gereken onemli bir sorun olmustur. Bunun
¢oztiim olmasi adma insanlik ulasim igin gesitli teknolojiler gelistirmistir. 1769'da, ilk
kendinden tahrikli ara¢ Fransiz miihendis ve tamirci Nicolas Joseph Cugnot
tarafindan icat edilen bir askeri traktordiir (Manwaring, 1966). Zaman icerisinde
toplumun pek c¢ok kesimi tarafindan ulasimda kendinden tahrikli araglarin
kullanilabilmesi konusuna olan ilgi artmistir. Artan ilgi sayesinde diinyanin ilk seri
tiretilen otomobili Ford Model T (1908-1927) gorece kisa bir zaman icerisinde piyasaya
c¢ikmistir. O zamandaki rakiplerine gore dayanikli ve ucuz oldugu icin ¢ok ilgi
gormistur (Callihan, 2010). Bu gelismeler otomotiv endiistrisinde domino etkisi
yaratmistir ve piyasada son kullaniciya sunulan marka/model gesitlerinin artmasimi
saglamistir. Sonug olarak, bu teknik ve ticari gelismeler otomobil endiistrisiyle
kaginilmaz olarak etkilesime giren otomobil pazarimi canlandirmistir. 19. ytizyilin
baslarinda, otomobillerde buhar hala bir enerji kaynag: olarak kullanmilmaktaydi.
Takiben i¢ten yanmali motorlarin gelistirilmesiyle birlikte, benzin ana enerji kaynagi
olarak buharin yerini almustir. Ulasimda fosil yakitlarin kullanimimnin artmasi
beraberinde problemleri getirmistir. Ozellikle 19. yiizyilin ortalarinda benzine kursun
katilmasi ve bunun insan saglig: tizerindeki etkileri otomotiv endtistrisi hakkinda ilk
kaygilari tetiklemistir (Bryson, 2003). Biittin banlara ek olarak otomobillerin saldiklar:
yanma gazlarinin gevre ve saglik {izerine etkileri gelismekte olan toplumlarda kaygt
yaratmistir. Bu kaygilar1 degerlendiren donemin bazi bilim insanlari elektrikli araglar:
daha temiz bir alternatif olarak gormiislerdir (Chan, 2013). Ancak elektrik enerjisini
depolamak, o zaman i¢in hentiz {istesinden gelinememis biiytik bir teknik problemdi.
Glintimiiziin 6nde gelen yoneticileri, politikacilar1 ve sirketleri bu teknolojinin halen
olgunlasmamis olmasindan dolayr elektrikli ara¢ teknolojisine temkinli
yaklasmaktadirlar. Oysa ilk batarya ¢ok uzun bir zaman 6nce, 1799 yilinda Antonio
Anastasio Volta tarafindan yapilmistir (Guarnieri, 2014). Ayrica, bugiintin batarya
teknolojisinin bel kemigi olan lityum, 1817'de Isvegli kimyaci Johan Arfwedson
tarafindan kesfedilmistir (Johnson, 1984).

Elektrikli bir arag, depolanan elektrik enerjisini kullanan bir veya daha fazla elektrik
motoru tarafindan gti¢ verilen araclardir. Bu perspektiften, elektrikli araclart miimkiin
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kilan en temel teknolojinin 1821'de Michael Faraday tarafindan gelistirildigini
soylemek yanlis olmaz (Al-Khalili, 2015).

[Ik bataryali elektrikli ara¢ modeli, 1835 yilinda Hollandali Profesor Stratingh
tarafindan gelistirilmistir (Chan, 2013). Elektrikli arabalar 19. ve 20. ytizyilin
sonlarmda oldukga popitilerdi, ancak i¢cten yanmali1 motor teknolojisindeki ilerlemeler,
dustik benzin fiyatlar: ve elektrik enerjisinin verimli bir sekilde depolanamamasi
nedeniyle ulasim araglarmda elektrik motorlarini kullanmak pratik degildi. Zamanla,
elektrik motorlarin ve bataryalarin gelistirilmesi konusundaki basarilar elektrikli arag
teknolojilerini beraberinde getirmistir. 21. ytzyilin basinda hem elektrikli motor
teknolojisi hem de lityum pil teknolojisi, elektrikli araglarin rekabetci verimlilik
oranlarma sahip olmasini saglayacak kadar gelismistir (DeLuchi, Wang, & \ vSperling,
1989). Bu da elektrikli araglarin menzil, tiiketim ve gevrecilik 6zelliklerini arttirmistir.
Bu 6zellikler de mtisterilerin araba alirken elektrikli bir araba mi1 yoksa i¢ten yanmali
bir araba m1 kararimni etkileyen en 6nemli nedenlerdir (Gorzelany, 2015).

Elektrikli araclarin gelistirilmesi icin en kritik teknoloji pil teknolojisidir. Pil
teknolojisi, lityum tabanh piller sayesinde son yirmi yilda hizli bir sekilde gelismistir.
Lityum piller ilk olarak 1970'lerde kesfedilmistir (S Basu et al., 1979; US 4304825, 1981;
US3922174A, n.d.; Besenhard & Eichinger, 1976; Eichinger & Besenhard, 1976;
Godshall, Raistrick, & Huggins, 1980; Whittingham, 1976; Zanini, Basu, & Fischer,
1978). 1991 yilinda ise Sony Electronics ve Asahi Kasei, ilk ticari Li-ion hticrelerini
piyasaya surmislerdir. Bu hiicreler, diziistii bilgisayarlarda kullanilmak {izere
tasarlanmust: (Nagaura & Tozawa, 1990).

Lityum piller, elektrik depolama yetenegini veren kimyasal 6zellikleri nedeniyle
btiytik bir potansiyele sahip olmalarina ragmen, yine bu kimyasal ¢zellikler nedeniyle
tehlikeli de olabilmektedirler. Fiziksel zorlamalar veya uygun olmayan sarj-desarj bir
lityum hiicrenin yiiksek miktarda enerji aciga ¢ikarmasina neden olabilir. Bu enerjinin
cok btiytik bir kismi 1s1 formunda agiga ¢ikmaktadir. Ortaya ¢ikan bu 1s1 sebebiyle anot
ve katot arasmnda bulunan membran veya bataryanin ambalaj malzemesi hasar
gorebilir. Sonug olarak lityum ve oksijen arasindaki temas yanma bir reaksiyonunu
olusturur, hticreler yanabilir veya patlayabilir (Meier & Kennedy, n.d.). Bu gitivenlik
sorunlar1 goz oniine almdiginda, lityum pillerin diizgiin yonetimi, yaygin kullanimi
i¢in engel teskil eden en 6nemli problemdir. Kullanim giivenligi, uzun batarya émrii
ve saglamlik icin mutlaka bir kontrol sistemi kullanilmalidir. Bu sistemlere Batarya
Yonetim Sistemi (BYS) denir. BYS tanimu uygulama alanina bagli olarak farklilik
gosterebilirken, temel gorevleri asagidaki gibi tanimlanabilir (Bergveld, 2001):

Aracin enerji gereksinimi karsilamak icin batarya enerjisinin optimize edilmesi
Bataryalarin elektriksel ve 1s1l anlamda kontrol edilmesi, zarar gormelerinin
engellenmesi

Bataryalarin sarj ve desarj islemlerini izleme ve kontrol etme.

Kisacasi, BYS, bataryalar1 veya batarya paketlerini énceden tanimlanmis bir akim,
gerilim ve sicaklik zarfi icinde calismak {izere smirlayan sistemlerdir. Bu calisma,
ozellikle dilimizde yaygin kaynak bulunmayan batarya yonetim sistemleri konusunda
yapmakta oldugumuz daha genis kapsamli bir calismanin bolumii olarak
yaymlanmustir.
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KAVRAMSAL TANIMLAR

Bu boltimde elektrikli araglarmn batarya sistemleri tizerine yapilan ¢alismalarm daha
kolay anlasilmasi ve genel olarak hibrit, plug-in hibrit ve elektrikli araglar icin
kullanilan batarya teknolojilerini tanimlamak, smiflandirmak ve karsilastirmak igin
kullanilan terminolojiye yonelik olarak tanimlar ele alimistir (Ogura & Kolhe, 2017).

Batarya Temel Kavramlar:

Hiicre, Modiil ve Paketler

Hibrit ve elektrikli araglar, seri ve paralel olarak dtizenlenen ayri modiiller ve
hticrelerden olusan yiiksek voltajli bir bataryaya sahiptir. Bir hticre, bir bataryanin
alabilecegi en kiictik, paketlenmis formdur ve genellikle bir ile alt1 volt arasindadir. Bir
modiil, genellikle seri ya da paralel olarak baglanan birka¢ hiicreden olusur. Bir
batarya paketi daha sonra tekrar seri veya paralel olarak modiilleri birbirine
baglanarak olusturulur.

Hibrit Batarya Paketi

Elektrikli araglarda kullanilan enerji depolama sistemleri fiziksel veya kimyasal olarak
farkli ozelliklerde olabilmektedirler. Boyle farkli ozellikteki hiicrelerin veya
modiillerin bir arada kullanilmas: ile elde edilen batarya paketleri hibrit batarya
paketleri olarak adlandirilmaktadirlar.

Batarya Smiflandirmalari

Bataryalar esdeger olarak tiretilmez, hatta ayn1 kimyaya sahip bataryalar bile aym
ozelliklere sahip degillerdir. Batarya gelistirmedeki esas hasila ve maliyet dengesi, gti¢
ve enerji arasindadir: piller ya ytiksek giicte ya da yiiksek enerjili olabilir, her ikisi
birden olamaz. Cogu zaman f{ireticiler bazi1 kategorileri kullanarak bataryalar:
smiflandirirlar.

C ve E Oranlar

Bataryalar tanimlanir veya agiklanirken, desarj akimmi akii kapasitesine gore
normalize etmek icin siklikla C-orani olarak ifade edilir. Bir C-orani, bir bataryanin
maksimum kapasitesine gore desarj hizinin bir dlciistidiir. Ornek olarak 1C, desarj
akiminin tim akiiyti 1 saatte bosaltacagi anlamma gelir. 100 A/saat - kapasiteli bir
batarya icin bu, 100 A'lik bir desarj akimma esittir. Aymn batarya igin 5C'lik bir oran
500 A olacak ve C/2 50A e karsilik gelecektir. Benzer sekilde, bir E orani desarj giictinii
aciklar. 1E orani 1 saat iginde akiiyti tamamen bosaltmak i¢in gereken desarj giictidiir.

Batarya Durumsal Kavramlar:

Sarj Durumu (SOC) (%)

Bataryanin mevcut kapasitesinin maksimum kapasitesine ytizde olarak oranidir. SOC,
genellikle zaman icinde batarya kapasitesindeki degisikligi belirlemek icin akim
integrasyonu kullanilarak hesaplanir. Integral alinirken meydana cikan hatalari
giderebilmek icin regresyon tabanli pek cok algoritma gelistirilmistir (Li, Huang,
Liaw, & Zhang, 2017).
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Desarj Derinligi (DOD)(%)
Bataryanin desarj edilen miktarimmin maksimum kapasitesine ytizde cinsinden oram
olarak ifade edilir. En az %80 DOD bir desarj derin bir desarj olarak adlandirilr.

Terminal Voltaji (V)
Yiik ile batarya terminalleri arasindaki gerilimdir. Terminal voltaj1 SOC ve desarj/sarj
akimi ile degisir.

Acik Devre Gerilimi (V)
Yiikstiz akii terminalleri arasindaki gerilimdir. Agik devre voltaji SOC’a baghdir ve
SOC arttikca artar.

I¢ Direnc (Q)

Batarya elektromekanik ozelliklerinden kaynaklanan direnctir. Genellikle sarj ve
desarj icin farklidir, ayrica batarya sarj durumuna da baghdur. Ic direnc arttikca,
batarya verimi diiser ve sarj enerjisinin daha fazla 1stya dontismesiyle termal denge
azalir.

Batarya Teknik Ozellikleri ile ilgili Kavramlar

Nominal Gerilim (V)

Bataryanin bildirilen veya referans voltajidir. Bataryanin “normal” voltaji olarak
duistintilebilir. Paketi tizerinde yer alan degerdir.

Kesme Gerilimi (V)
Minimum izin verilen gerilimdir. Genellikle bataryanmn “bos” durumunu tanimlar.

Kapasite veya Nominal Kapasite (Belirli bir C orant i¢in Ah)

Yiik olctimsel kapasitedir. Bataryanmn belirli bir desarj akiminda (C-orani olarak
belirtilir) ytizde 100 sarj seviyesinden kesme gerilimine kadar desarj olmasi
durumunda elde edilen toplam kapasitedir. Amper-saat olarak ifade edilir. Kapasite,
desarj akiminin (amper cinsinden) desarj stiresiyle (saat cinsinden) carpilmasiyla
hesaplanir ve artan C-oraniyla azalir.

Enerji veya Nominal Enerji (Wh (belirli bir C orani igin))

Bataryanin “enerji kapasitesi”, belirli bir desarj akimmda (C-oran: olarak belirtilir)
%100 sarj seviyesinden kesme gerilimine kadar desarj oldugunda ortaya cikan
enerjinin Watt-saat cinsinden toplamudir. Enerji, desarj gtictinti (Watt cinsinden) desarj
stiresiyle (saat cinsinden) carparak hesaplanir. Kapasite gibi, artan C-oram ile enerji
azalir.

Déngii Omrii

Batarya, belirli performans olgiitlerini karsilamada basarisiz olmadan o©nce
yapabilecegi desarj dongtistinti rakamsal olarak ifade eder. Dongii omrii belirli bir sarj
ve desarj kosullar1 igin tahmin edilmektedir. Bataryanin gercek kullanim 6mrt, sarj-
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desarj dongtilerinin hizi, derinligi, sicaklik ve nem gibi diger kosullardan etkilenir. Ne

kadar ¢ok derin desarj islemi yapilirsa bataryalarin dongt 6muiirleri o oranda kisalir.

Ozgiil Enerji (Wh/kg)

Birim kiitle basmna nominal batarya enerjisi, bazen agirliksal (gravimetrik) enerji
yogunlugu olarak da adlandirilir. Ozgiil enerji, batarya kimyasmin ve paketinin
karakteristik bir ¢zelligidir. Aracin enerji ttiketimi ile birlikte, belirli bir menzil igin
gerekli olan batarya agirligini belirler.

Ozgiil gii¢ (W/kg) )

Birim kiitle basina maksimum kullanilabilir gtic miktarin ifade eder. Ozgiil gtig, pil
kimyasinin ve paketinin karakteristik bir 6zelligidir. Belirli bir performans hedefine
ulasmak icin gereken batarya agirligin belirler.

Enerji Yogunlugu (Wh/L)

Birim hacim basma nominal batarya enerjisini ifade eder. Bazen hacimsel (volumetrik)
enerji yogunlugu olarak da adlandirilir. Enerji yogunlugu, batarya kimyasinin ve
paketinin karakteristik bir 6zelligidir. Aracin enerji tiiketimi ile birlikte, belirli bir
menzil i¢in gerekli olan batarya boyutunu belirler.

Maksimum Siirekli Desarj Akimi

Akitintin stirekli desarj edilebilecegi maksimum akimdir. Bu smir genellikle, bataryaya
zarar verecek veya kapasitesini azaltacak asir1 desarj oranlarin1 6nlemek icin batarya
tireticisi tarafindan tanimlanir. Motorun maksimum stirekli gticti ile birlikte, aracin
surdirtlebilir en ytiksek hizini ve ivmelenmesini tanimlar.

Maksimum 30 Saniyede Desarj Darbe Akimi

Akitintin 30 saniyeye kadar olan darbeler icin desarj edilebilecegi maksimum akimdir.
Bu smir genellikle, bataryaya zarar verecek veya kapasitesini azaltacak asir1 desarj
oranlarmi onlemek icin batarya tireticisi tarafindan tanimlanir. Elektrik motorunun
giicti ile birlikte aracin ivmelenme performansin (0-100 km/saat) tanimlar.
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Sarj gerilimi

Tam kapasiteye kadar sarj edilmis akiintin voltajdir. Sarj semalar1 genellikle sarj
voltajina ulasan akii voltajina kadar sabit bir akim sarjindan, daha sonra sabit voltaj
sarjindan olusur ve sarj akiminin ¢ok kiictik olana kadar sarjin devam etmesini saglar.
Sarj akimi 6nceden belirlenen noktaya kadar azaldiginda sarj durdurulur.

Sarj akimi

Sabit voltaj sarjina gecmeden 6nce bataryanin baslangicta (yaklasik olarak ytizde 70
SOCl'ye kadar) sarj edildigi ideal akimdir. Sarj akimi limiti(CCL) ise belirlenmis en
ytiksek sarj akim degeridir. Sistem bu limitim tizerine ¢ikamaz. Desarj igin belirlenen
limit de desarj akim limiti(DCL) olarak adlandirilir.

Yavas Sarj Voltaji

Bataryay1 tam sarjli olarak tutmak igin, bir DC enerji kaynag: ile yapilan sarjdaki
gerilim degeridir. Yani bataryanin kendi kendine desarjini telafi ederek kapasiteyi
korumak icin akiintin %100 sarj edilmesinden sonra enerjisini muhafaza igin gereken
gerilimdir.

BATARYA CESITLERI

Kursun Asit Akiisti

Kursun asit akiisii en eski teknolojidir. igten yanmali araglar ve yedek gii¢ kaynaklari
(Kesintisiz Gii¢ Kaynag1 veya UPS, istasyon) icin baslangicta (tipik olarak, 12 'V, 40 Ah
pil) baslayan 30-50 Wh / kg enerji yogunlugu ve 2 V hiicredeki voltaja sahiptir. Bu tip
pillerin ucuz, diisiik kendinden desarjli ve yiiksek sarj ve desarj sicakligina toleransl
olusu gibi avantajlar1 vardir. Dezavantajlar arasinda diistik enerji yogunlugu, siurh
omiir ve yavas sarj vardir.

Nikel Tabanli Pil

Nikel-metal hidrit (NiMH) batarya 19901 yillarda elektrikli araglar (EV) igin ve 2000'li
yillarda sirasiyla kanitlanmis emniyet ve fiyat nedeniyle Hibrit Elektrikli Ara¢ (HEV)
uygulamalar1 icin tercih olmustur. Bununla birlikte, dezavantajlar, yiiksek kisisel
desarj orani, hiicre basina diisiik voltaj (1.2V) ve bellek etkisi (nikel kadmiyum ve
nikel-metal hidrid yeniden sarj edilebilir pillerde daha az sarj tutmalarmna neden olan
bir etki) 'dir. Diger nikel bazl1 piller Nikel Kadmiyum (NiCd) pillerdir. NiCd, dongii
basina daha diistik bir maliyet (yaklasik 0.04 dolar) ve NiMH'den (yaklasik 2000
dongti) daha uzun omiirlii olmasma ragmen, NiCd pilinin kompleks geri dontistim
prosediirti gerektirdigi dezavantajlar1 vardir ve daha yiiksek bellek efekti ytiziinden
yavas yavas NiMH ‘lerve Li-On piller ile degistirilmistir.

Lityum-Tabanl Pil

Lityum iyon (Li-ion) pil diziistii bilgisayarlarda, cep telefonlarinda ve diger tasmabilir
elektronik cihazlarda stirekli kullanilmaktadir. 3.6V'luk yiiksek gerilim hiicresi,
Kursun-asit ve Nikel bazli pillere kiyasla, daha az hiicreden giic uygulamak igin
genellikle yeterlidir. Bunlar, uygulamanin enerji yogunlugunun ve hafifliginin ana
kaygilar1 olan uygulamalar icin segilirler. Yiiksek enerji yogunlugunun, uzun gevrim
omriiniin ve diisiik kendi kendini bosaltma hizinin 6zellikleri, Lityum iyonu EV icin
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en iyi aday kilmaktadir. Dezavantajlari, voltaj ve akimi sinirlandirmak igin ytiksek
maliyet ve koruma gereksinimi igeriyor olusudur.
Tesla gibi birgok EV {ireticisi, mevcut kapasite ytizdesi olarak tanimlanan pil sicakligi,
akim, voltaj ve sarj durumunu (SOC) izlemek ve kontrol etmek icin gelismis Batarya
Yonetim Sistemi (BYS) ve sarj teknikleri kullanir. Genellikle Li-ion piller, katot
malzemelerine dayanan bes farkli kategoriye sahiptirler. Bunlar; Li-Kobalt (LCO),
LiMangan (LMO), Li-Fosfat (LFP), Lityum Nikel manganez Kobalt Oksit (NMC),
Lityum Nikel Kobalt Altiminyum Oksit (NCA) ve Li-Titanat (LTO) pillerdir.
Performans: artirmak icin LMO yaygimn olarak NMC ile karistirilir. Fosfat bazli piller,
tum Li-ion piller arasinda en gtivenlisidir. Bununla birlikte, Li-Cobalt tipi pillerden
daha az enerji yogunlugu icerir ve daha yiiksek enerji ile ilgili maliyeti vardir. Fosfat
bazli lityum iyon pil, stirdiirtilebilir bir hiz ve ivme saglayan, SOC'ye kadar
maksimum desarj hizi sunar. Tablo 1'de lityum tabanli pillerin kendi arasindaki
kiyaslamasi verilmistir.

3rd International Energy & Engineering Congress Proceedings Book
18-19 October 2018, Gaziantep University, Turkey

Teknoloji LiFePO, LiCoO, LiMn,0, | Li(NiC0)O, Li,S
Glvenlik En givenli Stabil degil Kabul edilebilir Stabil degil Gavenli
Cevreye Duyariilik|  En cevre dostu Coktehlikeli | Kabuledileblir | Cok tehlikel 5“"02'8’;;"?““"6
Cevrim Omril En iyl Kabul ediebiir Kabul editebiiir | <P SdIEblr | o1l editebilir
gfglandlzgz Kabul edilebilir Iyl Kabul edilebilir iyl Eniyl
Uzu::g;::nde En ekonomik YOksek Kabul edilebilir Yiksek ???
50+C Gzerinde 20°C __65°C
Sicaklik araligt Cok lyi (-20°C ...70°C) | (-20°C...55°C) peﬂoggsa;s ok | -20°C...55°C

Tablo 18. Lityum—iyon Batarya Tiplerinin Karsilastirilmasi (Battery University, 2016)

LCO LMO NMC LFP NCA LTO

Hiicre Voltaji 3.6V 3.7V | 3.6-3.7V 3.2V 3.6V 2.4V

Enerji Yogunlugu (Wh/Kg) | 150-200 | 100-150 | 150-220 90-120 200-260 | 70-80

Desarj Hizi <1C 1C-10C | 1C-2C 1C-25C <1C 10C-30C

Cevrim Omrii 500-1000 | 300-700 |1000-2000| 1000-2000 500  |3000-7000

Uygulama Cep Tel. Tablet |El Alet, Tip |[E-bike, EV |EV, E-bike, Telco |Tip, Endustri [UPS, EV
Tablo 19. Lityum Batarya Kimyalarimin Parametrik Kiyaslanmalar: (Battery
University, 2016)

Tablo 2'de ise Lityum batarya kimyalarinin parametrik olarak karsilastirilmasi
verilmistir. Lityum bir pilin sarj-desarj karakteristiklerini incelemek i¢cin MATLAB
Simulink programinda modellenen detayli bir sistemin verdigi grafiksel sonuclar
Tablo 3’te verilmistir.
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Tablo 22. Modellenen Lityum Pilin Sarj-Desarj Karakteristikleri (Dikmen, 2018)

Redoks Akisli Pil

Akim pili olarak adlandirilan diger oldukga geng bir teknoloji (redoks akis bataryasi
(RFB) olarak da bilinir) arastirmalar1 devam etmektedir. Normal hiicre voltaji 1.15 V
ile 1.55 V arasmndadir. RFB'ler cok sayida derin sarj ve desarj dongiisti gerektiren
(10,000'den fazla dongiiden enerji yogunlugu olan uygulamalar) islemek tizere
tasarlanmistir. Konvansiyonel piller, derin cevrim tasima yetenegi goz Oniine
alindiginda, ¢oklu saat desarj dongiistinii, 6zellikle de 1000 derece derin desarj
dongtisii saglamak igin tasarlanmanmustir. 100 MW 10 saatlik bir desarj uygulamasi, 10
saatlik bir desarj tiretmek icin ¢ok sayida aktif olmayan konvansiyonel hiicreler seti ile
birlikte ¢ok sayida pil hiicresi gerektirecektir.

Fiituristik Batarya Ttirleri

Laboratuvar ortaminda calismalar1 halihazirda stirdiirtilen yeni batarya tiirleri de
mevcuttur. Deneysel piller cogunlukla korunakli laboratuarlarda calisiimakta ve
genellikle yatirimcilar: ikna etmek icin gelecek vaat eden raporlarla dis diinyaya lanse
edilmektedirler. Cogu konsept pil gercek¢i olmayan sonuglar gostererek tarih
sahnesinden kaybolmaktadir. Bunlardan en umut verici deneysel pillerden bazilar
mevcut lityum-iyon teknolojileriyle miimkiin olandan ¢ok daha fazla enerji
depolamay1 vaat eden Lityum-Hava (Li-Air) piller, uzun siire yiiksek enerji ve iyi
ytikleme kapasitesi nedeniyle gelecekteki sarj edilebilir pil olarak goriilen Lityum-
Metal (Li-Metal) piller, normal Li-ion ile karsilastirildiginda iki kat daha fazla enerji
depolamay1 vaat eden Kat1 Hal Lityum piller, Li-iyonun yaklasik ti¢ kat1 kadar ¢ok
ytiksek 6zgiil bir enerji sunan ve ¢evre dostu olan Lityum- Stilfiir (Li-S) piller, sodyum
ucuz ve hali hazirda mevcut oldugu icin Li-ion pillerden daha dtistik maliyetli bir
alternatif olan Sodyum-iyon (Na-lon) pillerdir (Battery University, 2018). Heniiz
konsept galismalarmin devam ettigi bu pillerin ¢ogu, teorik bir diinyada harika bir
sekilde islev goriir fakat ¢ogu Octagon Bataryasimin sekiz temel gereksinimini
karsilayamaz. Kisa ¢evrim omrii ve smurh yiik akimlari ¢ogu zaman bu atilimlarin
ticarilesmesini oniine gegen en biiytiik etkendir.
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BATARYA YONETIM SISTEMI

Batarya yonetim Sistemi (BYS) tamimi uygulama alanma bagli olarak farklilik
gosterebilirken, temel gorevleri asagidaki gibi tanimlanabilir (Bergveld, 2001):

Aracin enerji gereksinimi karsilamak icin batarya enerjisinin optimize edilmesi
Bataryalarin elektriksel ve 1s1l anlamda kontrol edilmesi, zarar gormelerinin
engellenmesi

Bataryalarin sarj ve desarj islemlerini izleme ve kontrol etme.

Kisacasi, BYS, bataryalar1 veya batarya paketlerini énceden tanimlanmis bir akim,
gerilim ve sicaklik zarfi iginde calismak {izere sinirlayan sistemlerdir. Bu baglamda
batarya yonetim sistemlerini daha detayli incelenirse islevi(fonksiyonlari), izleme,
hesaplama kabiliyeti, iletisim ve optimizasyon basliklar1 altinda ele alinabilirler.

Fonksiyonlar

Izleme

Bir BYS, bataryanin durumunu asagida aciklanan 6geler bakimimndan izleyebilir:
Gerilim: Toplam gerilim, tek tek hiicrelerin gerilimleri, minimum ve maksimum hticre
gerilimleri.

Akim: Bataryaya giren veya ¢tkan akim

Sicaklik: Ortalama sicaklik, sogutma sivist emme sicakligl, sogutucu cikis sicaklig
veya tek tek hiicrelerin sicakliklar:.

Bataryanin sarj seviyesini gostermek icin sarj durumu (SOC) veya desarj derinligi
(DOD)

Saglik durumunun (SOH), bataryanin kalan kapasitesinin, orijinal kapasitenin %/si
olarak

Gli¢ durumu (SOP), mevcut giic kullanimi, sicaklik ve diger kosullar goz oniine
almarak belirli bir zaman aralig1 icin mevcut olan gti¢ miktar1

Sogutma sivisi akisi: hava veya sivi sogutmali piller igin

Hesaplama

Ek olarak, bir BMS, yukaridaki o©gelere dayali olarak baz1 degerleri
hesaplayabilmelidir. Ornek olarak:

Bir sarj akimi limiti (CCL) olarak maksimum sarj akimu

Bir desarj akimi limiti (DCL) olarak maksimum desarj akimu

Enerji [KWh] son sarj veya sarj dongtistinden beri tiretilen

Bir hiicrenin i¢ direnci (agik devre voltajini belirlemek igin)

Enerji [Ah] depolanan veya verilen (bazen bu 6zellik Coulomb sayaci olarak
adlandirilir)

[1k kullanimdan itibaren verilen toplam enerji

[k kullanimdan itibaren toplam galisma stiresi

Toplam 6miir dongtisii sayisi
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Tletisim
Bir BMS'nin merkezi kontrolorii, hiicre seviyesindeki donanimiyla veya harici olarak
diziistu bilgisayarlar veya HMI gibi ytiksek seviyeli donanimlarla iletisim kurar.
Ust diizey harici iletisim basittir ve birkag yontem kullanir:
Cesitli seri haberlesme yontemleri.
Cesitli kablosuz iletisim tiirleri.
Otomotiv ortamlarinda yaygin olarak kullanilan CAN veriyolu iletisimi.
DC-BUS - Giig hatt1 tizerinden seri iletisim
Diistik voltajli merkezi BMS'ler cogunlukla dahili haberlesmeye sahip degildir. Direng
boltinmesiyle hticre voltajim dlgerler. Dagitilmis veya modiiler BMS'ler, baz1 diistik
seviyeli dahili hiicre denetleyicisi (Modiiler mimari) veya denetleyici (Dagitilmus
mimari) iletisimi kullanirlar. Bu tiir iletisim tiirleri, 6zellikle yiiksek voltaj sistemleri
icin zordur. Sorun, hiicreler arasindaki voltaj kaymasidir. Ik hiicre toprak sinyali,
diger hiicre toprak sinyalinden ytizlerce volt daha yiiksek olabilir. Yazilim
protokollerinden ayr1 olarak, gerilim kaydirma sistemleri, Optik-izolator ve kablosuz
iletisim icin bilinen iki donanim iletisim yolu vardir. Dahili iletisim icin baska bir
kisitlama, maksimum hiicre sayisidir. Modiiler mimari i¢in cogu donanim maksimum
255 diigtimle siurhdir. Yiiksek voltaj sistemleri igin, tim hiticrelerin arama stiresi,
minimum veri yolu hizimi smirlandiran ve bazi donanim seceneklerini kaybederek
bagka bir kisitlamadir. Modiiler sistemlerin maliyeti 6nemlidir, ¢tinkii hticre fiyati ile
karsilastirilabilir olabilir. Donanim ve yazilim kisitlamalarinin kombinasyonu, i¢
iletisim icin birkag¢ secenek olarak ortaya ¢ikmaktadir:
Izole seri iletisim
Kablosuz seri iletisim

Optimizasyon

Bataryanin kapasitesini en tist diizeye ¢ikarmak ve lokal ytik altinda asir1 akimi veya
asir1 sarj1 onlemek icin, BMS, bataryayi1 olusturan tiim hiicreleri dengeleme yoluyla
ayni voltajda veya sarj durumunda tutuldugunu aktif bir sistemdir. BMS hiicreleri su
sekilde dengeleyebilir:

En ytiikli hiicrelerden enerjiyi bir yiike baglayarak (pasif regiilatorler yoluyla)

En ytiikli hiicrelerden en az sarjli1 hiicrelere (dengeleyiciler) enerji akis

Tamamen sarj edilmis hticrelere zarar vermeyecek sekilde sarj akiminin yeterince
dustik bir seviyeye indirilmesi, daha az ytiklu hiicreler sarj edilmeye devam edebilir
(Lityum tabanli hiicreler i¢in gecerli degildir)

Modiiler yiikleme

Batarya Yonetim Sistemi Topolojileri

Basit pasif regtilatorler, hiicre voltaji belirli bir seviyeye ulastiginda sarj akimini bypass
ederek pil veya hiicreler arasmda dengelenmeyi saglar. Hiicre voltaji, hticrenin
SOC'unun zayif bir gostergesidir (ve LiFeP04 gibi belirli Lityum kimyalari icin hig bir
gosterge degildir), boylece pasif diizenleyiciler kullanilarak hiicre voltajlarmin esit
hale getirilmesi, bir BMS'nin amaci olan SOC'u dengelememektedir. Bu nedenle, bu
tur cihazlar, kesinlikle yararli olsa da, etkinliklerinde ciddi sinirlamalara sahiptir.

Aktif regtilatorler, uygun oldugu zaman bir ytikti akillica agar ve kapatir ve yine
dengelemeyi basarir. Aktif regtilatorleri etkinlestirmek icin sadece hiicre voltajt
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parametre olarak kullaniliyorsa, pasif regtilatorler icin yukarida belirtilen aym
kisitlamalar gegerlidir.

Tam bir BMS ayrica pilin durumunu bir ekrana bildirir ve pili korur. BMS topolojileri
3 kategoriye ayrilir:

Merkezilestirilmis: Cok sayida kablo ile tek bir kontrol {initesi her batarya hiicresine
ayr1 ayr1 baglanir.

Dagitilmis: Her bir batarya hiicresi ve bir denetleyici arasinda yalnizca bir iletisim
kablosuyla bir BMS kartina takilidur.

Modiiler: Kontrolorler arasinda iletisim ile birlikte, her biri belirli sayida hiicreye bagh
kontrolorlerden meydana gelir.

Merkezi BMS'ler en ekonomik, en az genisletilebilir ve ¢ok sayida kablo ile bogulurlar.
Dagitilmis BMS'ler en pahalisi, kurulumu en basit olanidir bunlar en temiz montajt
olanagi sunmaktadirlar. Modtiler BMS'ler diger iki topolojinin 6zelliklerinden ve
sorunlarindan taviz verir.

Mobil uygulamalarda (elektrikli araglar gibi) ve sabit uygulamalarda (bir sunucu
odasmda stand-by UPS'ler gibi) bir BMSmin gereklilikleri, 6zellikle alan ve agirlik
kisitlama gerekliliklerinden oldukca farklidir, bu ytizden 6zel kullanim i¢in donanim
ve yazilim uygulamalar1 uyarlanmalidir. Elektrikli veya hibrid araglar s6z konusu
oldugunda, BMS sadece bir alt sistemdir ve bagimsiz bir cihaz olarak galisamaz. En az
bir sarj aleti (veya sarj altyapisi), bir yiik, termal yonetim ve acil durum kapatma alt
sistemleri ile iletisim kurmalidir. Bu nedenle, iyi bir ara¢ tasariminda BMS, bu alt
sistemler ile siki1 bir sekilde biittinlesmelidir. Baz1 kiictik mobil uygulamalar (tibbi
ekipman arabalari, motorlu tekerlekli sandalyeler, scooterlar ve gatall1 asansorler gibi)
genellikle harici sarj donanimina sahiptir, ancak yerlesik BMS'nin harici sarj cihazi ile
siki bir tasarim entegrasyonuna sahip olmasi gerekmektedir. (Nikowitz, 2016)

SONUC

Giin gectikce buiytiyen ve gelisen elektrikli arag pazari ve onun itici giicti olan elektrikli
arag teknolojilerinin ana unsuru enerji depolama sistemleridir. Bu ¢alisma ile batarya
ve batarya yonetim sistemlerine genel bir bakis sunulmustur. Yapilan bu calisma daha
genis kapsamli bir calismanin pargasidir. Ulkemiz agisindan stratejik 6neme sahip olan
elektrikli ara¢ teknolojisinin yerli ve milli imkanlarla gelistirilmesi konusunda
literattire katki yapmak amaciyla sunulan bu calisma; gelecekte detaylandirilarak
kapsaml1 bir halde akademik ve sanayinin kullanimma sunulacak bir tirtintin temel
igerigini olusturmaktadir.
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