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In this study, the examination of the wear properties of Cu-Cr-B4C-CNF hybrid composites
produced by powder metallurgy method is given as a graphic summary below.
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Figure A. Production and test flow chart

Purpose: It is aimed to examine the wear properties of Cu-Cr-B4sC-CNF hybrid composites
produced by powder metallurgy method in detail. The effects of the reinforcement elements added
in Cu on the wear behavior were investigated.

Theory and Methods: Pure copper is widely used in various electrical applications due to its
high electrical conductivity and high thermal conductivity. Although copper has these excellent
properties, the ductility of copper makes it vulnerable to mechanical stress. In this study, the wear
properties of hybrid composites produced by powder metallurgy were investigated.

Results: The wear depth was calculated using the wear traces and the ball diameter, and then the
wear section was calculated. The wear volume was found by multiplying the wear section by the
wear length. The wear resistance of the samples is interpreted as an indicator of the wear rates.
While the friction coefficients and wear rates decreased depending on the reinforcement ratios,
both the friction coefficients and the wear rates increased with the increase of the wear loads.

Conclusion: The friction coefficients of the samples differed according to the composition.
Depending on the increase in the load, the friction coefficients also increased. Among the sample
groups, it occurred under 5 N abrasion load in the S7 sample. This is attributed to the lubricating
property of CNF. The wear rates increased depending on the wear load and the amount of
additives. According to the SEM images of the wear surfaces, both adhesive and abrasive wear
mechanisms are the dominant wear types.

DOI: 10.29109/gujsc.1126339
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Despite the excellent properties of copper, such as high electrical conductivity and high thermal
conductivity, the fact that its mechanical properties are weak reveals the fact that its mechanical
properties have been improved. In this study, the wear properties of Cu-Cr-B4C-CNF hybrid
composites produced by powder metallurgy were experimentally investigated in order to improve
their mechanical properties. The pin-on-disc wear method was used to determine the wear
performance of the composites. Three different wear loads (5N, 10N, and 15N) were selected in
the wear test. According to the wear results, while the friction coefficients and wear rates
decreased depending on the reinforcement ratios, both the friction coefficients and the wear rates
increased with the increase of the wear loads. According to the SEM photographs taken from the
surface after the wear process, both adhesive and abrasive wear mechanisms are the dominant
wear types.

Toz metaliirjisi yontemi ile iiretilen Cu-Cr-B4sC-CNF hibrit
kompozitlerin asinma 6zellikleri

Oz

Bakirin yiiksek elektriksel iletkenlik ve yiiksek termal iletkenlik gibi miikemmel 6zelliklerine
ragmen mekanik 6zelliklerinin zay1f olmasi, mekanik dzelliklerinin gelistirilmesi ger¢egini ortaya
koymaktadir. Bu ¢alismada toz metaliirjisi ile iiretilen Cu-Cr-B4C-CNF hibrit kompozitlerin
mekanik Ozelliklerini iyilestirmek amaciyla asinma ozellikleri deneysel olarak aragtirilmustir.
Kompozitlerin aginma performanslarin1 belirlemek amactyla pin-on-disk asinma metodu
kullanilmigtir. Asinma testinde {i¢ farkli aginma yiikii (SN, 10N ve 15N) secilmistir. Aginma
sonuglarina gore, takviye oranlarina bagli olarak siirtiinme katsayilarinda ve aginma oranlarinda
azalma meydana gelirken, asinma yiiklerinin artmasiyla hem siirtinme katsayilarinda hem de
aginma oranlarinda artiglar meydana gelmistir. Asinma isleminden sonra yiizeyden alinan SEM
goriintiilerine gére hem adhezif hem de abrasiv asinma mekanizmalar1 hakim asinma tiirleridir.

1. GIiRiS INTRODUCTION)

Bakir ve alagimlarinin insanlar tarafindan kullanimi binlerce yil dncesine dayanmaktadir. Muhtemelen
bakir, insanlik tarafindan ¢ikarilan ve islenen en eski metaldir. Iyi mukavemet ve siineklik, isleme kolaylig
ve iyi bulunabilirlik ile bakir, binlerce yildir nesneler, takilar ve giinliik kullanim araglar veya yiiksek
teknolojik icerige sahip bilesenler olusturmak i¢in mitkemmel bir malzeme olmustur. Giiniimiizde bakair,
cogunlukla yiiksek 1s1 veya elektrik iletkenligi gerektiren uygulamalarda saf haliyle kullanilirken, alagimlar
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(bronzlar ve piringler) mitkkemmel korozyon ve asinma direnci sayesinde bir¢ok alanda yaygin olarak
kullanilmaktadir. Bakir ve alasimlari, insanligin biiyiimesi i¢in biiyiik bir dogal kaynak olmustur ve olmaya
devam etmektedir [1-3]. Bakirin bu essiz 6zelliklerine ragmen nispeten diisiik mukavemeti ve sertligi,
yapisal malzemeler olarak uygulamalarini sinirlamistir. [4, 5]. Bu olumsuzlugun iistesinden gelmek igin
malzeme alaninda birgok ¢aligma yapilmaktadir. Yiiksek performansli Cu esasli malzemeler elde etmek
icin yaygin olarak kullanilan iki yontem vardir. Bu yontemlerden ilki, Cu—Cr—Zr, Cu-Ni-Si ve Cu-Cr
alasgimlar1 gibi, yaslanma isleminden kaynaklanan intermetalik partikiillerin neden oldugu cokelme
giiglendirmesinin birincil giiglendirme faktdrii oldugu alagimlama yoludur. ikincisi ise, takviye olarak
partikiillerin (karbiirler, boriirler ve oksitler) ve whiskerlerin (karbon nanotiipler veya grafit) neden oldugu
giiclendirmenin ana giiglendirme mekanizmasi oldugu kompozit iiretim metodudur [6, 7]. Peng vd. [8]
yaslandirma isleminden sonra Cu-Cr ve Cu-Cr-Ti alagimlarinin mekanik o6zellikleri ve mikroyapi
ozelliklerini arastirmiglardir. Onlar, Cu-Cr alasimlarinin yumusama sicakligi ve akma dayanimi, Ti
iceriginin artmasiyla arttigini, Cr ¢okeltilerinin giiclendirme katkis1 nicel olarak belirlendigini ve. Ti
ilavesinin Cu-Cr alagimlarinda kiibik ¢okeltilerin olugsmasina neden oldugunu rapor etmislerdir. Fakat
olusan cokelekler, yiiksek sicaklik uygulamalarinda bozularak, dayanimda diisiis yasanmaktadir [9]. Bu
olumsuzlugun tistesinden gelmek igin bakir matrisli kompozit malzemeler 6nem kazanmaktadir. Shu vd.
[10] Cu-B4C kompozitlerini iiretip, BsC’nin mikroyapi, sertlik, elektriksel iletkenlik ve asinma direncine
etkisini incelemislerdir. Sonuglar, BsC miktarmin artmasiyla elektriksel iletkenlikte kademeli olarak
azalmanin oldugunu gosterirken, sertlikte ve asinma direncinde artis oldugunu gostermistir. Tiim bu olumlu
ozelliklere ragmen, daha yiiksek oranlarda seramik takviyesinin eklenmesi, kompozitin genel yogunlugunu
arttirir ve isleme zorluklarina neden olur. Yukaridaki sinirlayici faktorler, belirli bir uygulama igin gereken
ozellikleri uyarlamak i¢in ikili veya ii¢lii takviye malzemeleri (biri seramik olan) ile hibrit kompozitlerin
kullanimint  baglatmigtir. Ayrica, hibrit kompozitler, ileri miihendislik uygulamalar1 ihtiyacini
karsilamadaki olaganiistii potansiyelleri nedeniyle son zamanlarda bilim ve miithendislik alanlarinda ¢ok
fazla ilgi gérmektedir [11]. Bu ¢alismada, bakir icerisine Cr, BsC ve CNF ilave edilerek toz metaliirjisi
yontemiyle hibrit kompozitler {iretilmis olup, iiretilen bu hibrit kompozitlerin aginma 6zellikleri detaylica
arastirilmisgtir.

2. MATERYAL VE METOTLAR (MATERIALS AND METHODS)

Hibrit kompozitlerin tiretiminde matris olarak bakir (Cu), takviye olarak ise bor karbiir (B4C), krom (Cr)
ve karbon nanofiber (CNF) kullanilmistir. Tozlarin EDS analizlerine gére Cu agirlikca %100 Cu’dan, Cr
agirlikca % 100 Cr’dan, B4C agirlikca %34.29 B ve %65.71 C’dan ve son olarak CNF ise agirlik¢a %100
C’dan olugmaktadir. Tablo 1 toz karisim oranlarin1 gostermektedir.

Tablo 1. Toz karisum oranlari (% hacim)

Numune Kodu Cu B4C Cr CNF
S1 100 0 0 0
S2 92 8 0 0
S3 90 8 2 0
S4 88 8 4 0
S5 86 8 6 0
S6 85 8 6 1
S7 84 8 6 2
S8 83 8 6 3

Yukarida verilen karisim oranlarina gore tozlar 2 saat siirede 400 rpm’de mekanik alagimlama iglemine tabi
tutulmustur. Mekanik alagimlanan toz karisimlari hidrolik preste 400 MPa basingta preslenmis olup, 20 mm
capinda ve 10 mm yiiksekliginde numuneler {iretilmistir. Ham halindeki numuneler tiip firinda argon
atmosferinde 10 °C/dk 1sitma/sogutma hizinda 2 saat siirede 900 °C sicaklikta sinterlenmistir. UTS
Tribometer T10 test cihazi (Sekil 1) kullanilarak ASTM G99-17 standardina [12] uygun olarak tiim
numunelere disk tizerinde pin asinma testi uygulandi. Testler oda kosullarinda 5 N, 10N ve 15 N yiiklerde
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ve 300 metre kayma mesafesinde gergeklestirilmigtir. Agindirici karst malzeme olarak 100Cr6 malzemeden
iiretilmis @6 mm ¢apinda ¢elik bilyalar kullanilmigtir. Asinma iz kalinliklar1 Nikon marka optik mikroskop
kullanilarak 6l¢iilmiistiir. Asinma yiizeylerinin Taramali elektron mikroskobu (SEM) ve enerji dagilimli
spektrometre (EDS) analizleri Carl Zeiss Ultra Plus Gemini FESEM kullanilarak yapilmistir. Sekil 2’de
numune iiretiminden aginma testine ve sonrasindaki analizleri de iceren akis diyagrami goriilmektedir.

Sekil 1. Asinma cihazi (UTS 10/20 Tribometer)

Mekanik Presleme Sinterleme
= QY = R "m

Sekil 2. Uretim ve test akis diyagrami

3. SONUCLAR VE TARISMA (RESULTS AND DISCUSSION)

Asinma testlerinde aginma orani, numunelerin aginma kayiplari agisindan ele alinacak bir niceliktir. Asinma
oranini hesaplarken, kayip hacim, uygulanan yiik ve kayma mesafesi gibi degerler hesaba katilir [13, 14].
Asmmma hacminin hesaplanmasinda asmma izi genislikleri dikkate alinarak hesaplanmistir. Optik
mikroskop kullanilarak &lgiilen aginma izi geniglikleri S1, S2 ve S6 nolu numuneler i¢in Sekil 3’de
verilmistir. S1 (katkisiz) numunesinde 5 N ve 15 N i¢in aginma izi genislikleri sirastyla 644 pm ve 1501
pum iken, hibrit kompozit olan S6 numunesinde 5 N ve 15 N i¢in asinma izi genislikleri sirasiyla 560 pm
ve 1830 pm olarak olgiilmiistiir. Asinma izleri ve bilya ¢ap1 kullanilarak asinma derinligi hesaplanmis ve
sonrasinda aginma kesiti hesaplanmigtir. Asmmma kesiti ile asinma boyu carpilarak asmmma hacmi
bulunmustur. Asinma derinlikleri kullanilarak asinma performansi belirlenmesi {izerine literatiirde bir kag
calisma mevcuttur [15, 16]. Numunelerin asinma direnci, asinma oranlarinin bir gostergesi olarak
yorumlanmaktadir. Asinma orani agsagidaki formiil kullanilarak hesaplanmustir [17].
%

A =
sinma orant WxL
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Burada V, hacimsel aginma kaybi, W, uygulanan yiik ve L, aginma yoludur. Numunelerin aginma oranlari
ve slirtiinme katsayilar1 Sekil 4’de verilmistir. Numunelerin aginma oranlar1 her bir numune i¢in ve farkl
asinma yiikiinde farklilik gostermektedir. Diisiik yiikte (SN), asinma oran1 oldukea diigiikken, 10N ve 15N
yiiklerde asinma oranlari belirgin olarak artmaktadir. Bu durum yiiksek yiiklerde asindirici karsi top
malzeme ile numune arasindaki temas alaninin artmasiyla agiklanabilir. Temas alani arttikca matristen
kopan takviye parcaciklar iki ve {i¢ cisimli asinma modlarina gére asinmay1 yonlendirmektedir. Siirtiinme
katsayilar1 takviye orani arttikga azalmakta, asinma yiikii arttiginda ise artmaktadir (Sekil 5). CNF igerikli
6, 7 ve 8 nolu numunelerin siirtlinme katsayilar1 olduk¢a diigmiistiir. Bu durum karbon menseli
malzemelerin yaglayicilik 6zelligine atfedilebilir [18].

Sekil 3. Numunelerin farkli asinma yiiklerinde asinma iz kalinliklarinin optik fotograflari: (a) S1, (b) S2
ve (c) S6
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Sekil 5. Numunelerin siirtiinme katsayilart ve asinma oranlart grafigi: (a) S1, (b) S2, (c) S3, (d) S4, (e)

S5, (f) S6, (g) S7 ve (h) S8
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Asinma testinden sonra aginma yiizeylerine SEM-EDS analizi yapilmistir. Sekil 6a ve Sekil 6b’de 1 nolu
katkisiz ve Sekil 6¢ ve Sekil 6d’de ise 6 nolu Cu-8B4C-6Cr-1CNF numunelerinin aginma yiikiine bagh
olarak aginma yiizeylerinin SEM-EDS analizini gostermektedir. Her iki numune grubu i¢inde aginma yiikii
5N’dan 15N’a arttiginda aginma izi kalinliginin arttigt SEM goriintiilerinden agik¢a goriilmektedir. Bu
durum yiikiin artmasiyla asindirici bilya ile numune arasindaki temas alaninin artmasiyla iligkilidir. 1 nolu
numunede genelde adhezif asinma hakimken asinma kenarinda ¢ok az oranda abrasiv aginma mevcuttur.
Abrasiv asinma olayr CuO partikiillerinin ana matristen kopmasi ve sonrasinda aginma testi esnasinda
abrasiv etkiyle bakir matrisi ¢izmesi seklinde agiklanabilir. Zaten, numunelerin yiizeyinden EDS analizinde
de oksit varlig acikga goriilmektedir. Katkisiz olan 1 nolu numunede bazi bolgelerde ¢atlaklarin olugumu
da goze carpmaktadir. Catlaklarin sebebi olarak, aginma testi esnasinda matrisin soguk sertlesmesinden
dolay1 artik malzemenin dayaniminda azalmanin olmasi gosterilmektedir. 1 nolu numune i¢in 15N aginma
yiikiinde abrasiv etki azalmaktadir, bunun yerine neredeyse numunenin asinma yiizeyinde adhezif agimma
hakimdir. Ciinkil yiiksek yiiklerde CuO parcaciklar1 pargalanarak abrasifligini kaybetmektedir. 6 nolu
numunede ise aginma yiizeyinin tamamui abrasiv aginma karakterlidir. Bu sebebi olarak da aginma esnasinda
matrsiten ¢ikan B.4C tanelerinin abrasiv tanecik 6zelligi gostermesidir (6zellikle yiiksek aginma yiikiinde)
[19]. Mikro pulluklanma izleri de SEM goriintiisiinde agikga goriilmektedir.

Element ‘Weight % |

Sekil 6. Asinma yiizeylerinin SEM-EDS analizi: (a) S1/5N, (b) S1/15N, (c) S6/5N ve (d) S6/15N

4. SONUC (CONCLUSION)

Toz metalurjisi yontemiyle iiretilen Cu-Cr-BsC-CNF hibrit kompozitlerin aginma ozellikleri detaylica
arastirilmig ve asagidaki sonuglara ulagilmstir:

1. Numunelerin asinma islemi sonrasinda optik mikroskopla alinan asinma izleri asinma oranlarinin
hesaplanmasinda kullanilmis ve bu izlerin genislikleri yiikiin artmasiyla artmis, bilesim degisimine gore
degismistir.
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2. Numunelerin siirtlinme katsayilar1 bilesime gore farklilik gostermistir. Yiikiin artisina bagli olarak
sirtiinme katsayilar1 da artmistir. Numune gruplari arasinda S7 numunesinde 5 N aginma yiikii altinda
meydana gelmistir. Bu durum CNF’nin yaglayicilik 6zelligine atfedilmistir.

3. Asinma yiikiine ve katki miktarina bagli olarak aginma oranlari artmistir. Asinma ylizeylerinin SEM
goriintiilerine gore hem adhezif hem de abrasiv asinma mekanizmalar1 hdkim aginma tiirleridir.
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In this study, to achieve globular microstructure required for semi-solid forming of extruded
AZ31 Mg alloy is experimented by increasing to semi-solid temperatures. Once optimum
parameters such as ideal grain size and shape factor and liquid phase ratios corresponding to
semi-solid temperatures are achieved then these variables are utilized as inputs in hot pressing
with SIMA method to form compact microstructure.

 Semi Solid Forming of AZ31 Mg

Isothermal Process Spheoradization

Elongated Particles
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Rapid heating
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,
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Figure A. Schematic Representation of Semi Solid Forming

Purpose: It is aimed to determine optimum parameters of spherical microstructure necessary
for the semi-solid shaping of the extruded AZ31 Mg alloy by rapid heating to semi-solid
temperatures and isothermal holding in the semi-solid temperature range. Therefore,
determined variables of optimal spheroidization degree can be directly applied to hot press
stage through the SIMA method.

Theory and Methods: In the induction coil of extruded AZ31 Mg alloy, rapid heating to semi-
solid temperature and controlled holding in the isothermal temperature range processes are
applied to AZ31 Mg alloy during the study. Rapid heating (4°C/s) above 585°C and cooling in
water produced many intermetallic Mgi7zAli2(y) compounds with heterogeneous distribution
both in the grain and very little eutectic at the grain boundaries. Not only intermetallic phases
have detrimental effects to microstructure, but they have also effect to prevent grain growth
especially when they settle at the grain boundaries.

Results: Rapid heating to the semi-solid temperature (565-630°C) of extruded AZ31 Mg alloy
and cooling in water leads to spherodization (shape factor increase) in equiaxed primary
elongated extruded Mg grains. As the escalation in temperature, the degree of spherodization
of the grains improved but meanwhile grain growth occurred. Therefore, optimum grain size
around 49-52 um and shape factor (SF = 0.86) were achieved before grain growth.

Conclusion: In this paper rapid heating to the semi-solid temperature (565-630°C) of extruded
AZ31 Mg alloy and cooling in water leads to spherodization (shape factor increase) in equiaxed
primary elongated extruded Mg grains. Optimal values of shape factor and grain size were
successfully determined as a result of experiments. Since best parameters must be used during
hot pressing stage, it is anticipated that samples are eligible to be formed by SIMA method.

DOI: 10.29109/gujsc.1187050
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Mg alloys have poor formability due to their hexagonal tightly packed (HCP) crystal structure, low active
shear system at room temperature, and anisotropic behaviour in polycrystalline structure. Today’s
developments in machining, liquid forming and semi-solid forming technology have removed these
obstacles. In the semi-solid forming method, it is aimed to obtain ideal microstructure of the alloy,
including excellent fluidity, appropriate flow control, adjustable viscosity and controllable grain
morphology, thanks to equiaxed spherical solid particles surrounded by liquid. In this study, it is aimed
to achieve the spherical microstructure required for the semi-solid shaping of the extruded AZ31 Mg alloy
by heating to semi-solid temperatures and isothermal holding in the semi-solid temperature range.
Therefore, rapid heating in the induction coil and controlled holding in the isothermal temperature range
were applied to the alloy. Heating the extruded AZ31 Mg alloy to a semi-solid temperature (565-630°C)
and subsequently rapid cooling processes lead to many intermetallic Mgi7Ali2(y) compounds with
heterogeneous distribution both in the equiaxed primary Mg(a) grains and at the grain boundaries as well
as a very little eutectic at the grain boundaries. As the semi-solid temperature value increased, the degree
of spheroidization increased. However, it was found that the grain growth reached a maximum at one
point and there was no significant change in the shape factor as a result of controlled holding time.

AZ31 Mg Alasiminda Yari Kati Sicakhiklarin ve Yari-Kati Sicaklil
Araliginda Izotermal Bekletmenin Mikro Yapi Uzerine Etkisinin
Incelenmesi

Oz

Mg alagimlari, hegzagonal siki paketlenmis (HCP) kristal yapisi, oda sicakliginda aktif kayma sisteminin
az olmas1 ve polikristal yapidaki anizotropik davranisi nedeniyle zayif sekillendirilebilirlik 6zelligine
sahiptir. Bu durum gegmiste Mg alagimlarimin gelistirilmesini ve ticarilesmesini belirli 6l¢tide engellerken
giiniimiizde siv1 sekillendirme ve yari-kati sekillendirme teknolojisindeki gelismeler bu engelleri ortadan
kaldirmustir. Yari-kat1 sekillendirme yonteminde, siv1 ile ¢cevrelenmis es eksenli kiiresel kat1 pargaciklar
sayesinde milkemmel akigkanlik, uygun akis kontrolii, ayarlanabilir viskozite ve kontrol edilebilir tane
morfolojisi dahil olmak {izere ideal mikro yap1 elde edilmesi hedeflenmektedir. Bu ¢alismada, Ekstriize
AZ31 Mg alasmminin yari-kat1 sekillendirilmesi igin gerekli olan kiiresel mikro yapmmn yar kati
sicakliklara 1sitma ve yari-kati sicaklik araliginda izotermal bekletme islemleri ile elde edilmesi
amaglanmigtir. Alagima indiiksiyon bobininde hizli 1sitma ve izotermal sicaklik araliginda kontrolli
bekletme uygulanmustir. Ekstriize AZ31 Mg alasimini yari-kati sicakliga (565-630°C) ani 1sitma ve hizli
sogutma islemleri ile eseksenel birincil Mg, taneleri iginde ve tane sinirlarinda heterojen dagiliml birgok
intermetalik Mgi7Al1>¢bilesigi ve az da olsa tane sinirlarinda otektik meydana gelmistir. Yari-katt
sicaklik degeri arttikca kiiresellesme derecesi artmistir. Ancak tane bilyiimesinin bir noktada maksimuma
ulastig1 ve kontrollii bekletme sonucu tane bilyiimesi gercekleserek sekil faktoriinde 6nemli bir degisiklik
olmadig tespit edilmistir.

1. GIRIiS (INTRODUCTION)

Metal alasimlari arasinda diisiik 6zgiil agirliga sahip Mg alasimlari, yiiksek 6zgil mukavemetleri ve
sertlikleri, miilkemmel sonlimleme ozellikleri, iyi dokiilebilirlikleri ve geri doniistiiriilebilirlikleri
nedeniyle otomobil, havacilik ve elektronik sektorlerinde oldukga genis uygulama alanina sahiptir [1].
Mg alasimlari, hegzagonal siki paketlenmis (HCP) kristal yapisi geregi oda sicakliginda aktif kayma
sisteminin az olmasi ve polikristal yapidaki anizotropik davranisi nedeniyle zayif sekillendirilebilirlik
Ozelligine sahiptir. Bu durum ge¢miste Mg alagimlarinin gelistirilmesini ve ticarilesmesini belirli 6l¢tide
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engellemistir. Giiniimiizde ise talas kaldirma, sivi sekillendirme ve yari-kati sekillendirme
teknolojisindeki gelismeler bu engelleri elimine etmistir [2].

Alagimlarin yari-kati sekillendirilme yontemi ilk olarak 1970'lerde kesfedildiginden itibaren Ar-Ge
konusu olmustur. Basta demir dis1 Al, Mg, Zn ve daha sonra ¢elik alagimlarinin da dahil oldugu yari-
kat1 sekillendirme yonteminde, sivi ile ¢evrelenmis es eksenli kiiresel kati pargaciklar sayesinde
miilkemmel akiskanlik, uygun akis kontrolii, ayarlanabilir viskozite ve kontrol edilebilir tane morfolojisi
dahil olmak tizere ideal mikro yapi elde edilmektedir [3]. Sekil 1°de grafiksel islemi gosterilen
alasimlarin yar1 kat1 sekillendirilmesi i¢in gerekli olan tiksotropik kiiresel yapi, gerinim kaynakli ergiyik
aktivasyonu (SIMA) basta olmak tizere, yeniden kristallestirme ve kismi ergitme (RAP) ve yar1 kati
termal doniisiim (SSTT) gibi daha bir¢ok yontem ile elde edilebilmektedir [4].

Yari Kati islem AZ31Mg Alasimi
Ekstriizyon izotermal Proses Kiiresellesme
TATFEE=
anzr
> T
T I
'E::ler:;ezre yoénlenmis Es eksenel taneler Kiresellesme

Sekil 1. SIMA Yar: Kat Islem Grafiksel Gosterim

SIMA yonteminde, yari-kat1 sekillendirme isleminden 6nce malzemenin yeniden kristallesme sicakligi
altinda 6n deformasyona ugratilmasi gerekir. Bu islem ile malzemede dislokasyon yogunlugunun
arttirllmasiyla yiiksek enerji birikimi meydana gelir. Yari-kati1 sicakliga 1sitma sirasinda yiiksek enerjili
bolgelerde, eskisinden daha fazla noktada yeni tane olusumunu saglayan ¢ekirdeklenme baslar. Yeni
taneler daha kiiciik tane boyutunu tetiklerken, yari-kat1 sicaklik araliginda izotermal bekletme de tane
sinirlarinda yiiksek enerjili alanlart aktive ederek tanelerde kiiresellesmeye yol agar. Tane boyutu
izotermal sicaklikta difiizyon nedeniyle artan siire ile artar. Bu artis zayif enerjili kiigiik tane sinirlarinda
ilk ergimenin baglamasi ile agiklanabilir. Tane biiylimesi ise alasimin tiksotropik ve mekanik
ozelliklerini olumsuz etkilemesi sebebiyle istenmeyen bir durumdur [5].

Ulkemizde yar1 kat1 metal sekillendirme islemleri iizerine ilk calismalar SIMA ydntemiyle 7001 dévme
aliminyum alagimina yonelik (%7,42 Zn-% Mg-%2,1 Cu) tiksotropik yapi iiretimi {izerine olmustur.
Tiirkeli [6] ¢alismasinda, 3 cm ¢apinda ve 2 cm boyundaki numuneleri elektrik direngli firinda farkli
sicakliklarda 20 dakika bekletmenin ardindan suda sogutup mikro yap1 degisimini incelemistir. Tikso-
sekillendirme i¢in uygun olan kiiremsi yapimin 575 °C’de elde edilebilecegini ve artan sicaklikla
ortalama tane boyutunun arttigini tespit etmistir.

Diger bir galigmada ise N. Akbas [7], 7075 alasiminda SIMA yontemiyle 6n malzeme tiretimini ve tikso-
sekillendirilmesini  arastirmistir.  Tikso-sekillendirilmis 7075 alasimi  numunelerin  mekanik
ozelliklerinin ekstriize kosullardaki alasimdan daha diisiik oldugu tespit edilmistir. Bunun nedeni yapida
var olan kiigiik ve ¢ok miktardaki gozeneklere baglamaktadir. Bu gozeneklerin sivi fazda ¢oziinen
hidrojenden kaynakladigi vurgulanmaktadir. Bu gézeneklerin giderilmesi i¢in koruyucu inert atmosfer
altinda veya vakum altinda 1sitma ve sekillendirme yapilmasi gerektigi rapor edilmektedir.

Kirtay, S., ET-AL-44 (AA7075) alasimimmi kullanarak SIMA yontemiyle yari-kati1 sekillendirme
caligmalart yapmustir. Arastirmaci yari-kat1 halde sekillendirme i¢in numunelerin 690 °C’deki kalip
sicakliginda 10 dakikalik bir bekleme siiresi sonunda istenen tane morfolojisine ulastigini belirlemistir.
Calismada, numunenin yari-kat1 bolgeye 1sitilmasinda elektrik direngli bir firin kullanilmis ve sivi fazda
hidrojen gazinin ¢6ziindiigii numunelerin yiizeyinde bulunan kabarciklanmadan (blister) anlagilmistir.
Ayrica kalibi i¢ ylizeylerinin yaglanmasi ve yliksek sicaklikta bu yaglarin yanmasi sonucu agiga ¢ikan
gazlardan dolayi ek bir hidrojen kaynagi olusmustur. Buna baglh olarak mikro yapilarda mikro-gézenek
olusumu gozlenmistir. Mikro yapidaki gézeneklerden dolayi yari-kati sekillendirilmis 7075 alagiminin
mekanik 6zellikleri ekstriize kosullardan daha diigiik ¢ikmis ve yorulma testi gergeklestirilememistir [8].
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SIMA teknigi ile 2010 yilinda yapilan diger bir caligmada ise Al-Zn alagimlarindan endiistride en ¢ok
kullanilan ve ddvme aliiminyum alagimi olan AA7075 alasimi yari-katt metal sekillendirme
tekniklerinden tikso-dokiim yontemiyle sekillendirilmistir. Tikso-dokiimde gerinimin neden oldugu sivi
aktivasyonu (SIMA) iglemi ile iiretilen numuneler kullanilmigtir. Yari-kati bolgede, farkli sivi oranlarina
karsilik gelen sicakliklara (600 °C, 606 °C ve 611 °C) ve farkl piston hizlarina (0,5 m/s, 1 m/s, 1,5m/s,
2 m/s ve 2,37 m/s) bagh olarak mikro yap1 ve mekanik 6zelliklerin degisimi arastirilmistir. Numune
tiretiminde artan yari-kati sicaklikla tane boyutunun ve sekil faktoriiniin arttig1, artan soguk deformasyon
orani ile tane boyutunun azaldigi ve sekil faktoriiniin arttigr belirlenmistir. Tikso-dokiimle
sekillendirmede, diisiik s1v1 oranlarina karsilik gelen sicakliklarda (600 °C ve 606 °C) ve diisiik piston
hizlarinda (0,5 m/s ve 1 m/s) yari-kat1 haldeki numunenin kalip boslugunu tam olarak doldurmadigi
tespit edilmistir. Tikso-dokiimle sekillendirilmis numunelerin mekanik 6zellikleri artan piston hiziyla
tyilesmistir. En iyi mekanik 6zellikler %30 soguk deformasyon ile liretilmis numunede 611 °C’den
(%50 s1v1 oraninda) 2,37 m/s piston hizinda elde edilmistir. En iyi mekanik 6zellikleri saglayan tikso-
dokiimle iiretilen numunelere T6 yaslandirma 1sil iglemi uygulanmigtir. Bu numunelerin mekanik
ozellikleri ekstriize kosullardaki numunelere yakindir [9].

2011 yilinda gerceklestirilen calismada ise bir dovme aliiminyum alasimi olan AA2024 alagiminda
gerinimin neden oldugu sivi aktivasyonu (SIMA) yontemi ile yari-kati sekillendirme igin gerekli
tiksotropik mikro yapi iiretimi aragtirilmistir. Bu amagla ekstriize halde AA2024 alasimi %20 oraninda
soguk deformasyona tabi tutulmus ve takiben %30, %40 ve %50 siv1 oranina karsilik gelen yari-kati
sicakliklara 1sitilarak oda sicakligina sahip suda sogutulmustur. Mikro yap1 analizleri metalografik
inceleme ve nicel 6l¢iim yontemleri ile yapilmigtir. Deneysel sonuglar, SIMA yontemiyle AA2024
alasiminda, yar1 kati sekillendirme icin gerekli olan kiiresel sekilli tiksotropik mikro yapilarin
tiretilebilecegini gostermistir. Artan yari-kat1 sicaklikla tane boyutu artarken sekil faktdriinde belirgin
bir degisim gozlenmemistir. SIMA yontemi ile tiksotropik yapi iiretimi i¢in yari-kati sicakliklarda
izotermal bekletmeye gerek olmadigi tespit edilmistir [10].

2016 yilinda Marmara Universitesi’nde yapilan calismada ise; Al-Ni alasiminin dokiimii igin ergitme
firmn, K tipi termokuple ve kokil kalip kullanilmistir. Ayni dokiim islemi sogutma egrisi kullanarak da
uygulanarak alagimdaki nikel yiizdesini incelemek i¢in, sicakliga bagli sivi yiizdesi hesaplanmistir.
SIMA prosesinin gerekliliklerinden olan soguk deformasyon islemi tiim alagimlar i¢in ayni pres
makinesinde farkl yiiklerde uygulanirken, deformasyon isleminden sonra incelen alagimlara 650 °C’de
kalinliga bagl olarak 27-33 dakika arasinda 1sil islem uygulanmistir. Sonug olarak, her iki iiretim
yontemi kullanilarak elde edilen alasimlarda olumlu etkiler gériilmiistiir. Otektik alt1 nikel kullanilarak
tiretilen alagimlar kiiresel bir mikro yap1 ve tek faz gosterirken, 6tektik iistii nikel alagimlart ayni kiiresel
yapida olup kompozitler gibi ¢ift fazli mikro yapiya sahip olduklari tespit edilmistir [11].

Yar1 Kati metal alagimlari 6n malzeme iiretimi ve sekillendirme caligmalart yurt i¢inde yapilan
aragtirmalar, goriildiigli gibi gerinimin neden oldugu siv1 aktivasyonu SIMA prosesi ile Al alagimlarina
yonelik gergeklestirilmistir. Diger taraftan Mg alasimlari lizerine konvansiyonel dokiim yontemleri ile
sadece Mg alagimlarina nadir element eklenerek ikincil faz olusumunun etkileri, soguma hizi ve koruyu
atmosfer altinda dokiimde hangi koruyucu gazin kullanilacagi gibi degiskenlerin tespiti incelenmistir.

Yurt disinda ise AZ31 magnezyum alagimina kiyasla katilagsma sicaklik araligi daha yiiksek olan AZ91
ve AM60 magnezyum alagimlarinin yari-kati sekillendirilmesi iizerine birgok ¢alisma yapilmistir [12,
13]. Ancak yiiksek toklugu sayesinde yaygin ticari bir ekstiiriize alasim olan AZ31 alagiminin yar1 kati
sekillendirilmesi ve mikro yapisal degisimi hakkinda literatiirde ¢cok az ¢alisma mevcuttur. S6z konusu
caligmalarda ¢ogunlukla SIMA yontemiyle AZ31 alasimina farkl sicakliklarda kat1 halde deformasyon
uygulandiktan sonra yari-kati sekillendirilebilirlik kabiliyeti aragtirllmigtir. Bu ¢alismada ise, AZ31
alasimimin ekstriize halde diger bir ifade ile kat1 halde ikinci bir deformasyon uygulanmadan SIMA
yontemi ile yari-kati sekillendirme kabiliyeti arastirilmistir. Bu amagla, ekstriize AZ31 Mg alasiminin
yari-kat1 sicakliga hizli 1sitma ve yari-kat1 sicakliklarda izotermal bekletme ile alagimin yari-kati
sekillendirilmesi i¢in gerekli olan kiiresel tane yapisinin olusumu ve mikro yapi degisimine etkisi
incelenmigtir.
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2. MATERYELVE METOTLAR (MATERIALS AND METHODS)
2.1 Malzeme Mg Alasimi (AZ31)

Bu calismada kullanilan Ekstriize AZ31 alasimin kimyasal bilesimi Tablo 1’de verilmistir. Alasimin
kimyasal bilesimi spektral analiz ve yas ¢oziindiirme yontemleri ile dogrulanmistir.

Tablo 1. AZ31 Alasimi Kimyasal Bilesimi

% Agwhk
AZ31 Ekstriize Alasim Al Zn Mn Mg
Nominal Degerler [12] 2,5-3,5 060-14 >=0,20 Kalan
Optik Emisyon Spektrometre 3,10 0,86 0,35 Kalan
Yas Coziindiirme 2,91 0,66 0,28 Kalan

2.2 lzotermal Sicakhiga Isitma ve Bekletme Deneyleri

AZ31 alasimin katilagma araligini ve katilagma araliginda sicaklik ile sivi-kati orani iligkisini belirlemek
i¢in Diferansiyel Taramali Kalorimetre (DSC) test ve veri analizi gerceklestirilmistir (Sekil 2). AZ31
alasiminda sicakliga bagli olarak degisen sivi oranlarinin belirlenmesinde DTA egrisinden
faydalanilarak “kismi alan” yontemi kullanilmistir [13]. Sivi oramin sicaklikla degisimi, Sekil 2’de
gosterildigi gibi kati-sivi orani, Is1 akist (W/g) verileri ile 1s1 akisina karsi sicaklik egrilerinden
degerlendirilerek elde edilmistir [14, 15].

[——Az31 DSC Egrisi| b) 100 L 1 L 1 ! 1 1 .
525 540 555 570 585 600 615 630 645 660 675 690 1
4 e e T T 90 | Kati-Sivi Orani (fs-fL) L
, ] ] 80 -4 \fL= %20, 565 °C 5
70 4 o
0+ 1 & 1
= T, =645,07 <C = 604 fL= %45, 575 °C o
g_ AIMn Bilegigi L —
. N . c 1
€ 2 5 “ S 50 L
= T,=560,5°C T=6094°C O ]
2, 4 |= 404 {L= %60, 585 °C L
= 8 ] ‘
2 g 4 30 4 L
4 ] fL= %75, 595 °C
8 i 20 1 b 1. = %82,5, 605 °C r
Endo 104 1 | fL= %90, 615 °C |
10 ] ! 1 fl= %03, 625 °C
T T T T T T T T T T T 0 T T T T T T . T T
525 540 555 570 585 600 615 630 645 660 675 690 560 570 580 590 600 610 620 630 640 650
Sicaklik (°C) Sicaklik °C

Sekil 2. AZ31 Alasimin DSC Analizinde a) Ist Akisi ve Sicaklik, b) Sicakliga Baglh Kati-Stvi Orani
iliskisi
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Tablo 2. AZ31 Mg Alagimi Izotermal Yar: Kati Sicakliklar Ve Bekletme Siireleri

izotermal Sicakhga izotermal Bekletme Bekletme Siiresi
Yari Kati Sicakhk Hizlh Isitma Siireleri t (dk) Yari-kat: Sicaklik (°C) (dk)
T(O
565 25 565 3
570 5 570 7,5
575 25 575 3
580 2,5 575 7,5
585 3 580
590 3 585
595 2,5 590
600 2,5
605 3
610 2,5
615 3,5
620 3,5
625 4
630 4

AZ31 alagiminin solidiis, likidiis, 6tektik olusum sicaklig1 ve ylizde sivi oranlar1 g6z oniine alindiginda,
izotermal sicakliga 1s1tma 565-630 °C sicakliklara ani 1s1tma ile gergeklestirilmistir. izotermal bekletme
islemi ise manyetik bobin sarmalinda grafit kayik¢ik i¢cinde sicaklik kontrollii (sabit enerji ayarinda 10-
25 kw) en diisiik 1 dk, en ¢ok 7,5 dk araliginda degisen siirelerde 565-590°C’de uygulanmistir. Hizli
1sitma tepkisini kolaylastirmak i¢cin D=40 mm c¢ap ve | =70-80 mm boyutlarindaki numuneler
kullanilmustir.

Izotermal bekletme olmadan ¢ikilan sicakliklar 630°C’ye kadar erisebilirken izotermal bekletme islemi
en fazla 590°C’de — 5 dk olarak gergeklestirilebilmistir. Ar; koruyucu atmosfer altinda bile olsa AZ31
Mg alasiminin yiiksek oksidasyonu ve sicaklik yiikseldik¢e sivi oranin artmast ile sicaklik kontroliiniin
giiclesmesi sebebiyle 590°C’den sonra bekletme islemi uygulanmamistir. Sonug olarak numuneler yari-
kat1 sekillendirme iinitesinde (Sekil 3) yer alan indiiksiyon bobininde 4 °C / sn 1sitma hizinda 565-630
°C yar kat1 sicaklik araligina (Tablo 2) 1sitilmis ve takiben oda sicakligindaki suda sogutulmustur.
Izotermal sicaklikta bekletme siiresinin mikro yapr iizerine etkisini belirlemek amaciyla, alasim 565-
590°C yar1 kat1 sicaklik araligina 1sitilarak (1, 3, 5 ve 7,5 dk) bekletilip oda sicakligindaki suda sogutma
islemi gerceklestirilmistir.

indiiksiyon Bobini Termokupl Biyet Tutucu (Grafit Kayik)

Kompanzasyon
Kablosu

T

ileri itme Pistonu

Hazne Devirme Pistonu

Piston CekKic Mili

Sekil 3. Yari-Kat1 Sekillendirme Unitesi

Numuneleri 1sitma sirasinda sicaklik 6l¢iimii ve kontrolii, numune tizerine 20 mm derinliginde ve 3 mm
capinda acilmis deliklere yerlestirilen “K” tipi termokupllar ile gerceklestirilmistir. Yari-kati
sekillendirme i¢in alasima gerekli tiksotropik 6zelligi kazandiran kiiresel mikro yapi olusumunun
saglanmas1 zorunludur. Yari-kati sicakliga ¢ikilarak ve 1sitma sicakliklarinda degisik siirelerde
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bekletilerek suda sogutulan numunelerden mikro yapi analizi i¢in Sekil 4°de gosterildigi tizere
metalografik numuneler ¢ikarilmis optik mikroskop ve elektron mikroskobunda inceleme igin standart
zimparalama ve parlatma islemlerine tabi tutulmustur. Daglama igsleminde Asetik Pikral (10 ml asetik
asit, 4,2 g pikrik asit, 10 ml H2O, 70 ml ethanol) daglayic1 5-30 sn degisen siirelerde uygulamali olarak
kullanilmustir.

Mikro yap1 analizinde biyetin merkez, orta ve kenar bolgelerinden alinan metalografik numuneler
tizerinde metalografik inceleme ve optik mikroskoptan alinan mikro yap1 goriintiileri ile tane boyutu ve
sekil faktorti degeri elde edilmistir. Tane boyutu tespiti i¢in “Cizgisel kesisme metodu (ASTM E 112)
ve sekil faktorii denklem (1) kullanilarak hesaplanmistir.

41A?
PZ

SF = 1)
SF= Sekil faktorii, SF = 1 Tamamen Kiiresel,

P= Tane Cevre Uzunlugu, A= Tane Alan1

Tane boyutu ve sekil faktorii hesaplamalarinda her bir metalografik numune {izerinden ayni 6lcekte 5

gOrilintli alimmis ve her bir goriintiiden yaklagik 50 adet 6lglim yapilmistir. Her bir biyet i¢in merkez,
orta ve kenar bolgelerinden hesaplanan tane boyutu ve sekil faktorii degerlerin ortalamasi alinmugtir.

]
: — = 71
ey (A
4
el W Ke@

i
Z I

. /

a) Extruze Bar b) Numune Kesit ) Numune alma bélgeleri

75 mm

Sekil 4. Biyetten Metalografik Numune Cikarilis

Mikro yapi incelemesinde Leica DM4000M optik mikroskop ve JEOL JSM 6060 LV Taramal1 Elektron
Mikroskobu kullanilmistir. EDS-Enerji Dagilimli X Isilart Spektrometresi (IXRF Instruments) ile EDS
testleri gerceklestirilmistir.

3. BULGULAR VE TARTISMA(FINDINGS AND DISCUSSION)

3.1 Kimyasal bilesim

AZ31 ekstriize alasimin kimyasal bilesiminin dogrulanmasi isleminde spektral analiz ve yas
¢oziindiirme yontemleri ile elde edilen degerlerin literatiirde verilen nominal degerler [12] ile uyumlu
oldugu belirlenmistir (Tablo 1).

3.2 AZ31 Ekstriize Alasimin Katilasma Sicaklik Araligi Ve Kati-Sivi Oranlari

AZ31 ekstriize alasimin Diferansiyel Taramali Kalorimetre (DSC) analizinde elde edilen veriler
kullanilarak alasimin likidiis sicakligi 645 °C ve solidiis sicakligt 560 °C tespit edilmistir (Sekil 2-a).
Ayrica 609°C *de AlsMn bilesiginin ergime piki olugsmustur. Alasimin 85°C yari-Kat1 sicaklik araliginin
yart kat1 sekillendirme islemleri icin yeterli aralikta oldugu belirlenmistir. Diferansiyel Taramali
Kalorimetre (DSC) analizinde elde edilen veriler kullanilarak AZ31 alagimin sicakliga bagl Kati-Sivi
Orani iligkisi ¢ikarilmigtir [9, 16] (Sekil 2-b).
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3.3 Ekstriize AZ31 alasimin Makro ve Mikro Yapisi

AZ31 alagimin ekstriize halde makro yapisinda ekstriizyon yoniinde yonlenmis ortalama 11,52 pm
capina sahip taneler mevcuttur (Sekil 5-a). Alasimin SEM analizinde mikro yapiy1 Mg esasli o birincil
taneleri, tane sinirlarina yakin olusan pargacik halinde Mgi7Al12(y) bilesigi ve ¢ok az da olsa AlsMn
bilesigi olusturmustur (Sekil 5-b). S6z konusu fazlar ayrica SEM ve EDS testi sonuglart ile de
dogrulanmigtir (Sekil 6).

’-.-’lv.’, \.\ :. »,‘_-‘ ‘ v'.' ‘{" p
MgITAIZ o
T B e o S S e

Sekil 5. AZ31 alasiminda a) ekstriizyon yoniinde yonlenmis taneler, b) SEM Goriintiisii, Fazlarin
Tespiti, C)Mg17Al12¢) dagilimi

AZ31 ana malzeme tedarik¢i veri tabanina gore alagimin ekstriizyon islemi Oncesinde soguk
deformasyona, ticari isleme terminolojisiyle gerinim sertlesmesine (H112- strain hardening) maruz
birakildigi, sonrasinda ise yeniden kristallesme sicakligi altinda ekstriize edildigi tespit edilmistir [17].
Alagimin hem soguk hem de sicak islem gordiigii, 1s1l isleme tabi tutulmasiyla da kirilgan intermetalik
faz olan Mgi7Al12) nin homojen bir sekilde dagilim gosterdigi saptanmustir (Sekil 5-C).
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Sekil 6. AZ31 Alasiminda EDS Testi. Swrasiyla Mg(a), Mg17Al2 () ve AlaMn faz ve bilesikleri
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Sekil 7. Mg-Al Agirlik¢a % Al Oranmina Gére Ikili Dengede Faz Diyagrami

Literatiirde [2, 5, 18] AZ31 alasimin dengede katilasma sartlarinda faz diyagraminda (Sekil 7) 6tektik
faz doniisiimii sergilemese de dengesiz katilagsma sartlarinda 6tektik olugabilecegi belirtilmistir. Basu ve
arkadaslar1 caligmalarinda [19] birincil faz morfolojisinin kati ¢ozeltideki aliminyum igerigine bagl
oldugunu gostermislerdir. Agirlik¢a diisiik aliiminyum igerigi alagimlarda hiicresel yapida gozlenirken,
% Al oraninin artmastyla tane morfolojisinin hiicreselden dendritik morfolojiye gectigi gosterilmistir.
Agirlikga %5 Al alagiminda dentritlerin baslangigta rozet seklinde kiiresel es eksenli bir morfolojide
oldugu, Aliiminyum igerigi arttikca (% 9 Al) tam gelismis bir dendritik ag elde edildigi ve alasim
elementlerinin 6tektik morfoloji iizerinde giiclii bir etkisi oldugu raporlanmistir. Dahle ve arkadaslar
[20] ise sogutma hizinin, aliiminyum ve ¢inko iceriginin 6tektik morfolojiye etkisini incelemiglerdir.
Artan aliiminyum igerigi ile alagimin 6tektik olusumlu katmanli bir morfolojiye yoneldigini, artan
soguma hizi ve artan ¢inko igerigi ile de 6tektik (a-Mg ve B-Mgi7Al12) segregasyonun baglayarak kismen
ya da tamamen ayrilmig 6tektik formu olusabilecegini bildirmislerdir (Sekil 8).

Sekil 8. a)A731 Alasiminda Dengesiz Katilasma Otektik Morfolojisi [18], b) bu ¢alismada ekstriize
AZ31 alasiminda meydana gelen ayriimis otektik 6rnegi

3.4  Ekstriize AZ31 alasiminda yari-kat1 sicakliklarin mikro yapiya etkisi

Yari-kat1 sekillendirme iinitesinde yer alan indiiksiyon bobininde 4 °C/sn 1sitma hizinda 565-630°C yar1
kati sicaklik araliklarina (Tablo 2) 1sitma ve takiben oda sicakligindaki suda sogutulan AZ31 alagiminin
farkli sicakliklardaki mikro yapilar1 Sekil 9-10°da verilmistir.

Sekil 9. a) 570°C de olugan eseksenel tane yapisi, b) 585°C de olusan eseksenel kiiresel tane yapist
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Sekil 10. AZ31 alasimi 600 °C sicaklikta tane sinirlarinda Otektik Mgi7Al12 (y) yoSunlugu

565°C sicakliga 1sitma ve takiben suda sogutma isleminde eseksenel tane olusumu baglamig ve 570°C
‘den daha yiiksek sicakliklarda sicaklik arttik¢a eseksenel tane yapisi daha belirgin hale gelmistir (Sekil
9-b). Diisiik sicakliklarda eseksenel tane olusmakla birlikte tane sinirlarinda Mgi7Al12 (y) birikimi son
derece azdir. Yiiksek sicakliklarda ise eseksenel tane sinirlarinda MgizAl12 (v) 6tektik yogunlugu artmis
ve bu nedenle tane sinirlart kalinlasmistir (Sekil 10). Ilave olarak yiiksek sicakliklar hem tane
siirlarinda hem de tane i¢inde “ayrilan (Divorced)” Mg + Mgi7Al12 () Otektigini olusturmus ve
yogunlugunu artirmistir (Sekil 8). AZ31 alasiminda diisiik ikincil alasim elementleri oranina ragmen,
tane sinirlarinda ve tane iginde ayrilan 6tektigin olusabilecegi Mohammadi, J. Ve arkadaslari ile Monas,
A. ve arkadaglarinin ¢alismalarinda [18, 21] daha 6nce ayrica raporlanmustir.

3.5 Ekstriize AZ31 alasiminda yari-kati sicakligin tane boyutu ve sekil faktoriine etkisi

Yari-kat1 sekillendirme tinitesinde yer alan indiiksiyon bobininde 4 °C / sn 1sitma hizinda 565-630°C
yari kati sicaklik araliklarinin ekstriize AZ31 alagimin tane boyutuna ve sekil faktoriine etkisi Tablo 3
ve sirasiyla Sekil 15 ve Sekil 16’da verilmistir.

Tablo 3. Yari-kati sicakliklarin tane boyutuna ve sekil faktoriine etkisi

i Sekil Faktori Ortalama Tane Boyutu (pum)

Izotermal Sicaklik
565 0,811 36,79
570 0,815 36,88
575 0,817 37,64
580 0,820 37,81
585 0,823 38,29
590 0,825 40,06
595 0,828 45,33
600 0,831 50,5
605 0,835 57,31
610 0,838 65,39
615 0,839 49
620 0,844 52,3
625 0,847 56,9
630 0,852 57,7
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Sekil 11. Yar: Kati Sicakligin a) Tane boyutu degigimine etkisi, b) Sekil faktorii degisimine etkisi

Alagimin ortalama tane boyutu 565-585°C sicaklik araliginda 36,7 ve 38,2 um arasinda yatay
seyrederken 595°C ve 605°C sicakliklarda sirasiyla 45,3 pm ve 57,3 pm’ ye yiikselmistir. Ortalama
tane boyutu 610°C sicakliginda 65,3 um ile en yiiksek degere ulasirken, 615°C’den itibaren %90 (f.)
stvi orant etkisi (Sekil 2-b) ile taneler arasi asir1 sivilasma ve sivinin tane sinirlarina penetrasyonu
nedeniyle ortalama tane boyutunda kismi diisiis gézlemlenmistir. Yiiksek yari-kati sicakliklarda tane
boyutu artisindaki engellenme ve kismi diisiis, tane sinirlarinda artan sivi miktarindan kaynaklandigi
diistiniilmektedir. Benzer durum Zhao ve arkadaglarinin [22] ZK60 alasimi iizerinde gergeklestirdikleri
calismada izotermal sicakligin ve sivilasmanin artmasi ile beraber kati par¢aciklarin sivi iginde ylizmesi
ve tane sinirlarindaki sivilagmanin kati fraksiyondaki islatma derecesini yiikseltmesi sonucu tane
boyutunun yiiksek yari kat1 sicakliklarda diismesi seklinde gézlemlenmistir. Kismi ergime baslangici ile
yar1 kat1 alasimimn mikro yap1 degisiminde iki énemli mekanizma rol oynamaktadir. i) Kati halde
dominant olan Ostwald olgunlagmas etkisi ile kati taneciklerin kabalagmasi ve tane biiylimesi, ii) sivi
halde ise kat1 par¢aciklarin sivilasma oranin artmast ile taneler arasi sivi penetrasyonudur [23].

Diger taraftan 565°C sicakligina ani 1sitma ve takiben sogutma islemi alagimin ergime baslangici
sicakligr seviyelerinde 0,811 sekil faktoriine sahip oldugunu gosterirken, 630°C sicakliga ani 1sitma ile
sekil faktorii 0,852 degeri ile en yiiksek seviyeye yiikselmistir (Sekil 11). Sonug olarak sicaklik arttik¢a
sekil faktorii degeri de beklendigi lizere artmistir ve ani 1sitma ile yliksek yar1 kati sicakliklara ¢gikmak
sekil faktoriine etki etmektedir. Sicaklik yiikseldikce tane sinirlarinda biriken diisiik ergime sicakligina
sahip otektik s1vi miktar1 artacak ve tanelerin kiiresellesme derecesini artan sivilagma orani ile beraber
iyilestirecektir. Sicakliklarin tane sinirlarinda meydana gelen 6tektik olusumuna ve kiiresellesmedeki
artiga etkisi mikro yap1 analizinde de agik bir sekilde gézlemlenmistir (Sekil 9-10).

Kiiresellesme derecesinin artan sicaklikla iyilestigini literatiir [24] de desteklemektedir. SIMA
yonteminde genel olarak ti¢ faktor yiiksek kiiresellesme derecesi elde etmede rol oynar. a) Si, Cu, Zn
vb. diisiik ergime noktali fazlarin olusumu icin yeterli alasim elementlerinin varligi, b) Fe ve Mn gibi
tane biiyiimesini Onleyici alasim elementlerinin yiiksek izotermal sicakliklardaki tane biiylimesini
engelleyici bilesik olusturmalari, C) tane sinirlarinda konumlanan ve 6tektik fazlardan olan Mgi7Al12,
Mg.Si ve Al,Cu’nin olusumu [25]. Gerinimin neden oldugu sivi aktivasyonu (SIMA) ile yar1 kati
malzeme iiretiminde kiiresel taneciklerin kayma gerilmesi ile beraber tiksotropik 6zellige biiriinerek bir
biri {izerinden kolayca kayabilmeleri i¢in optimum tane boyutunda ve kiiresellikteki taneciklerden
olusan yeterli seviyede sivi faz bulunmasi gerektigi literatiirde agikg¢a belirtilmektedir [26]. Deneysel
calisgmamizda izotermal sicakliga ani 1sitmanin uygun tane boyutunda (dmui: 49 um -57,7 um), yeterli
kiireselligi olusturdugu SF:0,84 - 0,85) tespit edilmistir (Sekil 11).



Bahadir AKGUN, Kadir KOCATEPE / GU J Sci, Part C, 11(1):10-24 (2023) 21

3.6  Ekstriize AZ31 alasiminda yari-kat1 sicakliklarda izotermal bekletmenin tane boyutu ve

sekil faktoriine etkisi

Yari-kat1 sekillendirme iinitesinde yer alan indiiksiyon bobininde 4 °C / sn 1sitma hizinda 565-590 °C
yari kati sicaklik araliklarinda 1, 3, 5 ve 7,5 dakika siire ile izotermal bekletme isleminin ekstriize AZ31
alagimin tane boyutuna ve sekil faktoriine etkisi Tablo 4 ve Sekil 17 ve 18’de verilmistir. 590°C
sicakligin  iizerinde izotermal bekletme, sicakligin hizli bir sekilde artmasi nedeniyle
gergeklestirilememistir. Diger bir ifade ile koruyucu atmosfer (Ar;) kullanilmasina ragmen AZ31
alagimi yiiksek sicaklik oksidasyonu hizlanmis ve sabit sicaklik korunamamastir.

Tablo 4 ve Sekil 12°de goriilebilecegi tizere 565-590°C yar1 kati sicaklik araliklarinda sicaklik ve
izotermal bekletme siiresi arttik¢a ortalama tane boyutu artmigtir. 565°C sicaklikta 3 dakika bekletme
stiresi 132,38 um tane boyutu iiretirken 570°C sicaklikta 7,5 dakika bekletme siiresi tane boyutunu
243,38 um’ye yiikseltmistir. Benzer durum 575°C sicaklikta 3-7,5 dakika, 580°C sicaklikta 5 dakika ve
585°C sicaklikta 1 dakika bekletme siirelerinde gergeklesmistir. 585°C sicaklikta 1 dakika bekletme
stiresinde 109,37 um tane boyutu elde edilirken 575°C sicaklikta 7,5 dakika bekletme siiresi 246,82 pm
tane boyutu degeri vermistir. Ortalama tane boyutu 590°C sicaklikta 5 dakika bekletme siiresinde ise
275,69 pm’ye yiikselmistir. Sonug olarak ortalama tane boyutu {izerinde hem sicaklik hem de bekletme
stiresi etkili olmustur. 565-590 °C yar1 kati sicaklik araliklarinda sicaklik ve izotermal bekletme siiresi
arttikca ortalama tane boyutunun artmasi tane sinirlarinda 6tektik sivinin diisiik olmasi sebebiyle tane
birlesmesinden kaynaklandig1 diistiniilmektedir.

Tablo 4. Yari-kati sicakliklarda izotermal bekletme siirelerinin tane boyutu ve sekil faktoriine etkisi

izotermal Sicaklik (°C) Bekleme Siiresi (dk) Ortalama Tane Boyutu (dmu) Sekil Faktori (SF)
565 3 132,38 0,566
570 7,5 243,38 0,631
575 3 144,06 0,654
575 7,5 246,82 0,633
580 5 187,69 0,679
585 1 109,37 0,703
590 5 275,69 0,683

565-590°C yar1 kat1 sicaklik araliklarinda sicaklik ve izotermal bekletme siiresi arttikga kiiresellik
derecesini ifade eden sekil faktorii artmistir. Sekil faktorii 565°C sicaklikta 3 dakika bekletme siiresi ile
0,56 ve 570°C sicaklikta 7,5 dakika bekletme siiresi ile 0,63 degerine yiikselmistir. Artan sicaklik ve
bekletme siiresi ile sekil faktorii de artmustir. Sekil faktoriiniin 575°C sicaklikta 7,5 dakika bekletme
siiresinde 3 dakika bekletme siiresine gore cok az diigmesinin artan bekletme siiresi ile tane
birlesmesinden kaynaklandig1 diisiiniilmektedir. Benzer durum 585°C sicaklikta 1 dakika ve 590°C
sicaklikta 5 dakika bekletme siirelerinde de meydana gelmistir.

a) L L L I L L b) 0,72
. - n R it A (t=1 dk)
280 —e— Ortalama Tane Boyutu dMLI 275.69 0.70 | ‘$ek|l Faktdra Degl§lm|
[ 0,68 0,68~
(t=5 dk)
L 0.66 (t=3 dk) [
— 0,65
- & 0,64 - -
= .63
r <= 0624 82 0,63 (t=5 dk) -
<= (t=7.5 dk) (1=7.5 dk)
- X 0.60 -
X
L 90,58 =
L 0,56 - 56 (t=3 dk) -
0,54 -| -
0,52 -
T T T T T T
T T T T T T
565 570 575 580 585 590 565 570 575 580 585 590
Izotermal Sicaklhk (°C
Sicaklik (°C) )

Sekil 12. Izotermal Bekletme Siiresi Sicakhga Bagl a) Tane Boyutu Degisimi, b) Sekil Faktorii
Degisimi
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100 pm
e

Sekil 13. AZ31 alasiminda 590°C de 5 dk izotermal bekletme ile tane biiyiimesi

AZ31 alasiminda yeterli 6tektigin olusmamas: kiiresellesmeyi zorlagtirmaktadir (Sekil 13). Otektik
reaksiyon, son kalan siv1 faz dtektik kompozisyona eristiginde meydana gelir [2]. Otektik reaksiyon
sirasinda dengesiz katilasmada sivi faz dengeli katilasmaya gore daha fazla oldugundan ve %Al
iceriginin de normale gore az olmasiyla ikincil fazlarm olusumu kolaylasir. ikincil fazlar ise yar1 kati
islem sirasinda potansiyel yeni ¢ekirdeklenme noktalaridir. Ayrica bu fazlar tane sinirlarinda birikmeleri
durumunda tane biiylimesini biiylik 6l¢lide engellerler. AZ31 alasimi dengeli katilasmay1 temsil eden
faz diyagraminda Gtektik faz doniisiimii sergilemese dahi dengesiz katilagma sirasinda az da olsa 6tektik
olusabilecegi termodinamik hesaplamalarla ve mikro yapi analizleriyle gosterilmistir [2, 18, 27].
Caligmamizda Ekstriize AZ31 Mg alasiminda ise dengesiz katilagma sartlarinda 570 °C sicakligin
iizerindeki yari-kat1 sicakliklarda az da olsa otektik faz olugsumu (Sekil 10) gozlemlenmektedir.

4. SONUC (CONCLUSION)

Bu ¢alisma sonucu, yari-kati sekillendirme tnitesinde 4 °C / sn 1sitma hizinda 565-630°C yar1 kati
sicakliklarin ve 565-590 °C yar1 kati sicaklik araliginda 1, 3, 5 ve 7,5 dakika siire ile izotermal bekletme
isleminin, ekstriize AZ31 alasimi mikro yapisina etkisinin sonuglart asagida verilmistir.

1. Ekstriize AZ31 Mg alagiminin mikro yapist Mg esasli Mg, birincil taneleri, tane sinirlarinda
cokelmis Mgi7Al 24 bilesigi ve 609,4°Cde olusan AlsMn bilesiginden meydana gelmistir.

2. DSC test verilerinin analizi ile AZ31 Mg ekstriize alagiminin 560-645°C yari-kat1 sicaklik
araligia (85°C) sahip oldugu tespit edilmistir.

3. 565-630 °C yari kat1 sicaklik araliklarina ani 1sitma ve takiben oda sicakligindaki suda sogutma
islemleri alasimda eseksenel taneler meydana getirmistir.

4. Disiik yari-kati sicakliklarda eseksenel tane olusmakla birlikte tane sinirlarinda MgazAlxy)
birikimi son derece azdir. Yiiksek sicakliklarda ise hem eseksenel tane sinirlarinda hem de tane
icinde ayrilan (divorced) 6tektik yogunlugu artmis ve bu nedenle tane sinirlar1 kalinlagmstir.

5. Ortalama tane boyutu 590°C sicakliginin iizerindeki sicakliklarda sicaklik arttik¢a hizli bir
sekilde artmig, 610°C sicakliginda 65,3 pm ile en yiiksek degere ulagsmistir. 615°C’den itibaren
%90 s1v1 orami etkisi ile taneler arasi agir1 sivilasma ve sivinin tane sinirlarina penetrasyonu
nedeniyle tane boyutu artisinda kismi diislis gozlemlenmistir. Aym1 zamanda Sekil Faktori
630°C sicakliginda 0,852 degerine yiikselmistir.

6. 565-590°C yan kati1 sicaklik araliklarinda sicaklik ve izotermal bekletme siiresi arttikca
ortalama tane boyutu ve sekil faktorii artmistir. Sabit sicaklikta artan bekletme siiresi, tane
boyutunu artirirken sekil faktoriinii diisiirme egilimi géstermistir.
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Movement-Related Cortical Potentials (MRCPs) are signals that begin to appear approximately
two seconds before the onset of voluntary movements and can be recorded with EEG. MRCPs
are important signs that the movement will begin. By using MRCPs, brain-computer interface
(BCI) users' movement intention can be determined preceding movement onset and this sign can
be used as a control signal for BCI systems. Determining the movement intention before the
movement execution is extremely important information, especially for real-time BCI systems.
In this study, it is aimed to improve the detection accuracy of MRCPs by using single trial EEG
signals and thus to distinguish between the movement and resting states of BCI users with high
accuracies. Furthermore, the effects of pre-processing steps, such as filter cut-off frequencies,
number of electrodes, and MRCP time window on the success of distinguishing movement/resting
states are investigated. For this purpose, Katz’s fractal dimension and nonlinear support vector
machine methods are used in the feature extraction and classification stages, respectively. The
proposed method is tested on the attempted hand and arm movements dataset containing EEG

signals of 10 participants with spinal cord injury. Katz’s fractal dimension and support vector
machines methods can determine movement and resting states with an average of 96.47%
accuracy using MRCP signals. If the number of electrodes to be used in signal analysis is 3, 9 and
61, the obtained accuracy rates are determined as 83.71%, 90.67%, and 96.47%, respectively. The
experimental results also showed that the filter cut-off frequencies used in the pre-processing has
a significant effect on the accuracy.

1. INTRODUCTION

Brain Computer Interfaces (BCls) are systems that enable direct communication between the human brain
and machines. By analyzing the brain activity of the human brain that changes with the intention, a BCI
can convert these changes into commands associated with the user's intention [1]. BCI systems generally
involve four main units: data acquisition, signal processing and feature extraction, classification, and output
devices. The data acquisition unit is used to record the brain activity using electrical, optical, or magnetic
imaging techniques. Among these imaging techniques, electroencephalograph (EEG), which records the
electrical activity in the brain, is one of the most widely used techniques due to its non-invasiveness,
portability, and low cost [2].

In BCI systems, various signals observed in brain activity related to processes such as movement,
perception, focusing and calculation are used as control signals [3]. The P300 components of event-related
potentials, motor execution/imagery signals, and steady-state visual evoked potentials (SSVEP) are
commonly used signals in BCI systems [4-6]. The mechanism of the origination of each of these signals in
the brain is different from each other. P300 potentials are signals of positive amplitude that appear
approximately 300 ms after encountering a rare stimulus [4]. SSVEP is the same frequency oscillation seen
in the occipital lobe of the brain at the moment of focusing on a stimulus of a certain frequency [5]. Motor
execution/imagery signals are the changes in the signal frequency that occur in the sensorimotor areas of

*Corresponding author, e-mail: edaakman@gazi.edu.tr DOI: 10.29109/gujsc.1083912


http://dergipark.gov.tr/gujsc
https://orcid.org/0000-0002-9887-3808

26 Eda AKMAN AYDIN / GU J Sci, Part C, 11(1):25-38 (2023)

the brain when users execute or imagine a movement [6]. The signal that will be used in BCI systems is
determined by considering system expectations such as the application to be controlled, the number of
commands to be produced, training time, endogenous/exogenous signal requirements, and the number of
electrodes that can be used. Although these signals are the most commonly used signals in BCI applications,
it has been seen that recently, movement related cortical potentials (MRCPs) are also frequently used
signals in BCI systems. Being an endogenous signal, being easily used by people without BCI experience,
and therefore requiring low individual user training time, can be listed among the advantages of MRCPs
[7-8].

MRCPs are low-frequency negative amplitude deviations that can be observed in the EEG signal, occurring
approximately 2s before the onset of a voluntary movement. MRCPs occur due to the cortical processes
used in the planning and/or preparation of the movement before the movement execution. The occurrence
of the signal before the movement means that there is no muscle movement yet, but the user is planning an
action in the near future. In this process, the cortex adapts to the execution of the movement and the signal
occurs in a period of about 0.5-2 s before the start of the movement [9]. MRCPs are formed during both
the execution of the movement and the imagination of the movement. MRCPs have been studied in healthy
people and people with neurodegenerative diseases, and it has been observed to occur in both groups during
motor tasks [8]. In recent studies, it is seen that MRCPs are used to determine upper limb movements [10—
11] and to analyze the speed and strength of movement of BCI users regarding limb movements [12-13].
As they are signal that determine the start of movement before the movement, MRCP signals are generally
used as a key to indicate the start of movement in BCl-based studies [14].

Since MRCPs are important markers of the onset of movement in BCI systems, the reliable and efficient
determination of single trial MRCPs with high accuracy is especially important in real-time BCI
applications [8, 15]. However, MRCP signals may be contaminated due to the low signal-to-noise ratios of
EEG signals, low-frequency motion artifacts, and electroculogram (EOG) signals with similar frequency
bandwidths to MRCPs [8]. Various signal processing and classification methods have been proposed to
resolve this problem [15-19]. Ofner et al. [16] used shrinkage regularized linear discriminant analysis
(sLDA) classifier, which was embedded in the discriminative spatial pattern (DSP) method, to determine
movement and resting states in their study on 15 healthy subjects. In the study, they were able to distinguish
between movement execution and resting states with 85% accuracy, and between movement imagination
and resting states with 73% accuracy. Applying a subject-dependent and section-wise spectral filtering
(SSSF) method, Joeng et al. [21] were able to distinguish between hand movements and resting states with
73% accuracy, and lower limb movements and resting states with 86% accuracy. leracitano et al. [19]
suggested a deep convolutional neural network to discriminate the phases of preparation of hands'
movements (open/close) from the resting state, and they were able to determine hand movement and resting
states with an average accuracy of 90%. Results of the studies indicate that although MRCP signal can be
used to determine movement/resting states, for adapting BCI systems to practical real-time applications, it
is required to improve the accuracy rates obtained in these studies.

In the literature, in order to determine MRCPs, several preprocessing techniques and electrode
combinations are employed. In order to examine the effect of the filters in the preprocessing stage, Karimi
et al. applied filters such as constrained ICA (cICA), common spatial filters (CSP), Laplacian spatial filter
(LAP), and revealed that cICA resulted in high accuracy rates [36]. On the other hand, EEG signals recorded
in studies that are carried out to determine MRCPs are filtered using band-pass filters at various cut-off
frequencies [15]. In these studies, it is seen that the upper cut-off frequencies of the filters used in these
studies are ranging from 5-100 Hz and there is no consensus on the filter cut-off frequencies during the
preprocessing stage. Besides, it is seen that different electrode combinations containing 1-128 electrodes
are used in the determination of MRCP signals. Among these combinations, it is seen that commonly used
electrode combinations are in the positions such as C3, Cz, and C4, and Fz, Cz, Pz, C3, and C4. The results
of the studies show that MRCP signals together with appropriate electrode combinations and signal
processing techniques, can provide major information on the initiation of movement [15].

Detection of MRCP signals with high accuracy is important in real-time BCI systems in terms of
determining the user's movement intention. However, it is seen that there is no consensus on the
preprocessing stages of MRCP signals in the literature. In this study, it is aimed to improve the accuracy of
the determination of movement and resting states by using MRCPs in single trial EEG signals. Additionally,
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the effects of filter cutoff frequencies, the number of electrodes used and the time window that contains
pre-stimulus and post-stimulus times of MRCP signal on the accuracy of determining movement and resting
states were investigated. To that end, Katz Fractal Dimension (KFD) method was used for feature extraction
and Support Vector Machines (SVM) method was used as the classifier. The proposed method was tested
on the attempted hand and arm movement dataset recorded from SCI patients by Ofner et al. [24] The
results of the study revealed that MRCP signals can be classified with high accuracy together with the KFD
and SVM methods.

In the second section of this study, movement related cortical potentials are briefly introduced, the dataset
and the methods used are explained in the third section, the experimental results are presented in the fourth
section, experimental results are discussed in the fifth section and the results of the study are summarized
in the last section.

2. MOVEMENT RELATED CORTICAL POTENTIALS

Movement related cortical potentials are additive cortical activity that occurs at the time of movement and
can be detected by electrodes placed on the scalp. MRCPs are low-frequency (0-5Hz) negative shifts in the
EEG signal, with amplitudes between 5-30 uV. Contrary to other evoked potentials, the formation of
movement-related potentials continues for 1.5-2s before the stimulus and 0.5-1s after the stimulus. MRCPs
occur in relation to movement planning and preparation for movement and occur approximately 2 seconds
before a voluntary movement [20].

MRCP signal consists of three components, which are thought to reflect movement planning/preparation,
movement execution, and movement control performance. These three components are
Bereitschaftspotential called readiness potential (BP), motor potential (MP) and movement monitoring
potential (MMP), respectively. MRCP occurs both during the movement execution and the movement
imagination. MRCP signals and components that occur during movement execution and movement imagery
are shown in Figure 1 [15].

Components of the MRCP signal can be affected by a variety of factors, such as the speed of movement
repetition, speed and precision of movement, perceived effort, applied force, discreteness and complexity
of movement, learning and skill acquisition, brain structures, and pathological injuries [22]. MRCP may
also differ according to the limb in which the movement occurs, movement in the limb, individuals, and
patient groups [23]. Particularly, the fact that it differs according to the limb and the movement in the limb
enables MRCP signals to be used as a control signal in BCI applications related to movement.

. MRCP
. — é\g% < MMP
r L } () /-/f

-10 ¢

Amplitude (4V)

—15 ¢

=20

— Real movement
Imaginary movement

Figure 1. MRCP components of a healthy participant for ankle dorsiflexion and imaginary ankle
dorsiflexion [15]. MRCP signals were obtained by averaging the filtered EEG signals recorded from the
F3, Fz, F4, C3, Cz, C4, P3, Pz, and P4 electrodes. Os indicates the moment when the movement started.
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3. METHODOLOGY
3.1. Attemped Hand and Arm Movements Dataset

In this study, Attempted Arm and Hand Movements Dataset collected by Ofner et al. [24] was used. The
dataset includes EEG signals recorded from 10 participants with spinal cord injury. All participants were
right-handed and all but participant 7 used their right hand during the experiments. The participants'
demographics and degree of illness can be accessed from the study [24].

EEG signals were recorded using 61 electrodes placed in the frontal, central, parietal and temporal regions.
The reference electrode was placed on the right earlobe and the ground electrode was placed on the AFF2h
point. Data were recorded with 256 Hz sampling frequency, using 8th order 0.01-100 Hz Chebyshev filter
and 50 Hz bandstop filter.

Class cue
I I I .
| | | -
2¢ Os 3s

\ J

Movement attempt phase

Figure 2. Process sequence for a trial during data recording for dataset [24]

During data recording, commands were given to the subjects via the computer screen. Each round starts
with the display of a (+) sign on the screen and the beep sound. The subjects were first asked to focus on
the plus sign displayed on the computer screen during the entire trial, which lasted for 5 seconds. Two
seconds after the start of the trial period, the cue for the movement requested from the subjects was
displayed on the screen for 3 seconds. The sequence of processes for a trial during data recording is shown
in Figure 2. During the experiments, subjects executed or attempted the movement according to their
remaining motor abilities. The data were collected for 5 movements such as, pronation, supination, palmar
grasp, lateral grasp, and hand opening

In the dataset, a session consists of 9 rounds with 40 trials. Therefore, each session includes 72 trials for all
movements. Except for 9 rounds involving movement and attempted movement trials, 3 rounds of resting
state sessions lasting 70 seconds were recorded from all participants. In the experiments, EEG signals
related to supination and palmar grasp movements, which are in different joints, are used to generate
movement state data.

3.2. Katz’s Fractal Dimension (KFD)

Fractal dimension (FD) is a measure of self-similarity. FD algorithms try to determine the number of times
a pattern is repeated in time series and in this way measure the self-similarity of the content in the signals
and reflects its complexity [25]. FDs are used in the diagnosis of diseases such as autism, epilepsy,
schizophrenia, and Alzheimer's, as well as determining mental workload levels, emotional and cognitive
changes by using EEG signals [26,27]. On the other hand, it has also been used for feature extraction in
BCI systems based on the use of EEG and fNIRS signals [27, 28].

KFD is a low computational cost FD algorithm that uses the distance between consecutive points. KFD, a
measure of irregularity in a one-dimensional time series signal, can be derived directly from the signal
waveform. For the time series X1, X, ... ,xn, KFD can be calculated by Equation 1. In Equation 1, L is the
total length of the curve and d is the diameter estimated as the distance between the first point of the array
and the point of the array providing the furthest distance. d and L are calculated by Equations 2 and 3,
respectively. The normalized KFD is given in Equation 4, where n = L/a is the number of steps on the curve
[25,29].



Eda AKMAN AYDIN / GU J Sci, Part C, 11(1):25-38 (2023) 29

logqo(L)
KFD = ——Z 1)
logyo(d)
d= maksimum(|x1 - x]-|) j=23,..N 2
N
L= z Xi = Xi—1 3
=2
l
KFD = 0910(n) 4)

d
logio(n) + log1o(7)

3.3. Support Vector Machines

Support Vector Machines (SVM) are one of the commonly used methods for the classification of EEG
signals in BCI systems [30-32]. SVM s a supervised classification algorithm that makes use of labeled
training examples. SVM is a classification method designed to determine a hyperplane that maximizes the
distinguishing distance between samples representing two different classes. For a linear classifier, the
hyperplane is expressed by the equation wx + b = 0. In this equation, w is the weight vector, x is the input
vector, and b is the bias. SVM uses instances called support vectors located at the endpoints of the classes
to distinguish between the two classes. The purpose of SVM is to determine the optimum hyperplane that
provides the maximum margin to separate these two classes. The maximum margin between support vectors
can be achieved by minimizing ||w|| [33—35].

In cases where the data cannot be separated linearly, it must be moved to a higher dimensional feature space
where it can be decomposed. Kernel functions (K) are used to transfer data to another space. The Gaussian
kernel is one of these kernel functions and is defined by Eq. 5. The selection of the parameter 6, which
determines the width of the Gaussian kernel function, is important in order to solve the problem in the best
way [33-35].

2
[lx: — ]l ) (5)

K(xi,xj) = exp(— 557

4. EXPERIMENTAL RESULTS

In this study, KFD and SVM methods were proposed to determine the movement and resting states of
participants by using MRCP signals. The success of the proposed method has been tested on the Attempted
Hand and Arm Movements dataset. The grand averages of the EEG signals recorded from the Cz position
regarding supination, palmar grasp movements, and resting states for Subject 3 in the dataset are shown in
Figure 3.

In the study, a bandpass filter with a cutoff frequency of 0.3-50 Hz was applied to the EEG signals in the
preprocessing stage. The filtered EEG signals were divided into windows to cover the 2s before the stimulus
and the 1s after the stimulus. KFD was calculated for 61 channels used during data recording. The
distributions of the KFD values calculated for the Cz-Pz and Fz-Cz electrodes related to the movement and
resting states are shown in Figure 4. a and b, respectively.
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Figure 3. The large averages of EEG signals recorded from the Cz position regarding supination, palmar
grasp movements, and resting states

Nonlinear SVM classifier was used in the classification phase. The Radial Basis Function was used together
with the Gaussian Kernel Function (GKF) in the creation of the nonlinear SVM. In order to use the classifier
with the highest performance, participant-specific optimum sigma and C parameters were determined
individually. During the performance evaluation of the classifiers, 10-fold cross-validation was applied.
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Figure 4. Distributions of KFB values calculated for movement and resting states from positions (a) Cz-
Pz (b) Fz-Cz

In order to examine the effect of filter cut-off frequencies in determining the movement and resting states
by using MRCP, the classifier accuracies were examined in case the upper cut-off frequencies of the filter
were used as 5Hz, 10Hz, 25Hz, and 50Hz, respectively. In the selection of the cutoff frequencies, the cutoff
frequencies used in the studies in the literature were considered. The classification accuracy rates for the
selected four frequency bands and 10 subjects are shown in Figure 5.a. According to Figure 5. a, it has been
observed that classifier accuracies increase when the upper cutoff frequency of the bandpass filter increases
for all subjects. Classification accuracies for 5Hz, 10Hz, 25Hz, and 50Hz cutoff frequencies were
determined as 81.80%, 88.25%, 93.85%, and 96.47%, respectively.
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Figure 5. (a) classification accuracies (b) confusion matrices, for the filter upper cut-off are 5Hz, 10Hz,
25Hz, and 50Hz

In Figure 5. b, the confusion matrices for four different cutoff frequencies are given. Accordingly, the
movement state detection accuracies for the 5Hz, 10Hz, 25Hz, and 50 cut-off frequencies were 87.11%,
90.63%, 95.07, and 97.15%, respectively. The resting state determination accuracy was determined as
72.5%, 84.17%, 91.79%, and 95%, respectively. Although the movement state was determined with higher
accuracy than the resting state for all four cut-off frequencies, it is seen that both movement and resting
states are classified with high accuracy.
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Figure 6. For three different time intervals covering pre-stimulus 2s, post-stimulus 1s, pre-stimulus 2s,
and post-stimulus 1s time intervals, (a) classification accuracies (b) confusion matrices

By using the cut-off frequencies at which the highest classification accuracy is obtained, the time interval
when movement and resting states can best be distinguished from the MRCP signals is examined. For this
purpose, classifier performances were investigated using EEG signals at three different time intervals
covering pre-stimulus 2s (BP), post-stimulus 1s (MMP), pre-stimulus 2s, and post-stimulus 1s time
intervals (BP and MMP), respectively. The classification accuracy rates for 10 subjects at three different
time intervals selected are shown in Figure 6. According to the Figure 6. a, it was determined as 94.69%
when the movement and resting states were determined using the 2s time window before the stimulus,
94.85% when the stimulus was determined using the 1s time window after the stimulus, and 96.47% when
both the stimulus and post-stimulus time intervals were used together. Thus, only the pre-stimulus time
window can be used to determine the movement state with high accuracy; however, using the pre-stimulus
and the post-stimulus time windows together also increases the classification accuracy. This situation offers
important information, especially for real-time applications and analysis of continuous movements. In
Figure the 6. b, the confusion matrices for all three time intervals are given. According to the Figure 6.b,
both movement and resting states were determined with an accuracy above 93%. The best accuracy of
determining the movement and resting states for the [-2 1] time interval was determined as 97.15% and
95%, respectively.

The effect of the number of channels on system performance was investigated by using the best performing
frequency band and time window. For this purpose, three different channel combinations given in Table 1
were chosen considering the literature. Channel combination 1 contains electrodes C3, Cz, and C4 located
at the central point. Channel combination 2 includes a total of nine channels from the frontal, parietal, and
central regions. Channel combination 3 contains all the electrodes in the dataset.
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Table 1. Channel combinations

Channel Combination Number of Electrodes  Positions of Electrodes

1 3 C3,Cz,C4
2 9 F3, Fz, F4, C3, Cz, C4, P3, Pz, P4
3 61 All electrodes in the dataset [24]

In the experiments for the three-channel combination, the filter cutoff frequency was 0.3-50 Hz and the
time window was chosen to cover the 2s before the stimulus and 1s after the stimulus, as the highest
classification accuracies were obtained in the previous experiments. The classification accuracies and
confusion matrices obtained for three different channel combinations are shown in Figure 7. According to
Figure 7. a, the average classification accuracies for 3, 9, and 61 channels were determined as 83.71%,
90.67%, and 96.47, respectively. According to the experimental results, the highest classification accuracy
was obtained when all electrodes were used. However, with different signal processing and classification
techniques, movement detection accuracy can be enhanced even if 9 channels are used. When the confusion
matrices are examined, the movement state accuracies for 3, 9, and 61 channels are 88.68%, 92.42%, and
97.15%, respectively, and the resting state accuracies are 75.24%, 87.62%, and 95%, respectively. Thus, it
is seen that the movement state is determined with higher accuracy for all three channel combinations.
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Figure 7. (a) Classification accuracies (b) Confusion matrices for 3, 9, and 61 channels
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4. DISCUSSION

Especially in real-time BCI systems, to design of self-paced systems, it is important to be able to determine
the movement intentions of the users before the movement onset. In order to determine the user's movement
intention, it is necessary to distinguish between the movement and resting states. Because MRCPs occur
related to the movement intention before the movement onset, they can be used to differentiate the
movement and resting states. The detection of the MRCP signal, which is an important sign that the
movement will begin before the movement, has been discussed in several studies. However, no consensus
could be reached regarding the preprocessing steps. In this study, we discussed the effect of preprocessing
steps on the detection accuracy of the MRCP signal. The accuracy, sensitivity and specificity values of the
classifier are summarized for the time window length, number of channels and cutoff frequencies examined
in Table 2. According to the results, it is observed that MRCP signals can be detected with the highest
classification accuracy in the case of using 61 channels and 0.3-50Hz band-pass filter in a window interval
covering 2s pre-movement and 1 second post-movement duration.

When we examine the results in terms of the time window, it is seen that the accuracy rate is 94.69% in
case only the pre-stimulus time window is used. These results indicate that the planning stage (BP) of
MRCP includes important information related to the movement onset. However, by extending the time
window by 1 s to include the post-movement time window, the MRCP detection accuracy is improved. On
the other hand, the number of channels used in BCI systems is one of the important factors affecting the
system cost. Besides, the number of channels used increases the processing costs in terms of the number of
features and classifier complexity. Therefore, in BCI systems, it is an important expectation to achieve the
highest classification accuracies using minimum channels. In this study, although 90.67% accuracy could
be obtained with 9 channels, the accuracies obtained with three channels were limited to 83.71%. Therefore,
classifier accuracies need to be improved in case few channels are used.

In BCI systems, detection of movement intention using MRCP signals has been discussed, in several studies
in the literature. In Table 3, in order to evaluate the performance of the proposed method, the results
obtained in the study are compared with studies in the literature. Upper limb movements datasets collected
by Ofner et. al. are employed in several studies to determine the movement intention. In these studies,
various signal processing and classification techniques were used together with different preprocessing
steps. Mammone et al. [37] used 61 channels and the 1-s window preceding movement onset, while Duan
et al. [17] employed eleven channels and [-2 0] time window, and they achieved approximately 90%
classification accuracy. On the other hand, Chu et al. [18] collected their own dataset, which includes EEG
signals during MI. They used 8-15 Hz BPF and 64 channels at the pre-processing stage and achieved 80.49
classification accuracy for movement/resting states. leracitano et al [19] employed CNN to distinguish

Table 2. The effect of the length of the signal window to be examined, the number of channels and the
cutoff frequency on the system performance according to the Os point where the stimulus is given

Accuracy  Sensitivity Specificity

[-20]s 94.69 94.24 94.28
Window length [01]s 94.85 93.80 95.88
[-21]s 96.47 97.15 95.31
3 channels 83.71 88.67 75.09
Number of channels 9 channels 90.67 92.44 87.62
61 channels 96.47 97.15 95.31
0.3-5Hz 81.80 87.24 72.48
0.3-10 Hz 88.25 90.63 84.18
Cut-off frequency
0.3-25 Hz 93.85 95.03 91.77

0.3-50 Hz 96.47 97.15 95.31
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movement/resting states using the same dataset used in this study. They achieved 90.50% accuracy to
distinguish hand open movement and resting states by using 61 channels and 1-s time window preceding
movement onset. As it can be seen from the Table 3, there is no consensus among the preprocessing steps
in the literature. In this study, the 96.47% classification accuracy is achieved by using KFD and SVM in
case of using 0.3-50 Hz BPF, [-2 1] time window and 61 EEG channels. This study also provides important
results in terms of evaluating the effect of preprocessing steps on MRCP detection accuracy by using the

same feature extraction and classification method for all experimental cases.

Table 3. Comparison of the results of the studies with the literature

Study Methodology Dataset Preprocessing Accuracy (%)
Ofneret.al. Shrinkage ME and MI Removing the 85.5 (ME dataset)
[16] regularized dataset collected noisy channels 73 (M dataset)

linear by Ofner et. al. 0.3 H7z—3 Hz BPE

discriminant

analysis

(sLDA)

classifier

embedded in

the

discriminative

spatial pattern

(DSP)

Chuetal.[18] Riemannian Ml dataset e 8-15 Hz BPF 80.49
geometry+PLS-  collected by Chu e The 1-s (movement/resting
based feature o g overlapped for average six
selection +LDA window movement classes)

Duan et
[17]

al.

Mammone et

al. [37]

leracitano
al. [19]

This study

et

Task-related
component
analysis
canonical
correlation
patterns

and

Continuous
Wavelet
Transform
(CWT) based
time-frequency
mapping +CNN

CNN

KFD+SVM

ME and Ml
dataset collected
by Ofner et al.

ME and MI
dataset collected
by Ofner et al.

Attempted  hand
and arm

movement dataset

Attempted  hand
and arm
movement dataset

e 64 channels

e 4Hz and 40 Hz
BPF

e 11 electrodes
(FCz, C3, Cz, C4,
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P3, Pz, P4)
o[-2 Q]
window

time

e the 1-s window
preceding
movement onset
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e 61 Channels

el-s window
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0.3-50Hz BPF
61 Channels
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time

90.01
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6. CONCLUSION

Since MRCPs contain important information about the start of the movement before the movement onset,
robust analysis of the movement intention is of critical importance, especially for designing movement-
related BCI systems and self-paced BCI systems. High-accuracy resolution of single-trial MRCPs before
and during the movement is important in terms of providing real-time control of BCI systems and turning
these systems into reliable and efficient systems in practice. In this study, it was aimed to determine MRCPs
from single trial EEG signals and thus to classify movement and resting states with high accuracy. The
results of the study show that the movement and resting states of MRCPs can be classified with 96.47%
accuracy by using KFD and non-linear SVM methods. The highest classification accuracy was achieved
using time windows including before and after the stimulus, the EEG signals recorded from 61 electrodes,
and a filter with a cutoff frequency of 0.3-50 Hz.

The estimation of movement at the planning stage is an important piece of information for BCI systems.
However, if the time window to be examined is increased to include the post-movement time, the high
accuracy rates obtained can be used as an important control parameter, especially in BCI systems designed
using continuous commands. Moreover, the experimental results show that MRCPs can be determined
using the three channels; however, the classification accuracy needs to be improved in order to achieve
higher accuracy if fewer channels are used.
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Figure A. Models for fake news detection

Purpose: Social context-based models use relationships between users and posts on a social
network to capture relevant information to be used for fake news detection. Such models are
posture-based and propagation-based models. Our aim here is to give information about these
models used in studies that are frequently encountered in the literature and to compare the results
of the study.

Theory and Methods: Detection of fake news based on social context is the second step in
research to prevent the spread of fake news. Accordingly, 3 processes are required for fake news
detection. These processes are feature extraction, model building, and dataset generation. The
study theoretically explains how and with which methods these processes are performed and is
supported by the literature.

Results: Studies using the features and models mentioned in the article were examined with both
machine learning and deep learning approaches and compared according to performance criteria.
Using machine learning models, the study with a rate of 99.2% and the highest performance in
comparison of deep learning studies belong to the study with a rate of 95.4%.

Conclusion: In this study, the effect of social context on fake news detection is explained with
the contribution of literature. The importance of modeling the social context is demonstrated.
Information was provided on how social context information is used to detect fake news. The
effect of social context has been examined under three main headings: user-based, post-based and
network-based. By giving examples and explanations from each point of view, the necessity of
social context in detecting fake news is mentioned to the reader. Machine learning and deep
learning models used for fake news detection are compared. In addition, 9 different and famous
data sets were compared in terms of information and social context features.
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While in traditional news media, the content of the news is based on fake news detection, social
context information in social media can be used to help detect fake news. Considering the social
context, the distribution of data on social media and the interaction of online users with each
other, it also explains the dissemination of news in the social environment and provides the
necessary information to determine whether the news is true or not. Social media supports models
based on news content. Developing these models provides some additional resources for
researchers. Social context information represents three main topics: user detail, post and network
analysis. In this study, a compilation study was conducted on the social context-based features
and models of fake news from a data science perspective. Studies using these features and models
in the literature have been examined with both machine learning and deep learning approaches
and compared according to performance criteria. Using machine learning models, the study with
a rate of 99.2% and the highest performance in comparison of deep learning studies belong to the
study with a rate of 95.4%. In addition, in the study, 9 known data sets created for feature
extraction and fake news detection were analyzed by taking into account the social context
features.

Sahte Haber Tespiti icin Kullanilan Modellerin Sosyal Baglam
Kapsaminda Incelenmesi

Oz

Geleneksel haber medyasinda, sahte haber tespiti i¢in haberin igerigi esas alinirken, sosyal
medyada sosyal baglam bilgileri sahte haberleri tespit etmeye yardimer olmak igin
kullanilabilmektedir. Sosyal baglam, verilerin sosyal medyada dagitimi ve ¢evrimi¢i kullanicilarin
birbirleri ile etkilesimi de gdz oniinde bulundurularak haberlerin sosyal ¢evrede yayilimini da
aciklayarak haberlerin dogru olup olmadigini tespit etmek maksadiyla gerekli bilgileri
saglamaktadir. Sosyal medya, haber igerigine dayali modelleri desteklemektedir. Bu modelleri
gelistirmek arastirmacilar icin ek bazi kaynaklar sunmaktadir. Sosyal baglam bilgisi kullanici
detayi, gonderi ve ag analizi olmak {izere li¢ ana basligi temsil etmektedir. Bu ¢alismada veri
bilimi perspektifinden sahte haberlerin sosyal baglama dayali 6zellikleri ve modelleri konusunda
derleme ¢aligmasi yapilmistir. Literatiirde bu 6zellik ve modelleri kullanan ¢aligmalar hem makine
ogrenmesi hem de derin 6grenme yaklasimiyla incelenmis ve performans oOlgiitlerine gore
kiyaslanmistir. Makine 6grenmesi modellerini kullanarak %99.2 oranina sahip ¢alismaya ve derin
o6grenme c¢aligmalarinin kiyaslanmasinda en yiiksek performans %95.4 oranina sahip calismaya
aittir. Ayrica calismada 6znitelik ¢ikarimi ve sahte haber tespitine yonelik olusturulan 9 adet
bilinen veri setinin sosyal baglam &zellikleri gz 6niinde bulundurularak analizi yapilmistir.

1. GiRiS INTRODUCTION)

Kisilerin bilgi arayis1 ve haber elde etme istegi, sosyal medyay1 popiiler hale getiren etkenler arasinda yer
almaktadir [1]. Cevrimigi haber saglamak ve yaymak, sosyal medya yoluyla daha hizli ve daha kolay
oldugundan sahte haberler, kasitli olarak yanlis bilgi dedigimiz dezenformasyon igeren haber makaleleri
kapsaminda incelenmektedir [2]. Sahte haberlerin yayginlasmasiyla bireyler ve toplum ciddi derecede
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olumsuz etkilere maruz kalabilmektedir. Yogun haber tiiketimi yapan okuyucular i¢in sahte haberler, haber
ekosistemine olan giiveni zedelemektedir. Sahte haberler okuyuculari politik veya finansal kazang
maksadiyla kasith olarak onyargili veya dogru olmayan inanglara ikna etmeye ¢aligmaktadirlar [3]. Sahte
haberler insanlarin gergek haberleri yorumlama ve yanitlama seklini degistirerek, dogru olan1 olmayandan
ayirt etme yeteneklerini engellemektedir. Sahte haberler sadece giiveni zedeleme ya da olumsuz duyu
gelistirme ile sinirl kalmayip, toplumda siddet olaylarina varacak kadar biiyiik dalgalanmalara da sebep
olabilmektedir. Tarihte bunun 6rnekleri yasanmistir [4]. Bu nedenle, sahte haberlerin nasil yayildigini
anlamak, etkili ve dogru sahte haber tespiti i¢in veri madenciligi teknikleri gelistirmek ve olumsuz etkileri
azaltmak i¢in miidahale etmek biiyiik 6nem tagimaktadir [5].

Sahte haberler genellikle kasitli olarak ve kesinlikle yanlis olan okuyucuyu yanlis yonlendirebilecek haber
makaleleri olarak tanimlanmaktadir [6,7]. Bilginin kotii niyetli olup olmadigini, amacinin zarar maksadi
icerip icermedigini bilgiyi karakterize ederek bulmak miimkiindiir. Sahte haberin olusumunda ve
dagitiminda insanlarin akillarinda veya niyetlerinde belli bir ama¢ mevcuttur. Bu amaglara 6rnek vermek
gerekirse:

e insanlari, bireyleri, gruplar, fikirleri ve gelecekteki eylemleri desteklemeye veya karsi ¢ikmaya
ikna etmek;

insanlarin korku, 6fke veya nese gibi duygusal tepkileri iretmesini saglamak;

egitmek;

utang verici veya cezai bir fiile olan inanca destek olmak;

ciddi olmayan konular1 abartmak;

olay ve faaliyetlerin gegmisi konusunda kafa karigtirmak verilebilir [8].

Sahte bir haber makalesinin arkasindaki amag belirlendikten sonra bu amacin ne kadar basarili olacagim
anlamak daha kolaydir. Karakterize etmeye yardimci olmasi igin sosyal teorilere dayanan hizli yayilim
Olctimleri kullanilabilmektedir. Sosyal psikoloji, sahte haber tespiti yayiliminin itici gii¢leri i¢in sosyal
etkiye (haber makalesinin ne kadar yaygin bir sekilde yayildigina) ve bir kullanicinin sahip oldugu 6nceden
var olan bilgiye isaret etmektedir [9]. Bir kullanicinin bir haber makalesine giivenmesi, toplumdan ve
kendisinden istemeden yayilma algi ve davranisini etkilemektedir. Hesaplamali sosyal ag analizi, sahte
haberlere maruz kalan bireylerin davraniglarina ve/veya inanglarina sosyal baglamin etkilerini incelemek
maksadiyla kullanilmaktadir [10].

Sahte haberleri etkili bir sekilde, agiklanabilir faktorlerle erken bir asamada tanimlayabilmek tespitin ilk
adimudir. Sahte haberler, haber igeriginde yanlis iddialar yaymaya calistigindan, bunu saptamanin en basit
yolu, haber dogruluguna karar vermek i¢in bir haber makalesindeki ana iddialarin dogrulugunu kontrol
etmektir. Haber medyalarinda sahte haber tespiti, haber igerigi bilgilerinin ayrintili arastirilmasina
dayanmaktadir. Haber igeriginde metin, resim, video gibi birden ¢ok yontem olabilmektedir. Tek veya
birlesik modellerin 6zelliklerini 6grenmek ve sahte haberleri tespit etmek i¢in makine 6grenmesi modelleri
olusturmak maksadryla farkli yaklasimlar bulunmaktadir. Haber makalelerinin icerigiyle dogrudan ilgili
oOzelliklere ek olarak, sosyal medya platformunda haber tiiketiminin kullanici giidiimlii sosyal katilimlarina
ek sosyal baglam 6zellikleri elde edilmektedir. Sosyal katilimlar, haber makalelerinin dogrulugunu ortaya
cikarmak igin yararl yardimei bilgiler saglayan haber yayma siirecini zamansal olarak temsil etmektedir.
Genel olarak, sosyal baglam ii¢ baslig1 temsil etmektedir: kullanicilar, génderiler ve aglar.

[lk olarak, sahte haberlerin sosyal botlar veya insan olmayan cyborgs gibi hesaplar aracilityla olusturulup
yayllmasi olast bir durumdur. Bu sayede, kullanici profilleri ve davraniglarin1 kullanici bazli 6zellikler
kullanarak ele gegirmek sahte haber tespiti igin faydalidir [11]. ikinci olarak, kisilerin sahte haberlerle ilgili
duygu ve diisiincelerini ifade seklinin sosyal medya yayinlar1 araciligiyla stipheli ve sansasyonel bir tepki
seklinde olmasi dikkat ¢ekmektedir. Bu nedenle, gonderi tabanli 6zelliklerin ¢ikarilmasinin gerekliligini
dogmaktadir. Bu islem sayesinde halktan gelen tepkiler 1s18inda olast sahte haberlerin tespiti
kolaylasmaktadir. Son olarak, sahte haberleri tespit etmek i¢in ag tabanli &zelliklerin ¢ikarilmasi
gerekmektedir. Bu da, sahte haber yayma siireclerinde yanki odasi dongiisii dedigimiz dongiliniin
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olusturulmasi ile olmaktadir. Yani, kullanicilarin ilgi alanlari, ilgilendikleri konular ve iligkiler farkli ag
tiirlerinin sosyal medya iizerinde olugmasini gerekli kilmigtir [10].

Uretilen verinin ¢esitliligini, hizl1 yayillimmi ve veri miktarin1 artiran en dnemli sebep sosyal aglarin
kullaniminin artmasi ve iletisim teknolojilerindeki gelismenin hizlanmasidir [12]. Sahte haberler genellikle
metin, resimler, videolar vb. dahil ¢cok yontemli bilgiler icermektedir. Bu nedenle, bilginin ¢ok yontemli
kullanilmast, algilama performansini iyilestirmek bakimindan biiyiik potansiyele sahiptir. Ilk olarak, ikili
siniflandirma igin sozciiksel ozellikler, sozliik, duyarlilik ve okunabilirlik gibi dilsel o6zelliklerin
cikarilmasima veya sinir agir yapilari olan evrisimsel sinir aglar1 ve tekrarlayan sinir aglan ile sinirsel
ozelliklerin dgrenilmesine odaklanmaktadir. Ikincisi, gorsel isaretler temel almarak gorsel istatistiksel
ozellikler, gorsel icerik 6zellikleri ve sinirsel gorsel ozelliklerden ¢ikarilmaktadir [13]. Sahte veya gercek
haberlere eklenen istatistikler gorsel istatistiki ozellikleri temsil etmektedir. Gorsel igerik Ozellikleri,
goriintiilerin igerigini netlik, tutarlilik, cesitlilik vb. gibi tanimlayan faktorleri gdsterir. Sinirsel gorsel
ozellikler evrigimli sinir aglar1 gibi sinir aglar1 kullanilarak 6grenilmektedir. Ayrica, son gelismeler gorsel
icerik grafigini gorsel icerikten biiyiik Olgiide gelistiren sagduyu bilgisini kesfetmek icin gorsel sahne
grafigini ¢cikarmay1 amaglamaktadir [14].

Literatiirde, sosyal baglam 6zelliklerini kullanarak sahte haber tespit eden basarili ¢alismalar mevcuttur.
Sosyal baglamin etkisi diigiiniilerek sahte haber tespitinde elde edilen basarinin kritik yonii sosyal medyada
sOylentilerin dogruluk siiflandirmasi gibi benzer arastirma alanlarinda kullanilan bir dizi ortak 6zellik
sunmasidir [15].

Sahte haber tespiti ile ilgili mevcut ¢aligmalarin ¢ogu denetimli yontemlere dayanmaktadir. Haber igerigi
[16], kullanict profilleri [17], gonderi yayilimi [ 18] ve sosyal baglamlar [19] gibi farkli 6zellikleri dikkate
alarak bir siniflandirma modeli olusturmay1 amaglamaktadirlar. Bu denetimli yontemlere sahip ¢aligmalar
siniflandirma modelini egitmek icin giivenilir bir veri kiimesine ihtiya¢ duyduklarindan kritik bir sinirlama
bulundurmaktadir. Ancak, cok sayida ek aciklama elde etmenin zaman alict olmasi ve yogun emek
istemesinden dolay1 bu siiregte haber iceriginin yani sira baska kanitlarin da kontrol edilmesi
gerekmektedir. Ek aciklamalar elde etmek i¢in kitle kaynak kullanimi yaklasimindan yararlanmak uzman
kontroliiniin yiikiinii hafifletebilir ancak bu agiklamalarin kalitesi diigebilmektedir [20].

Sosyal baglama dayali yontemler, kullanict profilleri, gonderi igerikleri ve sosyal aglarm 6zelliklerini
kullanarak tespit yapmaktadir. Kullanici profilleri, kullanicilarin 6zelliklerini ve kullanici giivenilirligine
dayanarak olgmek igin kullanilmaktadir [17]. Her ikisi de etiketli haber igerigi ve sosyal baglam bilgisi
iceren Buzzfeed ve Politifact platformlarinda dogruluk kontrolii yapilarak toplanan FakeNewsNet [15,21]
isimli kapsamli sahte haber tespit veri seti mevcuttur. Gonderi igerigi, haberin degisim i¢in liretilen nesnel
ozelliklerini (6r. govde metni), sosyal baglam ise, haber 6gelerinin ilgili kullanicinin sosyal etkilesimlerini
(6r. Twitter’da kullanic1 génderme/haber paylagma) icermektedir. Dogrulanmis web sitelerindeki sahte ve
gercek haberlerle ilgili kullanici etkilesimleri, Twitter’in gelismis arama Uygulama Programlama Arayiizi
(Application Programming Interface - API) iizerinden 19 adet 6zellik kullanilarak toplanmigtir. Kullanici
etkilesimlerini toplamak maksadiyla yapilan arama sorgulari, basliklardan meydana gelmistir. Arama
sorgusundan veri Onigleme maksadiyla 6zel karakterler kaldirilmistir. Haber parcalarimi dogrudan yayan
sosyal medya gonderileri elde edildikten sonra, bu gonderilere verilen yanitlar, begeniler ve yeniden
paylasimlar gibi kullanici yanitlart alinmistir. Haber yayan kullanicilar igin, kullanici profilleri, kullanici
gonderileri ve sosyal ag bilgileri gibi pek ¢ok meta veri toplanmistir [21].

Sahte haberleri haber icerigindeki yanlis iddialar1 yaymaya galistigindan, bunu tespit etenin en basit yolu,
haber makalesindeki ipuglarimi bulmaktir. [15]’de ilk olarak, sahte ve ger¢ek haber makalelerinin konu
dagilimi analiz edilmistir. Politifact veri setinde sahte ve gergek haberlerin daha ¢ok siyasi kampanya ile
ilgili oldugu goriilmiistiir. GossipCop veri setinde ise, sahte ve gercek haberlerin daha ¢ok iinliiler
arasindaki iligki hakkindaki dedikodulari igerdigi goézlemlenmistir. Ayrica, sahte ve gercek haber
konularmin birbirlerinden farkli oldugu goriilmiistiir. Baz1 haberler igin, haber igeriklerinin konularina
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bakarak tespit yapmak sahte haber tespiti i¢in yeterli olmamakla birlikte zordur. Bu da sosyal baglam
bilgilerinin kullanilmasi gerekliligini dogurmaktadir [15].

Metin madenciligi yontemleri ve denetimli yapay zeka algoritmalarimin birlestirilmesiyle sosyal medyadaki
sahte haberlerin tespiti i¢in Onerilen modelde metin madenciligi analizini ve denetimli yapay zeka
algoritmalar1 ayr1 ayr1 kullanilmistir. Bu hibrit model, {i¢ farkli gergek diinya veri seti tizerinde test edilmis,
dogruluk, kesinlik, duyarlilik ve f-0lgiitii degerlerine gore degerlendirme yapilmistir. Degerlendirme
sonuglarina gore ortalama performanslar1 hesaplanmistir. Elde edilen sonuglara bakildiginda, dogruluk,
kesinlik ve f-6l¢iitii agisindan en iyi ortalama degerler Karar Agaci algoritmasindan saglanmistir. Duyarlilik
metrigi agisindan ise en iyi algoritmalarin ZeroR, Capraz Dogrulama Parametre Secimi (Cross Valdiation
Parameter Selection-CVPS) ve Agirlikli Ornek Isleyici Sarmalayici (Weighted Instances Handler Wrapper
-WIHW) algoritmalar1 oldugu goriilmiistiir [22].

Sahte haber tespit problemini ilk kez bir optimizasyon problemi olarak ele alan, Gri Kurt Optimizasyon
(Grey Wolf Optimization-GWO) ve Salp Siirii Optimizasyon (Salp Swarm Optimization-SSO) adli iki
metasezgisel algoritma kullanan yaklagimda {i¢ asama yer almaktadir. Veri 6n isleme agamasindan sonra
yeni bir sahte haber tespit modeli olusturulasi icin GWO ve SSO’ya uyarlanmis ve son olarak test i¢in
Onerilen modellerini kullanmislardir. Caligsmalar1 yedi denetimli yapay zeka algoritmasi ile
karsilastirilmigtir. Tiim veri setlerinde en iyi dogruluk GWO’dan elde edilmistir. GWO ayrica {i¢ veri
setinden ikisinde en iyi kesnlik ve f-olgiitii degerlerini vermistir. SSO, ii¢ veri kiimesinden iksinde
hassasiyet a¢isindan tiim algoritmalardan daha iyi performans gostermistir. GWO algoritmasinin SSO
algoritmasi ve diger yapay zeka algoritmalarindan performans olarak daha iyi oldugu goriilmiistiir. Bircok
farkli hedefi ayn1 anda ve verimli bir sekilde ele alan temsili ve esnek uygunluk fonksiyonu nedeniyle,
onerdikleri iki algoritmadan elde edilen sonug¢larin umut verici oldugu goriilmektedir [23].

SSO ve GWO algoritmalarinin uyarlandigi sosyal medyadaki sahte haberleri tespit etmek icin metin
madenciligi ve optimizasyon yontemlerini birlestiren model olusturulmustur. Bu modelde, popiiler ve yeni
bir ¢evrimi¢i sosyal medya problemi bir optimizasyon problemi olarak ele alinmistir. Ayrica 6nerilen
algoritmalarin performansini dogrulamak igin literatiirdeki bagka bir ¢aligmada dort farkli gercek diinya
sahte haber veri seti lizerinde test yapilmistir. Bu yontemler arasindaki farkliliklart ayirt etmek maksadiyla
Friedman testi uygulanmistir. Elde edilen sonuglarin da gergek diinya veri setlerinde 6nemli sonuglar elde
ettigi gorilmiistir [24].

Sahte haberlerin hiikiimet ve toplum {izerindeki etkisini belirlemek, anlamak ve sahte haberleri orijinal
olanlardan ayirt etmek amaciyla derin 6grenme tabanli yaklasimlari benimsemislerdir. Toplumun sahte
haberlerin yayilmasina karsi yardimci olmayi, insanlarin sahte haber yayicilarindan ve gilinlimiiz
diinyasindaki yayilmalarmdan haberdar etmeyi amaglayan ¢alismalarinda GloVe teknigi kullanmislardir.
Bu teknik sayesinde, kelime yerlestirmeler i¢in her bir kelime vektor bigiminde temsil edilmistir. Vektor
bigimine getirilen veri mimarilerindeki ¢esitli seviyelerde Uzun-Kisa Vadeli Bellek (Long Short Term
Memory-LSTM) sinir agi kullanilmistir. Degerlendirme 6l¢iitii olarak dogruluk secilmis ve onerdikleri
model ile %99,88 dogruluk elde edilmistir [25].

Makalenin ikinci boliimiinde arastirma siirecinden ayrintili olarak bahsedilmis, ligiincii boliimiinde sosyal
baglam kapsaminda sahte haber tespiti yapan ¢alismalarin kullandig1 modellerden ve bu modellerin makine
Ogrenmesi ve derin 6grenme yaklagimlar: bakimindan incelenmesine yer verilmis ve dérdiincii boliimiinde
literatiirde bilinen 9 veri setinin analizi yapilmustir.

2. ARASTIRMA SURECI (SURVEY PROCESS)

Aragtirma siireci, [26,27] ¢alismalarinda da kullanilan Google Scholar, Science Direct, IEEE Explore,
Wiley, Web of Science, Scopus ve ACM Digital Library gibi dijital kiitiiphanelerden alinan yaptigimiz
calismanin konusuna uygun olan yayinlarin bir araya getirilmesiyle olugmaktadir. Ingilizce dilinde yazilmis
orijinal arastirma ve tarama/derleme makaleleri incelenmistir. Makaleler, sahte haberlerle ilgili anahtar

9% Ce 2 <c 2 13

kelimeler ve “sahte haber”, “aldatmaca”, “yanlis bilgilendirme”, “uydurma haber”, “dezenformasyon”,
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2 (13

“sosyal baglam”, ‘“sahte haber tespiti” gibi iliskili terimler kullanilarak yukarida bahsi gegen dijital
kiitiiphanelerden elde edilmistir. Tablo 1°de tiim arastirma 6gesi ve zaman araliklarina karsilik kullanilan
anahtar sozciikler sunulmustur. Burada zaman aralig1 olarak 2010 ile 2022 yillar1 arasi se¢ilmig ancak son
5 yila ait yayinlar giincelligini halen koruyabildigi diistiniilerek tercih sebebi olmustur. Kullanilan anahtar
sozctikler birlikte kullanilma (aralarinda ve baglaci bulunan) ve tamamu kullanilan (aralarinda veya baglaci
bulunan) seklinde Tablo 1°de agiklanmustir. Incelenen yaymlar Ingilizce dilinde yazildigindan Tiirkge
dilindeki karsiliklariyla birlikte tabloda yerini almistir

Tablo 1. Arama dizesi icerisinde kullanmilan anahtar sozciikler

Arama Ogesi ve Zaman Arahg Kullamilan Anahtar Sézciikler

‘social context(sosyal baglam)’ VE (‘social

context(sosyal baglam)’ VEYA ‘fake news

detection(sahte haber tespiti)’

‘disinformation (dezenformasyon)’ VE (‘social

context(sosyal baglam)’ VEYA ‘fake news

detection(sahte haber tespiti)’

2010 ile 2022 yillar1 arasinda tiim arama sorular1 | ‘misinformation (yanlis bilgilendirme)’ VE
icin (‘social context(sosyal baglam)’ VEYA ‘fake

news detection(sahte haber tespiti)’

‘fabricated news (uydurma haber)’ VE (‘social

context(sosyal baglam)’ VEYA ‘fake news

detection(sahte haber tespiti)’

‘hoax (aldatmaca)’ VE (‘social context(sosyal

baglam)’ VEY A ‘fake news detection(sahte

haber tespiti)’

Aragtirma siirecinde 2010 yilindan 2022 yillar1 arasinda yayimlanan ve miikerrer olmayan 1303 makaleye
ulagtlmigtir. Makaleler secilirken yakin zamanda yayinlananlara oncelik verilmistir. Arastirma siirecinin
akig1 Sekil-1’de gosterilmistir. Belirtilen krtiterlere gore makaleler filtrelendikten sonra 261 makale tam
metin incelemesi igin degerlendirilmistir. Igeriginde model yapis1 icermeyen yaymlar elenmistir.
Yayinlarin sosyal baglam ile ilgili olmasina dayali olarak, inceleme ¢alismalarinda amag, veri kaynagi, veri
setleri ve yontem/araglar metodolojik ve sistematik bir organizasyon seklinde anlatilmigtir.

Incelenen calismalarin dzeti Tablo 2 ve Tablo 3°de model insa edilmesi basliginin altinda, Tablo 4’te ise
s6z konusu ¢aligmalarda kullanilan 9 bilinen veri seti sosyal baglam kapsaminda incelenerek literatiirdeki
veri kiimeleri basligi altinda sunulmustur. Sunulan ¢aligmanin son olarak sonug¢ bolimii ¢alismamizda
yerini almaktadir.

Veritabanlarinda anahtar kelimelerle arama
yapmak (6zellikle yakin zamanda yayinlanan ve
yiiksek atif alan galigmalar segilmistir)

l model yapis1 icermeyen yayinlar1 elemek |

Sekil 1. Arastirma siirecinin akisi
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3. SOSYAL BAGLAMA DAYALI SAHTE HABER TESPIiTi (FAKE NEWS DETECTION BASED
ON SOCIAL CONTEXT)

Sahte haber tespit yontemleri genellikle haber igeriklerini ve sosyal baglam bilgilerini kullanarak tespit
islemini gerceklestirmeye odaklidir [15]. Haber icerikleri, sahte haber ile gercek haberi ayirt etmeye yonelik
ipuglari icermektedir ancak tek basina yeterli degildir. Haber igerigi kadar, haberlerle ilgili sosyal baglam
da, sahte haberlerin tespit edilmesine yardimeci olacak zengin bilgiler icermektedir. Sosyal baglam
ozelliklerini kullanan yaklagimlar; kullanici tabanli, génderi tabanli ve ag tabanl yaklagimlardir.

Kullanic1 tabanli yaklasimlar, kullanici ozellikleri ve giivenilirligini 6lgmek maksadiyla kullanici
profillerinden ¢ikarilmaktadir [29,17,28]. Kullanic1 6zellikleri, Twitter’in sunmus oldugu API sayesinde
elde edilerek analiz edilebilmektedir [30,31] Ornegin, Shu vd., sahte haberleri gercek haberlerden ayirt
etmek maksadiyla kullanici profillerini ¢esitli yonlerden anlamayi onermektedir [29]. Yang vd.,
kullanicilarin sosyal medyadaki goriiglerini kullanarak ve giivenilirliklerini tahmin ederek denetimsiz bir
sahte haber tespit algoritmasi onermistir [28]. Gonderi tabanli 6zellikler, bakis agisi (durus) [32], konular
[19] veya giivenilirlik [17, 18] bakimindan kullanicilarin sosyal tepkisini temsil etmektedir. Ag tabanlt
ozellikler [10], yayilma ag1 [33] vb. gibi belirli aglar olusturularak c¢ikarilmaktadir. Sosyal baglami
benimseyen yaklagimlardan gonderi tabanli yaklagim temel olarak durus tabanli, duygu tabanli ve yayilma
tabanli modelleri icermektedir. Durusa dayali modeller, haberin dogrulugunu anlamak i¢in kullanicilarin
haberlere yonelik goriislerini kullanmaktadir. Yayilma temelli modeller, haberlerin giivenilirliginin, cesitli
yayma yontemlerinin uygulanabilecegi ilgili sosyal medya gonderilerinin giivenilirligi ile yiiksek oranda
iliskili oldugunu varsaymaktadir [32]. Literatiirdeki son ¢alismalarda, haberlerin temsil eden zamansal ve
dilsel 6zellikleri 6grenmek maksadiyla derin 6grenme modelleri uygulanmaktadir [32,34]. Shu vd., tiklama
tuzag tespitini iyilestirmeyi saglamak i¢in egitim verilerini artirmak maksadiyla yapay (sentetik) veriler
olusturmay1 6nermistir. Yayilim temelli yaklasimlari dogrudan karsilastirmak sadece kullanici eylemlerine
(haber gondermek, yaymlamak vb.) sahip olan bir sistem i¢in miimkiin degildir. Bunun sebebi metinden
¢ikarilan yayilma sinyallerinin ayni olmasi ve bu nedenle de etkisiz hale gelmis olmasidir [35].

Sosyal baglama dayali sahte haberlerin tespiti, sahte haberlerin yayilmasim engellemeye yonelik
arastirmalarin ikinci adimidir. Buna gore sahte haber tespiti i¢in 3 islem gereklidir. Bu islemler: 6zellik
¢ikarimi, modelin insa edilmesi ve veriseti olusturmadir.

3.1. OZELLIK CIKARIMI (FEATURE EXTRACTION)

Sosyal baglama dayali sahte haberlerin tespitine yonelik ilk adim, haber makalesinden 6zelliklerin
¢ikarilmasidir. Bahse konu ¢alismalarin 6zet hali Tablo 2 ve Tablo 3’de sunulmustur. Bir haber makalesi,
sosyal baglamla ilgili asagidaki {i¢ 6zellikten olugmaktadir:

3.1.1. Kullanmici1 Detaylari

Yas, cinsiyet, liyelik, konum, takip¢i sayisi, tweet sayisi vb. gibi kullanici ayrtintilarindan sahte haberlerin
tespit edilmesine yardimci olabilecek 6zellikler gikarilabilmektedir [11]. Yang ve dig. igerik tabanl,
yayilim tabanli, uygulama programi tabanli ve konum tabanli 6zelliklerin eslik ettigi kullanic1 tabanlh
6zelliklerin bir kombinasyonunu kullanan Sina Weibo adinda bir uygulama gelistirmislerdir [36].

Ayrica, bu Ozelliklere dayali olarak, bir tweet-retweet grafigi olusturulabilmekte ve belirlik bir haber
makalesiyle ilgili kullanic1 grubununun 6zelliklerinin daha iyi anlasilmasi i¢in farkli kullanicilar bir grup
altinda kiimelenebilmektedir [37].

3.1.2. Gonderi Analizi

Kullanicilar sosyal medyada bir haber okuduktan sonra tepkilerini, duygularin1 veya diisiincelerini
genellikle yorum ya da paylasim seklinde ifade etmektedirler. Bu nedenle, gonderilerden 6zelliklerin
¢ikarilmasi, sosyal baglama dayali sahte haber tespit siirecinde 6nemli bir faktér olmaktadir. Jin ve dig.
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durusun belirli bir haber makalesinin kabul veya reddinin bir gostergesi oldugunu gézlemlemislerdir [38].
Rubin ve dig. absiirtliik, noktalama isaretleri ve anlambilim gibi 6zelliklerin bir arada kullanilmasinin hiciv
icerigini tahmin etmeye yardimci olabilecegi sonucuna varmstir [39]. Castillo ve dig. konu diizeyindeki
Ozellikleri analiz etmistir [37]. Ma ve dig. Latent Dirichlet Allocation (LDA)’y1 kullanirken, Verma ve dig.
giivenilirligi degerlendirmek maksadiyla gorevlerden TF-IDf ve CV gibi 6zellikleri ¢ikarmistir [19,40].

Bununla birlikte, bu tiir yaklagimlar, yayilma sirasinda mesaj 6zelliklerinin degisimini yakalayamamustir.
Bu sorunu en aza indirebilmek amaciyla zaman serisine dayali yaklasim formiile edilmis ve yayilma
srasinda sOylenti olmayanlara kiyasla sdylentilerde bulunan belirli 6zelliklerin digerlerine gore farkli
oldugunu gostermislerdir [19].

3.1.3. Ag Analizi

Ag analizine dayali yontemlerde amag, haber akisini haritalamak ve ilgili kullanici kiimesini belirlemektir.
Diigiimlerin bir haberle ilgili gonderileri ve kenarlarin durus benzerligine bagl olarak agirliklar1 temsil
edebilecegi durum durus temellidir. Kwon ve dig. agin, haber yayma yoriingelerine dayali olarak bir agin
kuruldugu bir yayilma temelli eslik eden takipgi-takip edilen iliskileri iizerine insa edildigi, arkadaslik
temelli bir yaklasim tasarlamislardir [33]. Ornegin, [38] ve [41], agin giivenilirligini belirlemek icin kitle
kaynaklt bir yaklagim benimsemektedir. Ruchansky ve dig., gonderileri benzer makalelerdeyse,
kullanicilarin ag tizerinden baglandigi eslik tabanli bir teknik benimsemistir [42].

Bu ¢alismalardan, icerik tabanl 6zelliklerin, kullanici ayrintilarinin ve bilginin ag iizerinden yayilmasinin
analizinin bir araya getirilmesinin, sosyal baglama dayali sahte haber tespiti i¢in ¢ok yonlii ve saglam bir
¢Oziim saglayabilecegi ¢ikarilabilmektedir.

3.2. MODEL iNSA EDILMESi (MODEL CONSTRUCTION)

Sahte haber tespiti i¢in inga edilen modeller iki kategoriye ayrilmaktadir. Bu kategoriler haber igerigi ve
sosyal baglamdir. Biz bu ¢alismada sosyal baglam kategorisine deginecegiz. Sahte haber tespiti i¢in model
insast bakimindan sunulan kategoriler Sekil 2°de gosterilmistir.

Bilgiye dayali
Haber igerigi ———]
| Stil dayali

te Haber Tes
icin Modeller |

Sosyal Baglam ———]
Yayilmaya dayali

Durusa dayali

Sekil 2. Sahte haberleri tespiti i¢in modeller

Sosyal baglama dayali modeller, sahte haberlerin tespiti i¢in kullanilacak ilgili bilgileri yakalamak
icin bir sosyal agdaki kullanicilar ve gonderiler arasindaki iliskileri kullanir. Bu tiir modeller asagidaki
tiplerden olabilir:

3.21 Durusa Dayah

Duruslar (bakis agilar1), kullanicilarin haberlere yonelik destekleme, karsi ¢ikma vb. fikirlerini
gostermektedir. Tipik olarak, sahte haberler sosyal medya kullanicilar1 arasinda tartigsmali goriislere neden
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olabilmektedir; burada sorgulama duruslarini reddetmenin, iddialarin sahte oldugunu belirtmede g¢ok
onemli bir rol oynadigi goriilmiistiir. Kullanicilara ait gonderilerin durusu belirgin ve istii kapali
olabilmektedir. Belirgin bakis agilar1 Facebook’un “begeni” eylemlerine benzer sekilde dogrudan duygu
veya fikir ifadesidir. Ustii kapali bakis agilari ise, sosyal medya paylasimlar incelenerek otomatik olarak
cikarilabilmektedir.

Bu tiir modeller, sahte veya gercek oldugunu dogrulamak maksadiyla bir haber makalesiyle ilgili farkl
kullanicilarin goriiglerini almaktadir. Goriigler, belirli bir gonderinin aldigi begeni sayisindan, bir makaleyle
ilgili olarak saglanan yorumlardan olusabilmektedir. Goriis tespiti i¢in, kullanicilarin agik veya ortiik
duruslarin1 bulmak amaciyla daha fazla madencilik yapilmaktadir. Ornegin, Jin ve dig., celisen duruslari
analiz ederek haber igerigini dogrulamak icin bir yontem gelistirmistir [38]. Baska bir calismada
Mohammad ve dig. n-gram ve kelime yerlestirme gibi giris 6zellikleri bulunan SVM’ye dayali daha
islenmis bir durus algilama teknigi dnermistir [43].

Kullanic1 meta profili 6zelliklerini agik ve ortiik olmak iizere iki ana agidan toplamakta ve analiz etmektedir
[44]. Acik Ozellikler, dogrudan sosyal medya sitesi APIsi sorgulanarak dondiiriilen meta verilerden elde
edilmektedir. Ortiik 6zellikler dogrudan mevcut degildir, ancak kullanici meta bilgilerinden veya ge¢mis
tweetler gibi ¢evrimici davraniglardan c¢ikarilmaktadir. Secgilen 6zellik setleri, higbir sekilde tiim olasi
ozelliklerin kapsamli bir listesi degildir. Ancak, kolayca erisilebilen ve hemen hemen tiim genel kullanicilar
icin mevcut olan agik dzelliklere ve kullanici 6zelliklerini daha iyi anlamak igin literatiirde yaygin olarak
kullanilan ortiik 6zelliklere sahiptir. Ilk olarak, FakeNewsNet verilerine [21] dayanarak sahte ve gercek
haberleri paylasma olasilig1 daha yiiksek olan iki kullanict alt kiimesi secilmis ve bu iki kiime {izerinden
birbirlerinin toplu istatistikleri karsilagtirilmstir.

Acik Ozellikler
Temsili agik profil 6zniteliklerinin listesi asagidakileri icerir:

e Profille Ilgili. Temel kullanic1 agiklama alanlari:
- Dogrulanmis: kullanicinin dogrulanmis bir kullanici olup olmadigi;
- KayitZamani: hesabin kaydindan bu zamana kadar gecen giin sayisi;
e Icerikle ilgili. Kullanic1 aktivitelerinin 6zellikleri:
- DurumSayisi: gonderi sayisi;
- FavoriSayisi: begeni sayisi;
e Agile llgili. Sosyal medya nitelikleri:
- Takipg¢iSayist: kullaniciyi takip eden sayist;
- TakipEdilenSayisi: kullanicinin takip ettigi kullanici sayist.
Ortiik Ozellikler

Dogrudan kullanici meta verileri araciliiyla saglanmayan, ancak kullanici demografisini agiklamak ve
anlamak i¢in yaygmn olarak kullanilan birka¢ ortiik profil 6zelligi de kullanilmaktadir [45]. Bu Ortiik
Ozellikleri denetimsiz bir sekilde tahmin etmek i¢in yaygin olarak kullanilan araglar1 benimsendigi
unutulmamalidir. Baz1 temsili 6zellikler agagidaki gibidir.

e Yas: Arastirmalar, yasin insanlarin psikolojisi ve biligselligi iizerinde biiyiik etkileri oldugunu
gostermektedir.
o Kisilik: Kisilik, bir bireyi digerlerinden farkli kilan 6zellikleri ifade etmektedir.
e Siyasi Onyargi: Kullanicilarin profillerini sekillendirmede ve sosyal medyadaki haber tiiketim
tercihlerini etkilemede siyasi dnyargi 6nemli bir rol oynamaktadir.
Deneysel olarak yapilan karsilastirma analizinden, acik ve ortiik profil 6zelliklerinin ¢ogunun farkl 6zellik
dagilimlarini ortaya ¢ikardigini ve bu da onlar1 sahtekarlig1 tespit etmek i¢in kullanma potansiyelini ortaya
koydugunu gézlemlemekteyiz.
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3.2.2. Yayilmaya Dayah

Bu tiir modeller, aralarinda bir dereceye kadar benzerlik iceren sosyal medya gonderileri arasindaki
iligkileri ortaya ¢ikarmaktadir. Haber makalelerinin ¢esitli aglar arasindaki akigini izler ve sahte veya gergek
olup olmadigimi dogrulamak i¢in bu aglarda bulunan kullanicilarin giivenilirligini kullanir [32]. Yang ve
dig. yayilmaya dayali bilgiyi inanilirlig1 belirleyen bir 6zellik olarak degerlendirmistir [36]. Jin ve dig. olay,
alt olay ve mesaj tabanli yayilma analizinden olusan {i¢ katmanl bir hiyerarsik model énermistir [46].

Mekansal yayilimi analiz etmenin yani sira, birka¢ ¢alisma zamansal yayilmay1 da hayati bir giivenilirlik
gostergesi olarak degerlendirmistir. Ornegin, yayilim sirasinda zamansal bilgileri yakalamak igin zaman
serisine dayali bir yaklagim tasarlamistir [19]. Bunun disinda, bazi ¢aligmalar bir agda sahte haberlerin
yayilimini belirlemek icin istatistiksel dnlemler uygulamustir. Ornegin, bir agda mesaj yayilimmin énemini
belirlemek i¢in bir parametre olarak temel taklit sayisini elde etmistir [47].

Makine 6grenimi modelleri kullanilarak sahte haberlerin tespiti i¢in olusturulan ilgili calismalarin
performans bakimindan kiyaslanmasi Tablo 2’de sunulmustur. Derin 6grenme modelleri kullanilarak sahte
haberlerin tespiti i¢in olusturulan ilgili ¢galigmalarin performans kiyaslanmasi Tablo 3’te verilmistir.

Tablo 2. Makine dgrenmesi yaklasimlarinin performans kiyaslamasi

Model Metot Performans
Mukherjee ve dig. (2013)[48] | SVM Dogruluk=0.861
F1-Skor=0.857
Kwon ve dig. (2013) [33] SVM, RF ve DT Dogruluk=0.897
F1-Skor=0.878 (RF)
Castillo ve dig. (2013) [37] LR ve RF F1-Skor=0.824
ROC Alan=0.816
Ma ve dig. (2015) [19] SVM Dogruluk=0.871
F1-Skor=0.87
Rubin ve dig. (2016) [39] SVM Dogruluk=0.87
Granik ve dig. (2017) [49] NB Dogruluk=0.74
Tacchini ve dig. (2017) [41] LR ve HBLC Dogruluk=0.992 (HBLC)

Gravanis ve dig. (2019) [50]

SVM ve AdaBoost

Dogruluk=0.787

Ozbay ve dig. (2019) [23] GWO Dogruluk=0.926

Ozbay ve dig. (2020) [22] DT Dogruluk=0.968
F1-Skor=0.968

Tagkin ve dig. (2021) [51] RF F1-Skor=0.86

Tablo 2’de goriildigii lizere, en iyi performans degeri 0.991 dogruluk degeri ile Tachini ve digerlerinin
yaptigin ¢caligmaya aittir. Bu ¢aligmada kullanilan HBLC (Harmonic boolen label crowdsourcing) sayesinde
bu deger elde edilmistir [41]. Ayrica en iyi performanslardan biri olan Ozbay ve arkadaslarinin ¢alismalart
ISOT veri seti kullanilarak karar agaci algoritmasiyla elde edilmistir [22]. Calismada s6z konusu veri seti
kullanilarak 23 adet algoritma denenmistir. Karar agaci algoritmasi bu algoritmlar igerisinden en iyisi
sonucu vermigtir.
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Tablo 3. Derin 6grenme yaklagimlarinin performans kiyaslanmast

49

Model Metot Performans

Long ve dig. (2017) [52] LSTM Dogruluk=0.415
Wang ve dig. (2017) [16] CNN ve Bi-LSTM Dogruluk=0.274
Ruchansky ve dig. (2017) [42] RNN Dogruluk=0.922

F1-Skor=0.924

Roy ve dig. (2018) [53]

CNN ve Bi-LSTM

Dogruluk=0.45
F1-Skor=0.43

Jwa ve dig. (2019) [54] BERT F1-Skor=0.746
Polignano ve dig. (2019) [55] CNN Dogruluk=0.918
Baruah ve dig. (2020) [56] BERT Dogruluk=0.69
Song ve dig. (2021) [57] CNN Dogruluk=0.922

Paka ve dig. (2021) [58]

BERT, RoBERT

Dogruluk=0.954
F1-Skor=0.953

Nasir ve dig. (2021) [59] CNN, RNN Dogruluk=0.795
F1-Skor=0.79
Taskin ve dig. (2022) [60] GRU F1-Skor=0.83

Tablo 3 incelendiginde en diisiik performans CNN ve Bi-LSTM metotlar1 kullanilarak Wang ve digerleri
elde etmistir. Buradaki performans degerinin diisiik ¢ikma sebebi veri setinde asir1 uydurma (overfitting)
durumudur [16]. Roy ve arkadaglarina ait diger diisiik performansin sebebi ise kullandiklar1 veri setinde
anlam bakimindan iligkili siniflarin tahmin sirasin ortiisme yasamasidir [53]. Dogruluk performansi 0.954
olan Paka ve arkadaslarina ait calismada BERT kullanilmistir. BERT, veri setinde bulunan metni ¢ift tarafli
incelemekte ve metin igerisindeki herhangi bir kelimenin sag ve solundaki kelimelerle olan iligkilerini ¢ok
iyi kavrayabilecek bir yap1 sunmaktadir [58].

3.3. LITERATURDEKI VERi KUMELERI

Bu bdliimde, sahte haber tespiti ¢alismalarinda kullanilan mevcut veri setlerinin bir listesi sunulmustur.
Ayrica bu veri setlerinin agiklamalar1 ve sosyal baglama dayali 6zelliklerinin karsilastirilmasi Tablo-4 de
verilmistir.

Tablo 4. Sahte haber tespiti icin olusturulan veri setlerinin sosyal baglama dayali olarak karsilastiriimasi

Sosyal Baglam Ozelligi

Veri Seti Kullanic1 | Gonderi Ag Aciklama
Detay1 Analizi | Analizi
BuzzFeedNews - - - BuzzFeed’den gercekligi dogrulanmis 1627 adet
haber makalesinden olugsmaktadir.
PolitiFact’ten bir API kullanilarak ¢esitli
LIAR - - -

alanlardan 12836 adet makaleden
olugmaktadir[16].

Belirli bir web sayfasindaki tiim baglantilari
tarayarak ve onceden saglanan bir alan listesiyle
karsilagtirlarak giivenilir olmayan kaynaklar
tespit eden arag setinin kendi kendine agiklama
ozelliki ile olusturulmustur.

BS Detector - - -
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21417 adet reuters.com’dan alinmig gercek

ISOT } } } haber, 23481 adet farkli haber kaynaklarindan
alinan sahte haberden olusmaktadir [61,62].
Fake News Siyaset, saglik, ¢cevre, yasam tarz1 gibi cesitli
Challenge } Evet } konular1 igeren egitim seti 49972, test seti 25413
(FNQC) adet kayittan olugsmaktadir.
CREDBANK Evet Evet - Ekim 2015’e ait 96 giinliik bir siire boyunca
cekilen 60 milyon tweetten olugsmaktadir.
BuzzFace - Evet - 1,6 milyon yorum ve 2263 makaleden olusan

BuzzFeed’in bir uzantisidir [63]
1 milyonun iizerinde begeniye sahip, bilimsel ve

FacebookHoax Evet Evet - komplo teorileriyle ilgili 15500 gdnderiden
olusmaktadir [41]
PolitiFact ve GossipCop’tan elde edilen haber-
FakeNewsNet Evet Evet Evet | baglam, sosyal-baglam ve zamansal bilgiler gibi

cesitli kategorilerdeki bilgileri igeren ¢ok
boyutlu bir veri setidir.

4. SONUC (CONCLUSION)

Sahte haberlerin toplumu olumsuz sekilde etkiledigi endisesiyle bu sorunu durdurmak maksadiyla 6nlemler
almmasi gerekmektedir. Bu makale, kapsamli bir yayin olmakla birlikte sahte haberlerin iiretilmesini ve
yayllmasini anlamaya ve azaltilmasina yonelik yapilan arastirmalarin ne sekilde ilerledigine dair bir fikir
sunmaktadir. Spesifik olarak, ¢alismamizin teoride ve pratikte ¢esitli sonuglar1 bulunmaktadir.

Teoride, bu makale aktarilan bilginin amacina ve tiiriine dayal1 olarak sahte haberlerle iliskili tiim terimler
hakkinda bir fikir vermektedir. Sahte haberlerin yayilmasinda psikolojik zafiyetlere, toplumsal faktorlere
ve sosyal medyanin hayatimizdaki roliine 151k tutmaktadir. Ayrica, sahta haberlerin ayirt edilebilecegi haber
igerigi ve sosyal baglam gibi gesitli yonleri aragtirmaktadir. Sosyal baglama dayali olarak sahte haberlerin
tespiti i¢in Onceki ¢aligmalar hakkinda kapsamli bir sunum yapmaktadir. Bu aragtirma araciligiyla, sahte
haberleri azaltmaya yonelik tekniklerin gogunun, denetimli bir yaklasim izledigi gbézlemlenmistir. Bu
makalede, okuyucular arasinda sahte haberlere iligkin saglam bir bilgi birikimi olusturabilmek amaciyla
kavramlar, uygun alintilarla desteklenerek mevcut ¢calismalarin ayrintili bir arastirmasi yapilmistir. Pratikte,
incelenen veri setleri, siniflandiricilar gelistirmek ve bu galigmayi ileriye tasimak isteyen okuyucular igin
yol gosterici olacaktir.

Bu ¢aligmada, sosyal baglamin sahte haber tespiti lizerindeki etkisi literatiir katkisiyla anlatilmistir. Sosyal
baglami modellemenin dnemi gosterilmistir. Sosyal baglam bilgilerinin sahte haber tespiti yapmakta nasil
kullanildig1 konusunda bilgilendirme yapilmistir. Sosyal baglamin etkisi kullanic1 tabanli, gonderi tabanl
ve ag tabanli olmak iizere {i¢ ana baslikta incelenmistir. Her bakis acisindan ornekler ve agiklamalar
verilerek okuyucuya sahte haber tespitinde sosyal baglamin gerekliliginden bahsedilmistir. Sahte haber
tespiti i¢in kullanilan makine 6grenmesi ve derin 6grenme modelleri kiyaslanmistir. Ayrica 9 birbirinden
farkli ve inlii veri seti ile ilgili bilgilendirme ve sosyal baglam ozellikleri bakimindan kiyaslama
yapilmustir.
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The effective planning of urban areas is important in terms of improving both the urban density
and the traffic problem. Parking lots should be arranged to manage spaces and traffic at the points
where the population is highly dense. On the other hand, installing rooftop solar energy plants
over parking lots are highly advantageous in terms of renewable energy production. During the
design process of such urban power plants, the area-energy optimization and the shading caused
by surrounding buildings have direct effect on overall performance. In this study, firstly a parking
lot was designed on an empty parcel within the urban area of Izmir province, with the capacity of
1.704 vehicles, 64 motorcycles and 64 electric vehicle charging stations. In addition, a solar
power plant was planned over the parking lot canopies, then a power system was designed by
selecting the proper photovoltaic panels and inverters. On the parametric simulation software,
which was used to determine the system performance, the solar radiation and shadow simulations

Grasshopper on the designed parking lot were run. After that, the electricity generation performances were
investigated and comparisons between the parking lot parcels and the selected dates were made.
In the conclusion, it was found that 7.006 photovoltaic panels placed over the canopies with an
area of 24.995 m?are able to generate 8.084 MWh/year electricity.

1. INTRODUCTION

The demand for housing, industry, transportation, agriculture, etc. increases as a result of the high
population growth rate. Concordantly, the demand for energy also increases day by day. By year 2021, the
largest shares in energy production are respectively 31% petroleum, 27% coal and 24% natural gas. By the
same year, the share of renewable energy sources is only 12,63% of the total. In detail, 6,83% of renewable
energy sources is hydraulic energy, 2,98% is wind power and only 1,65% is solar energy. In addition, 0,47%
is the share of other renewable sources (geothermal, wave energy, etc.) while the modern bio-fuels are only
0,70% [1] [2]. There are many negative effects of using fossil sources for the energy production on such a
scale. First of all, the limited resources of fossil fuels are undesirable for sustainability. Moreover, the usage
of these sources causes noxious gases to be released into the atmosphere and causes global warming.

The usage of the renewable energy sources as an alternative to the fossil fuels are far below the potential.
This situation is more distinct for the solar energy. One of the most important parameters of the solar energy
generation is the annual solar radiation values. For example, Germany has 2,75 — 3,35 kWh/m? annual solar
radiation values and with the 58.728 MW installed solar power capacity, it generated 50.000 GWh energy
in 2021 [3]. Meanwhile, Turkey has 3,13 — 5,26 kWh/m? annual solar radiation values but it only owns
7.813 MW installed capacity and generated 12.965 GWh energy in 2021 [4]. As seen in the given data,
even though Turkey has high hours of sunshine, it does not use its potential sufficiently. In Izmir province,
where this study was done, the annual solar radiation values are between 4,36 — 5,00 kWh/m?. By year
2021, the city has installed solar power capacity of 300 MW [5]. Therefore, the solar energy plants that
could be installed here can be considered more efficient compared to Turkey’s average.

Solar power plants are able to be installed various places where the conditions are met. Even in urban areas,
there are many ideal places for applications. Photovoltaic panels can be installed on places such as rooftops,
facade elements or parking lot canopies to generate electricity. These applications add alternative function
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to the installed structure and prevent wasting of space [6]. Especially in large parking lots, efficient use of
dead space is significant for urban development [7]. The most important problem for solar power plants in
urban areas is shading. Geographical formations, trees and surrounding buildings may cast shadows on PV
panels and cause efficiency losses [8]. For example, 20-30% shadow formation on a panel may result 40%
loss in output power and this may also affect the PV string [9]. Therefore, solar energy investments in urban
areas require decent shadow and efficiency analysis while considering all the factors affecting the site
selection.

In this study, a parking lot was designed within the urban area of Izmir province and a solar power plant
was planned over the parking lot canopies. After that, the efficiency of the power plant, energy generation
values, shadow formation, and solar radiation values on the system were investigated with the simulations
on Grasshopper, which is parametric design software. As the Grasshopper plugins, Ladybug and Honeybee
were used for energy simulations and Elk was used for modeling the Geographic Information System (GIS)
data [10]. This type of software analyzes many different data and variable that affects each other. Thus,
they aim to find accurate results in a shorter time and shorten the decision-making process.

2. MATERIALS AND METHODS
2.1. Study Area Selection and Parking Lot Design

Within the scope of this study, a parcel was chosen as the project area in Izmir province, Karsiyaka,
Mavisehir district. On this parcel, two equal parking lots with dimensions of 120 x 200 m and an area of
24.000 m? for each were planned. The existing path was kept and two parking lots were planned as the
North and South parking lots. The reasons for choosing this district as the study field are the population
and vehicle density, also the parking lot demand due to the several facilities such as shopping centers, sports
halls and schools [11] (Figure 1). Moreover, it has been estimated that the study field has high solar potential
due to its size and the limited number of surrounding shading factors.

O e

A- M. K. Atatirk Karsiyaka Sports Hall
B- Mavibahge Shopping Center

M %% C- Mavisehir Elementary School
t e

~¥] ‘ o- I = .| D- Ege Park Shopping Center
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Figure 1. Satellite image of the project area and surrounding [12]

During the design process of the parking lots, parking spaces and canopies, the latest building bylaws and
Neufert building design criteria were consulted [13] [14]. Considering dimensions and constraints in the
parking lot design, the greater value was chosen between both sources. As the result, the parking lot with
spaces for 1704 cars (144 disabled), 64 motorcycles and 64 electric vehicle charging stations were designed.
This parking lot area was divided into two parcels as North and South. The canopies are designed with a
5,6° slope to south, to get the solar radiation at a steeper angle. The PV panels aren’t placed at optimum
angles for the region. Instead, the maximum number of panels is aimed [15] [16]. In addition, stormwater
build-up was prevented and the high-ceiled parking lots for larger vehicles such as vans, trucks, etc. were
provided.
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2.2. Climatic Data of the Region

The efficiency of PV panels depends on various meteorological parameters. The most important ones are
temperature, wind velocity and solar radiation values [17]. Thus, the energy simulations on Grasshopper
requires climatic data for calculations. The EPW (EnergyPlus Weather) files are one of the easiest methods
that can be chosen for this purpose. The EPW files contain data such as temperature, humidity, solar
radiation, wind velocity and direction and precipitation. These are recorded hourly in specific regions for a
whole year [18]. The closest EPW location to the study area is Cigli district, which is a few kilometers
away. Therefore, it is chosen for the simulations (Table 1).

Table 1. Monthly average climatic data of Cigli/Izmir [19]

Temperature Humidit Wind Solar Radiation
Months | Ave. Max. Min. Y Velocity  Total Direct  Diffuse
(°C) (%) (ms) (W/m?)
1 8,14 20,40 -5,00 65,06 3,76 87,50 42,63 44,86
2 9,63 18,00 -4,00 69,84 3,51 119,22 55,76 63,46
3 13,19 25,00 0,00 61,30 3,89 169,54 88,66 80,89
4 16,06 29,00 7,00 58,75 3,54 237,28 140,45 96,83
5 21,55 34,00 7,20 57,61 3,30 257,24 142,36 114,88
6 24,77 35,00 13,00 49,17 4,13 314,57 216,74 97,83
7 27,83 37,00 17,00 50,20 3,38 323,46 242,50 80,97
8 27,84 38,00 17,60 46,97 3,81 287,89 212,46 75,43
9 22,99 34,00 13,00 60,18 3,28 223,23 150,77 72,45
10 18,30 27,20 2,00 67,36 2,33 160,83 101,68 59,15
11 13,41 24,00 2,00 72,16 2,83 106,02 59,02 47,00
12 9,89 20,00 -3,00 70,28 3,29 82,42 42,97 39,45

2.3. Photovoltaic System Selection

In order to run photovoltaic energy simulations on Grasshopper software, the number and some required
data of the PV panels and inverters must be entered. However, a system design is required for the accurate
data inputs. While creating a photovoltaic system, there are some limitations and criterions that must be
considered. These may vary according to the specifications of the selected system components such as
panels and inverters [20]. The PV systems in the study were designed considering the criterions. First of
all, a 660 Wp mono-crystalline PV panel with 21% efficiency were selected to be mounted on the canopies
and the same type of panel was used in all strings (Table 2).

Table 2. Specifications of the selected PV panel [21]

Model ECO-660M-66UHC (660 W Mono-crystalline)
Dimensions (L x W x H) 2411 x 1303 x 35 mm

Max. Power 660 Wp

Open-Circuit Voltage (Voc) 46,03 V

Voltage at Max. Power (Vmpp) 38,08 V

Short-Circuit Current (lIsc) 18,73 A

Current at Max. Power (Impp) 17,33 A

Max. System Voltage (Vmax) 1.500 V

Panel Efficiency (%) %21,01

The PV systems are divided as Type-1 and Type-2 for both the North and South parking lots (Figure 2).
The number and connections of the panels in these systems were decided by the calculations made
according to specifications of the selected PV panel and inverter. In the Type-1 system, there are 31 panels
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connected in series and 5 strings connected in parallel on a canopy. This system was formed on all the 21
same sized canopies in the parking lot. Each of these strings are connected to a container type inverter with
24 DC inputs. The purpose of that is to minimize the efficiency losses caused by the parallel connection of
many inverters [22] (Table 3).

The Type-2 system is placed on the long canopies in both parking lots. There are 2 systems consisting of
31 panels connected in series and 4 strings connected in parallel. This system is connected to a different
inverter. The purpose of this to separate the EV charging stations in the North parking lot from the main
system. Moreover, the PV system on the canopies in the South parking lot with the maximum hours of
shading is also separated from the main system to prevent systemic losses and to achieve better management
(Table 3).

Table 3. Selected inverters and their specifications [21]

Model

SG2500HV-MV-20 (Type-1)

SC60HYV (Type-2)

Dimensions (L x W x H)
Max. PV Input Voltage
Max. PV Input Current
Max. AC Output Current
AC Output Power
Inverter Efficiency (%)

6058 x 2438 x 2896 mm
1.500 V
3.508 A
2886 A
2750 kKVA
%98,7

600 x 278 x 800 mm
1500V
96,6 A
79,3 A
66 kKVA
%98,5

North Parking Lot
Type-1 PV System

Type-2 PV System
// Inverter and Transformer Station
‘ =L ,Il
ACIC_L e )
; o a

Type-1 Inverter

\ South Parking Lot

J\ Type-1 PV System
= Type-2 PV System

Type-2 Inverter

Figure 2. The PV systems in the parking lots

2.4. Simulations on the Parametric Design Software

The parametric design gives an opportunity to define relations between the various parameters of models
and allows them to be modified interactively. When something is modified, the rest of the model reacts and
updates itself according to pre-defined associative rules [23]. Some different software can be found for the
parametric design. Within the scope of this study, some simulations were run on Grasshopper, which is a
visual programming based parametric design software, in order to analyze different factors [24].

Basically, Grasshopper works on the “boxes and arrows” basis. On the interface of the visual programming
software, boxes, objects and texts are basically considered as “input” or “restraints”. These components can
be connected with arrows, which are like virtual cables. Thus, the relation between these components is
defined [25]. Rather than the script-based coding, this system reduces the work load and can be learned
faster. One of the important points for the simulations to run properly is to define the entered data as inputs
and restraints according to necessities of the setup. In addition, there are many plugins for the Grasshopper
for different purposes such as modelling, architecture, energy, engineering, etc.
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First step of the simulations for this study is modelling the chosen area. For this purpose, the spatial data of
the parcels, buildings and roads in the district were acquired from OpenStreetMap, which is an open-source
mapping platform [26] [27]. These data didn’t have the height information of the buildings in the district;
therefore, the height values were defined by counting the stories and entered manually to the model. Later
on, the parking lot parcels and parking space markings were added. After the addition of the canopies over
the parking lots, their proper positions and heights were set [28]. At this point, designing and positioning
the models properly is essential to achieve the accurate results (Figure 3).

==

Figure 3. The model of the parking lots, canopies and surrounding buildings, created on the Elk plug-in
of Grasshopper

Four different simulations were run on Grasshopper software with Ladybug and Honeybee plugins for the
study. These are the parking lot shadow simulations, photovoltaic panel surfaces shadow simulations, solar
radiation simulations and photovoltaic energy generation simulations. To get the climatic data, the EPW
file for Cigli district, which was given in Section 2.2, were used [29]. The inputs, test surfaces and time
periods chosen for the simulations can be seen in Table 4.

Table 4. Chosen inputs, test surfaces and time periods for different simulation types

Simulation Type Inputs Shading Test Surfaces  Simulation Dates
Elements
Parking Lot Shadow . Parking Lot Dec. 21%, June 21%
Simulations EPW Canopies Area (Time: 12:00)
. Dec. 21%, June 21%,
PV Panel _Surfacg EPW Sur_ro_undmg Canopies March 21%, Sep. 23™
Shadow Simulations Buildings
(Hourly)
L . Dec. 21%, June 21%,
Solar Radiation EPW Surrounding Canopies March 21%, Sep. 23"
Simulations Buildings

Annual (Hourly)

Dec. 21%, June 21%,
Canopies March 21%, Sep. 23"
Annual (Hourly)

PV Electricity
Generation
Simulations

EPW, PV  Surrounding
Specs. Buildings

3. RESULTS AND DISCUSSIONS

In this section, the results of the simulations were evaluated, which was done to analyze the performance
of a solar energy plant over a parking lot with Izmir province’s climatic conditions. Hereinbelow the study
was examined in detail as the parking lot design, shadow analysis, solar radiation analysis and power plant
energy generation evaluation [30].
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3.1. Parking Space Shadow Simulations

The parking space shadow simulations were done to analyze the shadows on the parking spaces casted by
canopies. Thus, the functionality of the designed canopies was explored. For these simulations, December
211 12:00 and June 21% 12:00 were selected as the day and time. Hence, the days with lowest and highest
sun angle for the region were able to be analyzed. In both scenarios, it was found out that the canopies are
able to cast enough shadow on the parking spaces (Figure 4).

i \ \ P | N
7 7 - 7 \ 4 ; / \

Figure 4. Parking lot shadow simulation results (Left: Dec. 21*, 12:00; Right: June 21, 12:00)
3.2. Photovoltaic Panel Surfaces Shadow Simulations

In these simulations, the shadows on the parking lot canopies (hence on the PV panels) that were cast by
surrounding buildings were analyzed. These shadows directly affect the overall performance of the PV
panels. As the simulation dates, the 24-hour time period on December 21t and June 21%, also on March 21
and September 23 (the equinox days) were selected. The result was given as hourly sunshine duration and
shadow formation visuals (Figure 5-6-7).

Hours

9.00<

8.00

7.00

6.00

5.00

4.00

3.00
2.00
1.00

<0.00

Figure 5. Hourly sunlight duration and shadow formation on the parking lot on December 21
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Figure 7. Hourly sunlight duration and shadow formation on the parking lot on March 21% and
September 23"

As seen in the simulation results, on December 21, the shadows of the high apartment blocks located in
the South of the study area are able to reach the middle rows of the South parking lot. Therefore, there is
also shadow formation on the PV panels located in that part. The simulations on June 21% indicated that
there are no shadows on the parking lot and PV panels cast by surrounding buildings. On the equinox days,
the shadows of the apartment blocks aren’t able to reach the parking lot and there is also no significant
shadow cast on the PV panels. Grasshopper software processes the shadows with the same method in the
following solar radiation and PV simulations.

3.3. Solar Radiation Simulations

These simulations show the solar radiation values on the selected surfaces and determined dates. The
amount of solar radiation directly affects the PV panel efficiency and the energy generation amounts.
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Therefore, the values on the parking lot canopies (hence on the PV panels) were taken into consideration.
As the simulation dates, December 21% (Figure 8), June 21% (Figure 9), the equinox days (March 21% and
September 23™) and annual period were selected. These simulations were run on hourly periods and the
results were given as 24 hours total (8760 hours total for annual simulations) (Table 5).

ey

ann
sisie
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i
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]

Figure 9. Total solar radiation values on the parking lot on June 21%

Table 5. Solar radiation values on the parking lot canopies on selected dates

Dec. 21t March 21t June 21%*  Sep. 23 Annual
(kwWh/m? day) (MWh/m? year)
Parking Lots Total 2,11 5,34 7,65 3,97 1,71
North Parking Lot (N) 2,51 5,44 7,48 4,04 1,75
South Parking Lot (S) 1,71 5,23 7,83 3,91 1,66
E:EE&“‘S"; of Park. 0,80(N) 021(N) 035(S) 0,13(N) 0,09 (N)
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When the values are examined, it can be seen that the North parking lot receives more radiation compared
to the South parking lot on most of the days and in the annual total. Only on June 21%, the South parking
lot gets higher values. The reason for that is the shadow of the sports hall, which is close to the North
parking lot, forms on the panels for a short time. On December 21%, when the sun rays have the lowest
angle, the difference between the two parking lots increases. The most important reason here is the shadow
cast by the high apartment blocks on the South of the parking lot parcel.

3.4. Photovoltaic Energy Generation Simulations

The photovoltaic power generation simulations on Grasshopper are done as defining climatic data, shading
and surrounding factors, PV system specifications, and test surfaces. Therefore, the results of these
simulations are parallel to the solar radiation simulation results on the same chosen dates. The flowchart
that shows the relation between the data used in the photovoltaic energy simulations can be seen in Figure

\

( Shading ’_r \

Factor

S —
M)

~—
Ener
Solar o

PV Mounting é v
| Surfaces I KWh
PV System Radiation |— (k)
Generator
Inverter (kWh/m?)
Generator \ Y. \_ ) \ )

)
Analysis \ /

Period \

Figure 10. Flowchart of the Grasshopper PV energy generation simulations

Climate (EPW)
)

Surrounding
Buildings (OSM)

Generated

Five different time periods were once again used in these simulations. These are December 21%, March 21%,
June 21%, September 23™ and the annual total. In addition to solar radiation simulations, the results were
evaluated separately for Type-1 and Type-2 systems in the North and South parcels. These simulation
results show the total generated energy on the selected days. Same as the solar radiation simulations, they
are also run at hourly intervals and the results are given as 24 hours total (8760 hours annual). The
simulation results can be seen in Table 6.

Table 6. Energy generation simulation results of the PV power systems designed on the parking lots

Dec. 21 Mar. 21 June 21t Sep. 23" Annual

(kwh/day) (MWhyear)
North Parking Lot
Type-1 Syst. (2.148,30 kWp) 5.591,43 11.938,16 17.238,18 8.569,21 3.851
Type-2 Syst. (163,68 kWp) 427,20 912,50 1.314,77 655,35 294
North Total (N) 6.018,63 12.850,66 18.552,95 9.224,56 4.145
South Parking Lot
Type-1 Syst. (2148,30 kWp) 3.720,92 11.910,13 17.203,79 8.474,85 3.694
Type-2 Syst. (163,68 kWp) 153,24 845,83  1.304,62 605,74 245
South Total (S) 3.874,16 12.755,96 18.508,41 9.080,59 3.939
N+S Total 9.892,79 25.606,62 37.061,36  18.305,15 8.084
N-S Difference 2.144,47 (N) 94,70 (N) 44,54 (N) 143,97 (N) 206 (N)
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When the results are examined, it is found that the Type-1 and Type-2 systems in the North parking lot
generated more energy compared to the same systems in the South parking lot. Moreover, it can be seen
that the difference between the two parking lots increased in the summer months and decreased in the winter
months. The percental comparison of these simulations can be found in the next section.

3.5. Percentage Comparison of the PV Simulation Results

In this section, the results found in the previous section (Table 6) are converted to percentages to make
comprehensible comparisons. Thus, the effects of the surrounding buildings and shadows on the energy
generation of the PV systems, on different dates would be able to be comprehended. The percental
comparison of the PV simulations can be seen in Figure 11.
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60%
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40%
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20%
10%

0%

50.06 50.40

49.82 49.94 49.60

Dec. 21st Mar. 21st June 21st Sep. 23rd  Ann. Total
m South Parking Lot  m North Parking Lot

Figure 11. Percentage distribution of the North and South PV energy generation simulations

As seen in the results, the simulation day when the North and South parking lots generate the closest values
is June 21 with a difference of 0,12% (44,56 kWh/day). On the other hand, the most different results are
generated on December 21% with a difference of 21,68% (2.114,47 kWh/day). As predicted, the difference
increase between percentages is caused by the shadows of the apartment blocks in the South.

In addition, there is one more point that should be considered. In the solar radiation simulations, the whole
surface of canopies is chosen as the test surface. However, in the PV energy simulations, the panels are
considered aligned in the center of the canopies. Since the area covered with panels are smaller than the
canopy area, there are empty spaces left around the panels. On June 21* the shadow of the sports hall was
cast on the canopies next to it but they are not able to reach the PV panels. Accordingly, it is possible to
see a more systematic change in the PV energy simulation results compared to solar radiation simulations.

4.CONCLUSIONS

In the scope of this study, a designed parking lot and integrated solar energy plant have been investigated
in terms of vehicle capacity and electricity generation performance. The project was considered a noticeable
facility in order to solve the parking problem in the district with its spaces for 1704 vehicles, 64 motorcycles
and 64 electric vehicle charging stations. Besides, it offers renewable solutions for future necessities with
the expandable capacity of the charging stations.

Considering the results of the simulations, there is no significant shadow formation cast by surrounding
buildings found in the summer months, according to shadow simulations. In the winter months, when sun
rays have a lower angle, the shadows of the buildings are only formed on one parking lot parcel. However,
the solar energy plants in the two parking lots were planned separately and the facility in the other parcel
is able to keep functioning.
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Since Izmir province is located in a region with a high number of sunshine hours, high solar radiation values
are measured. As a result of simulations, the solar radiation values up to 1.774 kWh/m? in annual total were
calculated on the canopies with 24.995 m? area. When considering the importance of solar radiation in the
electric generation of PV panels, a facility installed in such a large area would be defined as a significant
renewable energy source. With the energy generation simulations, it was determined that 8.084 MWh/year
of electricity is able to be generated by the 7.006 units of 660 Wp PV panels installed on the canopies. In
the district where the solar power plant is designed (Mavisehir), the population is 14.129 and there are
11.626 lots with an electricity subscription by the year 2021. The electricity consumption of the
neighborhood is approximately 41.853 MWh/year [31]. As the proposed plant is able to generate 8.084
MWh/year, it can cover around 19,32% of the total demand. Therefore, it can be stated that, this power
plant is able to be a significant facility for the electricity demand of the region. Since this facility uses a
renewable energy source instead of fossil fuels, it will contribute to preventing environmental pollution and
carbon emissions.

This study also aims to demonstrate the importance of simulation software at the design stage of renewable
energy applications. The usage of this kind of software helps save time and money as they shorten the
decision-making process. Moreover, they help to define possible problems and provide better system
optimization. Especially, on parametric design software like Grasshopper, many different data and factors
can be combined to run simultaneously for more complex analysis. Thus, the results of simulations are
more accurate and closer to actual scenarios compared to standard simulation methods.
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In this study, a mobile application has been developed using Kotlin where users can easily find
empty parking spaces and get directions to the selected one.
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Figure A. Summary workflow block diagram

Purpose: Purpose of this study is to develop a mobile application that gives information of the
empty parking spaces and directions to the selected empty parking space among available ones.
Cameras that are nearby the different parking spaces are used for this purpose. Images obtained
from the cameras are processed to detect the places where the vehicles can park and the
information of the empty parking spaces are reported to the user. Then, the user is provided with
the opportunity to choose the appropriate one from the empty parking spaces and get directions
to that point.

Theory and Methods: Haar cascade classifier was used to detect empty parking spaces and
background deletion algorithms are also used to detect parked cars. Obtained data was uploaded
to Firebase service, which is a mobile and web application development platform. When the user
wants to find a parking space in the mobile application, the necessary data is retrieved from the
Firebase platform, and the location of the empty parking spaces is displayed to the user, and the
user can get directions to the location that belongs to the selected empty parking space.

Results: The proposed system in the study was tested with images taken from different parking
regions and 100% success was achieved. The test of the system was made with the videos taken
within the scope of the study. As there is currently no access to street cameras, currently testing
of the software has been done by phone video recording of various streets and parking lots. In
this way, 25 videos were shot and tried, and in all of these trials, occupied and empty parking
spaces were successfully detected. Since the proposed system works based on object detection, it
is not affected by weather conditions as long as it does not block the view of the camera. While
the system works with full efficiency in daylight, it will not work efficiently if there is a lighting
problem in the parking area when it gets dark.

Conclusion: Developed mobile application has the capacity to prevent unnecessary fuel and time
loss by eliminating the problem of drivers searching for parking spaces. This application also has
the capacity to help reduce traffic congestion by removing vehicles that create congestion in
traffic to search for parking spaces. One of the steps that can be taken for the development of the
application is to mark the parking place as full in the database if the user marks the parking place
they want to go, in order to prevent the application from working more healthily and to eliminate
the possibility of filling the parking space they plan to go to if the application becomes
widespread. Thus, another user will not be offered the same place and the probability of that
parking lot to get full will decrease.

*Corresponding author, e-mail: ayseoguz@gazi.edu.tr
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Today, the population density is increasing day by day and the number of vehicles in cities is
increasing accordingly. For this reason, finding a parking space has become very difficult for
drivers. Drivers staying in traffic to find a parking space both compress traffic and cause
unnecessary fuel costs. In this study, an application has been developed where users can easily
find a parking space and choose among the empty parking spaces. Cameras on the street, cameras
placed for security or satellite images can be used for this study. By processing the obtained
images, the places where the vehicles can park are determined and the information of the empty
ones is sent to the user. Then, the user is provided with the opportunity to choose the appropriate
one from the empty parking spaces and get directions to that point. Two methods were used for
image processing and detection of empty parking spaces. The first of these methods detects
vehicles using the background deletion algorithms, the second method uses the Haar cascade
classifier. After these determinations are made, information is obtained whether the parking
spaces are full or empty. The mobile application was developed with the Kotlin software language
on the Android Studio platform.

Bos Park Yerlerinin Tespiti ve Kullaniciya Mobil Uygulama ile Yol
Tarifi Verilmesi

Oz

Glinimiizde niifus yogunlugu her gecen giin hizla artmakta ve buna bagli olarak sehirlerdeki
araclarin sayisi da artig gostermektedir. Bu nedenle park yeri bulmak siiriiciiler i¢in oldukg¢a zorlu
bir hal almistir. Siiriiciilerin park yeri bulmak igin trafikte kalmasi hem trafigi daha da
sikigtirmakta hem de gereksiz yakit masrafina sebep olmaktadir. Bu ¢aligmada kullanicilarin
kolayca park yeri bulabilecekleri ve bos park yerleri igerisinden se¢im yapabilecekleri bir
uygulama gelistirilmistir. Sokakta bulunan kameralardan, giivenlik igin yerlestirilmis
kameralardan ya da uydu goriintiilerinden bu ¢alisma i¢in yararlanilabilir. Elde edilen goriintiiler
islenerek araglarin park edebilecegi yerler tespit edilmekte ve kullaniciya bos olanlarin bilgisi
iletilmektedir. Ardindan kullaniciya bos park yerlerinden kendisine uygun olani segme ve o
noktaya yol tarifi alma imkani saglanmaktadir. Goriintiiniin islenmesi ile bos park yerlerinin
tespiti igin iki yontemden yararlanilmistir. Bu yontemlerden ilki arka plan silme algoritmalari
kullanilarak, ikincisi ise Haar cascade smiflandiricisi kullanilarak araglarin tespit edilmesidir. Bu
tespitlerin yapilmasinin ardindan park yerlerinin dolu veya bos oldugu bilgisi elde edilmektedir.
Mobil uygulama, Kotlin yazilim dili ile Android Studio platformu kullanilarak gelistirilmistir.

1. GIRiS (INTRODUCTION)

Ozellikle biiyiik sehirlerde park yeri bulmak siiriiciilerin trafikte yasadigi biiyiik bir problem haline
gelmistir [1]. 2017°de yayinlanan bir rapora gére Amerika’da park yeri aramanin maliyeti yillik 73 milyar
dolardir [2]. Glinlimiizde hizli niifus artigina bagh olarak artan arag¢ sayilar1 nedeniyle sehirlerde olugan
park yeri problemlerini ¢ézmek i¢in hem yatay hem de dikey alanin daha etkin kullanilmasi amaciyla
teknolojik gelismeler 15181nda gesitli otopark sistemleri gelistirilmistir [3]. Ayrica gelistirilen birgok degisik
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yontemle bos park yerleri tespit edilmeye galisilmaktadir. Bos park yerlerinin tespiti i¢in ¢esitli sensorler
kullanilabilmektedir. Bu sensdrler ve kullandiklar1 yontemler Tablo 1°de verilmistir [4].

Tablo 1. Bos park yerlerinin tespitinde kullanilan sensorler [4]

Sensor Yontem

Kizilotesi Isik
Elektromanyetik Elektromanyetik
Piezoelektrik Mekanik, titresim
Mikrodalga radar Mikrodalga

Manyetometre Manyetik
RFID Radyo dalgalar
Kamera Gortintii isleme

Bu ¢alismada kamera goriintiilerinin islenmesi yoluyla bos park yerlerinin tespiti {izerinde ¢aligilmistir. Bu
yontemin segilmesinin sebepleri; diger sistemlere gore daha ekonomik olmasi, koétii hava kosullarindan
daha az etkileniyor olmasi ve gilinlimiizde hali hazirda bircok yere yerlestirilmis olan kameralarin
kullanilabilecek olmasidir.

Kameralar1 ve goriintii islemeyi kullanarak bos park yeri bulma ve nesne tespiti i¢in yapilmig benzer
calismalar literatiirde bulunmaktadir. Bu ¢alismalarin ¢ogunda nesne tespiti derin 6grenme yontemleri
kullanilarak yapilmistir. Gokge ve Sonugiir hareketli nesnelerin siniflandirilmasi i¢in kullanilan yontemleri
karsilastirmis ve hangi yontemin ne gibi istiinliikleri oldugunu belirlemeye ¢alismislardir [5]. Senel ve
Tokat ise gorlintii igleme yontemleri ile ortamdaki insanlarin tespit edilmesi ve insan yogunlugunun
hesaplanmasi iizerine ¢alismislardir. Benzer sekilde birgok calisma Haar cascade uygulamasi ile yiiz ve
arag tespiti gibi islemler igin goriintii islemeden faydalanmustir [6]. Bu alandaki ¢alismalar genel olarak 3
baslikta siniflandirilabilir. 1) Bir sinir ag1 egiterek nesne tespiti ve park yerinin bu yolla bulunmasi, 2) Arka
plan silme teknikleri ile nesnelerin tespiti ve maske yontemleri ile park yerinin dolulugu ya da boslugunun
bulunmasi, 3) Egitilmis hazir aglar1 Haar cascade yapist seklinde kullanarak bos park yerlerinin
bulunmasidir.

Nesne tespiti ve bos park yeri bulunmasi konusunda pek ¢ok goriintii isleme ¢aligmasi yapilmistir. Bu
calismalardan biiylik cogunlugunda derin 6grenme yontemleri kullanilirken [7]-[11] bazilarinda ise
yalnizca goriintii igsleme yontemleri kullanilarak park yeri durumunun tespiti saglanmistir. Dikbayir ve
Biilbiil evrigimli sinir aglar1 ve YOLO algoritmasini kullanarak bir arag tespit uygulamasi gelistirilmislerdir
[9]. Amato ve digerleri akilli bir kamera tizerinde ¢alisan bir evrigimli sinir ag1 simiflandiricisini kullanarak
gercek zamanli otopark doluluk tespiti yapan bir calisma gerceklestirmistir [10]. Wu ve digerleri
jeomanyetik alan degisimlerine dayali park alanlarindaki araglarin varligini tespit eden akilli bir park
sistemi sunmustur [12]. Kayis ve digerleri ise bir web uygulamasi ile kapali alanlarda binalart modellemis
ve bir mobil uygulama ile modellenen binalar1 2B diizlemde gozlemlemistir [13]. Goriintii isleme
calismalarinin disinda bos park yerlerinin tespiti igin elektronik sensorler de kullanilmaktadir [12]. Ancak
sensOr kullanilan yontemde her park yeri i¢in ayr1 bir sensore ihtiya¢ duyuldugu ve sensorlerin maliyeti
fazla oldugu icin goriintii isleme ile bu islemi gergeklestirmek daha avantajlidir. Goriintii isleme yontemleri
ile goriintiilerde kenar tespiti ve arka plan silme fonksiyonu ile nesne tespiti ve takibi yapilabilmektedir
[14]-[16]. Goriintii isleme yontemleri ile nesne tespiti ve takibi yapabilen farkli bir¢ok c¢alisma ile bu
calismalarin kiyaslandigi yayinlar da mevcuttur [4],[17]. Chowdhury ve digerleri arag hirsizligini 6nlemek
amaciyla kapali otoparklar i¢in bir mobil uygulama gelistirmislerdir. Bu uygulama aracilifiyla otoparka
giren arag bilgileri goriintii isleme yontemleri ile alindiktan sonra otoparktan ¢ikis i¢in arag sahibinin mobil
uygulama araciligiyla onay vermesi saglanmistir [18]. Lopez ve digerleri web baglantili bir kameradan
canl1 goriintiileri isleyerek belirli bir park yerinin her bir alaninda bir aracin bulunup bulunmadigini tespit
eden ve bu bilgiyi bir mobil uygulama araciligiyla kullaniciya sunan bir ¢caligma gerceklestirmislerdir [19].
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Bu ¢alismada bos park yerlerinin tespiti i¢in Haar cascade siniflandirici kullanilmigtir. Ayni zamanda arka
plan silme algoritmalarindan da nesne tespiti icin faydalanilmustir. iki farkli yontemin kullanilmasimin
nedeni ikisinin de birbirine karsi avantajlart bulunmasidir. Bu sebeple iki yonteme de park yerlerinin
boslugu veya dolulugunun tespitini saglamak amaciyla yer verilmistir. Yapilan bu tespitten sonra ise elde
edilen veriler bir mobil ve web uygulamasi gelistirme platformu olan Firebase servisine yiliklenmistir. Mobil
uygulamada kullanici park yeri bulmak istedigi zaman Firebase platformundan gerekli olan veriler
cekilerek kullaniciya bos park yerlerinin konumu gosterilmekte ve kullanici iglerinden istedigini
belirleyerek o konuma yol tarifi alabilmektedir.

Onerilen sistem literatiirdeki benzer calismalarla karsilastirildiginda harici bir sensér kullanmayarak sadece
gercek zamanli kamera goriintiileri {izerinde calisma, gercek zamanli sonug iiretme, park yeri doluluk
durumunu anlik olarak veri tabaninda tutma, bos park yerlerini harita iizerinde gosterme ve secilen bos park
yerine yol tarifi verme konularinda tistiinliikleri vardir.

2. MATERYAL VE METOTLAR (MATERIALS AND METHODS)

Bu calismada goriintii isleme algoritmasi OpenCV Kkiitiiphaneleri kullanarak PyCharm IDE’si {izerinde
gelistirilmistir. OpenCV nesne tanima, yiiz tespiti, videodaki hareketleri algilama, sablon ve sekil eslestirme
ve kamera kalibrasyonu gibi goriintii isleme ile ilgili bir¢ok fonksiyonu optimize edilmis sekilde iginde
bulundurmaktadir [20, 21]. Calismadaki hem goriintii isleme hem de mobil uygulama islem adimlarini
gosteren blok diyagram Sekil 1’°de verilmistir.

Park yeri dolu. Kutuyu
yesil yap. Dolu yaz

Hayir

Nesnenin alani egik
degerinden buyik mu?

Park yeri bog. Kutuyu
kirmizi yap. Bog yaz

(

Goruntu alindi mi?

Kutunun alaninin
icindeki nesne alani v

bul Park yerinin
durumunu(bos/dolu)
Firebase'e yukle

Kutulan yerlestir Arka plan sil H Nesne tespiti ’

o : £ ¥ , Firebase'den park Kullaniciya bos park
Mot wﬁ:lama‘,a 203 palg‘:e"neé:nr:éo' an yerlerinin durumuna yerlerinin konumunu
gins dair verileri al goster

h 4

Yol tarifi ver Ku!lamc gitmek
istedigi konumu secer

Sekil 1. Is akis blok diyagrami

Mobil uygulamay1 gelistirmek i¢in Android Studio IDE’si tizerinden Kotlin dili kullanilmustir. Kotlin ile
Java’ya nazaran daha kisa ve sade kodlama yapmak miimkiindiir. Kullanicilara daha hizli ¢alisma imkan1
saglamaktadir. Kotlin ile JVM, Android, tarayici, web ve gOmiili sistem uygulamalari
gelistirilebilmektedir. Android Studio aninda ¢alistirma 6zelligi ile emiilator lizerinde ¢alisan uygulamanin
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hizl bir sekilde yansitilmasini saglayarak diizenleme, derleme ve calistirma siireclerini hizlandirmaktadir.
Kodlarda yapilan her adimi1 uygulama iizerinden gorebilme imkani saglar [22].

Calismada veritaban1 yonetimi icin Firebase platformu kullanilmistir. Uygulamanin ger¢ek zamanl
veritaban1 yonetimi, kullanici giris yetkilendirmesi ve depolama 6zelliklerinden yararlanilmstir.

PyCharm’da goriintii islenerek elde edilen park yerlerinin durumlar1 ve koordinatlar1 Firebase’e
yiiklendikten sonra mobil uygulamadan bu verilere erisim saglanmistir. Benzer sekilde Kotlin ile de
kullanicr bilgileri Firebase’e yiiklenmis ve kullanici giris yaparken kontrol edilmesi saglanmustir.

2.1. PyCharm’da Yapilan islemler (Transactions Performed In PyCharm)

Bu ¢alisma i¢in herhangi bir sokakta kamera goriintiisii alinan araglar ve park yeri olarak uygun olabilecek
bolgeleri gdsteren goriintiiler islenmistir. Bu goriintiilere bir rnek Sekil 2°de verilmistir. islenen goriintiiler
ile park yerlerinin dolu veya bos olma durumu tespit edilmistir. Bu islem PyCharm IDE’sinde OpenCV
kiitiiphanesi ve Pyhton dili kullanilarak gerceklestirilmistir. Park yerlerinin dolu veya bos olma durumunu
tespit etmek i¢in arka plan ¢ikarma ve Haar cascade siniflandiricisi olmak tizere iki temel yol izlenmistir.

Sekil 2. Ornek park yeri goriintiisii

Park Alanlarimin Tespiti (Detection of Parking Spaces)

Park yeri olarak kullanilabilecek bolgelere manuel olarak dikdortgen kutular yerlestirilmistir. Sekil 3’te 2
adet park yeri i¢in goriintiiye yerlestirilmis 2 kutu goriilmektedir. Bu kutularin konumlar1 araglarin park
edebilecegi noktalara gore ayarlanmigtir. Kutular park yeri olarak kullanilacak bolgenin goriintiisiine gore
onceden belirlenmektedir. Kutularin sayist ve konumu park yeri alaninin biiyiikliigline ve yerlesimine gore
kullanilabilecek park alani sayisinca ayarlanmaktadir. Sistem, goriintiilerine ulasilabilen herhangi bir
kameranin goriis alani igerisinde bulunan ve Onceden kutu yerlestirme islemi yapilmis her noktada
kullanilabilir 6zelliktedir. Kutu biiyiikliigii kameranin goriis a¢isindan standart bir binek aracinin
sigabilecegi boyutlarda belirlenmektedir. Park yerlerinin etrafindaki arag¢ trafiginin park yeri alanim
gosteren kutu bolgesini etkilemediginden uygulamanin ¢alismasi tizerinde bir etkisi yoktur.

y I
€
i

Sekil 3. Kutularin Goriintiiye Yerlestirilmesi

Arka Plan Cikarma (Background Subtraction)

Kameradan alinan goriintiilerde pes pese devamli bir goriintii akisi s6z konusudur. Akan goriintiilerde sabit
olan kisimlar ve hareket eden nesneler mevcuttur. Goriintii iginde bulunan nesnelerin konumu degistigi
takdirde onceki ve sonraki konumdaki piksel degerleri degisir. Piksellerde olusan bu farkliliklar sayesinde
arka planin tespiti yapilarak hareket halindeki nesnelerin ayriminin yapilmasi miimkiindiir.
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Sekil 4’te Sekil 2°de verilen sokak goriintiisiiniin arka plan silme yontemi uygulanmis hali gosterilmektedir.

Sekil 4. Goriintiiden arka plani silme

Arka plan silme isleminde 6n plan ve arka plan1 boliitlemek i¢in Gauss karisimi (Mixture of Gaussian) [23],
adaptif Gauss karigimi [24], k-en yakin komsu [25], istatistiksel arka plan goriintlisii tahmini ve piksel
basina Bayes boéliitlemesi [26] algoritmalart kullanilabilmektedir. Arka plan silme iglemi i¢in bu ¢aligmada
k-en yakin komsu algoritmasi kullanilmigtir. K-en yakin komsu algoritmasi siniflandirilacak veri 6rnegini
mevcut egitim drnekleriyle karsilastirarak ona en yakin 6rnekleri bulan, parametrik olmayan denetimli bir
siiflandiricidir. Algoritmanin bir sonraki adimi, k-en yakin egitim 6rneklerinin etiketleri arasinda en fazla
tekrar eden degeri siniflandirilacak veri 6rneginin sinif etiketi olarak atamaktir. K degeri, siniflandirma igin
bulunan 6zellik uzayindaki en yakin egitim 6rneklerinin sayisi olan algoritmanin anahtar parametresidir.
K-en yakin komsu algoritmasinin tahmin performansi, egitim verilerinin boyutu ile artar. K-en yakin komsu
algoritmasinin temel dezavantaji, yiiksek hesaplama gereksinimlerine sahip olmasidir fakat kararl bir
performans gostermesi nedeniyle cesitli goriintii isleme gorevlerinde tercih edilmektedir [27].

Haar Cascade Simflandiricis1 (Haar Cascade Classifier)

Haar cascade, Viola ve Jones tarafindan yayimlanan ve goriintiilerdeki nesnelerin tespiti i¢in 6nerilen etkili
bir yontemdir [28]. Makine 6grenimine dayal bir yaklasim olan Haar cascade yapilar1 goriintiiyii tarayarak
genellikle 6nceden belirlenmis olan nesneleri tespit etmeye ¢alisir [29]. Bu calismada arag tespit islemleri
icin egitilmis bir Haar cascade algoritmasi kullanilmigtir [30]. Bu algoritma ile goriintii taranmig ve bu
tarama arag tespitinde kullanilmigtir. Haar cascade siniflandiricisi kullanilmasinin nedeni nesne tespitinde
arka plan silme yontemine goére daha basarili bir sekilde calismasidir. Bunun sebebi ise arka plan silme
yonteminin hareket eden nesnelerin tespitine daha uygun olmasidir. Haar cascade siniflandiricida
gorilintlinlin iglenmesi zaman almaktadir ve bu sebeple anlik veri alma isleminde gecikmeler
yasanabilmektedir. Fakat arka plan silme yontemi ile goriintii isleme daha hizli gergeklestirilebilir. Bu
nedenle ¢aligmada iki sistemden de yararlanilmistir.

Nesnelerin bu iki yontemle tespitinden sonra park yerinin durumu belirlenmistir. Bunun i¢in goriintiiniin
iizerinde olas1 park yerlerine kutular yerlestirilmistir. Bu kutularin 6zelligi i¢ine beyaz piksel girdigi
takdirde bu durumu tespit etmesidir. Burada iizerinde galisilan goriintii Sekil 2°de verilen 6rnek goriintiidiir.
Beyaz pikseller ise goriintiide bir ara¢ veya nesnenin var olmasi sonucu olugmaktadir. Eger kutunun
alaniin iginde belirli bir esik degerin {izerinde beyaz piksel varsa park yerinin durumu dolu, esik degerinin
altinda beyaz piksel mevcut ise park yeri bos olarak tespit edilmektedir. Bu nedenle iki araglik yere park
etme durumunda sistemde her iki park yeri de dolu olarak goriinecektir.

Kutularm isleyisini daha iyi anlayabilmek i¢in Sekil 5 ve Sekil 6 incelenebilir. Sekil 5’te nesne tespit islemi
sonucunda goriintiide bulunan bolgeler beyaz kareler ile gosterilmistir. Sekil 6’da ise goriintiide tespit
edilen nesne bdlgeleri lizerine kutu alanlar1 bindirildiginde elde edilen sonug yer almaktadir. Eger tespit
edilen nesne kutunun alani i¢inde degilse bu nesne goz ardi edilmekte ve park yerlerini etkilememektedir.
Park yeri, kutu alani i¢inde yer alan nesne bdlgelerinin toplam alani deneysel olarak belirlenen bir esik
degerinin {izerindeyse dolu degilse bos olarak etiketlenmektedir. Bu ¢alismada esik degeri olarak %70
kullanilmigtir. %70’in  altinda doluluk oram1 oldugunda bdlge igerisindeki nesne ara¢ olarak
taninmamaktadir.
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Sekil 5. Nesne tespit islemi sonucu

e — =i = I

' Sekil 6. Nesne bolgeleri ve kutu alanlar:

Bu islemler sonucunda park yerlerinin durumu dolu veya bos seklinde belirlenmektedir (Sekil 7). Bu
goriintiide kirmizi ve yesil ile isaretlenmis kareler kutulardir. Kutu park yeri bos ise kirmizi, dolu ise yesil
olarak gosterilmistir. Mavi ile gosterilen olan kutular ise nesne tespitinden elde edilmis olan karelerdir.

Sekil 7. Park yerlerinin durumu

Bu kisimda araglarin tespiti yapilirken elde edilen sonuglar es zamanli olarak Firebase’de bulunan Realtime
Database’e yiiklenmektedir. Bu verilerle beraber goriintiiniin islendigi yerin konum bilgileri de Firebase’e
iletilmektedir. Sekil 8 (a)’da Firebase ortaminda olusturulan veritabanm goriilmektedir. Burada 6nemli olan
nokta park yerinin durumunda herhangi bir degisiklik oldugu anda bunun Firebase’e iletilecek olmasidir.
Bu sayede kullanicilar uygulamadan anlik olarak dogru bir sekilde park yerlerinin bilgisini alabilecektir.
Sekil 8 (a) ve Sekil 8 (b) kiyaslanarak Firebase’de park yerinin durumunun nasil degistigi goriilebilir. Sekil
8 (a)’da goriilen “konum 14” Sekil 2’de verilen 6rnek goriintiideki beyaz aracin bulundugu konumu temsil
etmektedir ve “dolu” etiketine sahiptir. Sekil 2’deki ara¢ bolgeden ayrildiginda Sekil 8 (b)’de “konum
14”{in etiketi “bos” seklinde giincellenmistir.
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Sekil 8. (a)Firebase ve Realtime veritabani, (b) Park yeri durumu degigiminin veritabanina yansimasi

2.2. Android Studio’da Yapilan Islemler (Transactions Performed in Android Studio)

Bu ¢aligmanin mobil uygulama kismm Kotlin dili kullanilarak ger¢eklestirilmistir. Uygulama gelistirilirken
Android Studio’ya ait olan emiilatdr kullanilmistir. Kullanilan emiilatdr sayesinde uygulama anlik olarak
kontrol edilerek gelistirilme imkanina sahip olunmustur.

Uygulama ilk defa acildiginda bir kullanici ad1 ve sifre ile giris yapilmasi ya da kayit olunmasi
gerekmektedir. Bu arayiiz Sekil 9 (a)’da goriilmektedir.

Girilen kullanict bilgileri Firebase’e gonderilmekte ve orada tutulmaktadir. Bu sayede kullanicinin bir
sonraki girisinde sifre ve kullanici ismi kontrol edilebilmektedir. Girig yapildiktan sonra ise Sekil 9 (b)’de
goriilen arayiiz ile karsilasiimaktadir. Bu arayiizde kullaniciya uygulamanin kullanimi hakkinda bir
bilgilendirme verilmektedir. Bilgilendirmede kullaniciya bir sonraki adimda ne yapmasi gerektigi
anlatilmaktadir. Bu bilgilendirme metni disinda ekranda iki adet buton bulunmaktadir. “PARK YERI BUL”
butonu kullaniciy1 bir sonraki arayiize gecirmekte “CIKIS YAP” butonu ise kullanicinin ¢ikis yapmasini
saglamaktadir. Cikis butonuna basilmadigi siirece uygulama kapatilsa dahi sonraki girislerde kullanict
taninmakta ve tekrar mail adresi ve sifre bilgisi girmesine gerek kalmamaktadir. Eger kullanici yeni bir
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hesap agmak ya da baska bir sebeple ¢ikis yapmak isterse ¢ikis butonunu kullanarak uygulamadan
ayrilabilir ve bir daha giris yapmak istediginde kullanici bilgilerini girerek giris yapabilir.

PARK YERI BUL

O |Liitfen Mail Adresinizi Giriniz

Ustteki butona tikladigimzda,
haritada gérecediniz kirmizi
imlegler bos park yerlerini temsil
etmektedir. istediginiz park

B Liitfen Sifrenizi Giriniz

yerine tikladiktan sonra sag
alttaki mavi butondan yol tarifi

alabilirsiniz.
GIRIS YAP KAYIT OL

GIKIS YAP

(b)
Sekil 9. () Kullanici girisi ve kayit i¢in arayiiz (b) Kullanici arayiizii

Kullanic1 “PARK YERI BUL” butonuna tikladigi zaman uygulama bos park yerlerini goriintiileyecegi
araylize gegis yapmaktadir. Park yerlerinin konumlar1 ve durumlar1 Firebase’de tutulmaktadir. Park yeri
bulma butonuna basildigi an Firebase’den veriler alinmakta ve bos olan park yerleri i¢in haritada imlegler
eklenmektedir. Eger uygulamanin ilk agilis1 ise kullanicidan konumunun kullanilmasi amaciyla izin
istenmektedir. Daha dnce bu izin verildiyse bu ekranla tekrar karsilasilmamaktadir. Sekil 10°de konum izni
isteme ekran1 yer almaktadir.

%

Allow FindPark to access this
device's location?

ile using the app

Sekil 10. Kullanicidan konum bilgileri icin izin alinma ekran

Eger uygulamanin cihazin konumuna erigmesine izin verilirse harita goriiniimii agilmakta ve bos olan park
yerleri ve kullanicinin konumu haritada goriilmektedir. Sekil 11 (a)’da bos park yerlerini haritada gosteren
ornek bir goriintii yer almaktadir. Kullanici bos park yerlerini gdsteren herhangi bir imlece tikladiktan sonra
sag altta yer alan mavi butona tiklarsa sectigi bos park yeri konumuna yol tarifi alabilmektedir.

Arag hareketliligi ve trafik yogunlugu Onerilen sistemin calismasimi etkilememektedir. Kullanici
uygulamaya giris yaptig1 zaman park yerinin durumunu mevcut sartlarda dolu ya da bos olarak gormektedir.
Kullaniciy1 bos park yerine yonlendiren yol tarifi ekran goriintiisii Sekil 11 (b)’te verilmistir.
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Sekil 11. (a) Kullanicinin konumunun ve bos park yerlerinin goriildiigii arayiiz, (b) Yol tarifi ekram
3. 3. BULGULAR VE TARTISMA (RESULTS AND DISCUSSION)

Bu ¢alisma ile kamera goriintiilerine erisilebilen ve Boliim 2.1°de verilen kutu yerlestirme iglemi yapilmig
cesitli bolgelerde araglarin park etmesi i¢in uygun olan alanlarin tespiti yapilarak park yeri durumlarinin
bos ya da dolu oldugu bilgisi olusturulmustur. Onerilen sistem farkli noktalara yerlestirilecek ¢ok sayida
kameradan ayni1 anda goriintli alarak yol tarifi verme kapasitesine sahiptir. Sistem bir aga bagl olarak
goriintli aktarimi yapacagi icin kapsadigi alan yerlestirilecek kamera sayisina bagli olarak ag baglantisi olan
yerlerde arttirilabilir. Bu bilgilerden kendini giincelleyebilen bir veritabani olusturulmustur. Gelistirilen
mobil uygulama ile verilerin gerektigi zaman kullaniciya harita iizerinden gosterilmesi ve kullanicinin
kolaylikla park yerlerinin konumuna dair bilgi sahibi olmasi saglanmistir. Kullaniciya park yerlerinin yol
tarifini sunarak park yerine ulasmasi kolaylagtirilmistir.

Calismada onerilen sistem farkli bolgelerden alinan goriintiiler ile denenmis ve %100 basar1 elde edilmistir.
Sistemin testi ¢aligma kapsaminda g¢ekilen videolar ile yapilmistir. Sokak kameralarina hali hazirda erigim
bulunmadigi i¢in su anda yazilimin testleri cesitli sokak ve park yerlerinin telefon ile video kaydina
alimmasi ile yapilmistir. Bu sekilde 25 adet video c¢ekilip denenmistir ve bu denemelerin hepsinde dolu ve
bos park yerleri basarili ile tespit edilmistir.

Sekil 12°de farkli park yerleri icin sistemden elde edilen park yeri tespit sonuglart verilmistir. Sekilde ici
dolu kirmiz1 dikdortgen alanlar bos park yerlerini ve i¢i dolu yesil dikddrtgen alanlar dolu park yerlerini
gostermektedir. Sonug goriintiilerinde goriilen diger kiigiik dikdortgenler ise goriintiide tespit edilen
nesneleri gostermekte ve sistem tarafindan park alanini gosteren kutu bolgeleri iginde arag ifade edecek
belirli bir alandan kiigiik olduklari i¢in dikkate alinmamaktadirlar.

Onerilen sistem nesne tespiti temelli calisigindan kameranin gdriisiinii kapatmadigi siirece hava
kosullarindan etkilenmemektedir. Sistem giin 1s181inda tam verimle ¢alismaktayken hava karardiginda eger
park alaninda aydinlatma sorunu varsa verimli ¢alismayacaktir. Sokak lambasi ya da park yerinin
aydinlatmasi yeterli ise sistem sorunsuz ¢aligmaktadir. Sistemin bir diger dezavantaji da sisteme dahil
edilecek yeni park yerleri igin ilk etapta kutu bolgelerinin manuel olarak belirlenmesi gerekliligidir.
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12. Farkli park yerleri i¢in sistemden elde edilen park yeri tespit Sonug:larl
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Uygulamada anlik olarak veri aktariminin giincellenme siiresi toplamda yaklasik 2.5 saniye siirmektedir.
Firebase'in giincellenmesi 1 saniye, goriintiiniin islenip Firebase'e bilgiyi iletmesi ise 1,5 saniye
stirmektedir.

4. SONUC VE ONERILER (CONCLUSION AND RECOMMENDATIONS)

Bu calismada siirliclilerin park yeri arama sorununu ortadan kaldirarak gereksiz yakit ve zaman kaybi
onleme kapasitesine sahip bir uygulama gelistirilmistir. Bu uygulama park yeri aramak icin trafikte
yogunluk yaratmakta olan araclar1 trafikten ¢ikararak trafik yogunlugunu azaltmaya da yardim olma
kapasitesine sahiptir.

Uygulamanin gelistirilmesi i¢in atilabilecek adimlardan biri uygulamanin yayginlagsmasi durumunda hem
uygulamanin daha saglikli ¢alismast hem de kullanicilarin gitmeyi planladiklar1 park yerinin dolma
ihtimalini ortadan kaldirmak i¢in kullanicinin gitmek istedigi park yerini isaretlemesi durumunda o park
yerinin veritabaninda dolu olarak isaretlenmesidir. Boylece baska bir kullaniciya ayni yer onerilmeyecek
ve 0 park yerinin dolma ihtimali diisecektir.

Teknolojinin ilerlemesi ile uydulardan alinan goriintiilerin bu alanda kullanilmasi miimkiin olsa da
giinimiizde anlik uydu goriintiileri daha ziyade askeri alanda kullanilmaktadir ve anlik olarak alinan
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goriintiilerin netligi yeterli olmayabilmektedir. Ancak ilerleyen gilinlerde uydu goriintiileri iizerinde de
calisma imkan1 olacag diisiiniilmektedir.

Goriintii isleme yontemleri ile park yeri bulma uygulamasi giiniimiizde yayginlagan otonom araglar i¢in de
biiyiik fayda saglama kapasitesine sahiptir. Uygulama otonom araca gidecegi yerde onceden park yeri
bulabilme ve rezerve edebilme imkéan1 saglayabilmesi bakimindan biiyiik kolaylik getirecektir.
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Figure A. Steps of the approach used in the fabrication of superhydrophobic surface

Purpose: This study explores the viability of a two-step method for fabricating a
superhydrophobic surface.

Theory and Methods: Lotus is a well-known plant for its superhydrophobic leaves. The
superhydrophobicity property of the plant is attributed to the two-tier; micro-nano hierarchical
structures placed on its leaves. This property of the lotus leaf can be transferred to artificial models
mimicking the structures via the design of the morphology. A two-step method based on emerging
technologies, namely, 3D printing and electrospinning, including the development of a
nanocomposite coating material that comprises a polymer and carbon nanotubes, could be feasible
to obtain a superhydrophobic surface.

Results: Superhydophobicity could be defined essentially using the contact angle, on the other
hand, contact angle hysteresis or sliding angle is the other parameters used in addition to the
contact angle. The understanding of hydrophobicity has unfolded in time with the contribution of
biomimetics and new findings such as the roughness phenomenon. Biomimetic approach, a
number of 3D printing techniques, electrospinning technique, and nanocomposite materials are
used in the development of superhydrophobic surfaces.

Conclusion: It is concluded that a two-step method based on 3D printing and electrospinning,
including the development of a nanocomposite coating material is viable to mimic the
morphology of the lotus leaf and ultimately create a biomimetic superhydrophobic surface.
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Biomimetic approach provides new opportunities in the design research field, and
superhydrophobic surface design is one of them. The geometrical and chemical properties of a
surface are the main determinative factors for the superhydrophobicity. In this regard biomimetic
approach, could be employed for transferring the geometrical properties of a superhydrophobic
surface in the nature to a designed superhydrophobic surface. The selection of a suitable
manufacturing method is important for manufacturing a designed model to have the specified
geometrical properties. The selection of the material is important as for the surface to possess the
required chemical properties. In this study, manufacturing a superhydrophobic surface by
employing biomimetic approach is discussed. In this framework, the theoretical background of
the superhydrophobicity concept that has emerged over the years is investigated; applicability of
a set of methods for obtaining a superhydrophobic surface composed of the processes of
manufacturing a model with a three-dimensional printer, developing a carbon nanotube-based
nanocomposite material, and coating the surface by electrospinning using the developed
nanocomposite material is evaluated.

Biomimetik Yaklasimla Siiperhidrofobik Yiizey Gelistirilmesi
Oz

Biomimetik yaklagim, tasarim arastirmalari alaninda yeni olanaklar sunmakta olup
stiperhidrofobik yiizey tasarimi bu alanlardan bir tanesidir. Bir yiizeyin geometrik ve kimyasal
ozellikleri siiperhidrofobisite igin belirleyici olan asli faktorlerdir. Bu ¢ercevede biomimetik
yaklasim, dogadaki siiperhidrofobik bir yiizeyin geometrik 0zelliklerinin tasarlanan
siiperhidrofobik bir ylizeye aktarilmasinda kullanilabilir. Tasarlanan modelin, belirlenen
geometrik ozelliklere sahip olacak sekilde imal edilebilmesi i¢in uygun bir imalat yonteminin
secilmesi dnemlidir. Yiizeyin gerekli kimyasal 6zelliklere sahip olabilmesi i¢inse malzeme se¢imi
onemli olmaktadir. Bu ¢alismada, biomimetik yaklasim kullanilarak stiperhidrofobik yiizey imal
edilmesi konusu ele alinmustir. Bu gergevede, siiperhidrofobisite kavraminin yillar i¢inde gelisen
teorik altyapisi incelenmis olup {i¢ boyutlu yazici ile model imal edilmesi, karbon nanotiip esasl
nanokompozit malzeme gelistirilmesi ve gelistirilen nanokompozit malzeme kullanilarak
elektrospinning ile yiizey kaplanmasi islemlerinden olusan bir yontemler biitiiniiniin
stiperhidrofobik yiizey imal edilmesinde uygulanabilirligi degerlendirilmistir.

1. GIRiS INTRODUCTION)

Hidrofobisite, bir cisme ait yiizeyin su ile temasi1 halinde, 1slanma durumunu tanimlamakta kullanilan bir
ozelliktir. Cisim yiizeyi-su damlasi temasinda, su damlasinin yiizeyle olan fiziksel temasinin durumuna
gore yiizey siiperhidrofilik, hidrofilik, hidrofibik veya siiperhidrofobik olarak siniflandiriimaktadir.

Dogada, cesitli canlilarda siiperhidrofobisite ozelligine rastlanmaktadir. Bitkilerde, siiperhidrofobisite
Ozelligi ¢cogunlukla bitki yapraklarinda goriilmekte olup bu bitkilerden en ¢ok bilinenleri lotus (Nelumbo
nucifera Gaertn.) [1] ve salvinia (Salvinia molesta) [2] bitkileridir. Hayvanlarda ise gecko canlisinin ayak
kisminda [3] oldugu gibi cesitli organlarda siiperhidrofobisite 6zelligi bulunabilmektedir. Canlilarda
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rastlanan siiperhidrofibisite o6zelligi, biomimetik aktarim icin genis olanaklar saglamaktadir. Genel
itibariyle, bu 6zelliklerin aktarimi sayesinde biomimetik siiperhidrofobik yiizeyler elde etmek miimkiin
olmakla birlikte bu alanda ileri diizeyde calismalara ihtiya¢ bulunmaktadir.

Biomimetik siiperhidrofobik ylizey gelistirilmesi g¢aligmasinda ilk adim dogada bulunan, aktarimin
gerceklestirilecegi siiperhidrofobik 6zellik gosteren organizmanin belirlenmesidir. Organizmaya ait hangi
yapisal ozelliklerin, organizmanin siiperhidrofobisite 6zelligi iizerinde etkili oldugu incelendikten sonra,
aktarimin gerceklestirilmesinin uygun olacagi biomimetik diizey belirlenir. Form diizeyinde [4] aktarim
yapilmasi halinde, yiizey bu forma uygun olarak tasarlanir.

Biomimetik siiperhidrofobik yiizey gelistirilmesinde, tasarlanan biomimetik modelin imalat islemi bir
sonraki adimdir. Bir yiizeyin siiperhidrofobisite 6zelligi {izerinde belirleyici olan iki temel faktdr, yiizeyin
geometrik ve kimyasal ozellikleridir. Geometrik 6zellik c¢ergevesinde, tasarimi gergeklestirilmis olan
modele ait dokunun boyutlar1 dikkate alinarak makro/mezo/mikro/nano 6lgeklerinden uygun olani
belirlenir ve belirlenen 6lgekte imalata elverisli olan bir yontem segilir. Kimyasal 6zellik kapsaminda ise
serbest yiizey enerjisi degeri dikkate alinmaktadir. Bu bakimdan, modelin imalati igin se¢ilen malzemenin
serbest yiizey enerjisi degerinin diisiik olmasi, modelin hidrofobisitesine katki saglamaktadir.

Imalat icin secilen ydntemin uygulanmasi sonucunda her zaman siiperhidrofobik model elde etmek
miimkiin olmayabilmektedir. Bu nedenle, modelin siiperhidrofobisite 6zelligine sahip olmasi i¢in ek bir
yonteme ihtiya¢ duyulabilmektedir. Bu duruma verilebilecek bir 6rnek, model yiizeyinin hidrofobik bir
malzemeyle kaplanmasi olmaktadir. Ote yandan, kaplama yapilmasi durumunda modelde kullanilan
malzemelerden farkli malzemeler kullanilmast ve ayrica kaplama malzemesi gelistirilmesi de
gerekebilmektedir, dolayisiyla siiperhidrofobik ylizey imalatinda diger bir ek isleme daha ihtiyag
duyulmaktadir.

Bu derleme calismasinda, siiperhidrofobik yiizey imalati i¢in uygun bir yontem biitliniin belirlenmesi
konusu degerlendirilmistir. Caligma kapsaminda, dncelikle siiperhidrofobisite kavrami ele alinmis olup 3B
baski yontemiyle siiperhidrofobik model imal edilmesi, kaplama malzemesi olarak poliviniliden floriir
(PVDF)-karbon nanotiip (CNT) nanokompozit malzemesi gelistirilmesi ve modelin elektrospinning
kaplama yontemiyle kaplanmasindan olusan yontemler biitiinii incelenmistir. Sekil 1°de bu ¢alismada
incelenen, siiperhidrofobik yiizey imalatinda yer alan yontemler biitiiniine ait olan adimlar gosterilmistir.

Kaplama
Biomimetik Belirlenen M%?ﬁl;%;ﬂian Nanokompozit ggﬁ;féﬁgéﬁ
aktarim i¢in organizmaya ait belirlenmesi ve kaplama_ . (elektrospinning)
organizmanin morfolojinin. modelin imal malzemesi Kaplama isleminin
belirlenmesi modellenmesi edilmesi gelistirilmesi P modile
uygulanmasi

Sekil 1. Siiperhidrofobik yiizey imalatinda kullanilan yaklasima ait adimlar

2. SUPERHIDROFOBISITE VE BIiOMIMETIK SUPERHIDROFOBIK YUZEYLER
(SUPERHYDROPHOBICITY AND BIOMIMETIC SUPERHYDROPHOBIC SURFACES)

2.1. Siiperhidrofobisite ~Olgusunun Teorik Altyapis1i (The Theoretical Background of
Superhydrophobicity Phenomenon)

Islanma ve siiperhidrofobisite olgularinin arastirilmasi iki yiiz y1l kadar 6nce [5] baslamig olup bu konudaki
teorik ve ampirik arastirmalar giinlimiizde de devam etmektedir. Bu ¢ercevede aragtirma konusu, kat1 bir
ylizeye temas eden su damlasinin davranisi olup bu konu ¢ok boyutludur. Arastirmalar, kati cismin 6zellikle
yiizeyine ait fiziksel ve kimyasal Ozellikler ve su damlasimin statik ve dinamik davranisi iizerinde
yogunlagmigtir.
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Genel olarak, literatiirde yer alan siiperhidrofobisite tanimlamalarinda, temas agis1 (CA) asil tanimlayici
parametre olarak ele alinmakla birlikte bu ¢ercevede temas acis1 karmasasi (CAH) ve kayma agis1 (SA) ek
parametreler olarak degerlendirilmektedir, Sekil 2°de bu agilar gosterilmistir [6].

(@) (b)

hava Tiv

kat1 o)

(©) (d)

L9 .

Sekil 2. Cesitli temas agilarina ait sematik: (a) statik (goriiniir) temas agist 0, (b) kayma ag¢ist «, (C)
ilerleme temas agisi 6, (d) gerileme temas agisi Oy (temas agist karmagsasi: (8, — 6g) [6]

Bir katinin veya sivinin yiizeyinde yer alan bir atom ya da molekiiliin komsulugunda bulunan atomlarla
arasindaki baglarin sayisi, i¢ kisminda yigin i¢inde bulunanlara kiyasla daha az olup yiizey olusumunda
enerji harcanmaktadir [7]. Sivilarda, etkilesim kaynakli fark enerji, yiizey gerilimi y;, olarak ortaya
cikmakta olup serbest sivinin yiizey alanini azaltmaya g¢aligir, kiire ayn1 hacimdeki geometrik sekiller
arasinda en az alana sahip olani olmas1 bakimindan sivi, kiire seklini almaya calisir, 6te yandan yer ¢ekimi
ve damlanin bir yiizeye temas halinde olmasi durumundaki kati-sivi etkilesimi nedeniyle damlada
distorsiyon olusur [8].

Kat1 bir yiizey lizerinde yer alan denge halindeki bir damla igin ii¢ farkli ylizey geriliminden bahsedilebilir.
Damla, kati, sivi ve hava (buhar) arasinda olusan gerilimlerin etkisinde olup denge halindedir. Bu
cercevede, kati-gaz yiizeyleri arasindaki gerilim ygy, kati-sivi yiizeyleri arasindaki gerilim yg;, sivi-hava
yiizeyleri arasindaki gerilim ise y;; olmaktadir. Young tarafindan CA, belirtilen ii¢ farkli yiizey gerilimine
bagli olarak tarif edilmistir (Es. 1) [9], burada statik CA [7] veya diger bir ifadeyle denge CA durumu sz
konusu olmaktadir [8].

Ysv—VsL (1)

cosf, = ”
LV

Young denklemi diizgiin ve homojen yapidaki ideal yiizeyler icin Onerilmistir, 6te yandan gercekte kati
yiizeyler piirtizliidiir [10]. Piiriizlii yiizeyler i¢in iki farkli islanma durumu tanimlanmistir [11]. Bu
esitliklerden ilki olan homojen islanma rejimi [12], Wenzel tarafindan [13, 14] tanimlanmis olup
arastirmaci, Young tarafindan 6ne siiriilen esitligi modifiye ederek esitlige piiriizliiliikk parametresini de
dahil etmistir (Es. 2).

cos By, =rcosf, 2

Wenzel esitliginde katiya ait piiriizliiliik r ile ifade edilmekte olup bu cergevede piiriizliiliik, gergek alan
degerinin, izdiistim (projeksiyon) [15] alaninin degerine olan oran1 olmaktadir. Bu esitlikte 8y, ise Wenzel
CA, diger bir adlandirmayla goriiniir CA [11] olmaktadr.

Cassie-Baxter [16, 17], piirtizlii yiizeylerde 1slanma ile ilgili ikinci durum olarak heterojen 1slanma rejimini
[12] tanimlamuslardir, bu durumu ifade eden esitlik, (Es. 3) ile verilmistir.

cosbOcp = fscosl, — (1 —f5) 3)

Bu formiilde f;, s1v1 tarafindan 1slatilan kat1 yiizeyinin iz diisiim alaninin orani [18], 6.5 ise Cassie-Baxter
CA, diger bir ifadeyle goriiniir CA [11] olmaktadir.
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Wenzel durumunda sivi, piiriizlii ylizeydeki bosluklar1 doldurmaktadir ancak Cassie durumunda piiriizli
substrat tizerinde kompozit bir yiizey olusturmakta ve bosluklar1 doldurmamaktadir [19], Sekil 3 [20].

(@) (b)

Wenzel durumu Cassie-Baxter durumu

Sekil 3. (a) Wenzel durumunda su damlasi ve (b) Cassie-Baxter durumunda su damlasi [20]

Yiizeyin 1slanma durumuna gore yer aldigi kategorinin belirlenmesi igin esas itibariyle CA
degerlendirilmektedir. Bu cercevede, siiperhidrofilik yiizeyde olgiillen CA degeri 0° degerine yakin
olmaktadir [21]. Yiizey, (CA)<90° olmasi durumunda hidrofilik, 90°<(CA)<150° olmasi durumunda
hidrofobik, (CA)>150° olmas1 durumunda ise siiperhidrofobik ylizey kategorisinde yer almaktadir [6].

Gergek bir 1slanma sisteminde, yar1 dengeli durumlara ait birden ¢ok CA oldugu gosterilmistir [22]. S6z
konusu CA’lardan en yiiksek degere sahip olan ilerleme CA, en diisiik degere sahip olan ise gerileme CA
olarak adlandirilmis olup [18] ilerleme CA ve gerileme CA degerleri arasindaki fark CAH olarak
adlandirilmaktadir (Bkz. Sekil 2), dolayisiyla CA, ilerleme CA ve gerileme CA arasinda yer alan bir degere
sahiptir [10].

Egimli bir yiizey ilizerinde bulunan damla iki farkli tiirde davranig sergileyebilmektedir. Damla, yiizey
iizerinde kayabilir veya yuvarlanabilir [23]. SA, egimli bir levhanin iizerinde yer alan belirli bir agirliga
sahip olan damlanin levhadan asag1 dogru kaymaya basladig1 kritik ac1 olarak tanimlanmaktadir [24]. Ote
yandan, yuvarlanma ag1s1 su damlasinin yiizey lizerinde yuvarlanmaya basladigi egim agis1 olmaktadir [25].
Tipik olarak yuvarlanma sadece siiperhidrofobik yiizeyde meydana gelirken kayma, eger damla hareket
edebiliyorsa diger yiizeylerde meydana gelmektedir [11]. Ote yandan, Minghao vd.’ye gére [26] 1slanma
olgusunu incelemek i¢in gelistirilen teorilerde, bir damlanin hidrofobik bir ylizey lizerindeki kayma
davranis1 ve siiperhidrofobik bir yiizey iizerindeki yuvarlanma davranigi arasindaki farklilik dikkate
alinmamustir.

Stiperhidrofobisite tanmimlamas1 i¢in CA temel parametre olarak ele alinmakla birlikte literatiirdeki
tanimlamalar farkliliklara sahiptir. Bilimsel ¢evreler tarafindan genis 6lgekte kabul edilmis, agik ve tek bir
tanimlama bulunmamaktadir [27]. Bhushan ve Nosonovsky’e gore CA geleneksel olarak kullanilan bir
parametre olmakla birlikte Wenzel ve Cassie modellerinin yani sira c¢esitli modlar ve rejimler
bulundugundan bir yiizeyin 1slanma durumu sadece CA parametresi ile belirlenemez [28]. SA parametresi
tanimlama icin kullanilan ek parametrelerden bir tanesidir. Guo ve Liu, (CA)>150° ve (SA)<10° olan bir
yiizeyin yaygin olarak siiperhidrofobik yiizey olarak adlandirildigini 6ne siirmiislerdir [29].

CAH parametresi de CA parametresiyle birlikte bir yiizeyin siiperhidrofobisite durumunu tanimlamakta
kullanilan diger bir ek parametredir. Siiperhidrofobisite, piiriizlii ylizey {izerinde bulunan damlalarim yiiksek
CA ve diisik CAH degerine sahip olmasi durumu olarak degerlendirilmektedir [30]. Bununla birlikte,
Roach, Shirtcliffe ve Newton’a gore (CA)>150° ve (CAH)<~10° olmasi durumunda, yiizey igin
stiperhidrofobik terimi kullanilmalidir ancak bu terim popiiler goriis birligi temelinde anlam kazanmaya
baslamustir [31]. Ote yandan, heniiz CAH igin belirleyici olan nedenler anlasilmis degildir [10].

(CAH)<10° olmas1 durumunda damla yiizeyden yuvarlanmakta iken (CAH)>10°lmasi durumunda,
(CA)>150° olsa dahi damla yiizeye yapisma egilimine sahiptir [32]. Wenzel durumunda, CAH degeri
yiiksek olup su damlalar yiizeyde kaymamaktadir ve bu bakimdan SA, yiiksek CAH degeri i¢in 1yi bir 6l¢ii
olmamaktadir, buna karsin Cassie durumunda su damlalar1 kati yiizeyler {izerinde kolayca
yuvarlanabilmektedir ve bu durumda SA, CAH’1 yansitabilir [33]. Siiperhidrofobisite davranisi ile
iligkilendirilen Cassie durumunda su damlasi diisiik SA (<10°) degerine sahiptir [34].

Wenzel ve Cassie-Baxter yaklagimlarinin, yiizey islanmasi olgusunun incelenmesi bakimindan uygun
yaklagimlar olmasi konusunda literatlirde farkli goriisler mevcuttur. Extrand’a gore Cassie-Baxter
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yaklagiminin yiizeyin detaylarim dikkate almadan uygulanmasi hataya yol agcabilmektedir ve gerek Wenzel
yaklasimi gerek Cassie-Baxter yaklagimi keskin kenarlarin etkisini dikkate almamaktadir [35]. Gao ve
McCarthy bir katinin 1slanmasinin, karmasik bir olgu olmadigini ve 1slanma olgusunu ilerleme CA ve
gerileme CA perspektifinde ele almanin faydali oldugunu 6ne stirmiislerdir [36]. Gao ve McCarthy’e gore
ilerleme CA, gerileme CA ve CAH davranisi yalnizca ¢ faz temas ¢izgisinde meydana gelen sivi ve kati
etkilesimlerine bagli olup temas ¢evresi dahilindeki arayiiz alantyla ilgili degildir ve Wenzel ve Cassie
esitlikleri, bu yaklagimlarin hatalarinin bilincinde olarak kullanilmalidir [37]. Ancak, Gao ve McCarthy
tarafindan ileri siiriilen bu ¢ikarima karsi ¢esitli yonlerden konuyu ele alan yaklagimlar da 6ne siiriilmiistiir
[38-41].

Heniiz bir damlanin, bir ylizeyden asagi dogru yuvarlanma mekanizmasi tam olarak anlagilamamistir ve
sadece baglangi¢ noktasinin; hidrofobik bir yiizey iizerindeki damlanin denge durumunun iyi anlasilmasi,
bu dinamik nitelikteki prosesin tam olarak anlasilmasini saglayabilir [12]. Godeau vd.’ye gore Wenzel ve
Cassie-Baxter durumlari ekstrem durumlar olup 6zellikle yiiksek diizeyde karmasaya sahip olan yiizeyler
i¢in ara durumlarin var olmasi da olasilik dahilindedir [42]. Gao vd.’ye gore hiyerarsik protriizyonlara sahip
olan bir yilizeyde yar1 dengeli halde Wenzel-Cassie-Baxter ya da Cassie-Baxter—Wenzel durumlar da
olusmaktadir [43].

2.2. Siiperhidrofobisite/Hidrofobisite Ozelligine Sahip Olan Canlilar (Living Organisims with
Superhydrophobic/Hydrophobic Property)

Dogada, gesitli canli tiirlerinde siiperhidrofobisite/hidrofobisite 6zelligine rastlanmaktadir. Bu canlilara ait
olan ¢esitli mekanizmalar siiperhidrofobisite/hidrofobisite 6zelligi lizerinde etkili olmaktadir. Wang ve
Jiang siiperhidrofobik yiizeyler icin CAH detaylar1 bakimindan bes farkli durumun miimkiin olabilecegini
one stirmiislerdir, bu durumlar Wenzel durumu, Cassie durumu, Lotus durumu, Wenzel ve Cassie durumlari
arasindaki geg¢is durumu ve Gecko durumu olmaktadir, Sekil 4 [33].

(@) (b) (©)

Ll

U] [Uuuutl
(e)

Tﬂﬂjlﬁﬁfz 1ﬂfu3

(d)

(UL UUL] IO g

Sekil 4. Siiperhidrofobik bir yiizeye ait farkli durumlar (a) Wenzel durumu, (b) Cassie siiperhidrofobik
durumu, (c) “Lotus” durumu (Cassie siiperhidrofobik durumuna ait spesifik bir hal), (d) Wenzel ve
Cassie durumlart arasindaki gegis durumu, (e) Gecko durumu (Polistren (PS) nanotiip yiizey). Gri renkli
alan kapali havayr temsil etmekte olup diger hava cepleri atmosferle devamlilik hali géstermektedir (agik

durum) [33]

Bir yiizeyde kimyasal 6zellige bagl olarak CA degeri en fazla 119° degerine ulasabilmektedir ve bu
degerden daha yiiksek olan CA degerleri icin yiizey piriizliliginin katkis1 gerekmektedir [44].
Nosonovsky’e gore [45] biomimetik siiperhidrofobik bir yiizey, hidrofobik kaplamaya ve yiiksek
piirtizliiliik faktoriine sahip olmali, yliksek CA degeri saglamali ve kompozit arayliz olusturabilmelidir,
stabil bir kompozit arayiiz iginse mikro Olgekli piitiirler ve cukurlar {izerinde yer alan nano Olcekli
cikintilardan olusan hiyerarsik piiriizliiliik yapis1 gereklidir. Artan piiriizliiliik, mikro ve nano yapilardan
olusan hidrofibik bir yiizeyde CA degerini arttirmaktadir [46]. Biomimetik siiperhidrofobik yiizeyler
tizerindeki ¢alismalar, pliriizli yiizeyler iizerinde yogunlasmustir. Piriizlilik etkisi, 6zellikle hiyerarsik
piirtizliiliik bakimindan incelenmistir. Bu ¢aligsmalarda daha c¢ok bitkiler arastirilmisgtr.
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Lotus bitkisi yaprak ylizeyi, su ile kendiliginden temizlenme oOzelligine sahiptir ve dolayisiyla kir
tutmamaktadir, bu 6zellik “lotus efekti” olarak adlandirilmaktadir [1, 47]. Lotus efekti, yaprak ylizeyinde
mikro ve nano olgekli yapilarin birlikte bulunmasi sayesinde olusmaktadir [48]. Bu durum, iki kademeli
hiyerarsik piriizliiliik olarak da tarif edilebilir, iki kademeli hiyerarsi Wenzel ve Cassie durumlar
arasindaki enerji farkin yiikselterek siiperhidrofobisite durumunu stabilize etmektedir [49]. Jeong vd.’ye
gore [50] ikili pirtizlilik yapisina sahip olan hidrofobik bir yiizeyde Cassie-Cassie ve Cassie-Wenzel
olmak tizere iki tlir 1slanma durumu bulunabilmekte olup mikro yapilar statik CA igin belirleyici olurken
nano yapilar CAH ve 1slanma durumu degisimi igin belirleyici olmaktadir. Feng vd.’ye gore [48] nano
yapilar yiiksek CA degerine sahip olan siiperhidrofobik ylizeylerin fabrikasyonu icin 6nemliyken ¢ok
Olcekli yapilar SA degerini azaltabilmektedir.

Lotus efekti benzeri 6zellikler, diger gesitli bitkilerde [51, 52] ve kelebek [53] ve suda kosanlar (Gerris
remigis) gibi bazi hayvanlarda da goriilmektedir, suda kosanlar canlisinin bacaklarinda yer alan mikro setae
ve mikro setaede yer alan nano oluklarin olusturdugu hiyerarsik yapi, bu canlinin siiperhidrofobik 6zellik
gostermesinde onemli bir etkendir [54]. Kendini temizleme 6zelligi olan bitkilerde, hiyerarsik piiriizliililk
kademeleri dort adede kadar mevcut olabilmekte ve kir partikiillerinin adezyonunu minimize etmektedir
[55].

Hiyerarsik piiriizliiliigiin stiperhidrofobisite tizerindeki etkisi konusunda farkli goriisler de 6ne siiriilmiistiir,
ornegin Guo ve Liu’ya gore bitki yapraklari ele alindiginda, yiiksek CA ve diisiik SA degerlerine sahip olan
stiperhidrofobik ylizeyler i¢in hiyerarsik mikro ve nano yapilarin mevcudiyeti zorunlu olmayip mikro ¢izgi
geometrisi de ylizeyde sliperhidrofobisitenin saglanmasini temin etmektedir [29].

Gecko canlisinin ayaklarinda bulunan setae yapilar siiperhidrofobisite 6zelligine sahiptir [3] ve canlinin
ayaklarinda yer alan keratin kil/setae yapilarinin adeziv 6zellige sahip oldugu bulunmustur [56]. Gecko
canlisinin ayaklariin sahip oldugu adeziv 6zellik, ayaklarin ¢cok dlgekli yapisi ve yiiksek yogunluga sahip
olan nano siitun yapilari birlikteligi ile ilgilidir [57] ve adeziv 6zellik dikkate alinarak bu siiperhidrofobik
durum “gecko durumu” olarak adlandirilmigtir [33].

Feng vd. ise “ta¢ yapragi efekti” olgusunu tanimlamislardir, bu durumda ta¢ yapraginda bulunan mikro
papillalar ve nano kivrimlar siiperhidrofobisite i¢in yeterli piiriizliiliigiin yan1 sira suya kars1 yiliksek adeziv
kuvvet de saglamaktadirlar [58]. Ote yandan, Liu vd.’ye gore [59] kati-s1v1 adezyonu, CAH parametresi
kullanilarak degerlendirilse de, bu degerlendirmede adezyon normal kuvvetini de dikkate almak
gerekmektedir. Bhushan ve Her [60] ta¢ yapraginin 1slanma davranisinin, tag yapragi yiizeyindeki mikro
yapilarin merkez ekseni mesafelerinin, lotus bitkisinden daha fazla olmasindan kaynaklandigi o6ne
stirmiislerdir; “Cassie emprenye” 1slanma rejimi olarak adlandirilan bu durumda su, mikro yapilar arasina
niifuz ederken nano yapilar arasina kismen niifuz etmektedir ve ylizeydeki islanma alani, Wenzel
rejiminden daha az degerdeyken Cassie-Baxter rejiminden daha yiiksek degerde olmaktadir.

Salvinia bitkisi, 1slanmadan iist kisminda uzun siireli su tutabilmekte olup bu 6zellik “salvinia efekti” olarak
adlandirilmistir, yaprak yiizeyi hiyerarsik mimariye sahip olup yaprak yilizeyinde kompleks, elastik yumurta
¢irpacagi biciminde tiiyler ve bu tiiyleri kaplayan nanoskopik vaks kristalleri bulunmakta olup bu tiiylerin
terminal hiicreleri vaksla kapli degildir ve hidrofilik ozellige sahiptir [2]. Literatiirde,
stiperhidrofobik/hidrofobik 6zellige sahip olan canli tiirleri ve bunlarin biomimetik uygulamalar ile ilgili
arastirmalari kapsayan c¢esitli bilimsel derleme ¢aligmalar1 mevcut olup bu ¢ercevedeki arastirmalar devam
etmektedir [61-67]. Siiperhidrofobisite/hidrofobisite dzelligine sahip olan canlilardan bazilari, anistropik
ozellik gosteren piring yapragi (Oryza sativa L.) [29, 48], giive gozii (Attacus atlas) [68], (P. cynthia ricini)
[69], [70], sivrisinek gozii (C. pipiens) [71], giivercin kanadi [72], Namib ¢61 bocegi kanadi (Stenocara
sp.) [73, 74], kil ¢icegi yaprag1 (Senecio cineraria) [75], yaprak zararlisi kanadi (Alnetoidia alneti,
Athysanus argentarius, Cicadella viridis) [76] ve springtail canlis1 derisi (Hypogastura viatica,
Isotomurus prasis, Onychiurus sp., Folsomia quadrioculata, Anurophorus septentrionalis, Desoria
olivacea, Archisotoma besselsi, Orchessella flavescens, Anurophorus laricis, Isotoma anglicana)
olmaktadir [77].

3. SUPERHIDROFOBIK YUZEY iMALATINDA 3B BASKI YONTEMININ KULLANIMI (USE
OF 3D PRINTING METHOD IN THE SUPERHYDROPHOBIC SURFACE MANUFACTURING)
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Stiperhidrofobik ylizey imalatinda ¢ok ¢esitli yontemler kullanilmaktadir. Stiperhidrofobik yiizey imalati
yontemleri asagidan-yukariya, yukardan-asagiya ve bunlarin birlesimi olmak iizere siniflandirilabilir [78].
Bu cergevede, asagidan-yukariya olan yontemler kollodial birlesimler, katman katman biriktirme ve
kimyasal biriktirme yontemleridir. Yukaridan-asagiya olan yontemler ise plazma islemi, template bazli
teknikler ve litografi olmaktadir. Ote yandan, Kaur, Mamur ve Magdassi’ye gore [79] bu yontemler bazen
birlikte kullanilabildiginden [80-83] yontem kategorisi bakimindan net bir ayrim bulunmamaktadir.

Stiperhidrofobik ylizey imalatinda kullanilan yontemlerden bazilart nanopargacik ve polimer karigimiyla
nanokompozit gelistirilmesi [84, 85], pulse elektro biriktirme [86], basit biriktirme [87], dogrudan
mikrodalga 1sinlama [88], lazer yaziciyla islem [89], pikosaniye lazer tekstiirleme [90], nanosaniye fiber
lazer tekstiirleme [91], iyon 15111 ile islem [92], 1slak kimyasal kendiliginden diizenlenme [93], spreyleme
[94, 95], kollodial litografi [96], fotolitografi [97], faz ayirma [98, 99], kimyasal buhar biriktirme [100],
kendiliginden diizenlenme [101, 102], 1slak agindirma [103, 104], kaliplama [105, 106], sol-jel [107, 108],
litografi [109], vakum filtrasyonu [110] ve soft litografi [111] olmaktadir.

3B baski yontemi gelismekte olan bir imalat yontemi olup giiniimiizde mikro ve nano 6lgekte imalat igin
de kullanilmaya baglanmistir. Ornegin, 3B baski yontemi kati-sivi temasiyla ilgili olan mikroakiskan
sistemlerin imalatinda yeni mikrofabrikasyon yontemlerinden bir tanesi [112] olarak 6ne ¢ikmaktadir.

Her ¢esit uygulamaya ait olan tiim gereksinimlerin sadece bir 3B baski cihazi veya prosediirii tarafindan
karsilanabildigi iiniversal bir 3B baski teknigi prosesi ideal olmakla birlikte bunun gergeklestirilmesi hemen
hemen imkansiz gibidir [113]. Bu ¢er¢evede, biomimetik ve siiperhidrofobik yiizeyler bazi durumlarda
mikro/nano 6lgekte imalat gerektirebilmektedir ve 3B baski tekniklerinden olan eriyik biriktirme yontemi
(FDM), iki fotonla polimerizasyon (2PP), stereolitografi (SLA) ve dijital 151k isleme (DLP) gibi teknikler
bu yiizeylerin imalatinda kullanim alanina sahiptir. Bu tekniklerden bir digeri olan inkjet 3B bask1 teknigi
yiiksek ¢oziniirliigiin yanm sira orta diizeyde yiizey kalitesine sahip olan bir teknolojidir [114]; polyjet
teknolojisi ise bu grupta yer almakta ve mikrofabrikasyon isleminde kullanilmaktadir [115].

3B baski iglemi sonucunda yiizeylerde siiperhidrofobisite 6zelligi saglanamamasi durumunda ek iglemler
de uygulanabilmektedir. Genel itibariyle, 3B baski yontemi ile imal edilmis bir ylizeye belirli bir
fonksiyonellik 6zelligini kazandirmak igin yiizey asilama, kendiliginden diizenlenme polimerizasyonu,
biriktirme ve asindirma gibi modifikasyon islemleri [116] veya kaplama gibi ek bir islem de
ugulanabilmektedir.

Kotz vd.’ye gore 3B baski yaklasimi, polimer yiizeylerin bigimlendirilmesi ve dolayisiyla 1slanabilirlik
bakimindan performanslarmin gelisitirilmesi i¢in adapte edilebilir bir yaklagimdir [117]. Literatiirde,
biomimetik esinlenmeyle veya biomimetik esinlenme olmadan ¢esitli 3B bask: teknikleri kullanilarak
gelistirilmis siiperhidrofobik/hidrofobik 6zellige sahip olan yiizeyler, objeler ve membranlarla ilgili
calismalar bulunmaktadir.

FDM teknolojisi siiperhidrofobik yiizey gelistirilmesinde gerek model gerek kalip imalatinda
kullanilmaktadir, ¢calismalarda genel olarak polilaktik asit (PLA) malzemesi tercih edilmektedir. Kang,
Hyeon ve So [118] FDM teknolojisi ve PLA malzeme kullanarak kaliplar elde etmisler ve bu kaliplari
kullanarak yiiksek hidrofobisite degerine sahip olan polidimetilsiloksan (PDMS) yiizeyler imal etmislerdir.
Xing vd. [119] lotus bitkisi yapragindan esinlenerek caligmalarinda yag-su ayrigtirma islemi i¢cin PLA
malzemeyle FDM teknigi kullanarak ylizey elde etmisler ve ylizeye kimyasal asindirma ve PS nano-
kiirelerle dekorasyon islemleri uygulayarak biomimetik siiperhidrofobik membran imal etmislerdir. Kang,
Sung ve So [120] FDM teknolojisi ile PLA malzeme bazli kaliplar elde etmisler ve bu kaliplar1 kullanarak
PDMS malzeme ile siiperhidrofobik ylizeyler imal etmislerdir. Sung vd. [121] FDM teknolojisiyle PLA
malzeme ile kaliplar elde etmisler ve bu kaliplar1 kullanarak PDMS malzemeyle siiperhidrofobik yiizeyler
gelistirmiglerdir.

SLA teknigi kullanilan ¢esitli caligmalarda mikro 6lgekte imalat gerceklestirilmistir, calismalarda ayrica ek
tekniklerin de kullanildig1 goriilmektedir. Credi vd. [122] SLA teknigiyle iki farkli perfloroeter (PFPE)
malzemenin karigimini kullanarak yiiksek hidrofobisite 6zelligine sahip olan yiizeyler imal etmislerdir.



Kurtulus DEGER, Hiidayim BASAK / GU J Sci, Part C, 11(1):81-110(2023) 89

Zhang vd. [123] SLA teknigiyle politetrafloroetilen (PTFE) malzeme kullanarak siiperhidrofobik mikro
yapilar imal etmislerdir. Aldhaleai ve Tsai [124] ticari bir SLA teknigiyle imal ettikleri mikro tekstiirleri
mum isi veya oktadesiltriklorosilan (OTS) ile kaplayarak siiperhidrofobik yiizeyler elde etmislerdir.
Bonilla-Cruz vd. [125] SLA teknigi kullanarak fotopolimerizasyon islemine uygun bir malzemeyle farkli
geometrilere sahip olan siitun dizileri imal etmisler, ylizeylerde silanlama islemi gerceklestirmisler ve
boylece siiperhidrofobik yiizeyler elde etmislerdir.

Mayoussi vd. [126] flor iceren monomer malzeme ve porojen karisimi kullanarak SLA teknigi ile
mikronalt1 poroziteye sahip olan siiperhidrofobik membranlar imal etmislerdir. Wang vd. [113] SLA 3B
baski teknigi ile akrilat bazli 6nciil polimer ve baslatict malzeme kullanarak kafes geometrisine sahip olan
bir model imal etmisler ve bu modele yiizeyde baslatilan atom transfer radikal polimerizasyon teknigi
kullanarak siiperhidrofobisite 6zelligi kazandirmiglardir. Yin vd. [127] springtail canlisinin derisinden
esinlenerek projeksiyon mikro SLA teknigiyle difenil (2, 4, 6-trimetil benzoil) fosfin oksit (TPO), lauril
metakrilat ve metakrilat oligomerler malzemelerinden olugan bir re¢ine kullanarak siiperhidrofobik ylizey
imal etmislerdir. Yan vd. [128] SLA teknigiyle ve kimyasal buhar depolama yontemiyle OTS kullanarak
modifikasyon islemiyle hidrofobik yag siyirict imal etmislerdir.

Graeber vd. [129] 2PP teknigi ile makro dokuya sahip olan yiizey elde etmek i¢in bir kalip imal etmisler ve
bu kalib1 kullanarak PDMS malzeme ile yiizey elde edip PTFE malzeme kullanarak spreyleme yontemiyle
yiizeye kaplama islemi uygulamislar ve siiperhidrofobisite 6zelligi kazandirmiglardir. Tricinci vd. [130]
2PP yontemiyle epoksi bazli fotorezist malzeme kullanarak salvinia bitkisinden esinle yiiksek hidrofobisite
ozelligine sahip olan biomimetik yiizey imal etmislerdir.

DLP teknigi kullanilan ¢alismalarda siiperhidrofobik yiizey imalatinda genel olarak polimer malzemeler
tercih edilmekle birlikte monomer ve seramik malzemeler de kullanilmistir. Kaur, Marmur ve Magdassi
[79] akrilik bazli1 baski malzemesi gelistirdikleri ¢alismalarinda, DLP teknigi kullanarak siiperhidrofobik
objeler imal etmislerdir ve baski malzemesine eklenen hidrofobik isli silika nanopargaciklarinin oraninin
ve siitun dizilimi tasariminin siiperhidrofobisite {izerindeki etkisini arastirmiglardir. Jin vd. [131] DLP
teknigi ve seramik malzeme kullanarak elde ettikleri yiizeyleri daldirmali kaplama yontemiyle SiO; ile
kaplamislar ve bdylece yag-su ayrigtirma islevi olan siiperhidrofobik malzeme elde etmislerdir. Dong vd.
[132] DLP 3B baski teknigi ve monomerler kullanarak yigin nanogdzenekli yapiya sahip olan
stiperhidrofobik objeler imal etmislerdir.

Siiperhidrofobik ylizey imalatinda farkli 3B baski teknikleri de bir arada kullanilabilmektedir. Farrell vd.
[133] sol-jel, kalipta fotokimyasal polimerizasyon teknigi, DLP teknigi ve 2PP teknigi kullanarak silikat
aerojeller imal etmisler ve yiizeyde gaz-fazli hidrofobizasyon ek islemi uygulayarak siiperhidrofobisite
ozelligi elde etmislerdir.

Stiperhidrofobik yiizey imalatinda FDM, SLA, 2PP ve DLP yontemlerinin yani sira diger ¢esitli 3B baski
yontemleri de kullanilmigtir. Yang vd.’ye gore [134] siiperhidrofobik siitun imalati i¢in substrat olarak
genelde metal olmayan malzemeler kullanilmaktadir ve ¢esitli metal malzemeler {izerinde siiperhidrofobik
siitun imalati, gelistirilmesi gereken bir alandir. Bu ¢ergevede arastirmacilar ¢alismalarinda, meniskiisle
siirlandirilmis 3B elektrokimyasal baski teknigiyle bakir substratlar {izerinde bakir siitunlar imal ederek
bu bakir siitunlarin yiizeylerini floroalkilsilan (FAS) ¢ozeltisi ile isleme tabi tutmusglar ve siiperhidrofobisite
ozelligi elde etmislerdir. Chen vd. [135] 6zel formiile edilmis PDMS bazli malzeme ve dogrudan miirekkep
yazma teknigi ve tuz yikama iglemiyle siiperhidrofobik silikon kopiik imal etmislerdir. Yang vd. [136] yag-
su ayrigtirma ve mikro damla kontrolii islemlerinde kullanmak amaciyla salvinia bitkisi yapragindan
esinlenerek daldirmali yiizey biriktirme 3B baski teknigiyle E-glass polimer malzeme ve ¢ok duvarli karbon
nanotiip (MWCNT) malzemeden olusan kompozit regine kullanarak siiperhidrofobik yiizey dokusu elde
etmislerdir.

Literatlirde siiperhidrofobik yiizey imal etmek amaciyla arastirmacilarin kendilerinin gelistirdikleri 3B
baski teknigini kullandiklar ¢aligmalar da bulunmaktadir. Lv vd. [137] kendilerinin gelistirdikleri mikro
noziil, vidal mil tahrikli s1v1 dagitic1 ve bilgisayar kontrollii 3 aksta hareket edebilen platformdan olusan
3B baski sistemiyle PDMS ve silika nanopargacik malzeme kullanarak yag-su ayristirma igin
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siiperhidrofobik membranlar imal etmislerdir. Barahman ve Lyons [138] gelistirmis olduklari robotik
yayictya sahip olan bir 3B baski sistemi kullanarak PDMS malzemeyle siitun dizilerinden olusan
stiperhidrofobik anistropik ylizeyler imal etmislerdir. Zhang vd. [139] optik 3B mikro-bask: teknigiyle
PTFE ve poli(etilen glikol) diakrilat (PEGDA) bazli malzeme kullanarak siiperhidrofobik mikro yapilar
imal etmislerdir.

Tablo 1. Literatiirde yer alan 3B baski teknigi kullanilan c¢esitli stiperhidrofobisite/hidrofobisite

calismalarina ait ozet tablosu

Aragtirmalar 3B Baski Teknigi Malzemeler Ek islemler Biomimetik
yaklagim
[119] FDM PLA Kimyasal agindirma ve PS | Lotus bitkisi
nano-kiirelerle dekorasyon
[127] Projeksiyon mikro SLA TPO, lauril metakrilat ve | Mevcut degil Springtail
metakrilat oligomerler
[130] 2PP Epoksi bazli fotorezist Mevcut degil Salvinia
[132] DLP Monomerler Mevcut degil Mevcut degil
[133] Kalipta fotokimyasal polimerizasyon, DLP ve | Tetraetoksisilan, akriloksi | Yiizeyde gaz-fazli | Mevcut degil
2PP propil trimetoksisilan hidrofobizasyon
[134] Meniskiisle sinirlandirilmis — elektrokimyasal | Bakir FAS ¢ozeltisi ile iglem Mevcut degil
sistem
[135] Dogrudan miirekkep yazma PDMS bazli malzeme Tuz yikama iglemi Mevcut degil
[136] Daldirmali yiizey biriktirme E-glass polimer malzeme | Mevcut degil Salvinia
ve MWCNT bitkisi
[137] Mikro noziil, vidali mil tahrikli sivi dagitict ve | PDMS ve silika | Mevcut degil Mevcut degil
bilgisayar kontrollii 3 aksta hareket edebilen | nanopargaciklar
platformdan olusan sistem
[138] Robotik yayiciya sahip olan sistem PDMS Mevcut degil Mevcut degil
[139] Optik 3B mikro-baski PTFE ve PEGDA Mevcut degil Mevcut degil

4. KARBON NANOTUPLER, NANOKOMPOZITLER VE ELEKTROSPINNING (CARBON
NANOTUBES, NANOCOMPOSITES AND ELECTROSPINNING)

4.1. Siiperhidrofobik Yiizey Gelistirilmesinde Karbon Nanotiipler (Carbon Nanotubes for the
Development of the Superhydrophobic Surfaces)

Yiizey kaplama, siiperhidrofobik ylizey imalatinda kullanilan bir yontemdir. Yiizey kaplama isleminde tek
bir malzemenin kullaniminin yan1 sira nanokompozit malzemelerin kullanimi da bir secenek olmaktadir.
Nanomalzemeler, piiriizliilige katk: saglamalar1 sebebiyle 6zellikle lotus efektinin saglanmasi bakimindan
stiperhidrofobik yiizey imalatinda kullanim alanina sahiptir. Nanomalzemeler yeterince kiigiik boyutlarda
oldugundan dogal yiizeylerin simiile edilmesinde kullanilabilirler [140], diger bir deyisle bu yonleriyle
biomimetik yaklagimin ylizey kaplama isleminde uygulanmasinda bir secenek olmaktadirlar. Karbon bazl
¢esitli nanomalzemeler mevcut olup CNTler, karbon siyahi ve grafen bunlardan bazilaridir ve polimer bazli
stiperhidrofobik nanokompozit malzeme gelistirilmesi ¢ercevesinde bu malzemeler nano doldurucu olarak
kullanilabilmektedir [141].

Bir nanomalzeme tiirii olan CNTler, gerek miinferit bigimde kullanim gerek kompozit biciminde kullanim
olmak {izere siiperhidrofobik yiizey gelistirilmesi ¢ergevesinde arastirilmaktadir. Bu ¢ercevede CNT igin
temel Ozellikler tir (tek duvarli ya da ¢ok duvarl), boyutlar (uzunluk ve ¢ap degeri), karisim iginde
kullanilacaksa karigim i¢indeki oran, modifiye edilme durumu, yiizey iizerindeki yerlesim sekli (hizalanmig
ya da rastgele bicimde) ve kullanim sekli (hazir olarak kullanim ya da yiizeyde biiyiitiilme) olmaktadir.
CNT dogasi geregi hidrofilik 6zellikte olmakla birlikte ((CA)<86°) CNTlerin farkli yiizey topografilerinde
tekstiir olusturacak sekilde diizenlenerek uygulanmalar1 hidrofilik, hidrofibik veya siiperhidrofobik gibi
farkli 1slanma durumlarini olusturabilmektedir [142].

Spreyleme yontemi, CNT igeren sliperhidrofobik yiizey imalatinda tercih edilen yontemlerden bir tanesidir.
Cesitli galismalarda, spreyleme yontemiyle ek islem olmaksizin sadece CNT igeren siiperhidrofobik
yiizeyler gelistirilmistir. Yang vd. [143] spreyleme yontemiyle, ek bir kimyasal modifikasyon islemi
gerceklestirmeden MWCNTler kullanarak siiperhidrofobik film imal etmislerdir. Jung ve Bhushan [144]
soft litografi teknigiyle olugturulmus mikro yapilara sahip yiizey lizerinde, spreyleme teknigiyle, katalizor
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esliginde kimyasal buhar biriktirme teknigiyle elde edilmis kompozit MWCNTler biriktirerek
stiperhidrofobik yiizey elde etmislerdir.

Spreyleme yontemi CNT bazli nanokompozit ylizey imalatinda da tercih edilebilmekte olup cesitli
calismalarda, CNT’lerin nanokompozit igindeki oraninin siiperhidrofobisite iizerindeki etkisi ve hiyerarsik
piirtizliiliik olusturmaya olan katkisi arastirilmistir. Song, Shen ve Meng [145] modifiye edilmis MWCNT
ve PS karsimiyla spreyleme teknigi kullanarak lotus efektine sahip olan siiperhidrofobik kompozit kaplama
elde etmislerdir, arastirmacilara gére PS, mikro yapilarin olusumunu saglarken MWCNTler nano yapilarin
olusumunu saglamistir. Han vd. [146] ince MWCNT, silan sol ve isli silika malzeme karigimi kullanarak
spreyleme yontemiyle siiperhidrofobik filmler imal etmislerdir. Kim ve Cho [147] PS ve MWCNT
malzeme kullanarak spreyleme teknigi ile sliperhidrofobik yiizey imal etmislerdir, ayrica arastirmacilar
calismada farklit MWCNT oranlarinin siiperhidrofobisite iizerindeki etkisini de aragtirmiglardir. Wang vd.
[148] CNT ve perfloro alkoksi (PFA) karisimi kullanarak spreyleme yontemiyle hiyerarsik yapisal
karakteristige sahip olan siiperhidrofobik kompozit kaplamalar gelistirmislerdir, ¢alismada ayrica
karigimdaki farkli CNT oranlarinin siiperhidrofobisite {izerindeki etkisi arastirilmistir.

Yang vd. [149] PS ile islevsellestirilmis MWCNTler kullanarak spreyleme yontemiyle siiperhidrofobik
nanokompozit film imal etmislerdir. Zhang vd. [150] bisfenol A diglisidil eter (BADGE) epoksi resini ve
MWCNTler kullanarak tek adimdan olusan spreyleme yontemiyle stiperhidrofobik nanokompozit kaplama
gelistirmiglerdir, arastirmacilar farkli oranlarda MWCNT kullanilarak hazirlanan karigimlarin CA degeri
ve yiizey piiriizliiligii iizerindeki etkisini arastirmiglardir. Zhang, Teo ve Yang [151] spreyleme yontemi
kullanarak MWCNT ve PDMS karisimiyla siiperhidrofobik kompozit kaplamalar imal etmis olup
karisimdaki MWCNT ’lerin farkli kiitlesel oranlarinin hidrofobisite ve mikro/nano yapi iizerindeki etkisini
arastirmiglardir. Zhu vd. [152] spreyleme yontemiyle MWCNT'den olusan yiizey olusturmus ve bu yiizeyi
florlanmis silan malzemesiyle kaplayarak yiizeye siiperhidrofobisite 6zelligi kazandirmislardir.

Kimyasal buhar biriktirme yontemi, gerek CNT biiyilitme iglemi i¢in gerek siiperhidrofobik ylizey imalati
icin kullanilan yontemlerden bir tanesidir. Bu cergevede, CNTler ek bir islem olmaksizin dogrudan
kullanilarak siiperhidrofobik yiizey elde edilebilmektedir. Wang vd. [153] su destekli 1s1l kimyasal buhar
biriktirme yontemiyle Si substrat iizerinde MWCNT dizileri bliylitmiisler ve siiperhidrofobik ylizey elde
etmiglerdir. Chen vd. [154] lotus bitkisinden esinlenerek derin reaktif iyon agindirma yontemiyle mikro
siitunlara iglem uygulamiglar ve bu siitunlar iizerinde plazma destekli kimyasal buhar birikitirme
yontemiyle kisa CNTler biiyliterek bunlar1 1-hekzadekantiyol ile kaplamislar ve iki kademeli piiriizliiliige
sahip olan siiperhidrofobik yiizey elde etmiglerdir. Wang vd. [155] su destekli 1s1l kimyasal buhar biriktirme
yontemi kullanarak hizalanmis tiniform MWCNTler biiyiitmiisler, ayrica spin kaplama, fotolitografi ve
katalizor kaplama yontemleriyle tekstiire sahip olan bir yiizey elde ederek bu yiizeyde kimyasal buhar
biriktirme yontemi kullanarak hizalanmig MWOCNTler biyilitmiisler ve her iki yaklasimla da
siiperhidrofobik yiizeyler elde etmiglerdir.

CNT igeren bir yiizeye hidrofobik malzemeyle kaplama yapilarak veya islevsellestime islemi uygulanarak
da hidrofobisite Gzelliginde iyilestirme saglanmaktadir. Huang vd. [156] kimyasal buhar biriktirme
yontemiyle elde ettikleri hizalanmig CNTleri filtreli katodik vakum ark yontemiyle ZnO ile kaplayarak
stiperhidrofobik film imal etmislerdir. Lau vd. [157] plazma destekli kimyasal buhar biriktirme teknigiyle
dikey hizalanmig CNT ormani imal etmisler ve bunlar sicak filament kimyasal buhar biriktirme teknigiyle
PTFE malzemeyle kaplayarak siiperhidrofobik yiizey elde etmislerdir. Joseph vd. [158] plazma destekli
kimyasal buhar biriktirme teknigiyle CNT ormanlar olusturmuslar, tiyoller kullanarak islevsellestirme
islemi gerceklestirmisler ve boylece siiperhidrofobisite 6zelligi elde etmislerdir.

CNTler kullanilarak gerceklestirilen siiperhidrofobik yiizey gelistirme c¢alismalarinda spreyleme ve
kimyasal buhar biriktirme yontemleri haricinde diger bazi yontemler de tercih edilmistir. Hong ve Uhm
[159] diisiik basingli CF4 glow desarj plazma ile CNT malzemede florinizasyon islemi gerceklestirmisler,
malzeme ilizerinde piiriizliilik saglamislar ve siiperhidrofobik 6zellik elde etmislerdir. Li vd. [160] demir
ftalosiyanin malzemenin piroliziyle bal petegi geometrisine benzeyen hizalanmis CNT’lerden olusan
stiperhidrofobik film imal etmislerdir. Luo vd. [110] vakum filtrasyon yontemi kullanarak CNT ve nafion
malzemeleriyle stiperhidrofobik esnek polimer kompozit film imal etmislerdir.
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Meng ve Park [161] MWCNT malzemeye florinizasyon islemi uygulamiglar, cam bir substrati daldirmali
kaplama yontemiyle bu malzeme ile kaplamiglar ve boylece siliperhidrofobik film elde etmislerdir. Zhao
vd. [162] sol-jel teknigi kullanarak MWCNT ve SiO, kompozit malzemesi imal etmisler ve
viniltrietoksisilan malzemeyle kompozit malzemeyi modifiye ederek siiperhidrofobik yiizey elde
etmislerdir. Zhu vd. [163] kontrol modeli olarak silikon yilizeyde fotolitografi ile mikro 6l¢ekli doku
olusturmuslar, ikinci olarak silikon yiizey {izerinde hizalanmig CNT biiyiitmiisler ve iki kademeli
pliriizliiliige sahip olan model imal etmisler, {i¢iincii olarak mikro 6l¢ekli dokuya sahip olan ylizeyde CNT
biiyiitmiisler ve bu modellerin yiizeylerini florokarbon ile kaplayarak siiperhidrofobik yiizeyler elde
etmislerdir.

Siiperhidrofobik yiizey imalatinda CNTler yiizeyin kendisinin yan1 sira sablon olarak ya da patern transferi
icin de kullanilabilmektedir. Han vd. [164] plazma daldirma iyon implantasyonu yontemiyle CNT
ormanlarin1 sablon olarak kullanarak amorf karbon ve CNT’lerden olusan bir siiperhidrofobik
nanokompozit malzeme gelistirmislerdir. Sunden vd. [165] dikey bicimde hizalanmis CNT’lerden olusan
bir paterni diigiik basingli sicak baski teknigiyle polikarbonat substrat lizerine transfer ederek 168° CA
degerine sahip olan film elde etmislerdir.

Tablo 2. Literatiirde yer alan CNT/MWCNT bazl siiperhidrofobik yiizey gelistirilen ¢esitli ¢calismalara ait
ozet tablosu

Aragtirmalar | Imalat teknigi Malzemeler Ek islemler Biomimetik yaklagim

[143] Spreyleme MWCNT Mevcut degil Mevcut degil

[153] Su destekli 1sil kimyasal buhar | MWCNT Mevcut degil Mevcut degil
biriktirme

[157] Plazma destekli kimyasal buhar | CNT Sicak filament Mevcut degil
biriktirme kimyasal buhar

biriktirme teknigiyle
PTFE ile kaplama

[159] Diisiik basingli CF4 glow desarj plazma | CNT Mevcut degil Mevcut degil
ile florinizasyon
[160] Piroliz CNT Mevcut degil Bal petegi
[110] Vakum filtrasyon CNT ve nafion Mevcut degil Mevcut degil
[161] Daldirmali kaplama MWCNT Florinizasyon Mevcut degil
[162] Sol-jel MWCNT ve SiO; Viniltrietoksisilan ile | Mevcut degil
modifikasyon
[164] Plazma daldirma iyon implantasyonuyla | Amorf karbon ve CNT Mevcut degil Mevcut degil
CNT ormanlarinin sablon olarak
kullanimi
[165] Diisiik basingli sicak baski teknigiyle CNT ve Polikarbonat Mevcut degil Mevcut degil

CNT paterni transferi

4.2. Elektrospinning Yéntemiyle Siiperhidrofobik Yiizey imalati (Fabrication of Superhydrophobic
Surface via Electrospinning Method)

Stiperhidrofobik yiizey imalatinda kullanilan yontemlerden bir tanesi elektrospinning yontemidir. Bu
cercevede elektrospinning asil yontem olarak kullanilabildigi gibi ek bir yontem olarak da
kullanilabilmektedir. Elektrospinning yontemiyle bir yiizeyde mikro ve nano fiber dokusu
olusturulabilmektedir. Elektrospinning yontemi, fiberlerin bilesenlerini, bir bagka deyisle rastgele dagilmus
ya da tasarimla hizalanmig olarak bulunmalari durumunu ve fiber kimyasal kompozisyonunu ve
morfolojisini degistirmeye imkan tanimas1 bakimidan dogadaki mikro ve nano yapilarin olusturulmasi ve
dolayisiyla biomimetik i¢in uygun bir yontem olmaktadir [166].

PVDF, elektrospinning islemiyle siiperhidrofobik yiizey gelistirilmesinde arastirilan bir polimer malzeme
tiriidiir. Zhou ve Wu [167] elektrospinning yontemi kullanarak PVDF/dimetilformamid (DMF)/aseton
soliisyonu ile 153° temas agisina sahip olan ultra ince fiber membranlar imal etmislerdir, arastirmacilara
gore soliisyondaki PVDF konsantrasyonu ayarlanarak kontrol edilebilen fiberlerin yiizey morfolojisi ve
fiber ¢ap1, membranlarin siiperhidrofobisitesi lizerinde 6nemli bir role sahiptir. Le, Le ve Park [168] PVDF
kullanarak elektrospinning yontemiyle lotus yapragina benzeyen ve CA degeri 148,5° olan hidrofobik
yiizey imal etmislerdir, arastirmacilar ayrica PVDF malzemesine asetik asit ve tetrabiitil amonyum kloriir
(TBAC) katki maddelerinin eklenmesinin CA degeri iizerindeki etkisini de arastirmiglardir.
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PVDF bazli siiperhidrofobik yiizey gelistirilmesinde biomimetik aktarimdan da faydalanilmakta olup ek
malzeme/nanomalzemeler kullanilabilmekte ve ¢esitli modifikasyon islemleri de uygulanabilmektedir. Cui
vd. [169] PVDF ve stearik asit karisimiyla elektrospinning yontemi kullanarak siiperhidrofobik nanofiber
kaplama imal etmislerdir. Liao, Wang ve Fane [170] elektrospinning ve ylizey modifikasyonu yontemlerini
kullanarak yiizeyi modifiye edilmis ve biitiinsel olarak modifiye edilmis siiperhidrofobik PVDF
membranlar imal etmislerdir, arastirmacilar dopaminle yiizey aktivasyonu, giimiis nanoparcacik biriktirme
ve hidrofobik isleme yilizey modifikasyonu yontemlerini kullandiklar1 ¢aligmada, yiizeyi modifiye edilmis
membrana ait CA degeri 158°+3°, SA degeri 10° degerinden daha az olmakta iken biitiinsel olarak modifiye
edilmis membranda ise bu degerler 153°+4° ve 10° degerinden daha az olmaktadir.

Wang vd. [171] elektrospinning yontemiyle epoksi-siloksan kullanilarak modifiye edilmis SiO>
nanoparcaciklari ve PVDF kullanarak lotus efektini taklit eden siiperhidrofobik membran imal etmislerdir,
arastirmacilara gore karisimdaki nanoparcacik orani ile CA ve SA degerleri kontrol edilebilmektedir. Liu
vd. [172] elektrospinning yontemiyle PVDF malzemesine ZnO nanoparcaciklar ekleyerek ve PVDF
malzemesini amonyak malzemesi ve/veya 1H, 1H, 2H, 2H-perflorodesiltrietoksilan (POTS) malzemesi ile
modifiye ederek siiperhidrofobik membranlar elde etmislerdir, aragtirmacilar ¢aligmada karisimdaki
degisen nanopargacik oraninin hidrofobisite {izerindeki etkisini de aragtirmiglardir. Chen ve Kim [173]
florlanmis silan malzemeyle islevsellestirilmis PVDF/graft PVDF kullanarak elektrospinning islemiyle
siiperhidrofobik membranlar imal etmislerdir.

Elektrospinningle es zamanli olarak farkli bir yontem uygulanmasi da arastirilan konulardan bir tanesi
olmaktadir, Su vd. [174] ayn1 anda elektrosprey yontemiyle silika/dimetilasetamid (DMAc) kolloidler
kullanarak ve elektrospinning yontemiyle PVDF/DMAc soliisyonu kullanarak siiperidrofobik membranlar
imal etmislerdir.

Literatirde PVDF malzemesinin yani sira elektrospinning yontemiyle farkli polimer malzemeler
kullanilarak siiperhidrofobik yiizey gelisitirilmis olan ¢aligmalar da bulunmaktadir. Zhan vd. [175] iki farkli
oranda hazirladiklar1 PS soliisyonlariyla birden fazla noziil kullanarak elektrospinning yontemiyle boncuk
yapisina sahip olan fiberler ve mikro-fiberler olmak iizere iki form iceren fiberler elde ederek
stiperhidrofobik filmler imal etmislerdir, arastirmacilara gore siiperhidrofobisite {izerinde boncuk yapisina
sahip olan fiberler etkili olmustur. Xue vd. [176] calismalarinda polihedral oligomerik silseskuiokzan
(POSS)-polimetilmetakrilat (PMMA) kopolimer malzeme sentezlemisler ve sentezlenen malzemeyle,
elektrospinning yontemi kullanarak nanofibriller i¢eren nanofiber yapisina ve 165° CA ve 6° SA
degerlerine sahip olan siiperhidrofobik membran elde etmislerdir. Bu kapsamdaki cesitli ¢aligmalarda
biomimetik yaklasim da kullanilmistir. Zhu vd. [177] basit bir elektrospinning yontemi ile polianilin
(PANI) ve PS malzeme kullanarak lotus yapragi yapisina benzer kompozit siiperhidrofobik film
uretmislerdir. Jiang, Zhao ve Zhai [178] elektrospinning yontemi ile PS malzeme kullanarak 160,4°+1,2°
CA degerine sahip olan lotus yapragina benzer siiperhidrofobik kompozit film imal etmislerdir.

Kang vd. [179] PS malzemesi ile kloroform, tetrahidrofuran ve DMF kullanarak farkli c¢ozeltiler
hazirlamiglardir, bunlardan DMF kullanilan ¢ozeltiyle gergeklestirilen elektrospinning islemi sonucunda
154,240,7° CA degerine sahip olan membran elde etmiglerdir, arastirmacilara gore membran ylizeyi,
hiyerarsik yap1 olgusu acisindan lotus yapragina benzemektedir. Acatay vd. [180] termoset polimer
sentezlemisler ve elektrospinning yontemiyle lotus yapragini taklit ederek siiperhidrofobik yiizeyler imal
etmislerdir, arastirmacilara gore polimer sollisyonunun viskozite degeri fiber seklini etkilemektedir ve
boncuk yapisi orani arttikga CA degeri artmaktadir. Heng vd. [181] PMMA ve hekzafenilsilol malzemeleri
kullanarak elektrospinning yontemiyle lotus yapragi yapisina benzer, 115+2,8° CA degerine sahip olan
hidrofobik membran imal etmislerdir. Zhao vd. [182] lotus yapragindan esinlenerek elektrospinning
yontemiyle polivinil alkol (PVA), silika jel ve silikon nanopargaciklardan olusan bir karisim kullanarak ve
sonrasinda kalsinasyon ek islemi ve FAS ile yiizey modifikasyonu ek islemi uygulayarak esnek
stiperhidrofobik membranlar imal etmis olup bu membranlara ait en yiliksek CA degeri 155°0lmaktadir.

Wu vd. [183] polivinil butiral malzeme kullanarak elektrospinning yontemiyle bambu yapraklarinin, kaz
tiiylerinin, lotus yapraklarinin ve suda kosanlar canlisinin bacaginin yapisini taklit etmisler ve hidrofobik
0zellige sahip olan yiizeyler elde etmislerdir ve bu yiizeylerden bazilar1 anistropi 6zelligine sahiptir. Lin
vd. [184] lotus yapragindan ve kiil ¢icegi yapragindan esinlenerek PS malzeme ve silika nanopargaciklar
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kullanarak elektrospinning yontemiyle 157,2° CA degerine ve 2,2° CAH degerine sahip olan
stiperhidrofobik yiizey imal etmislerdir.

Li vd. [185] kil ¢icegi yapraklarindan esinlendikleri ¢alismalarinda dort-jet elektrospinning yontemi
kullanarak poliamid fiberler ve PS fiberlerin karisimindan olusan siiperhidrofobik fiber hasir imal
etmislerdir. Miyauchi, Ding ve Shiratori [186] kiil cicegi bitkisinin yapragindan esinlenmisler ve PS
malzeme kullanarak 159,5° CA degerine sahip olan siiperhidrofobik fiber hasir yilizey imal etmislerdir.
Gong vd. [187] florlanmig polimid kullanarak elektrospinning yontemiyle tag yapragi efekti 6zelligine ve
157,8° CA degerine sahip olan siiperhidrofobik hasir elde etmislerdir. Yoon, Park ve Kim [188] modifiye
edilmis elektrospinning yontemiyle poli(e-kaprolakton) (PCL) malzeme kullanarak salvinia natans
bitkisine benzer siiperhidrofobik yiizey imal etmislerdir.

Nanokarbon malzemeler ve dolayisiyla CNTler elektrospinning isleminde mekanik, elektrik ve 1sil
fonksiyonlar gibi c¢esitli fonksiyonlarda iyilestirme saglanmasi amaciyla polimerlere eklenerek
kullanilmaktadir, 6te yandan CNTler nano 6l¢ekte iistiin 6zelliklere sahip olmalarina ragmen bu dzellikler,
endiistriyel bakimdan 6nemli 6l¢ekteki uygulamalara yeterli bigimde aktarilamamigtir [189].

PVDF ve CNT nanokompozitleri elektronik, enerji ve membran teknolojileri gibi alanlarda
kullanilmaktadir [190]. PVDF ve CNTler cesitli yontemler uygulanarak siiperhidrofobik yiizey
gelistirilmesinde kullanilmistir. Bu yontemler; faz ayirma yontemi [191], jel olusturma ve dondurarak
kurutma [192] ve sprey kaplama [193] gibi ¢esitli yontemlerdir. Buna karsin, elektrospinning yontemi
cercevesinde PVDF ve CNT kompozitleri daha c¢ok siiperhidrofobisite/hidrofobisite disindaki bazi
fonksiyonlar bakimindan incelenmistir. Bunlar piezoelektrik 6zellik ve Young Modiilii degeri [194],
polimorfik davranig ve piezoelektrik 6zellik [195], polimorfik davranig ve kristal yonelimi [196], iletkenlik
[197], iletkenlik ve Young Modiilii degeri [198], Young Modiilii degeri, sertlik, cekme dayanimi ve uzama
[199] ve kristallilik ve polar faz igerigi [200] olmaktadir.

5. SONUC VE ONERILER (CONCLUSION AND RECOMMENDATIONS)

Bir ylizeyin siiperhidrofobisite 6zelligiyle ilgili olan temel konulardan bir tanesi, siiperhidrofobisite
olgusunun tanimlanmasidir. Literatiirde cesitli tanimlamalar yer almakla birlikte genel olarak kabul gérmiis
bir tanimlamanin olmadigi anlagilmaktadir. Konu hakkinda teorik ve ampirik ¢aligmalar uzunca bir siiredir
gerceklestirilmektedir. Ilgili calismalar incelendiginde iizerinde uzlasilan tek parametrenin CA oldugu
goriilmektedir. Konu hakkindaki c¢alismalar ilerledikge CA parametresine ek olarak tanimlayic1 ek
parametreler de Snerilmistir. Bu parametreler CAH ve SA olmaktadir. Ornek olarak yakin ge¢miste lotus
efektinin bulunmasi, kendi kendini temizleyen ylizeylerin siiperhidrofobisite yaklasimi ¢ergevesinde
incelenmesini saglamis, konu hakkinda ¢ok sayida bilimsel ¢alisma yapilmis ve bu calismalarda CAH ve
SA parametrelerinin dnemi vurgulanmstir.

Tarihsel gercevede, gerek teorik yaklagimla gerek ampirik yaklagimla hidrofobisite {izerine yapilmig olan
calismalar ele alindiginda, siiperhidrofobisite tanimlamasmi etkileyen iki temel faktoriin damlanin
statik/dinamik durumu ve yiizey piiriizliiliigii oldugu goriilmektedir.

Hidrofobisite olgusu ¢ercevesinde bagintilarin olusturuldugu ilk ¢calisma Young tarafindan yapilan ¢aligma
olarak gosterilmektedir. Ote yandan Young, calismasinda yiizey piiriizliiliigii konusuna deginmemistir.
Piirtizliilik konusu daha sonra, Wenzel ve Cassie-Baxter tarafindan yapilan ¢alismalarda ele alinmustir.
Ancak Wenzel ve Cassie-Baxter yaklagimlarinda da daha sonradan bulunan lotus efekti i¢in esas teskil eden
hiyerarsik piiriizliiliik konusu yer almamaktadir. Buna ek olarak, s6z konusu her {i¢ yaklasimda da statik
1slanma durumu incelenmis olup bu yaklasimlar dinamik 1slanma kavramini kapsamamaktadir.

Biomimetik yaklasim siiperhidrofobik yiizey gelistirilmesinde dogada stiperhidrofobik/hidrofobik 6zellige
sahip olan ¢ok sayida canli olmasi nedeniyle dnemlidir. Siiperhidrofobisite igin ilk tanimlama lotus efekti
ile baglamig daha sonra tag yagragi etkisi, salvinia etkisi ve gecko durumu kesfedilmistir. Bu gelismeler
dogada daha farkli siiperhidrofobisite olgularmin da bulunma ihtimali oldugunu gdstermektedir. Ote
yandan, bu durum siiperhidrofobisite 6zelliginin tanimlanmas1 tizerinde de etkili olmaktadir, 6rnegin lotus
efektinde damla yiizeyden belirli bir egimde ayrilirken tag yapragi etkisinde adeziv 6zellik 6ne ¢ikmaktadir
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ve yiizey kendini temizleme 6zelligine sahip degildir, her iki durumda da (CA)>150° olmasina ragmen
CAH degerleri lotus efektinde diisiik ancak ta¢ yapragi etkisi durumunda yiiksek olmaktadir. Dolayisiyla
dogada yeni kesfedilen Orneklerin siiperhidrofobisite olgusunun teorik altyapisim1i da etkiledigi
goriilmektedir. Bu ¢ercevede, siiperhidrofobik yiizey gelistirilmesi alaninda biomimetik yaklasimla ilgili
yapilacak bilimsel ¢aligmalar, bu alana katki saglayacaktir.

3B baski yonteminin siiperhidrofobik yiizey imalatinda kullanilmasi heniiz yeni bir yaklagim olup farkli
teknikler iizerinde calisilmaktadir. Bu konudaki temel kisit, bu yonteme ait birgok teknik bulunmasina
ragmen mikro ve nano dlgekte yazim iglemi icin sadece belirli tekniklerin efektif olarak kullanilabilmesidir.
Ote yandan, nano dlgekte yazim isleminde oldugu gibi diisiik 6lcekteki bir yazim isleminde, deneyler icin
gerekli olan kiigiik boyutlardaki bir numunenin dahi yazim iglemi ¢cok uzun siirelere gereksinim duyabilir.
Sonug olarak yazim igleminin ¢ok kii¢iik boyutlarda gergeklestirilmesi bir ¢dzliim olarak olasi olsa da, bu
durumda ise yiizeyin ¢ogaltilmasi i¢in ¢esitli ek yontemlere gereksinim duyulabilir.

Diisiik 6l¢ekte 3B yazim islemi i¢in SLA, 2PP ve DLP teknikleri 6ne ¢gikmaktadir. Bununla birlikte, polyjet
yonteminin bu yoOntemlere nazaran siiperhidrofobik ylizey imalatinda kullamiminin avantajlarinin ve
dezavantajlarinin deneysel olarak arastirilmasi da bu alandaki bilimsel ¢aligmalara katki saglayacaktir.
Ornegin polyjet ydntemi hiz bakimindan avantaja sahip olmakla birlikte bazi ticari polyjet 3B yazicilarda
baski malzemelerinin standart olmasi fonksiyonel iiriin imalatinda dezavantajli bir durum olusturmaktadir.
Dolayisiyla, hidrofobik 6zellige sahip olan bir malzemenin kulllanici tarafindan gelistirilerek belirtilen
ozellikteki bir polyjet 3B yazicida kullanilmast miimkiin olmamaktadir. Bu nedenle, gerek mikro dl¢ekli
morfolojinin olusturulmasi gerek malzeme kaynakli kisitlar nedeniyle polyjet 3B teknigiyle baski
sonrasinda ek islem uygulanmadan dogrudan siiperhidrofobik bir yiizey elde edilmesi olasiligi zayif
olmaktadir.

Stiperhidrofobik yiizey gelistirilmesinde malzeme se¢imi bir¢ok nedenle 6nemli bir konudur. Malzemenin
diisiik serbest yiizey enerjisine sahip olmasi temel tercih faktorii olmaktadir. Bunun yani sira, segilen
yontemlerin uygulanabilmesi igin malzemenin elverigli olmasi da gerekmektedir. Genel olarak polimerler
ve bu gercevede bir polimer malzeme olan PVDF, elektrospinning isleminde kullanilabilmesi ve
nanoparcaciklarla nanokompozit olusturmaya elverisli bir malzeme olmasi nedeniyle uygun bir malzeme
olmaktadir.

Stiperhidrofobik yiizey arastirmalarinda cesitli nanomalzemelerin kullanimi {izerinde durulmustur. Bu
nanomalzemelerin ¢6zelti igindeki oranlarmin siiperhidrofobisite performansi iizerindeki etkisinin
aragtirtlmast optimum bir aralifin belirlenmesi bakimindan 6nemlidir. Bu noktadaki esas zorluk
nanokompozit imalatinda kullanilabilecek ¢ok sayida ana malzeme, nanomalzeme ve ¢oziicii malzeme
olmasidir. S6z konusu malzemelerin karigimdaki oranlariin belirlenmesi 6nemlidir ve belirleme islemi
deneysel c¢alisma gerektirmektedir. Ayrica, kaplama i¢in kullanilacak ydntem c¢ergevesinde bu
malzemelerin gosterecegi performans ise konunun diger bir boyutudur.

Stiperhidrofobik ylizey imalatinda elektrospinning ydntemi, g¢esitli avantajlar1 bakimindan tercih
edilmektedir. Bu yontemle siiperhidrofobik yiizey imalatinda gerekli olan mikro ve nano dlgekteki yiizey
yapilar1 fiber formunda elde edilebilmektedir. Malzeme karisim oranlari ve karigimda kullanilan ek
malzemeler gibi ¢esitli faktorler elektrospinning sonucunda imal edilen fiber yiizeyin hidrofobisitesi
iizerinde etkili olmaktadir. Bu ¢ercevede, bu yontem daha ¢ok membran arastirmalarinda kullanilmugtir.
Yontemin farkli yontemlerle birlikte kullanilmasi ile ilgili ¢alismalar daha nadir olup bu yontemin 3B baski
yontemini tamamlayict olarak kullanilmasi konusunda gergeklestirilecek arastirmalara ihtiyag
bulunmaktadir.

PVDF ve CNT nanokompozitleriyle ilgili literatiirde ¢aligmalar bulunmakla birlikte bu ¢alismalarda
elektrospinning yontemi daha nadir olarak kullanilmistir. Buna ilaveten elektrospinning isleminde PVDF
ve CNT malzemeleri kullanilan ¢aligmalarda, imal edilen modeller fonksiyonellik ¢ercevesinde mekanik
ve elektriksel 6zellikler yoniinden incelenmekle birlikte calismalar ¢ogunlukla siiperhidrofobisite 6zelligi
iizerinde durmamistir. Bu nedenle elektrospining yontemi ile PVDF ve CNT kullanilarak siiperhidrofobik
yiizey gelistirilmesi bilimsel aragtirma potansiyeli olan bir konu olmaktadir.
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Sonug olarak 3B baski yontemlerinin kullanildig: siiperhidrofobik yiizey imalatinda her ne kadar islem
adimlarinin azaltilmas1 6nemli bir faktor olarak ele alinsa da, 3B baski yontemlerinin giinimiizdeki
teknolojik seviyesi bakimindan bu her zaman miimkiin goriinmemektedir. Analitik bir yaklagimla,
biomimetik ylizey secimi—biomimetik modelin 3B polyjet teknolojisi ile imal edilmesi—nanokompozit
malzeme gelistirilmesi—elektrospinning yontemiyle gelistirilen nanokompozit malzemenin yiizeye
kaplanmas: teknikler biitiinii gergeklestirilebilme potansiyeli olan bir yontemdir.

Biomimetik yaklagim temelli bir morofolojinin modele aktarilmasi, modelin 3B baski teknolojisi
kullanilarak imalati, elektrospining iglemiyle siiperhidrofobik yiizey imal etme amaglh olarak nadiren
arastirilmis polimer malzeme ve nano malzeme karigimiyla bir nanokompozit kaplama malzemesi
gelistirilerek modelin kaplanmasi ve karigimdaki nanomalzeme oraninin siiperhidrofobisite tizerindeki
etkisinin arastirilmasi bilimsel 6zgilin deger olusturacaktir.
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KISALTMALAR (ABBREVIATIONS)

2PP Iki fotonla polimerizasyon
3B Ug boyutlu

BADGE Bisfenol A diglisidil eter
CA Temas agisi

CAH Temas agis1 karmasasi
CNT Karbon nanotiip

DLP Dijital 151k isleme

DMACc Dimetilasetamid

DMF Dimetilformamid

FAS Floroalkilsilan

FDM Eriyik biriktirme yontemi
MWCNT Cok duvarli karbon nanotiip
OTS Oktadesiltriklorosilan

PANI Polianilin

PCL Poli(e-kaprolakton)

PDMS Polidimetilsiloksan
PEGDA Poli(etilen glikol) diakrilat
PFA Perfloro alkoksi

PFPE Perfloroeter

PLA Polilaktik asit

PMMA Polimetilmetakrilat

POSS Polihedral oligomerik silseskuiokzan
POTS 1H, 1H, 2H, 2H-perflorodesiltrietoksilan

PS Polistren
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PTFE Politetrafloroetilen

PVA Polivinil alkol

PVDF Poliviniliden floriir

SA Kayma agis1

SLA Stereolitografi

TBAC Tetrabiitil amonyum kloriir

TPO Difenil (2, 4, 6-trimetil benzoil) fosfin oksit
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In this study, the maximum loading levels of each bus in IEEE 14 bus system are determined by
changing the load values in the system. Line loading levels, bus voltages and generator loading
parameters were used to determine the maximum loading level.
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Figure A. The effect of the increase in the loading values (Load_0006) connected to Bus 6
(Bus_0006) on system parameters, a: Line loading rates, b: Bus voltage values, c: Generator
loading rates

Purpose: In this study, the effects of newly connected loads to the power systems were
investigated by considering the line loading levels, bus voltages and generator loading
parameters. The main aim is to determine the maximum loading values of each bus.

Theory and Methods: A Python code sequence is used to change the value of the loads. In this
concept, the standard values of the loads defined in the IEEE 14 bus system are taken from the
model in the DIgSILENT PowerFactory program. Thereafter, the code sequence increases the
values of all loads step by step. The value of the load is increased by 5 MW in each step. Also, it
is tested whether the bus voltage value, line loading ratio and generator loading ratio are within
the limits. When one of the considered parameters is out of the desired limits, the simulation is
stopped and the data are recorded.

Results: As a result of the simulation studies the maximum loading value for each bus has been
determined. Each newly added load affects the three considered parameters. The results show that
adding new loads more affects the voltage drop in some buses, while it affects generator and line
loading in some buses.

Conclusion: This paper presents the determination of the maximum loading levels of each bus in
IEEE 14 bus system to use in the planning process of power systems. Since the load values affect
the bus voltages, line loading ratio and generator loading ratio, these three parameters are
considered as the limitations in simulation studies. The maximum loading value of each bus is
determined by simulation studies.
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The generators in power systems are operated at maximum capacity to use energy sources
efficiently. Therefore, the fluctuations in power systems may cause stability problems in terms of
rotor angle, voltage and frequency. Especially, new loads are added to power systems when
planning to install new industrial or residential areas. In this study, the maximum loading level of
IEEE 14 bus system is determined by changing the load values in the system. Line loading levels,
bus voltages and generator loading parameters are used in determining the maximum loading
level. The system is simulated in DIgSILENT PowerFactory software. The value of a load is
increased step by step until exceeds the limits of line loading. The load value is increased by using
Python script which works interactively with the DIgSILENT PowerFactory. Similarly, the same
analyzes are repeated for bus voltages and generator loading. The maximum loading level is
determined depending on the load value which causes exceeds the line loading level, bus voltage
limit, or loading limit of generators. Thus, the attainable maximum loading level of the IEEE 14
bus system is achieved by considering three parameters that affect the voltage stability.
Simulation results show that the restrictive parameter for loading is dependent on the place of
new loads in the power system.

IEEE 14 Bara Sistemine Baglanabilecek Maksimum Yiik
Seviyelerinin Belirlenmesi

Oz

Glig sistemlerindeki generatorler, enerji kaynaklarini verimli kullanmak i¢in maksimum
kapasitede calistirilir. Bu nedenle, gii¢ sistemlerindeki dalgalanmalar rotor agisi, gerilim ve
frekans agisindan kararhilik sorunlarima neden olmaktadir. Ozellikle yeni endiistriyel veya
yerlesim alanlarinin kurulmasi planlanirken gii¢ sistemlerine yeni yiikler eklenir. Bu ¢alismada,
sistemdeki yiik degerleri degistirilerek IEEE 14 bara sisteminin maksimum yiik seviyesi
belirlenmistir. Maksimum yiiklenme seviyesinin belirlenmesinde hat yiiklenme seviyeleri, bara
gerilimleri ve generatdr yiiklenme parametreleri kullanilmigtir. Sistem benzetimi DIgSILENT
PowerFactory yaziliminda yapilmustir. Bir yiikiin degeri, hat yiiklenme limitlerini asincaya kadar
adim adim artirilmistir. Yiik degeri, DISILENT PowerFactory ile etkilesimli ¢alisan Python kod
dizimi kullanilarak artirilmistir. Benzer sekilde bara gerilimleri ve generator yiikklenmeleri i¢in de
aynt analizler tekrarlanmistir. Maksimum yiiklenme seviyesi, hat yiiklenme seviyeleri, bara
gerilimleri veya generatdr yiiklenmesinin maksimum sinirini asan yiik degerine bagl olarak
belirlenmistir. Boylece, IEEE 14 bara sisteminin ulasilabilecek maksimum yiiklenme seviyeleri,
gerilim kararlihigini etkileyen ii¢ parametre dikkate alinarak elde edilmistir. Simiilasyon
sonuglari, yiiklenme i¢in kisitlayici parametrenin, gii¢ sistemindeki yeni yiiklerin yerine bagl
oldugunu gostermektedir.

1. GIRiS (INTRODUCTION)

Gunimiiz gii¢ sistemleri, yiik artis1 ve iletim hatt1 kapasitesinin maksimum verimde kullanilmasi nedeniyle
mevcut sinirlara daha yakin ¢alismaktadir. Gii¢ sisteminin bu kosullarda ¢alistirilmasi, sebekenin gerilim
kararlihigini tehlikeye atabilir ve gerilim diismelerine neden olabilir [1]. Gerilim kararliligi, normal
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kosullarda g¢aligan bir gii¢ sisteminin bir bozulma meydana geldikten sonra tiim baralarda kabul edilebilir
seviyelerde gerilimleri siirdiirme yetenegidir [2]. Diinya genelinde elektrik gii¢c sistemlerindeki yiik ile
birlikte iiretim ihtiyacin artmasi; mevcut sistemlerin isletmesi ve yeni sistemlerin planlanmasinda ¢ok yonlii
analizlerin yapilmasini zorunlu kilmaktadir. Gii¢ sistemleri, degisken parametrelerde calisan dogrusal
olmayan sistemlerdir. Sistemde bulunan tiiretim birimleri ve yliklerin devreye alinip ¢ikarilmasina bagh
olarak sistem parametreleri degiskenlik gosterir. Bu nedenle, lineer olmayan, zamana bagli olarak degisen
yiikk miktar1 gii¢ sistemlerinin isletilmesinde ve gerilim kararliligini analiz etmede 6nemli bir Olgiit
olmaktadir. Bu sebeple bir sisteminin yanlis planlanmasi ve analizi sistemde kararsizliklara yol
acabilmektedir. Meydana gelen gerilim kararsizlig1 ile gii¢ sistemlerinde kesintiler ve bu kesintilerden
meydana gelen ekonomik kayiplar olmaktadir [3]. Gii¢ sistemlerinin analizi i¢in kullanmilan klasik
hesaplamalar yerini giiniimiizde teknolojik gelismelerde bagli olarak yazilimlar ve benzetim programlar
kullanimi almustir. Ozellikle, giic sistemleri iizerine yapilan calismalar incelendiginde yiik akist
analizlerinde niimerik yontemlerin kullanilmasi dikkat cekmektedir [4].

Bir gii¢ sisteminin kararliliginin incelenmesinde sistemin kabul edilebilir ¢aligma sartlari altinda bulunmas,
en yiiksek verimlilikte ¢aligmasi ve herhangi bir bozucu etki olmasi durumunda yeniden dengeli, kararli
duruma gelebilmesi degerlendirilir. Bu inceleme ve degerlendirmelerin gerceklestirilmesi i¢in IEEE
tarafindan belirlenen standartlara uygun olarak yapilmasi gerekmektedir. Bu standartlar, elektrik
sebekesinin yiik dengesizligi, yiik akisi, enerji akisi, gii¢ kalitesi, hat yiiklenme orani, gerilim dalgalanmasi
vb. parametrelerinin teorik olarak olmasi gereken alt ve {ist limitlerini tayin etmektedir. Gii¢ sistemlerinde
referans olarak alinan IEEE bara sistemleri, kiiresel teknolojilerin ihtiyag¢larini karsilar, gelistirir ve ilerletir.
Boylece, genis bir teknoloji yelpazesinde endiistri standartlarinin islevselligini, yeteneklerini, glivenligini
ve birlikte calisabilirligini yonlendirerek sistemlerin kararli ve uyum i¢inde ¢alismasini saglar. Minimum
giivenlik marjinin degerlendirilmesi i¢in gilic sistemi maksimum yiikleme kosulunun hesaplanmasi
gereklidir. Minimum giivenlik marj1, sistem operatorleri tarafindan gii¢ sistemi giivenligini stirdiirmek igin
diizeltici eylemler saglamak {izere uygulanan temel bir kriterdir [5].

Gili¢ sistemlerine entegre edilen yenilenebilir enerji ve diger tiretim kaynaklarindan dolay1 gii¢ akis1 ve
gerilim profilleri 6nemli 6l¢lide degisiklik gostermektedir. Bu durum gerilim kararlilig1 problemlerine yol
a¢cmaktadir [6]-[8]. Gii¢ sistemlerinde maksimum yiikleme durumunun degerlendirilmesi igin iki temel
yaklasim vardir. Bunlar dogrudan yontemler ve dolayli yontemleridir [9]. Gilig sisteminin lineer dinamik
model analizi ile birlikte gii¢ akis hesaplamalar1 da yaygin olarak uygulanmaktadir [9], [10]. Dolayl
yontemlerde giic akis hesaplamalar1 gerilim kararliligi i¢in yaygin kullanilmakla birlikte dinamik
sistemlerde hesaplamalar oldukga fazladir [11]. IEEE’nin farkli sayilarda bara test sistemleri i¢in Gauss-
Seidel ve Newton-Raphson metotlarin1 gerilim genlikleri ve a¢1 degerleri géz oniinde bulundurularak
yapilmistir [12]. Buna benzer diger ¢aligmalarda genel olarak farkli metotlar, bu metotlarin iterasyon
stireleri ve sayilari karsilagtirtlmustir [13]. Gerilim kararliligini degerlendirmek i¢in baska bir yaklagim, bir
bara veya hatta bagli bulunulan donanimlarla gerilim kararlilik indeksini belirlemektir. Gerilim kararlilik
indeksleri, sistem baralarinin ¢alisma esnasinda davranisi hakkinda bilgi saglar [14].

Yapilan literatiir arasgtirmalar1 sonucunda, gii¢ sistemlerinde herhangi bir bozucu etki veya degisiklik
meydana geldiginde sistem kararlili§inin etkilendigi tespit edilmistir. Literatiirde mevcut ¢aligmalarda 6zel
senaryolar kullanilarak tek yiiklenme durumu i¢in sonuglar elde edilmistir. Bu makalede, IEEE 14 bara
sisteminin gerilim kararlilig, {iretim kapasitesi ve hat yiiklenme kapasiteleri g6z 6niinde bulundurularak
maksimum yiikleme degerleri belirlenmistir. Benzetim ortaminda olusturulan model ile mevcut yiiklerin
degeri adim adim artirilarak etkileri gézlemlenmistir. Benzetim ¢aligmalar1 sonucunda elde edilen sonuglar
tizerinden hangi bara veya hattin yiliklenmelerden olumsuz etkilendigi veya smirlarin disina ¢iktigi
bulunmustur. Literatiirde mevcut ¢calismalardan farkli olarak, IEEE 14 bara sisteminde yer alan tiim yiikler
icin aym testler yapilmis ve olabilecek maksimum seviyeleri tespit edilmistir. Boylece, bolgesel olarak
eklenecek yiiklerin sistem kararliligini nasil etkileyecegi {izerine bir 6n ¢alisma yapilmustir.

Makalenin ikinci bdliimiinde gii¢ sistemlerinin kararlilik unsurlari ve bunlarin tespitinde kullanilan analiz
yontemleri agiklanmustir. Ugiincii béliimde ise yiik akisinin analizi yiik akis analizi yontemleri, bara tiirleri
ve IEEE 14 bara sistemi hakkinda bilgiler verilmistir. Benzetim g¢alismalarindan elde edilen sonuglarin
verildigi dordiincii boliimde, sistem kararliliginin yiik degisimlerinden nasil etkilendigi elde edilen veriler
kullanilarak ac¢iklanmustir.

2. SISTEM KARARLILIGI UNSURLARI VE ANALiZ YONTEMLERIi(SYSTEM STABILITY
ELEMENTS AND ANALYSIS METHODS)
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Gig sistemlerinin siirekliligi ve degisen calisma kosullar1 altinda gii¢ akigini diizenli bir sekilde siirdiirmesi
genel bir kararlilik ifadesi olarak belirtilebilir. Bu sistemlerde gerilim kararliligi esas problem olsa da
gercek sistemlerde farkli bir¢ok problem meydana gelmektedir. Genis bir alanda diisiiniilecek olursa gii¢
sistemlerinin kararsizligi farkli sebeplerden ve bunlarin etkisiyle genis alanlarda daha farkli bozucu etkiler
ortaya ¢cikmaktadir. Gii¢ sistemlerinde kararlilik siniflandirilip alt bagliklara Sekil 2.1°deki gibi ayrilabilir

(1], [2].

Giig Sistem Kararliligi

‘ Frekans ‘

Rotor Agisi Kararlihgi Kararlih

Gerilim Kararhlig

Buylik Bozucu Etki
Gerilim Kararliligi

Kuguik Bozucu Etki

Biiyiik Bozucu Etki Gerilim Kararliligi

Kuiguk Bozucu Etki

Sekil 1. Gii¢ sistem kararlihig sumiflandirmasi

Rotor A¢1 Kararlih@i: Birbirine bagli sistemlerde (enterkonnekte) generatorlerin, herhangi bir bozucu
etki sonrasinda senkronizasyonda kalabilme becerileridir [1].

Frekans Kararhhig: Uretilen giic ve sistemdeki yiiklerin giicii arasinda dengesizlik meydana gelmesi
durumunda, gii¢ sisteminin mevcut frekansi sabit tutabilmesidir. Cogu zaman frekans kararlilig1 sorunlari,
koruma ve kontrol donanimlarinin zamaninda tepki verememesi veya yeteri kadar iretim
yapilamamasindan olusmaktadir.

Gerilim Kararhih@i: Bu kararhilik giic sistemlerde planlanma yapilirken ve sonrasinda igletilmesi
esnasinda dikkat edilmesi gereken en onemli unsurlardandir. Bu kararlilik bir sisteminin yiik talebi ile
orantili olarak gii¢ sisteminde iiretilen giic ve yiik merkezlerine ulastirilan giic dengelerinin saglanmasi
durumudur. Mevcut gii¢ sistemlerine siirekli olarak yeni ve farkli degerdeki yiikler ve bu yiikleri
karsilayabilecek iiretecler ilave edilmektedir. Buna bagli olarak gii¢ sistemlerinin ¢alisma sartlar siirekli
degismektedir. Sisteme dahil olan yeni iiretim birimleri ve yiiklere ragmen giic sistemindeki gerilim
diistimii veya yiikselmesi referans alinan simir degerleri arasinda kaliyorsa gerilim kararlilig
saglanmaktadir. Sistemde bulunan bilesenlerin (bara, generatorler, iletim hatlari, trafolar, yiikler vb.) bazi
durumlarda devre dis1 olmasi, yiikklenmedeki artma ile ya da bunlardan farkli olarak gerilim kontroliiniin
yeterli olmayisiyla gerilim diisiimii meydana gelirse sistem kararsiz duruma gececektir. Baralarda ihtiyag
duyulan yiik degerindeki artis zamanla degismektedir. Bu degiskenlikte yiik artisina bagli olarak da bara
gerilimi diisme egilimi gosterir. Baralardaki gerilim degerinin yiik artisina bagh olarak belli bir degerin
altina diigmemesi sistemin kararli caligmasi agisindan biiylik nem arz etmektedir. Bu deger bara gerilimin
alt sinir kritik degeridir. Bu kritik degerin asilmasi durumunda sistemde bazi bolgelerin, iletim hatlarinin
asir1 yiiklenmesi, tiretimin yetersiz kalmasi, sistemde bazi elemanlarin devre dis1 kalmasi gibi durumlar
yasanir. Bu karasizlik ¢cogu zaman agir1 yiiklenen, yeterli reaktif giice sahip olmayan sistemlerde meydana
gelmektedir.

Gig sistemlerinde gerilim kararliligina etki eden faktorler, yiik talebinin artmasi, iletim hatlarinin kapasitesi
ve tretilen gili¢ degerleri olarak siralanabilir. Gii¢ sisteminde kararlilik analizlerinin yapilabilmesi i¢in
kararliliga etki edebilecek degiskenlerin her birinin dikkate alinmas1 gerekmektedir. Gerilim kararsizliginin
oldugu sistemlerde sorunun kaynagi genel olarak baralara asir1 yiiklerin baglanmasi, sistemde iiretim yapan
generatorlerin yetersiz kalmast ve tasima hatlarinin kapasitesinden fazla yiiklenmesidir. Gerilim
kararliligini etkileyen ve sistemin kararsizliga diigmesine sebep olan diger faktorler:

1. Sistemde iiretilen giiclin, yik talebine karsilik verememesi,

2. Uretim merkezleri ile yiik birimleri arasindaki mesafelerin fazla olmasi,
3. Gerilimin diigmesi durumunda trafolarda kademelerin degismesi,

4. Kontrol mekanizmalarinin diizgiin ¢alismamasi,

5. Yetersiz reaktif yiik dengelemesi
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olarak siralanabilir. Birinci, maddede belirtilen sebeplerden dolay1 gii¢ talebi karsilanmadiginda asin
yiiklenmeden kaynakli enerji kaynaklarinda gerilim azalmalar1t meydana gelmektedir. Dolayisiyla giic
sisteminin gerilimi de azalmaktadir. Ayrica ekonomik sebeplerden dolayi, enerji sistemleri maksimum
yiiklenebilirlik sinirlarinda veya yakin degerlerde isletilmektedirler ve her zaman yeni kaynak eklemek
miimkiin olmamaktadir. Bunun bir sonucu olarak, sistemde kararsizlik meydana gelmektedir. Bu makalede
yapilan analizler 14 Barali bir gii¢ sisteminin gerilim kararlilig1 agisindan yapilmstir. Boylelikle sistemde
iretilen gii¢ ve yiik talebi dengesi incelenmistir.

2.1. Gerilim Kararhihgi Analizlerinde Kullamlan Metotlar (Methods Used in Stress Stability
Analysis)

Gerilim kararlilig1 dinamik bir olaydir. Bunun yaninda bir¢ok uygulamada siirekli hal ¢aligma analizleri
kullanilmaktadir. Siirekli hal gerilim kararligi incelemelerinde, yiik akis1 denklemleri gii¢ sistemlerini
aciklamak amaci ile kullanilir. Literatiirde farkli gerilim kararliligi analiz yontemleri bulunmakla beraber,
bu calismalarda bazi yontemler kullanilarak gerilim kararliligi igin kritik degerlere dogrudan ulagmus,
bazilar1 ise deger olarak degil yaklasimsal olarak referans noktalarmma ulagmistir. Tablo 1°de gerilim
kararlilik analizlerinde kullanilan statik yontemler gosterilmistir [15].

Tablo 1. Gerilim kararlilik analizi uygulamalarinda statik yontem ¢egitleri ve kullanim amaglart [15)

Metot/Y ontem Kullanim amaci

Yiik akisi analizi | Yiik akis analizi ile gii¢ sistemlerinde bulunan biitlin baralarin gerilim ac1 degerleri,
gerilim genlik degerleri, iletim hatlarinda akan aktif giicleri ve reaktif giicleri,
ayrica hatlar iizerindeki meydana gelen kayiplar bulunabilir.

P-V Egrileri Giig sistemlerinde meydana gelen/gelebilecek gerilim ¢okmesi olaylarinin tespit
Q-V Egrileri edilmesinde ve bu gerilim ¢6kme noktasindan 6nce baralar arasinda iletilen
maksimum giiciin hesaplanmas igin kullanilmaktadir. Ihtiya¢ duyulan
kompanzasyon sistemlerinin hesaplanmasinda ve sistem {izerine etkilerinin
incelenmesinde kullanilir.

Siirekli yiik akig1 | Siirekli yiik akis analizi gii¢ sistemlerinde isletme noktalarinin belirlenmesidir.

analizi Siirekli yiik akisinda ¢6ziim bu igletme noktalarinin olusturdugu dizidir. Yiik akisi
tekniginde tahmin diizeltme basamagi esas alinmustir.

L indisi Gii¢ sisteminin gerilim kararlilig1 ve kararsizlik kritik degerine olan yakinlig1
incelenmektedir.

Catallasma Yiik artisryla sistemin denge noktalarinin ¢atallagmasi ile gii¢ sisteminde

analizi kararliligin kaybolmasi durumlarini inceler.

Bara indirgeme | Bara indirgeme analizi ile ayrik yiik akisi yapilir ve tiim baralar i¢in gerilim ve gii¢

analizi degerleri tanimlanir. Bunun i¢in generatorlerin reaktif gli¢ sinirlar1 géz 6niinde

bulundurulur.

2.1.1. Yiik Akis Analizi (Load Flow Analysis)

Bir gii¢ sisteminde yapilan yiik akis analizi ile sistemin o andaki genel durumu incelenir. Yiik akist analizi
sonucunda sistemde bulunan tim baralarin gerilim genlik degerleri ve gerilim ac1 degerleri, baralar
arasindaki iletim hatlar1 iizerinden akan aktif ve reaktif gii¢ler ile birlikte hatlar tizerindeki kayiplar
belirlenebilmektedir. Bu analize bazi kabuller yapilarak baslanir. Buna kabuller;

1. Giig sistemindeki generatorler ihtiyag tiim yiikleri ve hatlarda meydana gelen kayiplari karsilar.
2. Stuirekli hal kosullar1 altinda ¢alisan gii¢ sistemi ti¢ fazli ve dengeli yiikklenmistir.

Burada kullanilan gii¢ ifadeleri dogrusal olmayan esitliklerdir ve bu yiizden esitliklerin ¢6ziimiinde en fazla
iki yaklasim kullanilmaktadir. Bu yaklasimdan ilki Gauss-Seidel, ikincis ise Newton Raphson
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algoritmalaridir. Newton Raphson algoritmasina gore akis denklemlerini ¢ikartabilmek i¢in bara sayist i

olan 6rnek bir gii¢ sistemi Sekil 2’de verilmistir.
V.’

Yin I

Sekil 2. i adet baraya sahip drnek bir giic sistemi

Kirshoff akimlar kanununa gére baraya giren akimlar yazilirsa;

L=yiVityulVi=V) +y,(Vi=V2) + ... + yin (Vi = Vp)

seklinde olur. Burada admitans degerleri,

Yii=Yiot+ Y+ Vit ...+ Yin

Yiio = —yia
Yi2 = —Yiz
Yin = —Yin

olarak elde edilir. Akim degerini asagidaki denklemlerle buluruz.
I =YVi + Yy + Y Vot Yy
veya

I =YV + Y=o YV
k=1

i. baradan hatta verilen aktif ve reaktif giicler yazilirsa

P = Q; =Vil;
I = Pi;'J*Qi
L

Denklem 7 ve denklem 8 birlestirildiginde

Pi-j0;
Ii = YyVi + Zk=o YueVie = =5
k#1 t

Bu esitlikten de baraya ait gerilim degeri bulunmaktadir.
1 [Pi—jo;
Vi=—|-" = 2k=0 Yika]
Vil Vi k=1

Denklem 8’den verilen giigler bulunursa asagidaki esitlik elde edilecektir.

1)
)
®3)
(4)
(6)
(6)

(7)

(8)

9)

(10)

P —jQ; = |Vi|*IY;;lcosOy; + jIV;|?|Yyi|sin®y + Tk=olYie| 1VilIVi|cos (B + 8 — 6;) +

k%1
J Xk=olYue Vil Vi |sin(0y + 6, — 687)

k+1

Bu denklemlerde

Yi = |Y;l£0; Yie = |Yi| 48y Vi = Vil£8;, V" = |Vi|l£=8;,

(11)

Vie = Vi | 28k
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Reel ve sanal kisimlar ayrildiginda gii¢ sisteminde baraya giren veya ¢ikan aktif giicler ve reaktif giicler
elde edilmis olur [16].

P; = Y=Yl IVillVilcos(Oy + 6 — 6;) (12)
Q; = — Xk=1lYu| Vil |Vi|sin(Oy + 6 — &) (13)

Bu denklemler kullanilarak tim giigler bulunup, ayni1 zamanda sistemdeki kayiplarda hesaplanabilir.

2.1.2. P-V Egrileri (P-V Curves)

Gig sistemlerinde fazla yiiklenme durumuna gecildiginde veya generator tiretim kapasitesi azaldiginda bu
bir kararlilik sorununu birlikte getirecektir. Sabit bir gii¢ katsayisi altinda hat bas1 gerilimi belirli bir degerde
sabit tutulmak sartiyla, hat sonunda yiik barasina bagl yiik ile baradan ¢ekilen aktif gii¢c degeri kademeli
olarak artirilir. Bu sekilde hat sonundaki yiik barasinin gerilim genlik degerinin degisimi gézlemlenir. Bu
yontemle gii¢ sisteminde P-V egrilerini elde edilmektedir. Sistemin kritik degerlerinden olan yiik barasinin
aktif giicti ve gerilim genlik degeri bulunur. Sekil 3’de tek generatérlii bir yiik barast modeli goriinmektedir.

Ey4d V26 V0

Sekil 3. Tek generatorlii yiik barasi esdeger devresi

Sekil 3’te yer alan esdeger devrede, girig barasinin gerilim degeri (Eg), ¢ikis barasinda P aktif gii¢ degerine
sahip bir yiik ve hattin toplam seri reaktansi (X = X, + X;) goriilmektedir. Ayrica sont kapasitorii Bc ile
ifade edilmistir. Bu esdeger devreden giris giicii ve yiik gerilimi sirasiyla,

_ E§sin2§ _

= xmm 1 (14)
_ Egcosé

" (1-BcX) (15)

ile hesaplanabilir. B¢ nin olmadigi ve 0.2 oldugu durumlar i¢in bir P-V grafigi Sekil 4’te goriilmektedir.
Burada Eq=1.0 pu ve X=0.5 pu kabul edilmektedir. P=P, sabit bir yiik giicti i¢in V1 ve V. gerilimleri
uygulanmustir. Literatiirde, genellikle yiiksek voltajli ¢6ziim V’in kararli oldugu, diisiik voltajli ¢6ziim ise
Vo’nin kararsiz oldugunu belirtilir. Bu ifade, sistem dinamiklerine dayali bir agiklama gerektirir. P-V
egrisinin (B-C) alt kisminin kararsiz oldugunu sdylemek yanlis olur. Gergekte, B-C bolgesi “giic
kontrolsiizliigiine” karsilik gelir ve maksimum yiiklenebilirlik B noktas1 tarafindan belirlenir. Gii¢
sisteminde yiik barasinin aktif gii¢ degeri (B noktasi), diizenli olarak kademeli bir sekilde artirilmasiyla
belirlenir. Bu nokta sistemin maksimum yiiklenebilirlik seviyesini ifade etmektedir.
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1-2 T T

"Be=0.0

Voltage (pu)
S S
=) o]

=
=

0.2

P=Py

0 0.2 04 0.6 0.8 1 1.2
Power (pu)

Sekil 4. P-V grafigi

Bu makalede, Sekil 4’teki P-V grafigi géz oniinde bulundurularak maksimum yiiklenme oranlari her bir
gii¢ barasi i¢in ayr1 ayr1 degerlendirilmistir. Bdylece, sistemin bara yiik degerlerine bagli olarak maksimum
calisma kapasiteleri tespit edilmistir.

3. YUK AKIS ANALIZi VE IEEE 14 BARA SiSTEMI (LOAD FLOW ANALYSIS AND IEEE 14
BUS SYSTEM)

Gii¢ akig1 hesaplamasi, tiim baralardaki gerilim genligini, agisini ve tiim kollardaki gii¢ akisini hesaplamak
i¢in elektrik gii¢ sisteminin kararli durum analizidir. Yiik akis analizi, farkli ¢alisma kosullar1 ve ekipman
konfiglirasyonu altinda gii¢ sistemlerinin planlanmasi, tasarimi ve galistirilmasi siirecinde 6nemli bir
aractir. Yiik akist hesaplamalarina dayanarak;

i.  Hat yiiklenmeleri ve kayiplari
ii.  Generator yiiklenmeleri
iii.  Baragerilim distimleri
iv.  Iki veya daha fazla sebeke arasindaki gii¢ alisverisi,
v.  Bara ve generatorlerin kararli ¢aligma araligi

gibi farkli sonuglar tahmin edilebilir. Yiik akisi sonuglart genellikle, RMS simiilasyonu ve harmonik analizi
gibi diger hesaplamalar igin baslangi¢c durumu olarak gereklidir; ayrica beklenmedik durum ve giivenilirlik
analizi i¢in ¢oklu yiik akis1 hesaplamasi gereklidir. Giig sistemi lizerinde yapilacak bu analizler igin baralar
en kritik noktalar olarak tanimlanabilir. Clinkii lireteglerde tretilen gili¢ler veya yiikler baralar lizerinde
birlestirilmektedir.

3.1.Bara Tipleri (Busbar Types)

Bir gii¢ sisteminin analiz etmek i¢in ag baralari ii¢ tipe ayrilarak bilinmeyen degiskenlerin sayis1 denklem
sayisina indirgenmistir. Bunlar, Yiik baralar1 (PQ bara), Uretim baralar1 (PV bara) ve Salinim/Gevsek bara
(SL bara) olarak adlandirilir. Bu baralarla ilgili bilinen ve bilinmeyen parametreler Tablo 2’de
tanimlanmigtir. Salinim barasi (SL), gerilim biiyiikliigii ve agisinin belirlenen degerde sabit tutuldugu
baralardir. Ayni zamanda gevsek bara olarak da adlandirilir. Salinim barasinin agisi, sebekede bir referans
agis1 gorevi goriir.

Gerilim biiyiikliigliniin kontrol edildigi veya sabit tutuldugu bara iiretim barasi veya generator barasi (PV)
olarak adlandirilir. Generatdr barasinda sadece aktif gii¢ ve gerilim biiyiikliigii bilinen miktar olarak verilir;
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bdylece gerilim agis1 ve reaktif gii¢ i¢in gili¢ denklemi ¢oziiliir. Aktif gii¢ liretimi yapan bir enerji kaynagina
bagli bara genellikle PV bara olarak tanimlanir.

Gerilim biiyiikliigii ve a¢isinin kontrol edilmedigi veya tanimsiz oldugu tiim baralara yiik barasi (PQ bara)
denir. Yiik barasina enjekte edilecek veya tiiketilecek olan sabit gii¢ verilir; bilinmeyen miktarda gerilim
biiyiikliigii ve agis1 daha sonra hesaplanir.

Tablo 2. Bara tipleri ve ilgili parametreler

Bara Tipi Bilinen Parametreler Bilinmeyen Parametreler

Salimim Baras1 /Gevsek Bara (Slack | U, o (Gerilim ve faz acis1) | P, Q (Aktif ve reaktif giic)

Bus)

Uretim Baras1 (Genarator Bus) P, U (Gerilim ve aktif | Q, 8 (Reaktif gii¢ ve faz agis1)
gii¢)

Yiik Baras1 (Load Bus) P, Q (Aktif ve reaktif gii¢c) | U, & (Gerilim ve faz agis1)

Tanimlarindan anlagilacagi lizere baralarda giic akisinin hesaplanmasi ve analiz edilmesi en Onemli
unsurdur. Gii¢ akist Denklemleri (12) ve (13) dogrusal olmayan fonksiyonlardir; bu nedenle, ¢6ziimii
bulmak i¢in sayisal yineleme yontemi gereklidir. Dogrusal olmayan denklemi ¢6zmek igin farkli yontemler
mevcuttur, ancak yiik akis1 hesaplamasi benzetim ortaminda DIgSILENT PowerFactory programinda, yiik
akist ¢Ozlimiinii hesaplamak i¢in Newton—Raphson yontemi kullanilmaktadir. Boylece gii¢ sistemi
tizerindeki hat yiiklenmeleri, generator yiiklenmeleri, bara gerilim degerleri diismeleri ve yiiklenmeleri
goriilmektedir.

Bu calismada, giic akiginin yiiklerin degerine bagli olarak incelenmesi i¢in bir Python kod dizimi
kullanilmistir. Kod dizimine ait akis diyagrami Sekil 5’te verilmistir. Oncelikle, IEEE 14 bara sisteminde
tammli yiiklerin standart degerleri DIgSILENT PowerFactory programinda yer alan modelden
almmaktadir. Tim yliiklerin (Bkz. Tablo 5) degerlerini sirayla artirmak i¢in yazilim ilk dongiiye
girmektedir. Devaminda, yiik degerini artirmadan Once standart deger P, ., degiskenine atanarak
baslangig yiiklenme seviyesi belirlenmektedir. ikinci déngiide ise yiikiin degeri 5’er MW artirilmaktadar.
Y1k degerinin her artig1 i¢in bara gerilim degeri (Vpara no), hat yiiklenme orani (LoadingLine no) ve generator
yiiklenme (Loadingcen no) oranlarinin sinirlarin igerisinde olup olmadigi sinanmaktadir. Esik degerin digina
¢ikan bir parametre oldugunda sonraki yiik i¢in ayn1 iglemler yapilmak iizere kod dizimi ilk dongiiye gegis
yapmaktadir. Boylece, tiim yiikler i¢in kritik seviyeler belirlenmektedir.
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Orijinal Yik
Parametrelerini Getir

v

Dongii
Yiik no=1:11

v

Py‘uk no — l:)orj

v

Dongii
i=1:100

v

Pyiik no = Py[ik ,no+5(Mw)

v

Dongii
Bara no=1:14

Dongii
Line no=1:16

Loadingyine no>100

Eger
Yik no=14

Sekil 5. Python kod dizimi akig semast

Hay1r
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3.2.IEEE 14 Bara Sistem Modeli ve Ozellikleri (IEEE 14 Busbar System Model and Features)

Bu calismada, IEEE 14 bara sistemine ek yiikler dahil edilerek maksimum yiiklenme kapasiteleri
belirlenmistir. IEEE 14 bara sistem modeli Sekil 6’da verilmistir. IEEE 14 barali standart test sisteminde 5
baraya generatér baglanarak iiretim (PV) ve diger 9 baraya yiik baglanarak yiik (PQ) barasi olarak
belirlenmistir. Ayrica IEEE 14 baral1 gii¢ sisteminde toplam 16 hat bulunmaktadir.

@ GENERATOR

Load_0013

Load_0014

Bus_0013
—_— Bus_0014
BARA Load_0012 |
—» YUK
Bus_0012 Bus_001i__  Lead 0010
Load_0009
oo
=
Load_0006 =
Gen_0001 -
Bus_0006 7 Bus 0008 ©
Gen_0006 | : : — Bus_0004 -
Load_0005 Bus_0005 Load_0004
UG SARGILI
TRANSFORMATOR
ESDEGERI
3
Load_0002
7
’ Gen_0002 Bus_0003
4 L
Load_0002
Gen_0003

Sekil 6. IEEE 14 Barali test sistemi

Bara sisteminin standart degerleri asagidaki tablolarda sunulmustur. Tablo 3’te IEEE 14 bara gli¢ sistemine
ait baralarin parametre degerlerini, Tablo 4’te gii¢ sisteminin hat parametre degerlerini, Tablo 5’te gii¢
sisteminin yiikk parametre degerlerini, Tablo 6’da gii¢ sisteminde yer alan generator baralarinin
parametreleri verilmistir.

Tablo 3. IEEE 14 bara parametreleri

Bara | Bara Bara Bara Bara Bara | Barageriliminin | Bara geriliminin
No tipi aktif reaktif gerilim gerilim iist esik degeri alt esik degeri
giici giicii genligi agis1 (pu) (pu)
(MW) | (Mvar) (pu)
1 SB 0 0 1.06 0 1.06 0.94
2 PV 21.7 12.7 1.04 -4.98 1.06 0.94
3 PV 94.2 19 1.01 -12.7 1.06 0.94
4 PQ 47.8 -39 1.01 -10.3 1.06 0.94
5 PQ 7.6 1.6 1.02 -8.78 1.06 0.94
6 PV 11.2 7.5 1.07 -14.2 1.06 0.94
7 PQ 0 0 1.06 -13.4 1.06 0.94
8 PV 0 0 1.09 -13.4 1.06 0.94
9 PQ 29.5 16.6 1.05 -14.9 1.06 0.94
10 PQ 9 5.8 1.05 -15.1 1.06 0.94
11 PQ 35 1.8 1.05 -14.8 1.06 0.94
12 PQ 6.1 16 1.05 -15.1 1.06 0.94
13 PQ 135 5.8 1.05 -15.2 1.06 0.94
14 PQ 14.9 5 1.03 -16 1.06 0.94
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Tablo 4. IEEE 14 bara hat bilgileri

Hat no
Hat adx Hat basi bara Hat sonu bara R X Z
o o (m/m) (mQ/m) (mQ/m)
Line_0001 0002/1 1 2 6.753 20.619 21.697
Line_0001_0002/2 1 2 6.753 20.619 21.697
Line_0001_0005 1 5 9.414 38.862 39.986
Line_0002_0003 2 3 8.187 34.494 35.452
Line_0002_0004 2 4 10.125 30.722 32.347
Line_0002_0005 2 5 9.922 30.296 31.880
Line_0003 0004 3 4 11.675 29.800 32.005
Line_0004 0005 4 5 2.326 7.337 7.697
Line 0006 0011 6 11 1.034 2.166 2.400
Line_0006_0012 6 12 1.338 2.785 3.090
Line_0006_0013 6 13 0.720 1.418 1.591
Line 0009 0010 9 10 0.346 0.920 0.983
Line 0009 0014 9 14 1.384 2.944 3.253
Line 0010 0011 10 11 0.893 2.091 2.274
Line 0012 0013 12 13 2.405 2.176 3.244
Line 0013 0014 13 14 1.861 3.789 4.222
Tablo 5. IEEE 14 bara yiik bilgileri
Yiik Bilgileri

Babg;lr glglcljgu Yiik adi Aktif giicii (MW) | Reaktif giicii (Mvar)

2 Load_0002 21.7 12.7

3 Load_0003 94.2 19

4 Load_0004 47.8 -3.9

5 Load_0005 7.6 1.6

6 Load 0006 11.2 75

9 Load_0009 29.5 16.6

10 Load_0010 9 5.8

11 Load 0011 3.5 18

12 Load_0012 6.1 1.6

13 Load_0013 13.5 5.8

14 Load_0014 14.9 5

Tablo 6. IEEE 14 bara generator bilgileri

Bagh | Generator | Aktif | Gerilim| Maksimum | Minimum Reaktif | Maksimum | Minimum
oldugu ad giicii | degeri| Aktif Giicii Aktif Giicii Reaktif Reaktif
bara (MW) (pu) (MW) Giicii | (Mvar) Giicii Giicii

No (MW) (Mvar) (Mvar)

1 Gen_0001 |232.4 1.06 200 50 -16.9 100 —40

2 Gen_0002 | 40 1.04 80 20 -42.4 50 -40

3 Gen_0003 0 1.01 50 15 -23.4 40 0

6 Gen_0006 0 1.07 35 10 12.2 24 -6

8 Gen_0008 0 1.09 30 10 17.4 24 -6
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4, BENZETIM SONUCLARI (SIMULATION RESULTS)

Sekil 6°da yer alan IEEE 14 bara sistemi modeli Tablo 3-6’da verilen parametreler kullanilarak DIgSILENT
PowerFactory ortaminda olusturulmustur. Yiiklenme kapasitesinin belirlenmesi i¢in, farkli baralara bagl
Tablo 5’teki 11 adet yiikiin degeri ayr1 ayn artirilarak sistem analizi gergeklestirilmistir. Elde edilen
benzetim sonuglar1 dogrultusunda her yiik artigina karsilik hat, bara ve generatorlerdeki yiiklenme oranlart
incelenmistir. Dolayisiyla, her yiik artisinin sistem kararliligina etkisi elde edilmistir. Bu veriler
dogrultusunda, baralara baglanacak yiikiin maksimum degeri sistem kararliligi g6z 6niinde bulundurularak
tespit edilmistir. Bu ¢alismada, hatlarin maksimum yiiklenme degeri %100, bara gerilim esik degerleri 0.1
pu, maksimum generator yliklenme orani ise %100 olacak sekilde sistem kararlig1 sinirlart belirlenmistir.

Bara 2’ye bagl yiik degerindeki artisin sistem parametreleri iizerindeki etkisi Sekil 7°de verilmistir. Sekil
7(a)’da yer alan grafikte goriildiigii izere, IEEE 14 bara sisteminde 21.7MW olan Yiik 2 (Load_002) degeri
361.7MW’a yiikselinceye kadar tiim hat yliklenme oranlari sinir degerin (%100) altinda kalmaktadir.
Ancak, bu durum ilgili yiik degerinin maksimum degerini belirlemekte yeterli olmayip, sistem kararliligi
ve bagh alicilarin normal ¢aligma kosullarini siirdiirmesi agisindan bara gerilimlerinin de incelenmesi
gerekmektedir. Sekil 7(b)’de verilen sonuglardan goriildiigii lizere, bara gerilimleri genis bantta yapilan giic
degisiminden ¢ok az oranda etkilenmektedir. Bununla birlikte incelenmesi gereken diger bir husus ise
sistemde yer alan enerji kaynaklarimin yeterliligidir. Sekil 7(c)’de verilen sonuglardan goriildiigii iizere,
Yik 2’nin degeri 71.7MW’a ulastiginda Generatér 2’nin (Gen 0002) yiiklenme orani maksimum
olmaktadir. Daha 6nce bahsedildigi iizere, yilik degerinin sinir1 belirlenirken Sekil 7°de yer alan ii¢ unsur
birlikte degerlendirilmelidir. Dolayisiyla, sistem caligma limitleri en erken Sekil 7(c)’deki generator
yiiklenme oranlar1 agisindan asildigr i¢in, Yiikk 2’nin olabilecek maksimum degeri 71.7MW’tan kii¢iik
secilmelidir. Diger bir deyisle, Yiik 2 nin bulundugu baraya SOMW tan kiiciik olacak sekilde yiik eklemek
IEEE 14 bara sisteminin ¢alismasini bozmamaktadir.

Yiik 2'deki yiik artisina karsin hat yiiklenme oranlart Yiik 2'deki yiik artisina karsin bara gerilim degerleri
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Sekil 7. Bara 2’ye (Bus_0002) bagl yiik (Load _0002) degerindeki artisin sistem parametreleri iizerindeki
etkisi, a: Hat yiiklenme oranlari, b: Bara gerilim degerleri, c. Generator yiiklenme oranlari



124 Ugur FESLI, M. Bahadir OZDEMIR, Saban OZDEMIR | GU J Sci, Part C, 11(1):111-132(2023)

Bara 3’e bagh yiik (Load_0003) degerindeki artigin sistem parametreleri tizerindeki etkisi Sekil 8’de
verilmistir. [EEE 14 bara sisteminde 94,2MW olan Yiik 3 degeri SMW’lik artirimlarla hat yiiklenmesi,
generatdr yiiklenmesi ve bara gerilim diistimleri kademeli olarak izlenmistir. Bu farkli yiik degerlerinde
ortaya ¢ikan durumlar incelenecek olursa; Sekil 8(a)’da verilen sonuglara gore bara yiik degeri 354,2MW’a
yiikselince Bara 2 ve Bara 3 arasindaki iletim hatt1 olan Line_0002-0003 hat yiiklenme oran1 sinir degerin
tizerine ¢ikmaktadir. Bu yiik artislari ile Sekil 8(b)’de verilen sonuglara bakacak olursak, bara gerilimleri
de etkilenmektedir. Buna gore Yiik 2 degeri 594.2MW oldugunda Bara 4 gerilim degeri 0.95pu altina
diiserek esik degerin altina diismektedir. Son olarak Sekil 8(c)’de verilen sonuglara bakacak olursak Yiik
3, 204.2MW degerine ulastiginda Generatdr 3’iin(Gen_0003) yiiklenme orani maksimum olmaktadir. Bu
iic durum birlikte degerlendirildiginde IEEE 14 bara sisteminde Yiik 3 baslangic degeri 94.2MW olarak
alindiginda sistemin kararhi caligmasi i¢in maksimum 204MW’lik bir yik altinda calistiriimasi
gerekmektedir. Bu sonuca gore Bara 3’e eklenebilecek maksimum yiik miktar1 110MW goriilmektedir.
Sonug olarak, Bara 3’e bagh yiik degerinin artis1 sonucunda kritik seviyeyi asan ilk bilesenin generator
yiiklenme orani oldugu belirtilebilir.

Yiik 3'teki yiik artigina karsin hat yiiklenme oranlari Yiik 3'teki yiik artisina karsin bara gerilim degerleri
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Sekil 8. Bara 3 (Bus_0003) e bagl yiik (Load_0003) degerindeki artisin sistem parametreleri iizerindeki
etkisi, a: Hat yiiklenme oranlari, b: Bara gerilim degerleri, c: Generator yiiklenme oranlar

Onceki testlerde oldugu iizere, Bara 4’e (Bus_0004) bagl yiik (Load_0004) degerindeki artisin sistem
parametreleri lizerindeki incelenmis ve sonuglar Sekil 9’da verilmistir. IEEE 14 bara sisteminde 47,8MW
olan Yiik 4 degerinde kademeli artis yapilarak elde edilen Sekil 9(a)’dan goriildiigii iizere, ozellikle 4
numarali baraya baglantisi olan hatlardaki yiiklenme oranlar1 daha fazladir. Artislar gozlemlendiginde
362.8MW yiik degerine ulasildiginda, Line 0004 0005 hattinda yiiklenme oram1 %100,21 olmaktadir.
Sekil 9(b)’de ise 547,8MW degerde Bara 4’{in gerilim degeri 0,89pu’a diismiistiir. Sekil 9(c)’deki generator
yiiklenme oranlarina bakildiginda, Yiik 4’{in degeri 182.9 MW’a ulastiginda Gen 0002 generatoriiniin
yiiklenme oran1 %101 olmaktadir. Onceki sonuclarda yapilan ¢ikarimlara benzer sekilde, sistemin kararli
calismasi icin Bara 4’e eklenebilecek maksimum yiik degerinin 182 MW olabilecegi sdylenebilir. Onceki
sonuglara benzer olarak, Bara 4’iin yiiklenme seviyesini sinirlayan ilk faktoriin generatdr yiiklenme orani
oldugu sdylenebilir.



Ugur FESLI, M. Bahadir OZDEMIR, Saban OZDEMIR / GU J Sci, Part C, 11(1):111-132(2023) 125

Yiik 4'deki yiik artigina karsin hat yiiklenme oranlart Yiik 4'teki yiik artisina karsin bara gerilim degerleri
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Sekil 9. Bara 4 (Bus_0004) e bagl yiik (Load _0004) degerindeki artisin sistem parametreleri tizerindeki
etkisi, a: Hat yiiklenme oranlari, b: Bara gerilim degerleri, c: Generator yiiklenme oranlar

Bara 5’e (Bus_0005) bagl yiik (Load_0005) degerindeki artigin sistem parametreleri tizerindeki etkisi Sekil
10’da verilmistir. Bara 5’e bagl standart yiik degeri 7.6 MW olan Yiik 5, kademeli artirilarak elde edilen
hat yiiklenme oranlarindan (Sekil 10(a)) gorildigli iizere, yik degeri 367.6 MW’a ciktiginda
Line 0001 0005 hattinda yiiklenme orant %100.4 olmaktadir. Sekil 10(b)’de Yiik 5’in degeri 387.6MW
degere ulasildiginda Bara 5’in gerilim degeri 0,89pu’a diismiistiir. Sekil 10(c)’de verilen generator
yiiklenme oranlarina bakildiginda ise Yik 5’in degeri 127.6 MW’a ulastiginda Gen_0002 generatoriiniin
yiiklenme orant %102 olmaktadir. Bu durumda sistemin kararli calismasi i¢in Yiikk 5’in alabilecegi
maksimum deger 127MW goriilmektedir. Bu test i¢in ise sinirlayici faktdriin generator yiiklenme orani
oldugu belirtilebilir.

Bara 6 (Bus_0006)’ya bagl yiik (Load_0006) degerindeki artisin sistem parametreleri iizerindeki etkisi
Sekil 11°de verilmistir. [EEE 14 bara sisteminde Bara 6’ya bagli 11.2 MW olan Yiik 6 degerinde kademeli
artis degerleri incelendiginde; Sekil 11(a)’da yiik degeri 266.2MW’a ¢iktiginda Line 0009 0010 hattinda
yiiklenme oran1 %101.34 olmaktadir. Sekil 11(b)’de Yiik 6’nin degeri 341.2MW’a ulastiginda Bara 5’in
gerilim degeri 0,89pu’a diismiistiir. Sekil 11(c)’de generator yiiklenme oranlari ise, Yiik 6’nin degeri 101.2
MW iken Gen 0006 generatorii yiikklenme orani %104 olmaktadir. Bu durumda sistemin kararli galismasi
i¢in Yiik 6°da maksimum 100MW degere cikilabilecegi goriilmektedir. Onceki testlere benzer olarak, bu
durumda da siirlayici faktdriin generator yiiklenme orani oldugu belirtilebilir.



126 Ugur FESLI, M. Bahadir OZDEMIR, Saban OZDEMIR | GU J Sci, Part C, 11(1):111-132(2023)

Yiik 5'teki yiik artisina karsin hat yiiklenme oranlari Yiik 5'teki yiik artisina karsin bara gerilim degerleri
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Sekil 10. Bara 5 (Bus_0005) e bagl: yiik (Load _0005) degerindeki artisin sistem parametreleri tizerindeki
etkisi, a: Hat yiiklenme oranlari, b: Bara gerilim degerleri, c: Generator yiiklenme oranlart

Yiik 6'daki yiik artisina karsin hat yiiklenme oranlart Yiik 6'daki yiik artisina karsin bara gerilim degerleri
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Sekil 11. Bara 6 (Bus_0006) ya bagh yiik (Load _0006) degerindeki artisin sistem parametreleri
tizerindeki etkisi, a: Hat yiiklenme oranlari, b: Bara gerilim degerleri, c: Generator yiiklenme oranlari
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Yiik 9'daki yiik artisina karsin hat yiiklenme oranlari Yiik 9'daki yiik artigina karsin bara gerilim degerleri
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Sekil 12. Bara 9 (Bus_0009) ’a bagh yiik (Load_0009) degerindeki artisin sistem parametreleri
tizerindeki etkisi, a: Hat yiiklenme oranlari, b: Bara gerilim degerleri, c: Generator yiiklenme oranlart

Bara 9 (Bus_0009)’a bagl yiik (Load_0009) degerindeki artigin sistem parametreleri tizerindeki etkisi Sekil
12’de verilmistir. Bara 9’a bagli 29.5 MW olan Yiik 9 degerinde kademeli artis degerleri incelendiginde;
Sekil 12(a)’da yiik degeri 274.5MW’a kadar artirildiginda Line 0006 0011 hattinda yiiklenme orant
%102.35 olmaktadir. Sekil 12(b)’de Yiik 9’un degeri 174.5 MW’a ulastiginda Bara 9’un gerilim degeri
0,89pu’a diigmiistiir. Kademeli yiik artisina bagl olarak Sekil 12(c)’de generatdr yiiklenme oranlar
incelendiginde ise, Yik 9’un degeri 119.5 MW iken Gen 0002 generatorii yliklenme oram1 %101
seviyelerine ¢ikmaktadir. Bu {i¢ durum birlikte degerlendirildigin sistemin kararl ¢alismasi i¢in Yiik 9’da
maksimum yiik artisinin 119 MW degere kadar olabilecegi goriilmektedir. Bu durum igin de sinirt asan ilk
deger generator yiiklenme orani olmustur.

Bara 10 (Bus_0010)’a bagl yiik (Load_0010) degerindeki artigin sistem parametreleri tizerindeki etkisi
Sekil 13’te verilmistir Bara 10’a bagli 9 MW olan Yiikk 10 degerinde kademeli artis degerleri
incelendiginde; Sekil 13(a)’da yiik degeri 69 MW’a kadar artirildiginda Line 0009 0010 hattinda
yiiklenme oranm1 %100.38 olmaktadir. Sekil 13(b)’de Yiik 10’un degeri 104 MW’a kadar artirildiginda Bara
10’un gerilim degeri 0,89pu’a diigsmiistiir. Sekil 13(c)’de Yiik 10’un degeri 99 MW iken Gen 0002
generatoril yiiklenme orami ise %102 seviyelerinde olmaktadir. Sekil 13’teki grafiklerde sistem ¢alisma
limitleri degerlendirildiginde Yiik 10 i¢in tist limit degeri 69 MW olarak goriilmektedir. Bu test neticesinde
onceki test durumlarindan farkli olarak hat yiiklenme oraninin simirlayict faktor oldugu tespit edilmistir.
Bunun nedeni ise ilgili baraya bagli herhangi bir generatoriin bagh olmayisi ve diger generatorlere olan
mesafesidir.

Bara 11 (Bus_0011)’e baglh yiik (Load_0011) bagl yiik degerindeki artisin sistem parametreleri tizerindeki
etkisi Sekil 14’te verilmistir. Standart olarak 9MW olan Yiik 11’in degeri kademeli olarak artirilarak elde
edilen sonuglar incelendiginde; Sekil 14(a)’da verilen sonuglara gore baraya bagl yiik degeri 73.5MW’a
yiikseldiginde Bara 6 ve Bara 11 arasindaki iletim hatt1 olan Line 0006 0011 hat yiiklenme orani sinir
degerin lizerine ¢ikarak %100.04 olmustur. Bu yiik artislari ile Sekil 14(b)’de Yiik 11’in degeri 113.5 MW’a
kadar artirildiginda Bara 11°in gerilim degeri ise 0,89pu’a diismiistiir. Son olarak Sekil 14(c)’de verilen
sonuglara bakacak olursak Yiik 103.5MW degerine ulagtiginda Gen_0002 generatorii yiiklenme orani
%102’ye cikarak sistemi kararsizliga gotiirmektedir. Sekil 8’de verilen sonuglara benzer olarak, bu testte
de hat yiklenme oraninin sinirlayict faktér oldugu tespit edilmistir. Bunun nedeni ise baraya bagli bir
generatdriin bagli olmayisi ve diger generatorlere olan mesafesi gosterilebilir.
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Yiik 10'daki yiik artisina karsin hat yiiklenme oranlari
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Sekil 13. Bara 10 (Bus_0010) a bagh yiik (Load 0010) degerindeki artisin sistem parametreleri
tizerindeki etkisi, a: Hat yiiklenme oranlari, b: Bara gerilim degerleri, c: Generatér yiiklenme oranlart
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Sekil 14. Bara 11 (Bus _0011)’e bagh yiik (Load _0011) degerindeki artisin sistem parametreleri
tizerindeki etkisi, a: Hat yiiklenme oranlari, b: Bara gerilim degerleri, c: Generator yiiklenme oranlart
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Yiik 12'deki yiik artigina kargin hat yiiklenme oranlari Yiik 12'deki yiik artisina karsin bara gerilim degerleri
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Sekil 15. Bara 12(Bus_0012)’ye bagh yiik (Load _0012) degerindeki artisin sistem parametreleri
tizerindeki etkisi, a: Hat yiiklenme oranlari, b: Bara gerilim degerleri, c. Generator yiiklenme oranlart

Bara 12 (Bus_0012)’ye bagli yiik (Load_0012) degerindeki artisin sistem parametreleri tizerindeki etkisi
Sekil 15°de verilmistir. Bara 12’ye bagli 6.1 MW olan Yik 12 degerinde kademeli artis degerleri
incelendiginde; Sekil 15(a)’da yiik degeri 86.1 MW’a kadar artirildiginda Line 0006 0012 hattinda
yiikklenme orani %104.91 olmaktadir. Sekil 15(b)’de Yiik 12’nin degeri 111.1 MW’a kadar artirildiginda
Bara 12’un gerilim degeri 0,89pu’a digmiistiir. Sekil 15(c)’de Yiik 12’nin degeri 106.1 MW iken Gen 0006
generatorlii maksimum yliklenme oranina ulasarak %100 olmaktadir. Bu sonuglar degerlendirildiginde Yiik
12 igin Ust limit hat yiiklenme oranindan dolay1 85 MW olarak tespit edilmistir.

Bara 13 (Bus_0013)’e baglh yiik (Load_0013) degerindeki artigin sistem parametreleri tizerindeki etkisi
Sekil 16’da verilmistir. Bara 13’e bagli 13.5 MW olan Yiik 13 degerinde kademeli artis degerleri
incelendiginde; Sekil 16(a)’da yiik degeri 73.5 MW’a kadar artinldiginda Line 0006 0013 hattinda
yiikklenme oranm1 %106.36 olmaktadir. Artis kademeleri SMW olarak simiile edildiginden burada hat
yiiklenme oran1 %100 seviyelerine 70MW dolaylarinda ulagsmaktadir. Sekil 16(b)’de Yiik 13’iin degeri
168.5 MW’a kadar artirildiginda Bara 13’un gerilim degeri 0,89pu’a diismiistiir. Sekil 16(¢)’de Yiik 13°lin
degeri 168.5 MW iken Gen_ 0006 generatorii maksimum yiiklenme oranini asarak %106.36 olmaktadir. Bu
test durumunda da sinirlayici faktoriin hat yliklenme orani oldugu goriilmiistiir.

Bara 14 (Bus_0014)’e bagh yiik (Load_0014) degerindeki artisin sistem parametreleri tizerindeki etkisi
Sekil 17°da verilmistir. IEEE 14 bara sisteminde Bara 14’e bagl 14.9 MW olan Yiik 14 degerinde kademeli
artig degerleri incelendiginde; Sekil 17(a)’da verilen sonuglara gore baraya bagl yiik degeri 84.9MW’a
yiikselince Line 0009 0014 hat yiiklenme orani sinir degerin iizerine ¢ikarak %103 seviyelerinde
olmustur. Bu yiik artiglar ile Sekil 17(b)’de Yiik 14’{in degeri 84.9 MW’a iken Bara 14’in gerilim degeri
ise 0,89pu’a diigmiistiir. Bunlarin yani sira Sekil 17(c)’de Yiik 14°deki artig ile yiik degeri 104.9 MW
degerine ulagtiginda Gen 0002 generatorii yiiklenme orani %103’ye ¢ikarak yine sistemi kararsizliga
gotiirmektedir. Bu durumda ise, hem hat yiikklenme orani hem de gerilim sinir1 (0.9pu) limitleri disina
¢iktigindan her iki faktor sinirlayici olarak tespit edilmistir.
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Yiik 13'teki yiik artigina karsin hat yiiklenme oranlari Yiik 13'teki yiik artisina karsin bara gerilim degerleri
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Sekil 16. Bara 13 (Bus_0013) e bagl: yiik (Load _0013) degerindeki artisin sistem parametreleri
tizerindeki etkisi, a: Hat yiiklenme oranlari, b: Bara gerilim degerleri, c: Generator yiiklenme oranlart
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Sekil 17. Bara 14 (Bus _0014)’e bagh yiik (Load 0014) degerindeki artisin sistem parametreleri
tizerindeki etkisi, a: Hat yiiklenme oranlari, b: Bara gerilim degerleri, c: Generator yiiklenme oranlar
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5. SONUCLAR VE ONERILER (CONCLUSION AND RECOMMENDATIONS)

Bu galigmada, gii¢ sistemlerine yeni eklenecek yiiklerin hat yiiklenme seviyeleri, bara gerilimleri ve
generator yliklenme oranlar1 {izerindeki etkileri incelenmistir. IEEE 14 standart bara sistemi iizerinde
yapilan benzetim ¢aligmalariyla sisteme baglanabilecek maksimum yiik degerlerinin tespiti amaglanmistir.
Bu amagla, her yiikiin degeri adim adim artirilmig ve her yiik noktasinin hangi sistem parametresi iizerinde
baskin bir etkiye sahip oldugu goriilmiistiir. Tiim yiikler i¢in elde edilen grafiksel sonuglar, 2. yiikten 9.
yiike kadar generator yiiklenme oranlarinin kisitlayict parametre oldugunu gostermistir. Diger bes yiik
degerinde yapilan artislarda ise ilk olarak hat yiiklenme sinirlari asilmistir. Bununla birlikte 14. yiik
degerindeki artis, hem 9-14’iincii baralar arasindaki hat yiiklenme oraninin asilmasina hem de 14. baranin
esik gerilim degerinin altina diismesine neden olmustur. Elde edilen sonuglar dogrultusunda, yiik
artislarinin belirlenen {i¢ kriter iizerinde de etkili oldugu sdylenebilir. Bununla birlikte yeni yiiklerin
eklenmesi i¢in gii¢ sisteminde yapilacak iyilestirme veya gelistirme ¢aligmalarinda hangi noktalara dikkat
edilmesi gerektigi elde edilen sonuglardan tespit edilebilir.
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In this study; A composite was produced by adding 5% zinc borate and different amounts of
graphene powders into high density polyethylene (HDPE). Five different groups were obtained
by mixing the materials forming the composite in a twin screw extruder and standard test samples
were produced using an injection machine.

Sekil 4. HDPE/CB/Grafen polimer kompozitinin mikroyapi fotograflari

Purpose: A number of problems arise when traditional materials are used alone in the face of
developments in the industry. The production and development of composite materials since the
nineteenth century has been very popular recently [1]. Nanotechnology is the most popular
subject of research and development studies in all technical fields. In particular, studies on
biomedical and sensors have gained momentum and their importance is increasing in these
sectors. Therefore, the production of graphene and graphene-based new polymer nanocomposite
materials makes significant contributions to the fields of nanotechnology [2].

Theory and Methods: Five different groups were obtained by mixing the materials forming the
composite in a twin screw extruder and standard test samples were produced using an injection
machine. Tensile, hardness and impact tests were performed to determine the mechanical values.
In addition, photographs were taken with scanning electron microscopy (SEM) to determine the
distributions of zinc borate and graphene.

Results: As a result of the analysis, with the addition of zinc borate and graphene powder in
HDPE; It was determined that the modulus of elasticity, tensile strength, breaking strength and
hardness values increased, while the values of impact strength, elongation at break and elongation
at break decreased. As a result of SEM examination, it was determined that zinc borate and
graphene powders were homogeneously dispersed.

Conclusion: In this study, zinc borate and graphene were added to high density polyethylene and
the elastic modulus, tensile strength, breaking strength, elongation at break, hardness and 1zod
impact strength values of the composite were determined. In addition to these, microstructure
images were examined. According to the results obtained; It was determined that the modulus of
elasticity increased with the addition of zinc borate and graphene in HDPE/CB/graphene polymer
composite. The main reason for the increase in the elastic modulus value is due to graphene,
which is a durable material.
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Abstract

In this study; A composite was produced by adding 5% zinc borate and different amounts of
graphene powders into high density polyethylene (HDPE). Five different groups were obtained
by mixing the materials forming the composite in a twin screw extruder and standard test samples
were produced using an injection machine. Tensile, hardness and impact tests were performed to
determine the mechanical values. In addition, photographs were taken with scanning electron
microscopy (SEM) to determine the distributions of zinc borate and graphene. As a result of the
analysis, with the addition of zinc borate and graphene powder in HDPE; It was determined that
the modulus of elasticity, tensile strength, breaking strength and hardness values increased, while
the values of impact strength, elongation at break and elongation at break decreased. As a result
of SEM examination, it was determined that zinc borate and graphene powders were
homogeneously dispersed.

Yiiksek yogunluklu
polietilen

Cinko borat
Grafen

Mekanik ozellikler
Kompozit malzeme

Yiiksek Yogunluklu Polietin (YYPE)/Cinko Borat Polimer
Kompozitinin Mekanik Ozelliklerine Grafenin Etkisi

Oz

Bu caligmada; yiiksek yogunluklu polietilenin (YYPE) mekanik 6zelliklerinin ¢inko borat ve
grafen ilavesi ile gelistirilmesi hedeflenmis olup yiiksek yogunluklu polietilen igerisine %5
oraninda ¢inko borat ve farkli oranlarda grafen tozlari katilarak bir kompozit iiretilmistir.
Kompoziti olugturan malzemeler ¢ift vidali ekstriizyon makinesinde karistirilarak bes farkli grup
elde edilmistir ve enjeksiyon makinasi kullanilarak standart test numuneleri {iretilmistir. Mekanik
degerleri belirlemek i¢in ¢ekme, sertlik ve darbe testleri yapilmistir. Ayrica ¢inko borat ve
grafenin dagilimlarini belirlemek i¢in taramali elektron mikroskobisi (SEM) ile fotograflar
¢ekilmistir. Analizler sonucunda YYPE igerisinde ¢inko borat ve grafen toz ilavesiyle; elastiklik
modiilli, cekme mukavemeti, kopma mukavemeti ve sertlik degerlerinin arttig1 diger taraftan
darbe mukavemeti kopma uzamasi ve kopma uzamasi degerlerinin ise diistiigii tespit edilmistir.
SEM inceleme sonucu ginko borat ve grafen tozlarinin homojen dagildig: tespit edilmistir.

1. GIRIS (INTRODUCTION)

Geleneksel malzemelerin endistrideki gelismeler karsisinda tek baslarma kullanilmalarinda bir takim
problemler ortaya ¢ikmaktadir. Bindokuzyiizlii yillardan itibaren kompozit malzemelerin iiretilmesi ve
gelistirilmesi konusu son zamanlarda oldukca revagtadir [1]. Tiim teknik alanlarda aragtirma ve gelistirme
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calismalarinin en popiiler konusunu nanoteknoloji olusturmaktadir. Ozellikle biyomedikal ve sensor
konusunda yapilan caligmalar hiz kazanmis ve bu sektorlerde 6nemi gittikge artmaktadir. Dolayisiyla
grafen ve grafen esasli yeni polimer nanokompozit malzemelerinin iiretilmesi nanoteknoloji alanlarina
onemli katkilar saglamaktadir [2]. Dogada grafit, elmas veya degisik bilesikler halinde bulunan karbon
elementi yiizyillardir kullanilmaktadir. Bir¢ok arastirmaci grafenden; fiber, kopiik, nanotiip veya fulleren
tretip diger malzemeler ile karistirip elde edilen kompozitin ozelliklerini incelemektedirler [3-4].
Dolayisiya gelecegin malzemesi olarak isimlendirilen grafenin tiim sektorlerde kullanimi hiz kazanmistir
[5]. Bunlardan en 6nemli sektorlerin basinda savunma sanayi ve otomotiv gelmektedir [1]. Grafen karbon
atomlari kristal kafes icerisinde bal petegine benzer bir dizilimde bulunurlar. Karbon esasli malzemelerden
olan grafit, karbon nanotiip veya fullerenlerin ana bilesenini grafendir. Grafenin yuvarlak sekilde
sarilmasiyla fulleren, rulo seklinde sarilmasiyla karbon nanotiip ve st iiste istiflenmesiyle grafit elde
edilmektedir [6-7].

Eriyik karistirma yontemi termoplastik nanokompozitlerin tiretimi icin endiistride en yaygin olarak
kullanilan yontemdir. Hizli, ucuz ve nispeten basittir. Polimerin yiiksek sicakliklarda eritilmesini ve tek,
cift, ticlii ve hatta dort vidali bir ekstriider kullanilarak grafen pullarinin (toz halinde) karistirilmasini igerir.
Birka¢ grafen bazli nanokompozitler bu teknikle hazirlanmistir [8-22]. Vijay ve arkadaslar1 PC-ABS
polimer karigiminin igerisine grafen katarak bir polimer kompoziti elde etmislerdir ve bu kompozitten ii¢
boyutlu yazici i¢in flament tiretmiglerdir. Yapilan mekanik testler sonucunda grafen oraninin artmasiyla
cekme mukavemeti degerinde artisin oldugunu tespit etmislerdir. Ayn1 zamanda elastiklik modiil ve akma
mukavemeti degerlerinin arttigini buna karsilik % uzama degerinin ise diistiigiinii belirlemislerdir [23].
Burcu Saner Okan 2017 yilinda yapmis oldugu bir ¢calismada yiiksek yogunluklu polietilen igerisine degisik
oranlarda ¢ok katmanli grafen oksit takviyesi yaparak bir bir polimer kompoziti iiretmistir. Elde ettigi
kompozitte grafen oksit oraninin artmasiyla elastiklik modiil ve ¢ekme mukavemeti degerlerinin arttigini
belirlemistir [24]. Jian Wang ve arkadaglarinin yapmis olduklari bir ¢alismada poliproplen igerisine grafen
katarak bir polimer kompoziti elde etmislerdir. Polipropilen igerisinde grafen oraninin artmasiyla ¢ekme
mukavemeti ve elastiklik modiil degerinin yiikseldigini buna karsilik %uzama degerinin ise diistiigiini
belirlemislerdir [25]. Abdulaziz S. Alghamdi yapmis oldugu bir ¢alismada yiiksek yogunlulu polietilen
igerisine grafen katmig ve bir nano kompozit elde etmistir. Grafen oraninin matris igerisinde artisi ile
kristalizasyon oranini, erime sicakligi ve % uzama degerlerinin diistligiinii belirlemistir. Buna karsilik
elastiklik modiil ve ¢ekme mukavemeti degerinin ise arttigini rapor etmistir [26].

Bu calismada; %5 oraninda ¢inko borat ve %1-2-3 oranlarinda grafen tozlar1 yiiksek yogunluklu polietilen
icerisine katilarak bir polimer kompoziti elde edilmistir. Cinko borat ve grafen toz ilavesiyle mekanik

cws

degerlerin degistigi tespit edilmistir.

MALZEME ve METOT

1.1. Kullanilan Malzemeler

Yiiksek yogunluklu polietilen igerisine katilan ¢inko borat ve grafen oranlari degistirilerek bes farkli grup
elde edilmistir. Hazirlanan HDPE/CB/Grafen polimer kompozitinin karigim oranlart Tablo 1’ de
verilmistir. Bu calismada kullanilan yiiksek yogunluklu polietilen (YYPE) PETKIM’in PETILEN YY
1668(UV) ticari koduyla trettigi iirindiir. YYPE’nin erime akis hiz1 (190°C/2.16 kg) 5.5 g/10dk’dur.
Yogunlugu 0.965 g/cm?®, erime noktas1 134°C, akma mukavemeti 30 MPa ve sertlik (Shore D) degeri ise
66°dir. YYPE icerisine katilan ¢inko borat 4013°de (2ZnO 3B,03 3,5H,0) Refsan izolasyon San. Tic. Ltd.
Sti’den (Kiitahya) temin edilmistir. Cinko oksit oran1t min. %37 ve B2O3 orani ise min. %45’dir. Ortalama
tane boyutu 3.2 um, nem orani (105°C) mak. %1°dir. Yogunlugu ise 0.40-0.60 g/cm? araligindadir. Literatiir
incelemesi yapilarak ¢inko borat ilavesinin %5 oraninda olmasina karar verilmistir. Bu ¢alismada kullanilan
Grahhene nanoplatelets ticari isimli Grafen ise Nanografi Nano Teknoloji A.S.’den (Ankara) temin
edilmistir. %99.9 saflikta olup kalinlik 5 nanometre, yiizey alan1 135 m?/g, ¢ap 7 pm ve yogunlugu ise 2.27
g/cm?® tiir.
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Tablo 1. HDPE/CB/Grafen polimer kompozitinin karigim oranlart (agwrlik¢a)

Grup HDPE (%) Cinko Borat Grafen (%)
(CB) (%)

1 100 - -

2 95 5 -

3 94 5 1

4 93 5 2

5 92 5 3

2.2 Numunelerin Hazirlanmasi

Yiiksek yogunluklu polietilen, ¢inko borat ve grafen Yamato ADP-31 tipi firinda 105°C' de 5 saat siiresince
kurutma iglemine tabi tutulmustur. Daha sonra tiim iriinler Devotrans marka V-Tipi karistiricida yirmi
dakika boyunca karistirilmis ve Mikrosan marka ¢ift vidal ekstriiderde 25-35 bar basing altinda, 30 dev/dak
vida doniis hizinda ve 190-220°C arasindaki sicakliklarda karistirilmistir. Karisim sonrasinda 105 °C' de 10
saat boyunca kurutulmustur. Enjeksiyon makinesinde test numuneleri 190-220°C sicaklik, 105-115 bar
basing ve 25 dev/dk devirde test numuneleri basilmigtir. Asagida Sekil 1°’de YYPE/CB/Grafen polimer
kompozitinin numune hazirlama asamalar1 ve Tablo 2’de ise HDPE/CB/Grafen polimer kompozitinin
kaliplama parametreleri verilmistir.

Kurutma Ekstriizyon makinesi Enjeksiyon makinesi Test numuneleri
Sekil 1. YYPE/CB/Grafen polimer kompozitinin numune hazirlama asamalar
Tablo 2. HDPE/CB/Grafen polimer kompozitinin kaliplama parametreleri

Islem Ekstriizyon  Enjeksiyon
Sicaklik (°C) 190-220 190-220
Basing (bar) 25-35 105-115
Kalipta bekleme siiresi (sn) - 15

Vida hiz1 (dev/dk) 30 25

Kalip sicakligi (°C) - 40

2.3 Test Yontemleri

Mekanik 6zellikleri belirlemek i¢in her grup igin bes adet numune test edilmis ve aritmetik ortalamalari
verilmistir. Cekme testleri Zwick Z010 test makinesi kullanilarak ASTM D638 standartlarma gore 50
mm/dk ¢ekme hizinda gerceklestirilmistir. Sertlik testi Zwick sertlik 6l¢iim cihazi ile ASTM D2240
yontemine gore yapilmistir. Centikli Izod darbe testleri Zwick marka darbe test cihazi ile ASTM D256
yontemine gore oda sicakliginda yapilmistir. Darbe numunelerinden elde edilen kirik yilizeyler Quorum sc
7620 marka kaplama cihazinda altin/paladyum alagimi ile kaplanmistir. Kaplama siiresi 180 sn ve
uygulanan elektrik akimi ise20 mA’dir. Daha sonra numuneler 10 kV altinda Zeiss EVO MA 10 marka
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taramali elektron mikroskobu ile incelenmistir. Asagidaki sekilde bu ¢alismada kullanilan test cihazlar
verilmistir.

Cekme cihazt Darbe cihazt Sertlik cihaz Kaplama Cihazt

Sekil 2. HDPE/CB/Grafen polimer kompozitinin mekanik ozelliklerinin belirlenmesinde kullanilan cihazlar

2. BULGULAR ve TARTISMA

Yiiksek yogunluklu polietilen (HDPE) igerisine ¢inko borat ve grafen katilmasiyla elde edilen polimer
kompozitine yapilan ¢ekme testi sonucu elde edilen elastiklik modiilii degeri Sekil 3-A’da verilmistir.
Grafik incelendiginde saf HDPE’nin elastiklik modiil degerinin 664.2 MPa oldugu goriilmektedir.
Kompozit igerisine %5 ¢inko borat ilavesi ile bu degerin 714.4 MPa’ ya ciktig1 goriilmektedir. Kompozit
igerisine %1-2-3 oranlarinda grafen ilavesi bu degeri daha da artirmistir. %3 grafen katildiginda degerin
798.2 MPa’ ya kadar ¢iktig1 goriilmektedir. Saf HDPE nin elastiklik modiil degerini %3 grafen ilaveli grup
ile kiyasladigimizda bu degerin %20.17 oraninda arti1 tespit edilmistir. Vijay ve arkadaglar1 PC-ABS
polimer karisiminin igerisine grafen katarak bir polimer kompoziti elde etmislerdir ve bu kompozitten ii¢
boyutlu yazici igin flament tiretmislerdir. Yapilan mekanik tesler sonucunda grafen oraninin artmasiyla
elastiklik modiil degerlerinin belirlemislerdir [23]. Benzer sonuglar1 Burcu Saner Okan yiiksek yogunluklu
polietilen/grafen oksit [24], Jian Wang ve arkadaslar1 poliproplen/grafen [25] ve Abdulaziz S. Alghamdi
yiiksek yogunlulu polietilen/grafen’de bulmuslardir [26]. Elastiklik modiil degerinin artmasinin sebebi
literatlirde polimere katilan partikiillerin matris tarafindan sarilmasi ve yiizeyler arasinda iyi bir uyum
saglamasi ve bu sebeple gerilim transferinin artmasina sebep olmasindan kaynaklandig: rapor edilmistir
[27-32]. Benzer durumun bu ¢alismada da oldugu diisiiniilmektedir. Bu ¢alismada grafen oraninin agirlik¢a
%1-2-3 seviyesinde tutulmasi yapilan literatiir incelemeleri sonucudur. Birgok ¢alismada bu oran agirlikga
%1-5 mertebesindedir [1, 33-35]. Sekil 2-B’ye bakildiginda yiiksek yogunluklu polietilen igerisine ¢inko
borat ve grafen katilmasiyla elde edilen polimer kompozitinin ¢ekme mukavemeti degeri goriilmektedir.
Grafik incelendiginde saf HDPE’nin ¢ekme mukavemeti degerinin 26.03 MPa oldugu goriilmektedir.
Kompozit igerisine %1-2-3 oranlarinda grafen ilavesi bu degerin daha da arttig1 anlasiimaktadir. Ornegin
%3 grafen katildiginda cekme mukavemeti degerin 28.25 MPa’ ya ¢iktig1 goriilmektedir. Saf HDPE’ nin
¢ekme mukavemeti degerini %3 grafen ilaveli grup ile kiyasladigimizda bu degerin %8.52 oraninda artig1
tespit edilmistir. Jian Wang ve arkadaslar1 poliproplen igerisine grafen katarak elde ettikleri kompozitte
grafen oraninin artmasiyla ¢cekme mukavemeti degerinin yiikseldigini belirlemislerdir [25]. Shardul Atul
Bhusari ve arkadaslarinin yapmis olduklar1 ¢alismada HDPE/UHMWPE igerisine kattiklar1 grafen oksit
oraninin artmasiyla ¢ekme mukavemeti ve elastiklik modiil degerinin de artigini tespit etmislerdir [34].
Liitfiye Altay ve arkadaslarinin yapmis olduklart calismada HDPE igerisine grafit nano plaka takviyesiyle
¢ekme mukavemeti degerinin arttigini rapor etmislerdir [35]. Burcu Saner Okan HDPE igerisine degisik
oranlarda ¢ok katmanli grafen oksit takviyesi yaparak bir bir polimer kompoziti iiretmis ve grafen oksit
oraninin artmasiyla ¢ekme mukavemeti degerlerinin de arttigini belirlemistir [24]. Sonug olarak bu
calismada ¢inko borat ve grafen YYPE matrisi tarafindan sarilmasi ve yiizeyler arasinda iyi bir uyum
saglamasi nedeniyle ¢cekme mukavemeti ve asagida aciklanan kopma mukavemeti degerlerini artirmistir.
Ayni1 zamanda kompozit igerisindeki ¢inko borat ve grafenin homojen olarak dagilmasi ve aglomerasyona
ugramamasi mekanik degerlerde artisa sebebiyet vermistir. Literatiirde de benzer sonuglar mevcuttur [27-
32]. Yiiksek yogunluklu polietilen igerisine ¢inko borat ve grafen katilmasiyla elde edilen polimer
kompozitine yapilan ¢ekme testi sonucu elde edilen kopma mukavemeti degeri Sekil 3-C* de verilmistir.
Grafik incelendiginde saf HDPE’ nin kopma mukavemeti degerinin 17.53 MPa oldugu goriilmektedir.
Kompozit igerisine %5 ¢inko borat ve %1 grafen ilavesi ile bu degeri pek degistirmemistir. Fakat % 2 ve
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3 oraninda grafen katildiginda degerde artig tespit edilmistir. %3 grafen ilavesinde maksimum kopma
mukavemeti gostermistir. Saf HDPE’nin kopma mukavemeti degerini %3 grafen ilaveli grup ile
kiyasladigimizda bu degerin %48.37 oraninda artig1 tespit edilmistir. Sekil 2-D’ ye bakildiginda yiiksek
yogunluklu polietilen igerisine ¢inko borat ve grafen katilmasiyla elde edilen polimer kompozitinin kopma
uzamasi degeri goriilmektedir. Grafik incelendiginde saf HDPE’ nin kopma uzamas1 degerinin %338.33
oldugu goriilmektedir.
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Sekil 3. HDPE/CB/Grafen polimer kompozitinin mekanik ézelliklerinin grafiksel gosterimi
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Cinko borat ilavesi bu degeri bir miktar diigiirerek %318.33 seviyesine indirmistir. Kompozit i¢erisine %1-
2-3 oranlarinda grafen ilavesi bu degerin daha da azalmasina sebep vermistir. Ornegin %3 grafen
katildiginda kopma uzamasi degerinin %12.66 seviyesine indigi goriilmektedir. Saf HDPE’ nin kopma
uzamasi degerini %3 grafen ilaveli grup ile kiyasladigimizda bu degerin %96.25 oraninda azaldig tespit
edilmistir. Vijay ve arkadaslarinin yapmis olduklar1 PC/ABS/grafen polimer kompozitinde grafen oraninin
artmasiyla %uzama degerinin distiigiini belirlemislerdir [23]. Jian Wang ve arkadaslarinin yapmus
olduklari calismada da poliproplen igerisine grafen ilavesi ile % uzama degerinin diistiigiinii belirlemislerdir
[25]. Bunlara ek olarak Abdulaziz S. Alghamdi yapmis oldugu c¢aligmada yiiksek yogunlulu polietilen
igerisine grafen ilavesiyle %uzama degerlerinin diistiigiinii belirlemistir [26]. Burada YYPE igerisine
katilan ¢inko borat ve grafen zincir hareketini engelledigi i¢in uzama degerinde diisme tespit edilmistir.
Yiiksek yogunluklu polietilen icerisine ¢inko borat ve grafen katilmasiyla elde edilen polimer kompozitine
yapilan darbe testi sonucu elde edilen Izod g¢entikli darbe mukavemeti degeri Sekil 3-E’de verilmistir.
Grafik incelendiginde saf HDPE’nin darbe mukavemeti degerinin 12.98 kJ/m? oldugu goriilmektedir.
Kompozit igerisine %5 ¢inko borat ilavesiyle bu deger 7.94 kJ/m? degerine diismiistiir. Kompozite grafen
ilavesiyle bu deger bir miktar daha diismiistiir. %3 grafen ilavesinde degerin 5.65 kJ/m? oldugu tespit
edilmistir. Saf HDPE’nin darbe mukavemeti degerini %3 grafen ilaveli grup ile kiyasladigimizda degerin
% 56.47 oraninda azaldigi tespit edilmistir. Vijay ve arkadaslarinin yapmis olduklari PC/ABS/grafen
polimer kompozitinde grafen oraninin artmasiyla Izod darbe mukavemeti degerinin arttigini
belirlemislerdir [23]. Sekil 2-F’ye bakildiginda yiiksek yogunluklu polietilen igerisine ¢inko borat ve
grafen katilmasiyla elde edilen polimer kompozitinin Shore sertlik degeri goriilmektedir. Grafik
incelendiginde saf HDPE’ nin sertlik degerinin 62 Shore D oldugu goriilmektedir. Cinko borat ilavesi bu
degeri pek degistirmemistir. Kompozit icerisine grafen ilavesi sertlik degerinin atmasina sebebiyet
vermistir. Ornegin %3 grafen katildiginda sertlik degerinin 68.5 seviyesine yiikseldigi goriilmektedir. Saf
HDPE’nin kopma sertlik degerini %3 grafen ilaveli grup ile kiyasladigimizda bu degerin %10.48 oraninda
arttig tespit edilmistir. Liitfiye Altay ve arkadaslarinin yapmis olduklart ¢aligmada HDPE igerisine grafit
nano plaka takviyesiyle mikro sertlik degerinin arttigmmi rapor etmislerdir [35]. Sekil 4’ de
HDPE/CB/Grafen polimer kompozitinin mikroyap:t fotograflar1 verilmistir. SEM fotograflarina
bakildiginda HDPE matrisi, ¢inko borat ve grafen partikiilleri net olarak goziikmektedir. Literatiirdeki
mikro yap1 fotograflarinda ¢inko borat partikiillerinin nispeten yuvarlak sekilde buna karsilik grafenlerin
ise levha seklinde oldugu anlasilmigstir [27-32]. Bu bilgi dogrultusunda Sekil 4’de verilen fotograflardaki
partikiiller isaretlenmistir. Cinko borat ve grafen partikiillerinin matris igerisinde homojen olarak dagildig:
ve aglomerasyona ugramadig1 goriilmektedir. Kompozit igerisindeki ¢inko borat ve grafenin homojen
olarak dagilmas1 ve aglomerasyona ugramamasi mekanik degerlerde artisa sebebiyet vermistir. Vijay ve
arkadaslar1 da benzer sonuclar1 bulmuslardir [23].

o

EHT = 10.00 kV
WD =11.5 mm

EHT = 10.00 kV
WD =11.5 mm

Sekil 4. HDPE/CB/Grafen polimer kompozitinin mikroyapt fotograflart
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3.SONUCLAR

Bu calismada yiiksek yogunluklu polietilen icerisine ¢inko borat ve grafen eklenmis ve kompozitin
elastiklik modiilli, ¢ekme mukavemeti, kopma mukavemeti, kopma uzamasi, sertlik ve Izod darbe
mukavemeti degerleri belirlenmistir. Bunlara ek olarak mikroyap: goriintiileri incelenmistir. Elde edilen
sonuclara gére; HDPE/CB/grafen polimer kompozitinde ¢inko borat ve grafen ilavesi ile elastiklik modiil
degerinin yiikseldigi tespit edilmistir. Elastiklik modiil degerindeki yiikselmenin ana sebebi mukavemetli
bir malzeme olan grafenden kaynaklanmaktadir. Bir diger sebep ise kompozit igerisinde nispeten rijit
karakterde olan ¢inko borat ilavesidir. Buna ilaveten ¢ekme mukavemeti ve kopma mukavemetindeki
artiglar da bu sebeplerden kaynaklanmaktadir. Bu durum %uzama degerlerinde ise diisiise neden olmustur.
Kompozit igerisine ¢inko borat ve grafen ilavesi malzemeyi rijitlestirdiginden kopma uzama degerini
diisiirmiistiir. Cinko borat ve grafen ilavesi elde edilen polimer kompozitinin sertlik degerini bir miktar
artirmistir. Dolayistyla enerjiyi fazla absorbe edemediginden darbe mukavemeti degerinde diisiise
sebebiyet vermistir. SEM analizi sonucu elde edilen mikroyapilar incelendiginde ¢inko borat ve grafen
partikiillerinin homojen bir sekilde dagildigi gézlemlenmistir.
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Gimbal is a system in missiles that allows the seeker to lock onto the target and follow it and
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1. INTRODUCTION

Unmanned aerial vehicles and missiles must work flawlessly in target finding and tracking to fulfill their
duties. Different target-tracking methods are used in monitoring systems. One of these methods is camera
systems using image processing methods [1, 2]. Locking and stabilizing the camera on the target is usually
done with gimbal mechanisms. Gimbals typically consist of two or three axes and stabilize the sensor
against vehicle disturbances [3]. The stabilization process is complex due to the carrier systems' dynamic
movements, sudden target maneuvers, and high speeds [4].

The axes of the two-axis gimbal are orthogonal to each other and have free movement capability. The
camera or sensor system is located on the inner axis. Each axis is controlled by separate actuators, providing
the torque and movement required for stabilization [5]. Two methods generally achieve line of sight (LOS)
stabilization. In the first, the angular velocity sensor is mounted on the LOS axis, thereby increasing
accuracy by direct measurement. In the second, the angular velocity sensor is mounted on the base where
the gimbal is placed. This method is called indirect LOS stabilization, which is complex because of
unmeasurable distortions in the LOS framework [6]. The main problems with gimbal systems are
unbalance, cross-link and unmeasurable distortions LOS frame, and model ambiguities. Due to these
uncertainties and distortions, different control methods have been tried in the literature [7, 8]. Some of the
well-known techniques in this context in the literature are Sliding Mode Control [9, 10] due to its fast
response time and robustness, Hoo control [11, 12], which can optimize different features of the system
response together, Fuzzy Logic [13, 14] due to adaptable to nonlinear systems and classical PID controllers
that can be easily designed and implemented [15, 16].

As in many industrial applications, PID controllers are frequently used in DC motor control due to their
simple structure and easy application to different applications [17]. Mainly thanks to the simple structure
of PID, it can be easily integrated into embedded software applications. In this study, PID controllers were
designed to control gimbal axes. Determining the coefficients in the design of control systems is both an
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important step and a serious problem. One solution is to use the classic methods to set the parameters.
However, since the assumptions in these methods are usually error-focused, they cannot be effective in
adjusting the requirements, such as bandwidth [18]. For this reason, the first method preferred in this study
was the Butterworth Polynomial Method. It is also seen that researchers use metaheuristic methods to
optimize different control outputs simultaneously. In one study, the P and PI coefficients used for position
and velocity loops were adjusted by the Particle Swarm Optimization (PSO) method [19]. Similarly, in
another application where PSO is used, the coefficients of the stepper controller consisting of PID and Pl
are adjusted to minimize the integral error of the primary loop [20]. In another PSO application, a cascade
controller consisting of Pl and PD is set within the scope of speed control of the electric vehicle. A multi-
objective cost function decreases velocity error and overshoot [21]. Using these successful examples, PSO
was used as the second coefficient adjustment method in this study. In the second part of the study, the
gimbal's general view and the mathematical model of the axes are included. In the third chapter, control
systems designs are given in detail. In the fourth chapter, there are experimental studies with the real gimbal
system.

2. GIMBAL SYSTEM

The gimbal consists of two axes. It is called the outer axis (yaw axis) and the inner axis (pitch axis). The
camera system is located on the inner axis. The picture of the gimbal used in the studies is given in Figure
1.

Camera

Pitch axis

Yaw axis

Actuator of
pitch axis

Actuator of
yaw axis

Figure 1. Gimbal System

DC motors drive the axes of the gimbal. Stabilization commands are generated separately for the pitch and
yaw axes. These commands are applied to the DC motors from the control systems, and stabilization of the
gimbal is performed. A feedback signal for stabilization is obtained with the gyro sensor in the gimbal [22].
The representation of the stabilization process on a single axis is given in Figure 2 [23].
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Figure 2. The stabilization process on a single axis

Parameters given in the diagram, J;, B;;, Kyi.K:;, K, and G.(s), respectively, show the total moment of
inertia of the inner gimbal axis, the viscous friction coefficient between the outer and inner axis, the gain
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of the motor driver board, the stiffness of the inner axis cables, the motor torque constant and the controller
transfer function.

3. METHODS
3.1. Butterworth Polynomial Method

Some of the methods of adjusting PID coefficients in the literature are making adjustments by making
predictions on the system input and response [24]. Another way of determining the coefficient is to make
calculations according to the appropriate bandwidth values by matching the system's transfer function with
specific functions. One of these methods is the Butterworth polynomial method. In this method, it is
possible to select the poles of the system in such a way as to provide the expected bandwidth from the
control system [24, 25]. The third-order Butterworth polynomial is shown in the equation [22]:

3 282 2
B3(s):Z—g+wig+w—i+1 (1)

In the above equation, o, (= 27f,) represents the desired bandwidth value from the control system in

rad/s. The closed-loop transfer function from 6, to 6 of the stabilization system given in Figure 2 is
obtained as follows.

0s(s) _ mpsi+ngs+l

0sa(s)  dzs3+dys2+dys+1 (2)

Equations ni, ny, di, d2, and ds are given below.

n; = Kp/Ki

ny = Kq/K;

dy = (Kei/KpiK K + (K /K;)

dy; = (Bui/KviKiK) + (Ka/K})

ds = Ji/ (KyiKK;)

If equation (2) is adapted to equation (1), K,, Kj, and Kq are obtained as follows.
K, = (2J;w? — K¢/ (KpiKp) 3)
K; = Jiwd /(KyiK¢) 4)
Kq = (2Jjwc — By) / (KyiKy) )

The inertia value for the inner axis is J=3.5E-5 and K;=575E-8. For the outer axis, it is J=3E-6 and
Ki=500E-8. The K; value is taken as 0.021 from the motor datasheet. Within the scope of system
requirements, f.=10 Hz. In the above equations, the motor driver gains Kvi as an unknown. In the
calculations, Kvi=1 is accepted. The coefficients for the inner axis are calculated as follows, Ky,=13.14,
Ki=410, K4=0.21 and the coefficients for the outer axis are calculated as follows, K,=11.27, K;=350,
Kq¢=0.18.

3.1. Particle Swarm Optimization

PSO is a population-based optimization technique inspired by the behavior of herds. It is designed for
solving nonlinear problems. It is used to find solutions to multi-parameter and multivariate optimization
problems [26]. The PSO is started with a bunch of random solutions, and updates are tried to find the
optimum solution. The particle positions are updated at each iteration according to the two best values. First
are the coordinates that provide the particle's best solution so far. This value is called "pbest" and is stored
in memory. The other best value is the coordinates that provide the best solution obtained by all particles
in the population so far. This value is the global best and is denoted by "gbest." After finding the two best
values, particle velocities and positions are updated according to the equations given below [27].

vlg<+1 _ vlgc + ¢, * randk (pbestf‘ — xlk) + ¢, * randX * (gbestk — xlk) (6)
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£ = g op 0

In the equation, v; indicates the velocity of the i particle, the learning factors ¢; and c, pbest; the best
position of the i particle, and gbest; the best position in the iteration. rand; and rand, are random numbers
with a uniform distribution between [0,1]. Using (6) and (7), the equations below were prepared to calculate
the PID coefficients.

X

KpF*tt = Kp¥ + ¢, * rand¥ « (pbestf‘ - Kp{‘) + ¢, x rand¥ * (gbestk - Kpf‘) (8)
Kif*' = Kif + ¢, x rand¥ » (pbestf — Ki¥) + ¢, » rand} = (gbest* — Kif) 9)
KdFt! = Kd¥ + ¢, * rand¥ « (pbestf‘ - Kdll‘) + ¢, x rand¥ « (gbestk - de‘) (10)

One of the strengths of PSO is the ability to optimize different parameters within the same algorithm. While
constructing the objective function for optimization, the integral of the absolute value of the stabilization
error is used. The integral of the controller output is also used in the objective function for performing the
stabilization more smoothly. The objective function is given in equation (11). In addition, the optimization
has a bandwidth constraint. Due to system requirements, it is necessary to obtain a bandwidth greater or
equal to 10 Hz with the controller. The flowchart of the algorithm is given in Figure 3.

J = [ le@®ldt + [°|cO(®)ldt (11)

g(X), BW =10 >0 (12)

Initialize the parameters

Initialize the particles @
within the constraints

$ Optimal solution

A

—» Update velocity and position

v

Evaluate the fitness function

y

Stopping
criteria?

Update pbest and gbest

Figure 3. The flowchart of the algorithm

In the optimization studies, simulations were made with particles between 5 and 20 and the number of
iterations between 10 and 100. The position responses obtained for the declination axis are given in the
Figure 4. As can be seen from Figure 4, the increases made in the last try had no noticeable effect. Twenty
particles and 50 iterations were considered sufficient for optimization. The coefficients for the inner axis
are calculated as follows, K,=86.1, Ki=91.8, Kq=1.24 and the coefficients for the outer axis are calculated
as follows, K,=80.7, Ki=91.1, K4=1.44.
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Figure 4. Optimization results

4. EXPERIMENTAL TESTS AND RESULTS

The stabilization command is generated separately for the yaw and pitch axes. Control systems apply these
commands to the DC motors and stabilize the gimbal system. It is received from the gimbal with the
feedback gyro sensor and transmitted to the control systems. The general block diagram of stabilization is

given in Figure 5.
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Figure 5. The general block diagram of the stabilization

A real-time test system was installed to test the control of the yaw and pitch axes. The control algorithm is
located on the NI PXI system. Data from the gyroscope and kinematic calculations are also available on
the same system. Yaw and pitch angles are transmitted to the gimbal by the host computer. The host
computer is running in a Windows environment. The image of the experimental environment is given in
Figure 6.



148 Murat Sahin / GU J Sci, Part C, 11(1):143-152(2023)

2L Gimbal

Figure 6. The experimental environment

Within the scope of the experimental studies, both controllers were integrated into the test system
separately, and the position data of the gimbal axes were collected. Firstly, square wave commands were
used to analyze the controller. Figure 7 shows the position responses of the yaw axis.

Yaw Axis - Position Response

1.2 T
1 -
0.8
= 0.6
2
o
T 04rf
c
©
O 02t
Reference
0 PSO PID
BPM PID
_0-2 1 1 1
0 0.2 0.4 0.6 0.8
Time (s)

Figure 7. Position response of yaw axis

With the PSO PID controller, 40 ms rise time and 57 ms settling time were obtained, and no steady state
error occurred. With the BPM PID controller, 26 ms rise time and 157 ms settling time were obtained, and
a steady state error of over 20 millidegrees occurred. There is also a 11% percent overshoot. While
calculating the coefficients with the BPM PID controller, the bandwidth value is taken as a basis. On the
other hand, PSO PID tries to minimize the error while using the bandwidth value as a constraint. With the
controller output parameter added to the objective function, it tends to lower outputs and prevents the
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controller from being aggressive. This situation provides smoother responses, especially for gimbals with
uncertainties that cannot be modeled precisely.
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Figure 8. Position response of pitch axis

In the pitch axis, 34 ms rise time and 54 ms settling time were obtained with the PSO PID controller, and
no steady state error occurred. With the BPM PID controller, 28 ms rise time and 160 ms settling time were
obtained, and a steady state error of 20 millidegrees occurred (Figure 8). There is also a 10% percent
overshoot. As with the other axis, better results were obtained with PSO PID. When the results are
compared, it is seen that different values are obtained for both axes. The pitch axis carries the camera, and
the Yaw axis carries the inner axis with the camera. Due to balance errors and cross-coupling, the axes'
loads are also different. Cable stiffness is also seen as an essential factor in the pitch axis.
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Figure 9. Sinusoidal position response of yaw axis

The sinusoidal command was applied to the gimbal axes as a second test. Test results of the Yaw axis are
given in Figure 9. Similar position responses were obtained with both controllers in this test, unlike the step
command. BPM PID, which had overshoot and steady-state errors in previous tests, could successfully
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follow the reference applied in this test. The main reason for this difference between the two tests is the
balance problem. With the sudden acceleration in the step command, the effect of the balance problem
increased, and the BPM PID could only respond to this situation with oscillation for a certain period. In
sinusoidal reference, on the other hand, the degree of the signal applied at each sampling time increases
smoothly. In this way, the effects of disturbances such as balance and cable stiffness are also reduced on
the system.

5. CONCLUSION

In this study, controller design and applications were made to control the axes of a two-axis gimbal system
used in the missile. In gimbal systems, uncertainties such as cable stiffness, mechanical friction, and axial
misalignment can cause different and unexpected disruptive effects on the axes. In this context, the designed
PSO PID and PID coefficients are tuned based on position error and controller outputs. In real-time tests
performed on the desktop, control was possible with no steady-state errors. With the Butterworth
Polynomial method, which calculates the coefficient according to the bandwidth criterion, steady-state
errors have reached 20 millidegrees. There were also overshoots of over 10%. This situation shows that the
PID controller designed with the optimization method can be more effective for uncertain gimbal systems.
There are differences between the simulation results in the 3rd section and the experimental responses. In
the simulation, ambient noises, especially the gyroscope, are not modeled in detail. These factors are
estimated to cause deterioration in control. In future studies, stabilization trials will be carried out by
connecting the gimbal system to a test system that can move in three axes.
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Research article A Hg (1) solid state electrode (ISE) was fabricated using HgS and sparingly
Received:25/01/2023 soluble Cu and Ag sulfur salts, and the highest sensitivity of the ISE was
Revision:31/01/2023 obtained at the 10% HgS (w/w) composition. The ISE was found to have a slope

Accepted:27102/2023 of about 29 mV towards the Hg (1) ion (pHg 1,0-7,0 M). Hg-SE was found to

have a response time of 20 s and it offers an operating range of pH 1,0 to 5,0.

Keywords Their lifespan was measured as 1 year. It was determined that ISE was not
Trace element sensitive to other ions. The LOD value of the electrode was measured as 5x10°
?gﬁitmifc'j‘r’;mde 8 M. In addition, after the electrode validation, it was used in Hg measurements
Sensors in seafood.

Potentiometry

Seafood

1. INTRODUCTION

The most important effect of intensive industrialization on the environment and food is heavy metal
pollution. Mercury (Hg) is an element that is among the heavy metals and has a high toxic effect. Low
amounts of mercury inhibit the function of many vital functions with its strong toxic effect. For the
determination of mercury ion AAS [1], ICP-OES [2-3], UV-vis spectrophotometry [4-5] and
electroanalytical methods [6-7]. These methods are time consuming for complex samples and expensive.

Recently, it is more preferred in the analysis of trace elements due to the short test time, fast and cheap.
Many electrodes sensitive to Hg (I1) have been developed. They are solid membrane electrodes, usually
based on different ionospheres. lonophore such as tri dodecyl methyl ammonium iodide [8],
thiosemicarbazone [9], poly (4-vinily pyridine) [10], dithiadiazacyclotetradecine [11], Calix [2] thieno [2]
pyrrole [12], poly-o-toluidine Zr (V) tungstate [13] and 2-(N-pipyridino methyl)-1-cyano cyclohexano
[14]. The slope of these electrodes to the mercury ion is 25-28 mV between 1x10* and 1x10° M. The
lifetime of the electrodes is maximum 6 months, the response times are long and the number of interfering
ions is high.

In this study, Hg-SE was prepared from HgS, Cu,S and Ag.S salts prepared in the laboratory.
Characterization of ISE was done. Component effect, response time, working pH range, and interference
effect were examined. The validation of the method was performed according to the synthetic sample.
Using ISE, the amount of mercury in fish, mussels and shrimp was measured as the 95% confidence level
and the average of 10 values.

*Corresponding author, e-mail: skalayci@gazi.edu.tr DOI: 10.29109/gujsc.1242152
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2.MATERIALS AND METHODS

2.1. Reagents

HgsS, Cu,S and Ag,S [15-16] less soluble salts used in the preparation of ISE were prepared under laboratory
conditions. Hg(NOs). and metal salts (Merck) whose interferences are investigated have high analytical
purity. The deionized water was used in the preparation of solutions. HNOs and HCIO,4 (Merck) are acids
used in the dissolving process of seafood.

2.2. Instruments

For potential measurements, Metrohm 781 ion meter, Ag/AgCl electrode as reference electrode and
MTOPS MS 300 magnetic stirrer mixer were used.

2.3. Electrode Fabrication

Slightly soluble sulphurous salts of Hg, Cu and Ag were mixed in a certain ratio and amount of mortar and
turned into a homogeneous mixture. It was pressed with a pressure of 10000 kgecm2 using a hydraulic press.
The resulting thin tablet was adhered to an approximately 15 cm long glass tube with both ends open. An
Ag wire to contact the tablet and the inside of the electrode were filled with epoxy resin. The resin dried in
one day [17]. The life of the electrode, which is used 5-6 times a day, is about 2 years.

2.4. Potential VValues

The cell diagram in Equation (1) was used in the working process. Potentials were carried out at 25 degrees
and in 0,1 M KNOs. Hg-SE sensitivity, it was determined that the potential change was in accordance with
the Nernst equation by increasing the mercury concentration in the cell 10 times.

Ag-AgCl, KCI (sat.) | Hg solid-state membrane | sample solution | Ag-AgCl, KCI (satd.). (D)
2.5. Preparation of Seafood

Sea products to be used in the determination of mercury were brought from the Gulf of 1zmit. The same
procedure was used for thawing seafood. A certain amount of sample was dried in the oven for a certain
time. A total of 8,0 mL of HNO; and HCIO, mixture was added to this sample in a 4 to 1 ratio and
disintegrated by heating in a long neck balloon (30 cm). After repeating this process 4 times, it was
evaporated to approximately 1,0 mL. The volume of the sample was made up to 10,0 ml. The analysis
procedure is given in diagram 1.

Hg (I} solid-state electrode

— = Filler

Gilass tube -
_ Silver wire

mn |
L Peller sensitive 1o Hg (1)
. = | ‘ | = mm==) The amountof Hg (Il)

E(mv)
&

Scheme 1. Analysis procedure
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3. RESULT AND DISCUSSION
3.1. Electrode Composition

The most of electrode performance is the electrode composition. Here, the electrode composition with high
slope and selectivity was investigated. Electrodes in 6 different compositions were made as shown in Table
1 and values were recorded. When we look at the values in Table 1, the highest sensitivity for mercury ions
is 10% HgS, 30% Cu,S and 60% AQg>S. The slope of ISE was calculated as 29,3 + 0,2 and the sensitivity of
the electrode was found to be compatible with the Nernst equation. In addition, the detection limit of ISE
was obtained as 5108 M (S/N=3) by using the calibration plot.

Table 1. Sensitivity of electrodes with different composition (1.0x10*-1.0x107" mol L %)

ISE Hgs, % CuzS, % Ag2S, % Slope, mV R?

1 5 30 65 19,5+0,6 0,8573
2 10 30 60 29,3 +0,2 0,9999
3 10 40 50 23,7+0,3 0,9248
4 15 30 55 252+04 0,9455
5 20 30 50 26,1 £0,4 0,9681
6 5 20 75 14,8+0,9 0,6213

3.2. Response Time

For the response time with a composition of 10% HgS, 30% Cu,S and 60% Ag.S, when ISE was added 10
times more than 1,0 x 107 M Hg (1) concentration in the cell, the times during which the potential value
was constant were recorded (Figure 1). Refrigerator responds to concentration changes in as little as 20 s.

60 |
—— - —0— 0 — 00— —0— -0 —@—pHg 8.0-7.0
...... I S Y TSP SITPPS —6— pHg 7.0-6.0
— —a&— pHg 6.0-5.0
" —e—pHg 5.0-4.0
. . . . : ---@---pHg 4.0-3.0

—®— pHg 3.0-2.0

0 50 100 150 ~—¥—pHg2.0-1.0

Time (s)

Figure 1. Dynamic response time of ISE from 1 x10® M to 1x10™* M mercury concentration changes

3.3. Effect of pH
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While there was 1x10° M mercury in the cell, the pH values of the solution were changed by dropwise
additions of nitric acid and ammonia. The changes in potential values were measured (Figure 2).
Accordingly, it was observed that the electrode could work between pH 1,0 and 5,0. and the potential
changed after pH 5,0. This is because mercury hydroxide forms after pH 5,0. This reduces the mercury ion
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and causes the potential to change.
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3.4. Selectivity Study (KP°t)

The KP°t of the proposed ISE is obtained by using (Eq. 2) [18]. The potential was measured when there
was 1x10° M Hg (I1) in the cell. Then, the potential values While there was a certain concentration of
mercury in the cell, other ions were added and their effects on electrode sensitivity were examined (Figure
3). KP are shown in Table 2. In addition to the amount of mercury in food analysis, it does not have
sufficient interference effect.

Figure 2. Change of ISE sensitivity with pH

KPpot = {aHg [ exp (AE z Hg F/RT) _q ]} / (aM) ZHg zM
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Figure 3. Sensitivity of ISE to other ions
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Table 2. KP°%of the interfering ions
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Interfering ion KPo! Interfering ion KPo!
Ag* 2,15%1072 Cd* 2,46x107
K* 3,42x1073 Ni2* 2,18x1073
Cu? 5,36x107 Zn?* 3,11x1073
Pb?* 1,57x1073 Fe3* 4,83x10%

The analytical values of ISE were compared with other mercury electrodes and are given in Table 3. It
appears to have superior properties to many mercury electrodes.

Table 3. Comparison of some ISE

Electrode Slope, mV LOD (M) Lifetime Reference
(Months)

TDMAI 30 5,0x10°® 6 [8]

Thiosemicarbazone 29 1,0x10® 2 [9]

Poly (4-vinily pyridine) 30 5,010 3 [10]

Dithiadiazacyclotetra 28 8,0x1077 4 [11]

decine

Calix [2] thieno pyrole 28 1,0x10® 6 [12]

Poly-o-toluidine Zr (V) tungstate 28 1,0x107 3 [13]

2-(N-pipyridino  methyl)-1-cyano 29 2,5x107 2 [14]

cyclohexano

HgS 29 5,0x10® 12 This work

3.5. Analytical Application

In order to prove the usability of the prepared electrode, first, the amount of mercury at a certain
concentration was measured with our electrode. The % recovery was determined and given in Table 4.
According to these data, it was determined that the performance of our electrode in measurements was

good.
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Table 4. Mercury (ugg™) and % recovery measured in synthetic samples with known concentration. (95%
Confidence level and N=5)

Sample Concentration added  Concentration recovered % Recovery
(ngg™) (ngg™)

1 0,01 0,0098 98,0

2 0,05 0,0495 99,0

3 0,10 0,0995 99,5

4 0,15 0,1497 99,8

This method was applied to haddock, sole and mussel samples brought from Izmit Bay. The amounts of Hg
(1) in the thawed seafood were measured as the 95% confidence level and the average of 5 measurements
and are given in Table 5. The results were determined to be compatible with the mercury amounts
previously measured in seafood [19].

Table 5. The amount of mercury in haddock (Cod), sole (Solea volgaris) and mussel (Bivalvia) samples
brought from the Gulf of 1zmit. (95% Confidence level and N=5)

Sample [Hg*']: pg g
Haddock 0,19+ 0,01
Sole 0,28 0,02
Mussel 0,032 £ 0,005

4. CONCLUSSION

In this study, a solid-state electrode based on HgS was prepared. ISE has a linear slope with respect to the
first equation. This electrode shows a great advantage over other electrodes in the literature, with its
characteristics such as being easy to prepare, responding quickly to mercury (1) ion, being insensitive to
other ions, having a low detection limit, high selectivity and sensitivity [20-21]. The validation values of
this electrode were good. In addition, it is seen to have a high performance in determining trace mercury
amounts in seafood, food, environment and many real samples.
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Despite the acceptance of electric vehicles (EVs) by consumers in developed countries,
Research article consumers’ intentions towards these smart devices (SD) and the steps that can be taken to expand
Received:10/01/2023 in this market continue to be investigated in developing countries such as Turkey. In this study,
Revision:28/01/2023 policies and incentives for the purchase of Electric Vehicles in different countries were examined,
Accepted: 04/02/2023 . . . . .
consumer concerns prior to the adoption of SDs were evaluated, and then consumer intentions in
adopting EVs with models such as reasoned action theory, planned behavior theory, and
Keywords technology acceptance model were evaluated with bibliometric analysis through conducted
studies. Data from 63 publications accessed from Scopus, Web of Science, and DergiPark
databases were used in the field mapping process. The results provide insights into increasing the
market share of electric vehicles, which are critical in reducing the carbon footprint, by
recommending the issues that need to be highlighted to the industry and researchers.

Electric Vehicle
Consumer Intents
Political Incentives
Field Mapping
Smart Device
Turkey

1. INTRODUCTION

Transportation in many countries and cities has recently started to be provided by low-carbon Electric
Vehicles (EVs). Among these electric vehicle types, especially Battery Electric Vehicles (BEV) are
considered the most environmentally friendly and zero-emission Smart Devices (SD) [1-2]. SDs are a
package in which rechargeable batteries are brought together and managed [3] and have recognized
environmental benefits such as reducing air pollution and saving energy, demonstrating them as important
tools to achieve the target of a green and sustainable society [4].

EVs were the most common type of vehicle on the market in the early 1900s, but the market share of such
vehicles has dwindled over time, thanks to the advent of internal combustion engines and efficient
manufacturing methods. Transportation has become one of the biggest contributors to greenhouse gases.
According to the report of the International Energy Agency, the transport sector accounts for approximately
25% of total global greenhouse gas emissions and this is expected to increase from 23% to 50% by 2030
(IEA, 2020). Therefore, transportation is an important obstacle to the realization of sustainable economies.
Considering that a fuel demand of up to 40% is expected by 2035, it is predicted that vehicle use will
contribute significantly to air pollution and the greenhouse effect. In the traditional sense, transportation
has been dependent on petroleum fuel [5]. Today, most vehicles are powered by internal combustion
engines and use fossil fuels, which account for 23% of global CO2 emissions from the transportation sector.
Due to concerns about global warming, the auto industry is under pressure to reduce its carbon footprint.
In the last decade, biofuel-compatible engines, vehicles using alternative fuels such as liquid petroleum gas
and compressed natural gas, as well as hybrid electric vehicles based on fossil fuels but with a lower carbon
footprint, have been introduced [6]. Users face new technologies that carry risks and benefits that need to
be adopted. EVs are an important and innovative technology and are expected to revolutionize the
automobile industry and benefit the environment. A 2015 study reports that passenger cars are responsible

*Corresponding author, e-mail: nurguld@gazi.edu.tr DOI: 10.29109/gujsc.1232071
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for around 60% of carbon emissions in the transportation sector and that EVs are a viable way to reduce
carbon emissions. Similarly, the 2020 Electric Vehicle Outlook Report published by BloombergNEF
estimates that EVs will account for 10% of global passenger car sales in 2025, 28% in 2030, and 58% in
2040 [7].

In most countries, the number of smart devices in the automobile market is still very low compared to the
number of conventional internal combustion engine vehicles, but consumers’ buying behavior for these
vehicles in terms of environmental and economic benefits continues to increase exponentially [8]. Reasoned
Action Theory (TRA) is a social psychology-based theory developed to better understand the relationships
between attitudes, intentions, and behaviors of people who can make their own decisions [9]. This theory
is based on assumptions about human behavior. Planned Behavior Theory (TPB) was proposed in 1991 to
predict and solve the mystery of consumer behavior after the TRA theory [10]. Both theories are based on
the premise that individuals make logical and reasoned decisions to engage in certain behaviors by
evaluating the information provided to them. However, TPB has been modified by adding perceived
behavioral control to TRA because individuals’ behavior is not entirely voluntary and cannot always be
controlled. The Technology Acceptance Model (TAM) theory explains the adoption of new technologies
by people and evaluates the relationships between them by adding the perceived usefulness and perceived
ease of use to the attitudes, intentions, and behaviors of users created based on TRA [11]. TAM’s goal is
to unravel the factors that influence consumers’ adoption of new technologies. The study by [12] was
conducted using a variety of methods to identify factors that facilitate or compel human adoption of SDs,
and to identify consumer adoption [13], purchase [ 14], and usage [15] intentions. Consumers’ intention to
use electric and hybrid vehicles is related to how well factors such as technology perception, price,
availability, and information are controlled. These social and psychological factors are explained by TRA,
which is explored further in TPB Theory. These theories help identify factors that influence consumer
behavior. The main factor identified in the literature was that confidence in new EVs is higher than in
conventional diesel or petrol vehicles. A strong purchase intention ultimately increases the probability of
eventual action. Behavioral attitudes that affect the purchase of electric vehicles positively or negatively
can be classified. The positive aspects of electric vehicles are factors such as their environmental
friendliness, low operating costs, and the existence of government policies to reduce purchasing costs. The
downsides are several factors, such as the difficulty of battery recycling, limitations in the use of renewable
energy sources, and less mileage.

Conducted by [16] a bibliometric and thematic analysis of 254 studies on consumer behavior in the EV
market. In this regard, a clear systematization of the different research aspects related to EV consumer
behavior was performed. As a result, it was found that the use of electric vehicles is still not able to fully
replace other motor vehicles. However, developing countries such as Turkey were not included among the
countries included in the analyses. In Turkey, which has an emerging SD market, opportunities for the
consumer, manufacturer, and politician can be identified by examining consumer intentions toward EVs.
The data of the study conducted on the key factors affecting market share and adoption of EVs such as
incentives, policies, and additional socio-economic factors [17], and the EV market share of 20 countries
were collected considering the information on policies and incentives, published reports, and electronic
database. In this context, random effects model analysis was used to investigate the effects of various factors
on the EV market share between 2015 and 2019. The results of the study showed that tax deduction policy,
charger density, and revenue had significant positive effects on EV market entry percentages. However,
except for developing countries such as Turkey, the evaluation was made on the countries that had the
highest SDs.

Investigated by [18] the effects of altruism on EV adoption as an environmentally responsible behavior and
aimed to identify the factors that affect consumers’ EV usage intentions. To do this, a model based on TPB
was developed. Experimental analysis was performed by using a structural equation model for factors
affecting EV purchase intention with surveys of potential consumers in Malaysia. According to the results,
perceived value, attitude, responsibility, subjective norms, personal norms, perceived consumer
effectiveness and awareness of results significantly and positively affected consumers’ EV purchase
intentions.

Regarding consumers’ intentions toward EVs, researchers in Turkey focused on the domestic and national
production of these smart devices [19-21]. In this context, consumer purchase intentions for domestic SDs
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were evaluated; it was ensured that consumers’ purchasing intentions were evaluated in terms of proximity
to their own culture and innovative features of EVs and examined by [22] whether socio-economic factors
affect EV sales. Electric vehicle sales figures from 12 countries between 2012 and 2015 and per capita
income, population density, education level, urbanization rates, oil prices, electric vehicle market share,
and renewable energy production variables of these countries were used. As a result of the study conducted
with Unbalanced Panel Data Analysis, it was found that the education level of the country, urbanization,
renewable energy production, and oil prices affected the sales of electric vehicles statistically. In addition,
it has been determined that the variable that has the highest effect on electric vehicle sales, among the
statistically significant variables, is the urbanization variable. However, Turkey was not considered among
these countries.

Conducted by [23] a study to determine the usage intentions of consumers for EVs, factors related to vehicle
characteristics, environmental factors, social-symbolic factors, and political-marketing factors were
evaluated on the scale of Turkey. Using TPB as a method, the study showed that hybrid vehicles are close
to conventional vehicles from a consumer point of view, but consumer intentions toward EVs depend on a
very complex decision-making process. As a result, it was found that the adoption of SDs is early in Turkey
and the usage intention of consumers is examined.

Focused by [24] on examining the behavioral intentions of the consumer according to their demographic
characteristics, their degree of personal innovation, their perceived price sensitivity, and their perception of
technological risk. To better understand innovative consumer behavior, factors affecting adoption and
factors affecting innovation were discussed for potential EE users in Germany and Turkey, and an analysis
of the factors affecting users’ behavioral intentions was made with the TAM.

Proposed by [25] an expanded TPB (E- TPB) model by adding Environmental Concerns (EC) and Green
Trust (GT) to the TPB Framework to examine consumer-purchasing intentions of EVs in Turkey.
Behavioral patterns affecting consumers’ purchasing intentions were investigated by using the E-TPB
Model. As a result, it was found that traditional TPB components and EC and GT behavioral constructs
were positively related to EV purchase intentions. However, participants using traditional vehicles in two
different metropolitan areas were enrolled in the survey. Also, the status of consumers’ experience and
usage information on SDs was not specified.

Investigated by [26] consumers’ intentions to purchase EVs in terms of perceived price value and
environmental concerns. Also, a different research model was developed and used, except for TRA, TPB,
TAM, and the extended versions of these models. Correlation and regression analyzes were made to
determine whether the purchase intention differed significantly between some groups utilizing an online
survey. It was found that consumers’ evaluations of EVs, their perceived price value, and environmental
concerns had a statistically significant and positive effect on the intention to purchase Electric Vehicles.
However, when looking at participants’ intentions toward Hybrid Electric Vehicles or SDs, the survey and
findings were evaluated without any distinction between these two vehicle types.

Focused by [27] on the effect of innovativeness as one of the personality traits of consumers and the need
to be unique in the intention to buy SDs. Participants were reached through an online survey in Turkey and
the results were analyzed with Partial Least Squares Structural Equation Modeling. It was found that there
is a positive relationship between consumers’ need for uniqueness and their intention to purchase SDs.

Used by [28] an online survey to evaluate the importance of consumer behavioral and experimental
experience in purchasing decisions for EVs. As a result, he reported that factors such as customer
experience level, satisfaction level, acceptance, and adoption of EV's are important in consumers’ purchase
intention.

Most SD purchases are made by consumers in developed countries (e.g., China and the USA) followed by
consumers in other developed countries (e.g., Germany and the UK) (Global EV Data Explorer, 2022).
However, intentions towards EVs rather than consumer adoption must be examined in many ways in
developing countries such as Turkey compared to their developed counterparts. As one of the developing
countries, Turkey is in a promising position with its own domestic, national, and smart vehicles. According
to the cumulative increasing data of the Turkish Statistical Institute in October, the total number of fully
Electric Vehicles was around 12 thousand. However, the increasing number of charging stations across the
country, government incentives, the issuance of charging station operator licenses, and the fact that smart
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devices to be produced with domestic facilities will soon be on the market increase the purchase intention
of consumers for SDs. Also, it is predicted in the report published by the SHURA Energy Transformation
Center that Turkey’s total electric vehicle stock will reach 2.5 million by 2030 [29]. As a result, it is
estimated that 10% of all vehicle stock in the country will be SDs. For this reason, uncertainty remains
when looking at EV adoption and consumer acceptance in Turkey concerning developed countries.
However, the intentions of consumers as potential EV buyers are also a reality because SDs have great
future potential in the country. In this context, in the present study, the purpose was to discover the unknown
aspects of consumers as potential buyers of EVs in Turkey by looking at the intentions of sample consumers
in developed and developing countries. Unlike some other studies in the literature, advantageous aspects
for consumers, stakeholders, and politicians were revealed in the study by evaluating consumer intentions
toward EVs in Turkey in many ways.

In the next part of the current study, the effects of the policies developed to increase the use and sales of
electric vehicles in the world and Turkey are evaluated on consumer intentions and the concerns that prevent
consumers from adopting electrical devices are tried to be revealed. With the bibliometric analysis carried
out in the study, the critical factors affecting the intentions of consumers as potential EV users in Turkey
were determined by looking at the consumer intentions in the world. In the discussion section, prominent
issues for consumer adoption of SDs in Turkey were evaluated, and in the conclusion section, studies that
could be done for the decarbonization of Turkey were suggested to the industry and academicians in light
of the current findings.

2.1. Policies for EV Sales and Usage in the World

Electric Vehicles (EVs) are considered effective technological innovations that help reduce environmental
problems from road traffic emissions. EVs only run on chemical energy stored in rechargeable battery packs
and have zero exhaust emissions. In addition to environmental benefits, EVs also provide economic benefits
due to purchasing incentives and lower operating costs. Despite the growing interest and environmental
and economic benefits of EVs, their market share among other motor vehicles is still small in many
countries. The Chinese Government has taken various measures to promote the use of Electric Vehicles to
reduce air pollution. With faster economic growth and urbanization, the demand for private vehicles has
increased. However, the market share of Electric Vehicles is still low and one of the most important reasons
for this is that users are worried about being stuck in the middle of the journey due to the limited charging
time and driving distance of Electric Vehicles. In addition, charging the batteries of Electric Vehicles in the
middle of the journey also creates discomfort for users [30]. Another method implemented by governments
to promote the widespread use of Electric Vehicles is to make them economically competitive in the current
market. To this end, many countries (members of the Electric Vehicle Initiative (EVI)) are implementing
policies to encourage the adoption of electric vehicles. For example, the US Federal Government has set
aside $7.5 billion to encourage the production and purchase of Electric Vehicles by 2019. Similarly, the
Chinese Government spent a total of 33.4 billion Chinese Yuan between 2013 and 2015 to promote the
adoption of electric vehicles. However, it has been determined that people do not prefer to have
environmentalist beliefs and to buy electric vehicles [31]. The Chinese Government has implemented a
series of fiscal incentive policies to increase the market share of Electric Vehicles and encourage consumers
to adopt EVs. The Chinese Government has implemented the “Energy Conservation and Electric Vehicle
Strategy” and conducted pilot programs to directly encourage EV buyers. Other financial incentives (e.g.
tax exemptions and toll exemptions) have also been applied. Despite these efforts and supportive incentives,
consumers’ willingness to adopt EVs remains low and the market share of EVs remains relatively small.
According to a report by the China Automobile Manufacturers Association, total vehicle sales exceeded 28
million at the end of 2016 and Electric Vehicle sales were only 409,000 units. The market share of Electric
Vehicles in China was only 1.46%. This dilemma shows that EVs conflict with “hot policy” and “cold
market” not only in China but also in other developed countries [32—-34]. Not only freight but also passenger
transport in Brazil is largely based on road transport. The transportation sector constitutes 33% of the
country’s total energy consumption and 93% of this amount is road transport. This sector also accounts for
81.6% of diesel consumption in the country. The automotive sector plays a high role in terms of production,
consumption, and energy expenditures related to electric vehicles both at the national and global level, but
it does not follow the energy and mobility trends of leading countries such as Brazil, China, the USA, and
India. Currently, China has the world’s largest electric car market, followed by the United States and
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Europe. Many countries have phased out fossil fuel vehicles, and most are scheduled to ban the sale of
internal combustion vehicles by 2030. Despite being part of such major agreements, Brazil has not taken
any major steps to phase out combustion engine vehicles and promote electromobility [35]. Denmark has
exempted electric vehicles from the vehicle registration tax, one of the world’s highest taxes. The
exemption was valid until 2016, when an electric vehicle registration tax scheme was implemented for
vehicles with internal combustion engines, starting at 20% and gradually increasing to 150%. The Danish
Government decided to halt the planned increase in the electric vehicle registration tax in 2018 and currently
keeps it at 20%. Compensated through tax deductions of up to DKK 400,000 in 2019 and 2020. That’s why
the after-tax selling price of electric vehicles was similar in Norway and Denmark until 2016 and was
similar in 2019-2020, except for the most expensive brands [36]. The transportation sector is the country’s
second-largest pollutant and carbon emissions from motor vehicles directly affect global environmental
problems and the consumption of natural resources in Malaysia, which is one of the developing countries.
It also plays an important role in reducing carbon emissions from motor vehicles to reduce the possibility
of environmental problems. It is emphasized that the method called electrification of electric vehicles and
road transport is considered a positive step towards replacing internal combustion vehicles with electric
vehicles and ensuring urban sustainability. However, electric vehicle sales remain at a low level in
Malaysia. One of the reasons for this is considered to be that electric vehicles are expensive. Also, the
insufficient number of charging stations in the country and the short lifespan of electric vehicles are
considered obstacles to the adoption of Electric Vehicles. The fact that a very high proportion of cars are
domestically produced in Malaysia may also hinder the adoption of Electric Vehicles. To accelerate the
adoption of electric vehicles in Malaysia, the country’s government is implementing tax reductions for
electric vehicles and similar measures to encourage the sale of electric vehicles [37-39].

Pakistan is exposed to climate change as one of the most vulnerable countries in the whole world. The
annual average temperature and precipitation were severely affected in the country. Carbon dioxide coming
from fossil fuels can be harmful to human health and cause disease spread through contaminated
floodwaters. If no action is taken against climate change, the average temperature is expected to increase
by 3°C in Pakistan. Although Pakistan promised to reduce greenhouse gas emissions by 20% by 2030 at
the SAARC Summit, little effort has been made to manufacture and distribute electric cars in Pakistan.
Economic conditions do not improve and environmental conditions suffer. The sale and use of Electric
Vehicles in Pakistan are practically non-existent. There are no electric two-wheeled or four-wheeled
vehicles in the private market, and Pakistan does not have the infrastructure to charge such vehicles [40].

Although Taiwan is Asia’s fifth largest economy, it has high urbanization and automobile potential, which
exacerbates environmental problems. Therefore, the Taiwanese Government has created a broad strategy
aimed at promoting green energy-oriented transport to reduce greenhouse gas emissions. For example, the
Taipei City Government launched its free electric ridesharing service “Ucar” in March 2018, which aims
to operate on a small scale during the trial period using an integrated TRA and TAM model to test
consumers’ motivation [41]. The Thai Government has also implemented various incentives to promote the
production and use of Electric Vehicles (EVs). These incentives included a 0% tariff on fully manufactured
imported EVs and a 10-year corporate tax exemption for companies investing in electric vehicles to help
auto companies test market demand before building a large-scale manufacturing facility. In addition, SCT
reduction was made to encourage car buyers to buy electric vehicles. All these policies were aimed at
meeting the government’s target of having 1.2 million electric vehicles in Thailand by 2036. The
government set a national economic strategy called “Thailand 4.0” in 2015 to support economic growth
through innovative industries and targeted the green car industry [42]. Similarly, the Republic of Ghana
has committed to reducing its carbon dioxide emissions by 15% by 2030 in the 2015 Paris Agreement [43-
44]. India ranks 3rd in the worldwide CO2 emission list and its emissions increased by 4.8% to 2.9 billion
tons in 2018, with the automobile sector accounting for 87% of total emissions. For this reason, India needs
energy-efficient and cleaner vehicles for a sustainable automobile scenario to contribute to climate change
[45]. The market share of electric vehicles accounts for only 1% of total vehicle sales in India, most of
which (95%) are two-wheeled vehicles. The Indian government reduced its 100% electric vehicle target to
30% by 2030. The biggest obstacles preventing electric vehicles from becoming more common in India
include price, diversity, and changing infrastructure. For this reason, the slow growth rate of the electric
vehicle sector in India shows the need for more detailed research [46].
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In Indonesia, it is estimated that personal vehicles will be needed for people’s mobility along with rapid
economic growth and increasing urbanization. The transport sector is one of the major contributors to CO2
emissions in Indonesia and is second only to the industry sector. People’s need for transportation is expected
to increase with the rapid economic growth (5%) and high urbanization rate expected in 2022 after the
pandemic. According to the Indonesian Central Bureau of Statistics, private vehicle ownership (e.g.,
motorcycles, cars, buses, and freight transport) is increasing steadily at more than 5% per year, which shows
that the private vehicle market is still relatively high. Also, Presidential Regulation No. 55 of 2019 on the
Acceleration Program of Battery Electric VVehicles for Road Transport was published in 2019 to establish
a legal umbrella for electric vehicle development in Indonesia. This regulation enabled several ministries
to initiate electric vehicle projects in the country [47].

According to the U.S.A. Energy Information Administration, international oil supplies are supplied by
members of the Organization of Petroleum Exporting Countries (mainly Saudi Arabia and Irag). As the
largest oil consumer in the Middle East, Saudi Arabia shows increasing domestic consumption to power its
manufacturing and transportation sectors. The CEO of the National Oil Company, Saudi Aramco, stated
that “If there is no improvement in energy efficiency, domestic fluid demand will accelerate to exceed 8
million barrels of oil equivalent per day by 2030”. For this reason, it is important to use energy more
efficiently in various sectors of the country, especially in transportation. Many factors are driving the
adoption of more efficient vehicles, such as hybrid electric vehicles, including global warming, foreign
dependency, and possible oil shortages. Poor air quality can be affected by transport systems, greenhouse
gas emissions, and other sources, affect health and productivity negatively and cause national economic
losses. Vehicles are a major source of air pollution in Saudi Arabia and cause approximately 66% of carbon
monoxide pollutants and 50% of nitrogen oxides and hydrocarbon pollutants.

Saudi Arabia is the largest importer of vehicles in the Middle East with import levels skyrocketing in recent
years. Because of demographic factors, high disposable income, and low fuel prices, the US-Saudi Arabia
Business Council notes that local vehicle manufacturing demand is predicting a positive outlook, triggering
many ambitious local vehicle manufacturing initiatives to support this demand. The Saudi Arabian
government introduced unleaded gasoline to solve the problem of reducing emissions and pollution and
enacted a policy in 2009 requiring vehicle manufacturers and distributors to report appropriate fuel
economy data on all new vehicles and prohibiting the importation of vehicles older than 5 years of age.
However, fuel consumption is still rising steadily in Saudi Arabia and pushing emission levels to an all-
time high. For this reason, novel and fuel-efficient technologies must be adopted in the transportation sector.
Especially the adoption of HEVs will be a particularly effective step in reducing fuel consumption in Saudi
Arabia and a stepping stone towards meeting global energy demand, which will help Saudi Arabia take a
more sustainable path towards global warming by reducing emissions. Also, the adoption of HEVs might
contribute to improving air quality in the country. For this reason, the adoption of HEVs in Saudi Arabia
will yield several benefits with it [48-50].

The popularity of electric vehicles has increased in Turkey in recent years. According to the Automotive
Distributors Association (ADA) report, 2846 electric vehicles were sold in Turkey in 2021. When compared
to the previous year, this figure is an increase of 238%. In the first half of 2021, 2.6 million electric vehicles
were sold globally an increase of 160% when compared to the same period last year. In a scenario in line
with the Paris Agreement, it is estimated that worldwide sales of electric vehicles will exceed one billion
by the year 2050. Recent studies show that although the electric vehicle market is still small in Turkey,
there has been a proportional increase in annual sales in recent years when hybrid vehicles are considered,
and the electric vehicles introduced to the market by Turkey’s Automobile Enterprise Group (TOGG) may
bring with it a rapid growth trend in the market. Also, it is emphasized that electric vehicles need further
improvement with technological developments and extensive research is needed for their acceptance by
consumers. However, studies on the acceptance of electric vehicles (especially TOGG and green vehicle
purchase intention) are still limited in Turkey. Sales of electric vehicles continue to increase in Turkey in
recent years, and a growing trend in the market is expected with the effect of electric vehicles to be launched
by the Turkish Automobile Initiative Group (TOGG). According to the data of the International Renewable
Energy Agency, although the global electric vehicle market was 8 million at the end of 2019, it is expected
to reach 1 billion 100 million units by 2050.



H. Nurgul DURMUS SENYAPAR, Murat AKIL / GU J Sci, Part C, 11(1):161-183 (2023) 167

On the other hand, consumers’ demand shifted from fuel vehicles to electric vehicles, and countries’ bans
on driving vehicles with gasoline and diesel engines also contributed to the growth of the electric vehicle
market. These bans encourage and force investments in electric vehicle production [51-52]. Electric and
hybrid electric vehicle sales increased when compared to the previous year. Electric vehicle sales in Turkey
are shown in Table 1 according to years [53]. Despite the low share of electric vehicles, 30% of all passenger
vehicles are expected to be electric by 2032 worldwide. More than ten different electric vehicle models are
on sale in the Turkish market. This number tends to increase over time with the number of electric vehicle
charging stations.

Table 1. The number of vehicles by year in Turkey according to engine types

Benzine Diesel LPG Hybrid Electric Unknown
Years Total

(%) (%) (%) (%) (%) (%)

2004 5400440 75.2 4.7 14.7 - - 5.4
2005 5772745 67.3 6.8 21.8 - - 4.1
2006 6140992 62.5 9.5 24.8 - - 3.2
2007 6472156 57.4 11.8 28.2 - - 2.6
2008 6796629 52.0 13.9 32.6 - - 15
2009 7093964 47.6 15.7 35.6 - - 1.2
2010 7544871 42.3 18.3 38.4 - - 0.9
2011 8113111 37.4 21.6 40.2 0.0 0.0 0.8
2012 8648875 33.9 24.3 41.3 0.0 0.0 0.6
2013 9283923 31.1 26.9 41.5 0.0 0.0 0.5
2014 9857915 29.0 29.2 41.4 0.0 0.0 0.4
2015 10589337 27.6 31.6 40.3 0.0 0.0 0.4
2016 11317998 26.8 33.6 39.2 0.0 0.0 0.4
2017 12035978 25.9 35.4 38.4 0.0 0.0 0.3
2018 12398190 24.9 36.8 37.9 0.0 0.0 0.3
2019 12503049 24.2 38.1 37.3 0.1 0.0 0.3
2020 13099041 24.4 38.3 36.7 0.3 0.0 0.3
2021 13706065 255 37.6 35.9 0.6 0.0 0.3
2022 14213013 26.7 36.9 35.1 0.9 0.1 0.3

1.2. Consumer Concerns and Intentions for EVs in the World
This study is aimed to determine the important variables that are the antecedents of consumer intention,
based on studies including TRA theory, TPB theory, and TAM model and their modifications.

First, there are some concerns raised by consumers about electric vehicles around the world, the most
important of which are the nature of EV's and charging infrastructures.

Range concern: One of the major concerns about EVs is the limited range they can travel on one single
charge. This can be a concern for people who constantly drive long distances or do not have easy access to
charging stations.

Cost: EVs may be more expensive at first purchase than conventional petrol vehicles. This may be a concern
for some consumers.

Charging stations: The availability of charging stations can be a concern for some users, especially in areas
with limited infrastructure.

Battery life: Battery life is a concern for some users because it is expensive to replace.

Performance: Some users may be concerned about underperformance when compared to conventional
petrol vehicles, such as acceleration or control.
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Environmental impact: Some users may be concerned about the environmental impact of electric vehicles,
such as the materials used to manufacture batteries. In addition, some chemicals used in battery production
can have negative effects on the environment. Battery manufacturers are trying to take measures to control
materials that may cause adverse effects on the environment during the production process so that they do
not harm the environment. Some metals and metal derivatives used in battery production are filtered in
wastewater and air by using specially designed industrial filters to reduce their negative effects on the
environment, such as the electricity source used for charging.

Power generation plants using fossil fuels such as coal, oil, or natural gas can cause air pollution and climate
change. For this reason, it is important whether the electrical energy used by electric vehicle charging
stations has negative effects on the environment. However, the negative effects of electric vehicle charging
stations on the environment do not depend only on energy sources. Depending on the location, design, and
installation of these stations, they can have adverse environmental impacts. For example, areas, where
charging stations are built for electric vehicles, can destroy natural habitats. In addition, the design and
installation of these stations may have the potential to harm the environment. For electric vehicle charging
stations not to have negative effects on the environment, the locations, designs, and installations of these
stations should be planned correctly. In addition, it is important to use renewable energy sources so that the
energy sources used in electricity production do not have negative effects on the environment [54-55].

Secondly, government policies directly affect the intention to purchase, use and adopt EVs. Here, incentives
and subsidies specific to EV's come first.

Subsidy: A subsidy for electric vehicles (EVs) is a financial assistance given by the government of a country
or region to purchase EVs. This assistance can increase adoption intention by reducing the initial cost of
EVs. However, cutting the subsidy may reduce the intention to adopt, as EVs may become more difficult
to purchase as potential buyers fail to take advantage of financial incentives. The cut of the subsidy may
affect the intention to adopt, especially if it is designed as a long-term plan [56-57]. Understanding the role
of people in EV purchase intention with surveys can help companies and policymakers better understand
the motivations and needs of Italian youth and develop strategies for EV adoption. They can determine the
importance of electric vehicle purchase intention by analyzing the survey results along with potential
barriers to adoption, such as concerns over the cost and availability of charging stations [58-59]. The fact
that the prices of electric vehicles are generally higher than gasoline vehicles is a factor that makes it
difficult for low- and middle-income people to buy them. However, electric vehicles have advantages such
as less maintenance and lower fuel costs. Subsidies and other incentives are often implemented by
governments and other institutions to encourage the sale of electric vehicles. These incentives make electric
vehicles more affordable and more attractive to low- and middle-income people.

Thirdly, although some consumers have high intentions to purchase EVs, demographic-independent
variables can also be an obstacle to activating one’s potential behavior. Income level, which is a
demographic characteristic of a person, is an important factor affecting people’s opinions about purchasing
electric vehicles. Incentives and subsidies by governments and other institutions are important to make low-
and middle-income people become more enthusiastic to purchase these vehicles [60]. The choice of a
person considering the purchase of an electric vehicle may be oriented toward both rational reasons and
norms. People consider purchasing an electric vehicle for rational reasons such as low fuel costs, low
maintenance requirements, and environmental advantages. However, there may be other factors that
influence an individual’s choice to purchase an electric vehicle. Purchasing an electric vehicle may be a
behavior in line with the norms of adopting these vehicles in society. Also, purchasing an electric vehicle
may be a choice for which they want to be respected in their environment and society. For this reason, the
choice of purchasing an electric vehicle can be for both rational reasons and norms. Although rational
reasons may be related to features such as low fuel costs, low maintenance requirements, and environmental
advantages of vehicles, normative reasons may be about behavior following the norms of adopting these
vehicles in society [61-63].

In addition to these factors, the policies and preferences of individuals are also of great importance. The
following different factors may have an impact on the establishment of a low-emissions environment as a
political choice.
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Age: In general, individuals in the older population may be less likely to cite low-emission charging zones
as a political preference. Therefore, the attitudes of older audiences towards the adoption of hybrid and
electric vehicles may be less positive.

Income level: Low-income individuals are less likely to care about policies for low-emission charging
zones; Their attitudes toward the adoption of hybrid and electric vehicles may be less positive.

Level of education: Individuals with lower levels of education may have less positive attitudes toward the
adoption of hybrid and electric vehicles.

Residential area: The probability of voting for low-emission charging zones is also related to where
individuals live. For example, individuals living in cities may be more likely to stand out in their political
preferences for low-emission charging zones than those living in rural areas. Therefore, the attitudes of the
masses living in cities towards the adoption of hybrid and electric vehicles may be more positive.

Individuals’ priorities: People with more environmental concerns may be more likely to vote for low-
emission charging zones. Similarly, populations with more environmental concerns about the adoption of
hybrid and electric vehicles may have more positive attitudes [64, 65].

The payment parameter is an important issue for consumers to purchase electric vehicles. Payment terms
can affect consumers’ intention to purchase electric vehicles. Offering very long-term payment options
when purchasing electric vehicles can increase consumers’ purchase intention.

Payment security: Consumers’ disbelief in the security of payment methods when they purchase may reduce
purchase intention. Similarly, the use of unsecured payment methods during the EV purchasing process
may reduce consumers’ purchase intention.

Payment options: Consumers’ intention to purchase electric vehicles also depends on payment options.
Providing consumers with too few payment options when making a purchase can reduce purchase intention.
Similarly, offering different payment options when purchasing electric vehicles can increase consumers’
purchase intention [66, 67].

2. MATERIALS AND METHODS

In this study, in which the prominent issues regarding the adoption of electric vehicles, the situation in
different countries regarding the level of use of these vehicles, and the measures and incentives to increase
the use of these environmentally friendly vehicles are evaluated, academic publications are analyzed within
the framework of prominent theories in the literature to determine consumer intentions towards EVs. The
findings are shown in a systematic structure. Bibliometric analyzes were performed using Bibliometrix [68]
and VOSViewer [69] software, and critical factors encountered in consumer intentions were determined
with thematic analysis.

3. RESULTS
3.1. Pre-processing of the Documents

Scopus, Web of Science (WoS), which includes a wide range of reputable journals with generally accepted
quality publications, and the articles on DergiPark, a database that contains national journals in Turkey
supported by the Turkish Scientific Research Institution, were used to reach the articles published on the
subject of “consumer intent” determined as the field of study. In the first step of the pre-processing, a
collection process was performed by identifying the publications in the literature about consumers’
intentions toward EVs. All possible terms for consumer intentions were used to be comprehensive in the
detection of articles [70]. For this purpose, instead of search criteria with Boolean mathematics on Scopus
and WoS, the following coding was used to detect articles on the subject: (TI=(“electric vehicle*” OR
“electric car*”)) AND TS=(“consumer behavior*” OR “customer behavior*” OR ‘“Buyer*” OR
“customer®*” OR “consumer*”’) AND TS=(“technology acceptance model” OR “TAM” OR “TPB” OR
“theory of planned behavior” OR “Theory of Reasoned Action” OR “TRA”) AND TS=(intention*). The
meaning of this transaction is the main title of the electric vehicle or automobile, the subject of consumer
behavior, buyer, customer or consumer, and the theory of reasoned action, theory of planned behavior, or
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technology acceptance model, and containing “intention or other appendices” to show the articles to the
reader. It was necessary to search using Turkish characters and words in DergiPark because it includes
research at the national level. For this, abstract: electric* OR abstract: “domestic vehicle” OR abstract:
“domestic car” AND abstract: intention* was written in the summary section for the search engine for a
detailed search. The datasets found in this way in different file formats were standardized to be used in the
Biblioshiny program. As a result of the search carried out in all databases, a total of 63 articles with
consumer intentions for EVs were identified in the literature. All the details of these articles (e.g.,
information such as responsible author, keywords, abstract, references, author keyword plus, titles,
publication years, all author names, publisher, printing house, and publication language) were brought
together in R programming language and converted into a single excel file. According to the search
conducted, the articles before 2014 were not included. In this study, the mapping process was created from
the articles published in journals in Turkish and English in editorial and blind peer-reviewed journals. In
this context, the Excel file created through the Biblioshiny interface, which is included in the Bibliometrix
library developed as a package in the R programming language, was integrated into the system. As a result,
summary information of the articles to be used in the analysis process is shown in Table 2.

Table 2. Basic information on the articles used in the analyzes

Explanation Result Explanation Result
Data Distribution Collaboration of Authors

Time range 2014:2022 | Documents with one single author 6
Sources (Journals, books, etc.) 45 Number of common authors per document 3.22
Documents 63 International common authors rate % 6.349
Annual development rate % 43.52 Document Type

The average age of the documents 1.98 Article 55
Average reference of each document | 25.91 Early view article 1
References 3767 Book part 1
Content Conference article 4
Indirect keywords 314 Proceeding article 2
Author’s keywords 208

VOSviewer is a scientific mapping tool for visualizing bibliometric networks. In this way, it can visualize
many bibliometric network analyses such as co-founding analysis of keywords and co-authoring analysis.
It also enables the extraction of important terms on a scientific topic using the text-mining function.
VOSviewer builds bibliometric networks according to the degree of similarity and differences between
terms using the similarity visualization algorithm. In addition, the VOSviewer software provides
visualization of the usage weights of the terms used by years. The software can perform scientific
visualization using many different file formats from the database, such as Web of Science, Scopus, and
PubMed. In this context, co-occurrence analysis of keywords was performed using VOSviewer in section
3.2.

3.2. Co-occurrence Analysis with VOSviewer

Regarding the analysis in this study, first, the retrieved articles were converted into a .ris file type and used
as input to the VOSviewer to visualize the similarities between the articles. In this way, the mapping of the
articles retrieved with the VOSviewer Software was made in Figure 1 and the networks of their occurrences
with the keywords were determined.

The result of the VOSviewer Analysis is expressed in the form of circles in different colors. Label and
circle size is based on the weight of the item. The weight of an item is directly proportional to the item’s
label and circle size. For example, the weight of items is 11.26%, consumer behavior 6.92%, electric vehicle
6.13%, theory of planned behavior 6.13%, adoption intention 5.73%, purchase intention 4.94%, subjective
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norm 3.36%, sales 3.16%, purchasing 2.96%, It was determined that the percentage weight of technology
acceptance model 2.37%, surveys 2.37%, environmental concerns 2.37%, domestic car 1.78%, extended
full 1.58%, mobility 1.58%, intention to use 1.19% and other items is below 1%.
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Figure 1. The keywords and their co-occurrence in VOSviewer

According to the co-occurrence analysis, TRA, TPB theories, and the TAM model came to the forefront in
the studies conducted on consumer intentions for EVs in the world. These theories played major roles in
the formation of 6 different color classes with 43 different terms. On the left in blue, electric vehicles are
in formation together with reasoned action theory, consumer behavior, and sustainable development,
respectively. According to the purple circles below, the usage intention of the EVs, the technology
acceptance model, and the perceived benefits are information together with the secondary batteries.
According to the yellow circles below, purchasing is associated with behavioral research, survey, and
commerce. According to the circles given in closed blue on the right, cultural centralism consists of
domestic vehicles, consumers, and purchasing. EV adoption intention, technology acceptance model,
perceived usefulness, perceived risk, psychological factors, subjective values, personal moral value,
attitude, and extended technology acceptance model appear to be in significant co-occurrence in the green-
colored terms shown below.

Finally, in the red circles, it was determined that electric vehicles are in formation together with purchase
intention, consumer behavior, structural equation model, and environmental concerns. Also, in the co-
occurrence analysis, different colors and links are shown in Figure 2 to represent the associations of
keywords over time from 2019 (dark blue) to 2022 (yellow).
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Figure 2. The co-occurrence of the terms according to years over VOSviewer
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According to the results of the co-occurrence analysis of electric vehicles according to years, terms such as
sustainable development, consumer behavior, purchasing, consumer, domestic vehicle, sales, behavioral
research, perceived benefit, and environmental concerns came to the forefront. As well as these factors, the
technology acceptance model, the planned behavior theory, and its modified versions were also preferred
more in recent studies to determine consumer intentions towards EVs than the reasoned action theory.

3.3. Thematic Analysis

It was built based on the 10 most frequently used keywords in the three area charts. The relationship
between the keywords (middle), the words in the article titles (left), and the abstract words (right) are given
in Figure 3 on three area plots. The most frequently used keywords by the authors in their studies on
"electric vehicles" are consumer intention, electric vehicles, consumer behavior, theory of planned
behavior, hybrid electric vehicles, intention to adopt, intention to purchase, structural equation model,
perceived risk, and technology acceptance model appears to be out.
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electric
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Figure 3. Three area plots between titles, keywords, and abstract

Among the study titles, it is seen that studies on the research of consumer intentions regarding the purchase
and adoption of electric vehicles are predominantly carried out, and the critical issue in these studies is the
batteries of EVs. It has been determined that consumer behaviors towards electric and hybrid electric
vehicles in keywords are handled within the framework of adoption and purchase intention, and the
perceived risk issue and various concerns about EVs are evaluated.
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As can be seen in Figure 4, where the thematic evaluation of the most frequently used keywords by years
is made, the prominent words between 2014 and 2019 left their place to different trend terms after 2019.

2014-2019 2020-2022

automobile industry theory of planned behavior

electric vehicle

automaobile industry

|:| perceved risk |

—_— planned behavior

| technology acceptance
consumers behavior .

purchaseiintention

L ev purchase I:I

Figure 4. The thematic evaluation of the most frequently used keywords according to years

From the beginning of 2019, researchers examined consumer behavior and perceived risks to electric
vehicles and EVs in the automotive industry, then researchers focused on the theory of planned behavior
and technology acceptance models of electric vehicles in the auto industry. The most frequently used
keyword in consumer intent research on EVs in today’s articles is obtained objectively from the thematic
evaluation of studies based on the theory of planned behavior and technology acceptance model. The Word
Cloud of the title, abstract, and keywords and the word cloud of publications related to electric vehicles
with the theme of consumer intentions are shown in Figure 5.
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Figure 5. Word clouds for titles, abstracts, and keywords of source publications (top: title, bottom left:
abstract, bottom right: keywords)

The first variable, in which the most recurring words were visualized in the titles of the studies conducted
on consumer intention-themed electric vehicles, was determined as the most repetitive term. The following
words were followed by adoption intention, vehicle adoption, consumer purchase, planned behavior,
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electric vehicle purchase, technology acceptance model, consumers’ intention, expanded TAM, and
technological acceptance.

In the abstracts of the studies conducted on consumer intent-themed electric vehicles, the first variables, in
which the most repetitive words were visualized, were the most recurring terms, the intention to adopt and
the theory of planned behavior. Then, perceived risk, structural equation model, perceived usefulness,
subjective norm, subjective norms, purchase intentions, technology acceptance models, behavioral control,
consumer intention, incentive policies, and perceived behaviors came to the forefront in the abstracts.

The first variable (the theory of planned behavior) in which the most frequently repeated words in the
keywords of the studies on consumer intention-themed electric vehicles were visualized, was determined
as the most repetitive term. Then, the most frequently faced keywords were the technology acceptance
model, adoption intention, perceived risk, purchase intention, consumer behavior, usage intention, reasoned
action theory, environmental concern, expanded planned behavior model, expanded technology acceptance
model, perceived usefulness, and structural equation. model, attitude, consumer innovation, and domestic
vehicles.

The collocation networks of the above-mentioned abstract sections and keywords in studies conducted on
consumer intention-themed electric vehicles are given in Figure 6. The circle sizes are larger compared to
the number of terms used for all collocation networks. Also, the collocation network is expressed as circles
of one color within a single cluster according to the degree of closeness of the terms.
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Figure 6. The collocation network of abstract parts (left) and collocation network of keywords (right)

While doing this process in the abstract section, first terms were chosen as triple-word groups. When the
collocation network in the abstract section is examined, regions in 3 different colors have occurred
according to the degree of closeness of their terms to each other. The largest of these regions is the network
where green electric vehicles, planned behavior theory, structural equation model and derivatives,
perceived behavioral control, behavioral control, behavioral TPB model, battery swap technology, and non-
monetary incentive policies are brought together. Next comes the network region with the largest blue color
technology acceptance model, TAM, perceived usefulness in attitude, electric vehicle purchase, factors
affecting consumers, perceived usefulness of convenience, perceived use, expanded technology acceptance
model, and financial incentive policies. In the summary sections, the red circle shapes with the smallest
collocation network include the electric vehicle, perceived behavioral control, the subjective norm in
attitude, subjective norm perception, expanded planned behavior model, and norm perceived behavior
terms.

When the collocation network was examined for the keywords in the same way, circle shapes in 3 different
colors were formed according to the degree of closeness of the terms to each other. However, more
meaningful results stand out with fewer connections than the summary section collocation network. At this
point, in consumer intention-themed electric vehicle studies, electric vehicles, expanded TAM, technology
acceptance model, consumer behavior, perceived usefulness, perceived risk, and attitude were found in the
common network concerning the adoption intention in blue-colored shapes. On the other hand, in the red
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figures, it is seen that planned behavior theory, battery electric vehicles, electric vehicles, and structural
equation models, or models are closely related to purchase intention. In the literature, the intention to use
green color is only related to the perceived risk and electric vehicles, so a clear interpretation cannot be
given.

The first variable, in which the most recurring words are visualized in the titles of the studies on consumer
intention-themed electric vehicles, was determined as the most repetitive term. The following words are
followed by adoption intention, vehicle adoption, consumer purchase, planned behavior, electric vehicle
purchase, technology acceptance model, consumers’ intention, expanded TAM, and technological
acceptance.

In the summary sections of the studies on consumer intent-themed electric vehicles, the first variables, in
which the most repetitive words were visualized, were the most recurring terms, the intention to adopt, and
the theory of planned behavior. Then, perceived risk, structural equation model, perceived usefulness,
subjective norm, subjective norms, purchase intentions, technology acceptance models, behavioral control,
consumer intention, incentive policies, and perceived behavior come to the fore in the summary section.
The thematic map of the first 50 variables most frequently encountered in the keywords section of the
studies on consumer intention-themed electric vehicles was created in Figure 7.

The first variable, the theory of planned behavior, in which the most frequently repeated words in the
keywords of the studies on consumer intention-themed electric vehicles were visualized, was determined
as the most repetitive term. Then, the most frequently encountered keywords are technology acceptance
model, adoption intention, perceived risk, purchase intention, consumer behavior, usage intention, reasoned
action theory, environmental concern, expanded planned behavior model, expanded technology acceptance
model, perceived usefulness, and structural equation. model, attitude, consumer innovation, and domestic
tools.

The collocation networks of the summary sections and keywords in studies on consumer intention-themed
electric vehicles are given in Figure 7. The circle sizes shown are larger relative to the number of terms
used for all collocation networks. In addition, the collocation network is expressed as circles of one color
within a single cluster according to the degree of closeness of the terms.
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Figure 7. The thematic map of articles examining consumer intent toward EVs

As seen in the figure, the technology acceptance model of electric vehicles is the variable that creates the
brown zone, and this model was preferred for consumers’ adoption intentions. Also, the theory of planned
behavior led to the formation of the orange cluster, and it became a theory that forms the basis for purchase
intentions and usage intentions. The theory of reasoned action was the main variable forming the green
cluster and was associated with altruistic motives and perceived benefits. The extended theory of planned
behavior was the factor that played role in the creation of the cluster about the environment, green trust,
green consumption, and consumer behavior. It is difficult to specify a meaningful expression because the
other parts are minorities.
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An analysis was made to obtain geographic information on the relational networks among those who
contributed the most to the subject studied. The bibliometric analysis of the countries in which articles
published on consumer intent-themed electric vehicles were published is given in Figure 8.
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Figure 8. Prominent countries in consumer intent-themed electric vehicle surveys around the world

The number of countries’ scientific production on the subject is given in this map. In this respect, China
19, Turkey 5, Malaysia 5, India 5, Germany 3, Denmark 3, United Kingdom 3, Japan 2, Indonesia 2, Korea
2, United States 2, Brazil 1, Italy 1, Norway 1, Sri Lanka 1, Iran 1, Australia 1, Croatia 1, Morocco 1, Peru
1, Thailand 1, Ghana 1, Netherlands 1, Vietnam 1, and South Africa produced 1 publication. The conceptual
structure map was performed to identify critical concepts affecting consumer intentions toward electric
vehicles.

According to the Multidimensional Scaling Method [71] used, the critical factors affecting consumer
intentions are given in Figure 9.
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Figure 9. The critical factors identified in the conceptual structure map

When this process was done in the abstract section, firstly, terms were chosen in triple-word groups. When
the collocation network in the abstract section is examined, regions in 3 different colors occurred according
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to the degree of closeness of their terms to each other. The largest of these regions is the network where
green electric vehicles, planned behavior theory, structural equation model and derivatives, perceived
behavioral control, behavioral control, behavioral TPB model, battery swap technology, and non-monetary
incentive policies. The network region with the largest blue color technology acceptance model, TAM,
perceived usefulness in attitude, electric vehicle purchase, factors affecting consumers, perceived
usefulness of convenience, perceived use, expanded technology acceptance model, and financial incentive
policies were also detected. In the abstract sections, the red circle shapes with the smallest collocation
network include the electric vehicle, perceived behavioral control, the subjective norm in attitude,
subjective norm perception, expanded planned behavior model, and norm perceived behavior terms.

When the collocation network was examined for the keywords in the same way, circle shapes in 3 different
colors were formed according to the degree of closeness of the terms to each other. However, more
meaningful results were detected with fewer connections than the abstract section collocation network. At
this point, electric vehicles, expanded TAM, technology acceptance model, consumer behavior, perceived
usefulness, perceived risk, and attitude were found in the common network concerning the adoption
intention in blue-colored shapes in consumer intention-themed electric vehicle studies. On the other hand,
itis seen in the red figures that planned behavior theory, battery electric vehicles, electric vehicles, structural
equation models or models are closely related to purchase intention. In the literature, the intention to use
green color is only associated with the perceived risk and electric vehicles, and therefore, a clear
interpretation cannot be given.

The thematic map of the first 50 variables most frequently found in the keywords section of the studies on
consumer intention-themed electric vehicles is given in Figure 10.
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Figure 10. The distribution of the number of articles produced on the subject according to years

4. DISCUSSION

Consumer behavior should be examined with a scientific and systematic approach due to factors such as
the growing business world, the increase in the number of consumers and they are becoming more conscious
consumers and the transformation of consumption from a rational phenomenon to an emotional
phenomenon. As the life cycle of products shortens, more innovations are required, and the level of
consumers’ adoption of these innovations is shaped by different factors.

Many factors influence consumer behavior such as values, attitudes, personality, ability, motivation,
perception, and learning. It is tried to be revealed through the types of decisions that the consumers go
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through which stages and what they do at these stages. The purchasing process, which includes the stages
of recognizing the needs of consumers, collecting information, evaluating alternatives, purchasing
decisions, and implementation and post-purchase evaluation, is evaluated with a wide variety of research.

Behavioral theories, which have developed and changed over the years with a multidisciplinary approach,
are especially important in terms of evaluating the acceptance of new technologies and the innovations they
bring. For this purpose, the factors affecting the adoption of electric vehicles are also discussed in terms of
the intention, attitude, and behavior of consumers’ approaches to electric vehicles through different models.

Eco-friendly and zero-emission electric vehicles are predicted to capture more than half of the automobile
market by 2040, with promises to save energy and reduce their carbon footprint. To develop and support
this increasing trend in the market, studies are carried out on various theories in the literature. Among them,
the Reasoned Action Theory and Technology Acceptance Model come to the fore. Studies in the field
reveal that socio-economic factors such as per capita income, population density, education level,
urbanization rates, oil prices, electric vehicle market share, and renewable energy production are
determinants of EV sales. Especially the education level of the country, urbanization, renewable energy
production, and oil prices statistically affect electricity significantly. Studies including GET theory, PDT
theory, and TAM model and their modifications try to determine important variables of consumer intention.
The issues that consumers around the world are concerned about with electric vehicles are affecting the
level of adoption of Evs. Range concerns, battery replacement cost, the prevalence of charging
infrastructure, battery life, and performance emerge as consumer concerns. Due to the limited charging
time and driving distance of electric vehicles, users are worried about being in the middle of the journey.
In addition, the necessity of charging the batteries of electric vehicles in the middle of the journey creates
discomfort for users. Despite the low operating costs of electric vehicles, the fact that their sales prices are
higher than their peers or that there are insufficient charging stations in the country raises concerns, while
increasing urbanization, payment facilities, tax reductions, and incentives increase the level of preference
of Evs. Factors such as environmental impact, subsidies, age, income level, education level, place of
residence, individual priorities, payment security, and payment options shape the growth rate of the market.

5. CONCLUSION AND RECOMMENDATIONS

This study has tried to reveal which behavioral models in the field come to the fore in the examination of
consumers’ approaches to electric vehicles, and which concepts and subjects are shaped by the studies.
Such mapping studies are valuable in terms of identifying trends in the literature, identifying lost views,
and guiding future studies. By revealing which subjects the studies in the literature focus on, it can be
determined that the same subjects are overworked with similar theoretical frameworks and similar methods,
and it can enable the subject to be examined in different dimensions. In this case, the studies carried out do
not go beyond the repetitive testing of existing theories with different data sets, rather than serving to reveal
the behaviors. In this respect, as in many other innovative products and services, research in terms of electric
vehicles should be examined within the framework of different dimensions based on different theories.

Marketing communication, which includes all kinds of communication activities and processes established
between the company and consumers, is mainly carried out to inform, persuade, empowering-supporting
and make significant use of consumer behavior. In marketing communication, four independent variables
are affected by source-related variables such as attracting attention, understanding, persuading, and keeping
in mind, message-related variables, recipient variables, and environment. All these variables can support
efforts to adopt relatively innovative technologies such as electric vehicles and increase market share
efforts. Within the framework of the findings in the literature, it is possible to increase the level of adoption
of environmentally friendly electric vehicles by using marketing communication tools. Expanding the
market by eliminating technological, economic, etc. Concerns considering current findings will be an
important step for a sustainable future.
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Figure A. Effects of karrikin and smoke on plant systems

Purpose: The aim of this study is to reveal that plant-derived smoke (SW) and the KAR in its
content are involved in many mechanisms and have different functions in various stages of plant
development. It is to bring together some current studies related to this, both Turkey and in the
world, and evaluate them together.

Results: In general, when the studies conducted to date are examined, SW and KAR promote
seed germination, stimulate seedling, shoot and root development, and increase tolerance to
abiotic stress factors.

Conclusion: Identifying receptors for KARs, identifying their exact signal transduction
pathways, and identifying evidence of how they work together with other signaling systems in
plants is an urgent need to unravel this mechanism. Identification of the various plant growth-
regulating compounds in smoke allows us to better understand the potential effects of fire on
natural and managed ecosystems, as well as powerful chemical tools for use in further research.
We need to better understand the consequences of burning crop residues as part of standard
agricultural practices and controlled burning to create a fire barrier or manage fuel accumulation.
All these applications will provide a clearer understanding of the mode of action of these growth
regulators. For example, it is essential that we know how stable they are in the soil, whether they
are metabolized by plants and microorganisms, and how they affect other organisms. For this,
large-scale laboratory and field studies are required to understand the mechanism of KAR and
SW in more detail.
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Anahtar Kelimeler

KARs are unique butenolites found in the smoke of burning plant material during forest fires that
act as a plant growth regulator. KARs in the smoke accelerate the abundance of plant
communities, promoting seed germination, seedling formation and ecological diversity. KARs
also mediate tolerance to different deficient conditions such as oxidative stress, drought, low light
intensity (shade stress) and salinity. Although the signaling pathway is closely related to
strigolactones (SLs), unique from strigolactones. Due to structural affinity with SLs, KARs have
potential roles in mediating abiotic stress tolerance in plants. In addition, KAR interacts directly
or indirectly with important phytohormones such as abscisic acid (ABA), gibberellic acid (GA3),
auxins and ethylene. With this article, you will have access to many up-to-date studies and
information on KAR and SW.

Karrikin: Dumandan Gelen Yasam
Oz

Duman Suyu
Karrikin

Biitenolit
Strigolakton
3-metil-2H-furo[2,3-
c]piran-2-on

KAR’lar orman yanginlari sirasinda yanan bitkisel materyalin dumaninda bulunan bir bitki
biiyiime diizenleyicisi gibi gorev alan benzersiz biitenolitlerdir. Dumanin igeriginde yer alan
KAR’lar, bitki topluluklarinin bollugunu hizlandirarak tohum ¢imlenmesini, fide olusumunu ve
ekolojik cesitliligi tesvik ederler. KAR’lar ayrica oksidatif stres, kuraklik, diisiik 11k yogunlugu
(golge stresi) ve tuzluluk gibi farkli yetersiz kosullara karsi toleransa aracilik ederler. Sinyal yolu
strigolaktonlar (SL) ile yakindan iligkili olmasina ragmen farklilik gostermektedir. SL’ler ile
yapisal akrabalik nedeniyle, KAR'lar bitkilerde abiyotik stres toleransina aracilik etmede
potansiyel rollere sahiptir. Ek olarak KAR, absisik asit (ABA), giberellik asit (GAs), oksinler ve

etilen gibi 6nemli fitohormonlarla dogrudan ya da dolayl olarak etkilesime girerler. Bu makale
ile KAR ve duman suyuna (DS) dair pek ¢ok giincel calismaya deginilmistir.

1. GIRiS INTRODUCTION)

Diinya’daki yasamin bir 6zelligi olarak, oksijenli fotosentezin evrimi ve ardindan kara bitkilerinin ortaya
cikisi, yanginlar i¢in gerekli kosullarin saglanmasina yol agmustir [1]. Eski ve yaygin bir fenomen olarak
yangin, diinya genelinde ekosistemlerin bilesimini gekillendiren belirgin bir evrimsel gii¢ olarak hizmet
etmigstir. Bir yangin olayinin gegisi, kaynaklar i¢in azalan rekabetin bir sonucu olarak yenilenme i¢in gesitli
firsatlar sunmaktadir. Buna gore, ¢ok sayida bitki tiirii, yangin olaylarmi algilama ve tepki verme yetenegi
gelistirmiglerdir [2]. Bitkiler en az bes farkli mekanizma [3-4] ile yangindan sonra hayatta kalabilmektedir
veya bundan yararlanabilmektedir: (a) yangindan zarar gérmemis siirgiin meristemlerinden yeniden
filizlenme; (b) canli tohumlarin yanginla uyarilan tohum salimmindan 6nce potansiyel olarak onlarca yil
boyunca golgelikte, kozalaklarda veya odunsu meyvelerde depolandigi serotoni (veya bradispori); (c) sert
tohum kabugu olusumu ile yangindan sonra tohumlardaki dormansi halinin kirilmast; (d) yanginlarin
ciceklenmeyi tetikledigi yangin sonrasi giceklenme (veya pirojenik ¢iceklenme), tipik olarak yer alti
depolama organlarina (geofitler) sahip bitkilerde goriilmektedir ve (e) duman kaynakli veya kimyasal
kaynakli tohum ¢imlenmesi. Bir yangindan sonraki yerel ¢evre kosullari, bir yangindan 6ncekinden 6nemli
o6lgiide farklidir; bu farkliliklar sicaklik araligi, su mevcudiyeti, riizgar, 151k spektrumu, 151k yogunlugu,
toprak besinleri, allelokimyasallar, bitki rekabeti, mikrobiyal aktivite ve hayvan davramisindaki
degisiklikleri igerir. Bu nedenle, atese uyum saglamis bitkiler ¢evredeki bu tiir degisikliklerden bir veya
daha fazla sinyali potansiyel olarak algilayabilmektedirler. Bu da gelisimleri ve fizyolojileri, yanginin
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yarattig1 yeni kosullarda biiylimeyi ve {ireme basarisini optimize edecek sekilde ayarlayabilmeyi saglayarak
onlar1 potansiyel rakiplerine karsi avantajli olmay1 desteklemektedir. Hatta bazi tiirler o kadar yiiksek
diizeyde uyum saglamislardir ki atese bagimli hale gelmisglerdir. Bu tiirler zorunlu ates takipgileri olarak
siniflandirilirlar, yalmizca bir yangindan sonra ¢imlenir, bilyiir ve ¢icek acarlar. Yeni tohumlari, gelecekte
onlarca yil siirebilecek bir sonraki yangin olayina kadar toprakta dormant durumda saklayabilirler. Boyle
bir strateji, 6zellikle Akdeniz tipi ekosistemlerdeki topraklarin, bir yangini takip eden aylarda filizlenmesi
tetiklenebilen, tiir agisindan zengin, dormant olan bir tohum bankasi barindirabilecegi anlamina
gelmektedir [5-6]. Bitkilerin hayatta kalabilmek icin gelistirdigi mekanizmalardan duman kaynakli veya
kimyasal kaynakli tohum ¢imlenmesi pek ¢ok arastirmaci tarafindan merak konusu olmustur. Hatta bitkisel
materyalden elde edilen dumanin bitkiler lizerinde sadece tohum ¢imlenmesini tesvik etmedigi, ayni
zamanda pek ¢ok mekanizmada gorev aldigi arastirmacilar tarafindan kanitlanmistir [7-9].

Bu galismanin amaci; bitki kaynakli dumanin ve iceriginde yer alan KAR’larin pek cok mekanizmada gorev
aldigimi ve bitki gelisiminin g¢esitli basamaklarinda farkli gérevlerinin oldugunu ortaya koymaktir. Bunun
ile ilgili gerek {ilkemizde gerekse diinyadaki gilincel bazi ¢calismalar bir araya getirmek ve bunlarn birlikte
degerlendirmektir.

2. DUMANIN KiMYASAL iCERIiGI

Tohum ¢imlenmesini uyarma kapasitesine sahip duman bilesiklerinin kimyasal dogasina iligkin ipuglari,
dumanin suda fokurdatarak ¢oziinmesinin saglanmasi ile tiretilen yanma tiriinlerinin karmasik bir ¢ozeltisi
olan "sivi duman" veya "DS" ile yapilan ilk deneyler sonucunda kesfedilmistir. Dumanin igerigindeki
tohum ¢imlenmesini uyaran kimyasal uyaricilar i¢in ilk kesif, Emmenanthe penduliflora Benth.
(Hydrophyllaceae) ve Eriophyllum confertiflorum (DC.) Gray (Asteraceae) dahil olmak tizere Kaliforniya
caliliklarindaki yangin sonrasi tek yillik bitkilerin dormant olan tohumlar: tizerinde yapilan ¢aligmalarla
gerceklesmistir. Bu caligmalarda yanmis veya komiirlesmis odunsu malzemenin ¢imlenmeyi uyardigi ve
bu tlir komiirlesmis malzemeden hazirlanan sulu ekstraktlarin i¢eriginde bir ya da daha fazla suda ¢oziiniir
aktif uyaricinin varligi gosterilmistir [ 10-12]. Bitki materyalinden elde edilen dumanin, Arabidopsis dahil
olmak iizere 80 farkli cinsten 1200 bitki tiiriiniin tohum ¢imlenmesini olumlu yonde etkiledigi ¢alismalar
sonucunda gosterilmistir [13]. Yapilan ¢alismalar sonucunda; bitkisel materyalin 175°C'de 10-30 dakika
yakilmas1 uyarict maddeyi iiretmek i¢in yeterli olacagi sonucuna varilmigtir [12]. Bir sonraki 6nemli kesif,
yanan bitki materyalinden ¢ikan dumanin Giiney Afrika tiiriit Audouinia capitata (L.) Brongn. (Bruniaceae)
bitkisinin ¢imlenmesini uyarmasi olmustur [14]. Bu kesif sonucunda, uyarici molekiilin (veya
molekiillerin) ugucu oldugu sonucuna varilmistir ve uyariciyi (veya uyaricilari) toplamanin en uygun yolu,
DS iiretmek i¢in sudan dumanin fokurdatarak ¢6ziilmesini saglamak olmustur.

Cimlenme uyaricilarinin arastirilmasi1 sirasinda, Baldwin ve ark., (1994) tarafindan aktif duman
fraksiyonlarinda 71 bilesik tanimlanmistir ve toplam 233 bilesik test edilmistir. Bunlardan bazilarinin
¢imlenmeyi tegvik ettigi tespit edilmistir. Agar ve seliilozun yakilmasi sonucunda elde edilen duman
fraksiyonlarinda da ¢imlenmeyi tesvik eden benzer maddelere rastlanmistir [12,7, 15]. Yapilan bir
calismada, Lactuca sativa L. ve Avustralya, Kuzey Amerika ve Gliney Afrika’daki dumana duyarl diger
15 tiiriin ¢cimlenmesini uyardig1 diisiiniilen bu maddeyi elde etmek i¢in, yanmis filtre kagidi (%99 seliiloz)
yakilarak DS elde edilmistir. DS’ nin igerigindeki bu aktif bilesigi belirlemek i¢in ¢o6ziicii bdliimleme,
yiiksek performansli sivi kromatografisi (HPLC), gaz kromatografisi-kiitle spektrometrisi (GS-MS) ve
niikleer manyetik rezonans (NMR) dahil olmak iizere biyoanaliz kilavuzlu fraksiyonlama prosediirleri
kullanmiglardir [16]. Bu ¢alisma sonucunda uyaricinin yapisi, sadece bir piran halkasina kaynasmis bir
biitenolit (dort karbonlu bir lakton) iceren yeni bir bilesik sinifi olan 3-metil-2H-furo[2,3-c]piran-2-on
olarak tamimlanmustir. Baslangicta, bu bilesige biitenolit ad1 verilmistir, ancak onu diger biitenolitlerden
ayirmak i¢in daha yakin zamanda karrikinolid olarak yeniden adlandirilmistir (karrik, giineybati
Avustralya'nin Aborijin Noongar halkinin dilinde duman i¢in geleneksel bir kelimedir) ve KAR1 olarak
kisaltilmistir [16]. Ayrica DS’nin igeriginde nitrojen oksitlerin ve siyanohidrinlerin de ¢imlenmeyi tesvik
edici 6zelligi oldugu saptanmugstir [17]. Bu maddeler suda ¢o6ziilebilen, yapisini uzun siire koruyabilen, 1s1ya
dayanikli ve diigiik konsantrasyonlar1 oldukga yiiksek aktiviteye sahip kimyasallardir [7, 18].



Yasemin KEMEC HURKAN | GU J Sci, Part C, 11(1):184-196 (2023) 187

3. KARRIKINLERIN OZELLIKLERI VE YAPISI
KAR'lar suda ¢oziiniir ve stabil maddelerdir. KAR, yanan bitkisel materyalin dumaninda bulunan bitki

biiylime diizenleyicisi grubuna girmektedir [19]. Bu zamana kadar DS’de KAR1 disinda bes KAR1 analogu
(KAR2-KARG) kesfedilmistir (Sekil 1) [20].

/\/o 00 07X 0, 0" X0 0°X 0
TR T 100 5& Ll

a KAR, b KAR, C KAR, d KAR, e KAR;
EC,107°M EC,107M EC;o107°M EC,107M EC;, 10°M
(S. orbiculatum) (S. orbiculatum) (S. orbiculatum) (S. orbiculatum) (S. orbiculatum)

ECso107M EC5H108M
(A. thaliana) (A. thaliana)
L/ 0 X0, N7 (o)
07 X0 N \\)=O N |\2=0
0] \
‘\A): \ 3
f KARg g Karrikin analog h Karrikin analog S l Karrikin analog
EC,10°M EC,10°M EC;,107M EC,10°M
(S. orbiculatum) (S. orbiculatum) (S. orbiculatum) (S. orbiculatum)
K 0 00
A € C \
N "0, Al B )N A I 8
0] /
oY /L/E J
OH \ OH —0
LD 0
- & o \
) Glyceronitrile k 3,4,5-Trimethylfuran- I - Stngol m GR24
ECs010M 2(5Hy-one EC50102M ECs10°M
(A. manglesii) IC,10°M (S. hermonthica) (S. hermonthica)
(L. sativa and A. thaliana) ECp10°M

(A. thaliana)

Sekil 1. (a—f) KARlar, ( g—i ) KAR analoglar, (j) gliseronitril, (k) 3,4,5-trimetilfuran-2(5H)-on, (1) (+)-
strigol ve (m) GR24 tin yapilari ve biyoaktiviteleri [yart maksimal etkili konsantrasyon (ECso)] [17].

Karbonlardaki yer degisimlerine (3, 4, 5 ve 7.) gore yaklasik 50 sentetik KAR analogu sentezlenmistir [21-
23]. DS’de en bol bulunan ve en aktif olan KAR1’dir. KAR’lar dumanda tanimlanmis olmasina ragmen,
KART1'in ¢ogunlugunun filtre kagidi veya bitki materyali yakildiktan sonra kalan tortuda (komiir ve katran
vb.) bulundugu disiiniilmektedir [24]. KAR1 suda ¢6ziindiigii ve smirli uguculuk ozellige sahip
oldugundan dolay1, dumanda uzaga taginmadigi, bunun yerine duman soguduke¢a yogunlastigi ve yangin
alanmin yakininda kaldig1 yapilan ¢alismalar sonucunda bildirilmistir [16]. Genel olarak KAR’lar, ortam
sicakliklarinda ve sulu ¢ozeltilerde stabildir ve 151k yoklugunda 4°C'de birkag y1l saklandiktan sonra aktivite
kaybi1 gozlenmemektedir [25].

KAR’lar SL’ye benzer yapisindan dolay1 Striga ve Orobanche gibi parazitik bitkilerin ¢imlenmesini
uyardid1 cesitli galismalar sonucunda rapor edilmistir [26]. KAR'lar, genellikle 10~° mol L™nin altinda
olmak tizere ¢ok diisiik konsantrasyonlarda tohum ¢imlenmesini tesvik edici aktiviteye sahiptirler [6, 17].
Fakat, DS’nin yiiksek konsantrasyonlari ¢cimlenmeyi engellerken, daha diisiik konsantrasyonlar ¢cimlenmeyi
tesvik edici bir etkiye sahip oldugundan, DS’nin ¢imlenme iizerinde “¢ift yonlii diizenleyici” bir etkisi olma
egiliminde oldugu bilinmektedir [27]. Dumanda 0,5 mg mL? ile 5 mg mL? arasinda degisen
konsantrasyonlarda c¢imlenmeyi engelleyen 10 bilesik tanimlanmustir [7]. Bunlara kresoller ve
dihidroksibenzenler gibi fenolik bilesiklerin yani sira 2-furoik asit ve naftalin dahildir. Bitki kaynakl
dumandan izole edilen bir bilesik olan 3,4,5-trimetilfuran-2(5H)-on (2,3,4- trimetilbut-2-enolid)
¢imlenmeyi inhibe etme aktivitesinden sorumlu oldugu bulunmustur [28]. Bu inhibitér madde 10 uM
iizerindeki konsantrasyonlarda aktif oldugu ve 0,1 pM KAR1 uygulanmasindan ziyade, tek basina KARI1
uygulamasina kiyasla ¢imlenmeyi 6nemli Glgiide bastirdigi bildirilmistir. Bu nedenle, uyarici biyolojik
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aktivitesini en st diizeye ¢ikarmak igin, kullanimdan 6nce DS’nin genellikle bitki tiirline bagl olarak
1:250, 1:500, 1:1000, 1:1500 ve 1:2000 (v/v) oranlarinda su ile seyreltilmesi gerekmektedir [29].

4. DUMAN SUYU VE KARRIKININ ISIK VE DIGER HORMONLAR UZERINE ETKIiLERi

Pozitif fotoblastik tohumun ¢imlenmesi 1sikla desteklenirken, negatif fotoblastik tohumlarin ¢imlenmesi
1s1kla inhibe edildigi belirlenmistir. Mevcut kanitlar, DS ve KAR1’in 15181n tohum ¢imlenmesini etkilemek
icin bagimsiz olarak hareket ettigini gostermistir. DS ve KAR1, tohum ¢imlenmesini uyarmaktadir ancak
151k, tiire bagl olarak bu tepkiyi artirabilir veya engelleyebilir. Ornegin, Nicotiana attenuata Torr. ex
S.Watson tohumu DS tarafindan ¢imlenmeye tesvik edilmektedir, ancak karanlikta yanit vermemektedir
[30]. Bununla birlikte, Angianthus tomentosus J.C.Wendl. ve Podolepis canescens A.Cunn. ex DC.
(Asteraceae) gibi diger 151k gerektiren tiirlerde, KAR1 karanlikta ¢cimlenmeyi tesvik etmektedir [31]. KARI
ayrica negatif fotoblastik tiirlerin ¢imlenmesini de uyarmaktadir; 6rnegin, Avena fatua L. (Poaceae)
bitkisinin ¢imlenmesi KARI tarafindan arttirilmaktadir, ancak 1s1k uygulamasi KAR1'e verilen yaniti
azaltmaktadir [32-33].

GA ve ABA, tohum ¢imlenmesinin kontroliinde antagonistik rollere sahip anahtar hormonlardir. GA tohum
¢imlenmesini uyarirken, ABA dormansi olusturmakta ve siirdiirmektedir [34]. KAR1'e yanit veren tiirlerin
cimlenmesinin GA uygulamasiyla uyarildig1 yaygin olarak gézlemlenmistir. GAs ve KARL'in her ikisi de
i¢ Asteraceae tiiriiniin (A. tomentosus, P. canescens ve Myriocephalus guerinae F.Muell.) ¢imlenmesini
uyardig1 ve bir sicaklik araliginda karanlik kosullarda ¢imlenmeyi arttirdigi gézlenmistir [31]. DS ve GA,
marulda ve N. attenuata tohumunda ¢imlenmeyi tesvik etmek i¢in sinerjik olarak hareket etmektedir [9,
30]. Hem DS ve KAR’lar hem de GA birgok tiirde tohum ¢imlenmesini uyarma yetenegine sahip olsa da
bu sinyaller arasindaki iligki biiylik dl¢iide birbirleri ile bagintili kanitlar sundugu diisiiniilmektedir. DS-
KAR’lar ve GA arasindaki sinerjistik etkilesimler, dogrudan bir etkilesim yerine birbiriyle bagimsiz pozitif
cimlenme sinyalinin toplamini yansittig1 diistiniilmektedir [35]. Bitkiler tarafindan dogal olarak sentezlenen
Indol-3-asetik asit (IAA) yan kok olusumunda, yaprak ve meyve dokiilmesinin engellenmesinde, apikal
dominanside ve fototropizmada gorev almaktadir [36]. KAR'lar ayrica GA ve ABA etkilesiminin yani sira
IAA ile etkilesime girerek golgeden kacinma sirasinda bitki tepkilerini de diizenlemektedir. Bu nedenle,
KAR'’lar bir fitohormon olarak siniflandirilmamasina ragmen, yukarida belirtilen fizyolojik siirecler
sirasinda geleneksel bitki hormonlari arasinda ilging etkilesimler sergilemektedir [37].

5. KARRIKINLERIN SINYAL YOLAKLARI

Tohum ¢imlenmesi, dormansi veya hormon homeostazi ve duyarliligt bakimindan KAR’a duyarl
mutantlari, duyarli olmayan diger mutantlardan ayirmak énemlidir. Bunu basarmak i¢in, KAR’a yanit veren
birden fazla mekanizmay1 degerlendirmek gerekmektedir. SL hormonunun siirgiin dallanmasi igin MAX2
gerektirdigi daha onceki ¢aligmalar ile kanitlanmigtir. Ancak rapor edilen son ¢alismalar ile KAR’larin ayni
gen ile yanit vermesi bitki hormonlarinin SL familyasina bagli oldugunun bir kanit1 niteliginde olmustur.
MAX2, kara bitkileri arasinda yiiksek oranda korunan bir F-box proteinini kodlamaktadir, bu da SL veya
KAR yanitlarina aracilik etmede korunmus bir rolii olabilecegini diisiindiirmektedir. F-box proteinleri,
SCF'nin (Skp, Cullin, F-box igeren) E3 ubikuitin ligaz kompleksinin poliiibikitinasyon ve bozunma igin
spesifik protein substratlarint hedefleyen adaptdr bilesenleridir [38-39]. MAX2, esas olarak fide
morfolojisiyle ve fotomorfogenez ile ilgilidir. Farkli dalga boylarindaki 1sik altinda 1s18a bagimli hipokotil
ve kotiledon biiylimesinin diizenleyicisi olarak gorev yapmaktadir [40]. MAX2 mutantlari, KAR’lara
oldugu kadar SL’lere de duyarsiz olsa da bitkiler ikisini birbirinden ayirabilmektedir [38]. SL’lerin ve
KAR’larin taninmasina yakindan iligkili o/p-hidrolazlar, SL’ler i¢in Arabidopsis DWARF14 (AtD14) ve
KAR’lar i¢in Karrikin Insensitive 2 (KAI2) aracilik etmektedir [39] (Sekil 2).



Yasemin KEMEC HURKAN | GU J Sci, Part C, 11(1):184-196 (2023) 189

Karrikin Strigolakton %
' -0, o, G (o] Y g
O =0 # —')OK J_)=0 ' AL

Karrikin igeren
dumana maruz
kalan tohumlar

Dormansinin
kirilmasi
Tohum gimlenmesi

Sirgiln dallanmasi

Fotomorfogenez Kok geligimi
Vejetasyon Yaprak morfogenezi Ikincil biytime
yenilenmesi Yaprak morfogenezi

Sekil 1. Karrikin ve strigolaktonun sinyal yolagt

KAI2, MAX2'ye benzer sekilde, bitkilerin evriminde yiiksek oranda korunan genlerden birisidir. KAI2, yesil
algler, cigerotu veya yosunlar gibi bitkilerin en ilkel bigimlerini igeren farkli filogenetik taksonlarda
bulunmaktadir [41]. Bitkilerin KAR’lara veya SL’alara tepkileri, MAX2 baskilayici (Suppressor of MAX2-
SMAX) familyasindan represorlerin pargalanmasindan kaynaklanmaktadir. Bu bozulma, sirastyla SL’ler
ve KAR’lar igin MAX2 'nin AtD14 ve KAI2 ile etkilesiminden kaynaklanmaktadir [42]. Bitkinin SL’lere
tepkisine SMAX1-Like 6 (SMXL6), SMXL7 ve SMXL8'in bozunmasi aracilik ederken, KAR’lara tepki
MAX2 1 baskilayic1 (Suppressor of MAX2 1 (SMAX1)) ve SMXL2 bozunmasinin bir sonucudur [43].
SMAX1 bozulmasinin MAX2 ve KAI2'nin varligina bagli oldugu yakin zamanda kanitlanmistir. Bu nedenle,
en olast KAR sinyalleme modeli, KAI2 tarafindan KAR’larin algilanmasiyla basglamaktadir. Ardindan
KAI2'nin MAX2 ile birlesmesi, bu da SMAX1'in poliiibiklesmesine ve ardindan 26S proteazom aracili
bozunmaya yol a¢maktadir [44]. SMAX1/SMXL2 bozunmasinin birgogu 1sik ile ilgili, baskilama
anlatimindan birkag transkripsiyonel faktor salmaktadir. Serbest birakilan transkripsiyonel faktorler daha
sonra tohumlarin veya bitkilerin KAR’lara fizyolojik ve morfolojik tepkilerine neden olan genlerin
anlatimina aracilik etmektedir [38,43].

6. DUMAN SUYU VE KARRIKININ BiTKIiLER UZERINE ETKILERI
6.1. Cimlenmeyi, Fide, Siirgiin ve Kok Gelisimini Uyarir

Yapilan bir ¢aligmada, saf KAR1 ve DS Solanum orbiculatum ve Brassica tournefortii tiirlerinin
tohumlarmin ¢imlenmesi tizerindeki etkileri belirlenmistir. Her iki tir de KAR1’e duyarlidir ve 0,67 uM
KAR1 c¢ozeltisine ekildiginde kontrole kiyasla %100 ¢imlenme gdstermislerdir. Icerisinde KARI
konsantrasyonu bol olan ¢dzeltiye S. orbiculatum tohumlar ekildiginde kontrole kiyasla %82 oraninda
¢imlenme oldugu gozlenmistir. Fakat konsantrasyon su ile seyreltildik¢e ¢imlenen tohum orani %50’nin
altina distligli gozlenmistir. Ancak, ¢ozeltilerdeki KAR1 bollugu tohum ¢imlenmesini garanti etmemistir.
B. tournefortii tiiriiniin tohumlarinin dormant durumu, yiiksek KAR1 konsantrasyonu ile kirillamamisken,
S. orbiculatum tohumlarinin dormant durumu, yiiksek KAR1 konsantrasyonu ile basarili bir sekilde
¢imlenmistir. Ancak daha da yliksek KAR1 konsantrasyonu igeren ¢6zeltide S. orbiculatum tohumlarinda
¢cimlenme gozlenmemistir. Buna karsilik, elde edilen DS ¢imlenmeyi neredeyse sentetik karrikinolid kadar
etkili bir sekilde uyardig1 gézlenmistir (S orbiculatum i¢in %91'e ve B. tournefortii igin %96'ya kadar).
1:100'den 1:2000'e kadar seyreltmeler %68 ve daha fazla oranlarda ¢imlenmeyi sagladigi gozlenmistir.
Yine aymi c¢alismada, Lycopersicon esculentum Mill. tohumlarinin ¢imlenmesi yiiksek KARI1
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konsantrasyonunda yavagken, Lactuca sativa L. tohumlarinin ¢imlenmesi konsantrasyon farkliligindan
etkilenmedigi belirtilmistir. Ayrica, Lycopersicon esculentum bitkisinin boyutu genellikle orta diizeydeki
KARI konsantrasyonu i¢in (%2,5 ve %10 KAR1 uygulama oran1) azami zirveye ¢ikmis ve daha sonra daha
yiiksek dozlarda diigerek siirgiinler bodur ve kiiciik hale geldigi gézlenmistir. Lactuca sativa ise bitkiler
genellikle KAR1 dozu arttik¢a daha da biiylimiis, boylece en uzun bitkiler en yiiksek dozda biiytidiigii
g6zlenmistir. Bununla birlikte, KAR1’in kok tepkisi her iki tiir i¢in de benzer olmustur ve kokler genellikle
yiiksek konsantrasyonda kisaldigi gozlenmistir (%50 KAR1). Bu farkliligin sebebinin nedeni yakilan
materyale ve icerigindeki KAR1 konsantrasyonu ile iligkilendirilmistir. Bu nedenle, tiirlerdeki fenotipik
degisikliklerin yakilan materyaldeki kimyasal uyaricilara (KAR1 gibi) ve inhibitorlere (agir metaller gibi)
kars1 duyarliligindan kaynaklandigi varsayilmaktadir [45]. Yapilan bir ¢aligmada, domates, bamya, fasulye
ve musir tohumlarina DS uygulanarak siirgiin, kok ve fide gelisim oranlar lizerine etkileri incelenmistir
[46]. DS’nin kontrole kiyasla tiim tohumlarin hem kdk hem de siirglin uzunluklarimi artirarak fide
biiylimesini énemli Olciide arttirdig: tespit edilmistir Bu artiglara bakilarak DS’nin hiicre uzamasini ve
boliinmesini uyardig: diisiiniilmektedir. Is1 soku, DS, azotlu bilesikler (potasyum nitrat), GAs, KAR1 ve
mandelonitril (MAN)’in tohum ¢imlenmesi {izerine etkileri ¢alismalarda karsilastirilmistir. Chaenorhinum
rubrifolium (Robill. & Cast. ex Lam. & DC.) Fourr. tohumlarindaki dormansi hali, 151k kosullar1 altinda DS
ve nitrat ile kismen kirildigi, KAR1 ve MAN ¢imlenmeyi uyardigi, en yiiksek ¢cimlenmenin 11k varliginda
KARI1 ile oldugu ve ayrica 1s1 soku + DS ve KAR1 + MAN kombinasyonlari 11k kosullarinda ¢imlenme
iizerinde pozitif sinerjik etkilere sahip oldugu tespit edilmistir [47]. Calismalarda DS ¢6zeltisi ¢imlenme
yiizdesi bakimindan yiliksek oranda korelasyon gosterirken, bu oran tlirden tiire ve kullanilan DS
konsantrasyonuna gore farklilik gosterdigi sonucuna varilmistir [48-49].

6.2. Abiyotik Stres Durumunda Toleransi Arttirir

KAR!'lar, oksidatif stres, kuraklik, tuzluluk, ytliksek sicaklik ve diisiik 151k yogunluklar1 gibi farkli abiyotik
faktor kombinasyonlarina karsi koruma saglamak igin bitki sistemleri tarafindan gorevlendirilirler. Tohum
cimlenmesini desteklemede KAR1, GAs ve hidrojen peroksit (H20,) arasindaki olasi karsilikli iliski Avena
fatua L. bitkisinde yapilan ¢alismada rapor edilmistir [50]. Calismada KAR1 ve GAs, hiicre ig¢inde olusan
H>0> ve ABA igerigini azalttig1 belirlenmistir. Bununla birlikte KAR1, A. fatua karyops embriyolarinda
siiperoksit dismutaz (SOD) ve katalaz (CAT) gibi antioksidatif enzimlerin aktivitelerini de uyarmuistir.
KAR, askorbat ve dehidroaskorbat icerigini artirarak (Reactive oxygen species (ROS)) temizleme
dongiisiinii dogrudan diizenlemektedir. Bu daha ¢ok baslangi¢c materyali molekiillerini beslediginden AsA-
GSH dongiistinii yeniden onarmaktadir ve askorbat peroksidaz (APX) ve glutatyon rediiktaz (GR)
aktiviteleri de artmaktadir. Boylece, fazla H>O, temizlenmektedir ve hiicre icindeki indirgenmis oksitlenmis
glutatyon oran1 (GSH:GSSG) geri yiiklenmektedir [51].

Kuraklik, diinya ¢apinda siddetli mahsul kayiplarina neden olan en yaygin abiyotik stres tiiriidiir. Toprak
suyu eksikligi ¢imlenmeyi ciddi sekilde sinirlar ve ekinlerin ve diger bitkilerin yasam dongiisiinii etkiler
[52]. Eksojen KAR1 uygulamasinin stres iyilestirici rolleri ilk olarak sifali Trachyspermum copticum L.,
Foeniculum vulgare Mill., Gard. Dict. ve Cuminum cyminum L. bitkilerinde rapor edilmistir. KAR1'in 10
uM'lik uyarici bir konsantrasyonda uygulanmasi, kurakliga maruz kalan ii¢ tiir arasinda T. copticum
fidelerinde ¢imlenme oranini, ¢imlenme indeksini, fide canliligimi ve kokeiikk uzunlugunu maksimum
diizeyde arttirdig1 gézlenmistir. Siirgliin uzunlugundaki en yiiksek gelisme, KAR1 ile muamele edilen F.
vulgare bitkilerinde gozlenmistir [53]. Bu toleransin mekanizmasi ilk olarak KAR1in lipid peroksidasyon
hizin1 ve oksidatif enzimlerin aktivitelerini azaltmasina baglanmistir. KAR1 ayrica amilaz aktivitesini
indiikleyerek kotiledonlardan veya endospermden nisasta birikimini harekete gegirdigi distiniilmektedir.
Bagka bir ¢alismada, bitkilerin kuraklik stresine verdigi tepkiler sirasinda KAI2 reseptdriiniin dahil oldugu
vurgulanmigtir. KAI2'nin Arabidopsis mutantlarinin, su eksikligi olan kosullara asir1 duyarli oldugu
gdzlenmistir. Bu mutantlar, kontrolsiiz su kaybiyla sonuclanan ABA’ya karsi asir1 hassaslik nedeniyle
genislemis stoma agikligi sergiledikleri gozlenmistir. Sonuglar KAI2'min ABA katabolizmasini indiikledigi
ve ayni anda ABA aracili tepkileri destekledigini gostermektedir [54].

Golge altinda bitki biiytimesi, diisiik 151k yogunlugu stresinin en yaygin tiiriidiir. Alt bitki Ortiisiine ulagan
kirmizi/uzak kirmizi 151k orani ve yogunlugu, mevcut iist bitki ortiisii nedeniyle azalmaktadir. Bu, tohum
¢imlenmesini, gelisimini ve fide biiyiimesini etkilemektedir. Golgede yetisen bitkilerin hem abiyotik hem
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de biyotik streslere karst daha diisiik direng gosterdigi bildirilmektedir [55]. KAR'lar son zamanlarda,
klorofil igerigini artirarak ve hipokotilleri uzatarak bitkilerde golgeden kacinma sendromunu azaltabilen
eksojen molekiil grubu olarak siiflandirilmistir [23].

Abiyotik stres faktorlerinden tuzluluk, ekili araziler igin en biiyiik ikinci tehdittir ve diinya ¢apinda mahsul
veriminin %20'sini azalttig1 bildirilmistir [56]. Tuz stresi, piring, fasulye, misir ve domates gesitleri gibi
bircok mahsul tiirlerinde ¢imlenmeyi ve cimlenme sonrasi biiylimeyi azaltmaktadir [56-58]. Yapilan
caligsmalara gore DS, toplam flavonoid igeriginin artmasi, uyarilmis toplam flavonoid igerigi, flavonoidler
ve fenolikler gibi ikincil metabolitlerin artmasi, kalsiyum (Ca*™) ve potasyum (K*) iyon seviyelerinin
artmasi ve sodyum (Na®) iyon seviyelerinin azalmas1 gibi mahsullerin fizyolojik yonlerini etkilemektedir.
Ayrica domates, muz ve Aloe vera (L.) Burm.f. gibi bitki tiirlerinde toplam nitrojeni, toplam ¢6ziiniir
proteini ve antioksidan aktivitelerini arttirmaktadir [59]. Tuz stresi elektrolit sizintisini, prolin igerigini,
H>0, iiretimini ve MDA birikimini arttiran abiyotik stres faktorlerindendir. Yapilan ¢aligmalar sonucunda
tuz stresi altindaki bitkilere DS ya da KAR uygulamalarinin, H,O; iiretimini ve MDA (malondialdehit)
birikimini azalttigi, prolin birikimini ise daha g¢ok arttirdigin1 gostermektedir [60-63]. Yapilan bir
calismada, DS’nin morfolojik, fizyolojik ve biyokimyasal olarak, bitki biiyiimesi ve stres tepkilerindeki
cesitli rolleri ayrintili olarak ortaya cikarilmistir [64]. DS’de 6n isleme maruz kalmis tuz stresi altindaki
musir tohumlarinda, tohum ¢imlenmesini ve fide biiylimesini iyilestirdigi gésterilmistir [65]. KAR, Sapium
sabiforum (L.) Roxb. tiiriinde ¢imlenmeyi ve ¢imlenme sonrasi biiyiimeyi arttirarak tuz ve ozmotik stres
tolerans1 gosterdigi yapilan g¢alisma sonucunda gosterilmistir. Tuz stresi altinda Sapium sabiforum
bitkisinde, KAR’lar tarafindan SOS1, WRKY33, DREB2 ve EFR5 genlerinin uyarilmasiyla fide biiylimesi
gelistirilmistir [66].

7. SONUC VE ONERILER (CONCLUSION AND RECOMMENDATIONS)

KAR'lar, orman yanginlarindan ve atmosferik yagis doneminden sonra topraga gdmiilii dormant tohumlarin
¢imlenmesini destekleyen dumandan tiiretilen bilesiklerdir. Bunlar, abiyotik stres toleransi ile tohum ve
fide olusumunu tesvik etmek igin orman yanginlari tarafindan iiretilen benzersiz molekiillerdir. Son birkag
yildan bu yana, KAR biyosentezinin ekosistem topluluklarinin gesitlendirilmesindeki rolleri iizerindeki
kodlarinin ¢o6ziilmesinde onemli ilerleme kaydedilmistir. KAR'lar, tamamen tohum c¢imlenmesini
diizenleyen ABA, GA, IAA ve etilen gibi 6nemli fitohormonlarla yakindan iligkili oldugu diistiniilmektedir.
Tlging bir sekilde, KAR'larin, KAI2 reseptérii yoluyla stoma kapanmasi gibi ABA'ya bagli tepkileri uyardig
yapilan calismalar ile gosterilmistir. Eszamanli olarak KAR, tohum ¢imlenmesini tiire 6zgii bir sekilde
hizlandirmak icin ABA biyosentezini baskilamaktadir. ROS ¢imlenmeyi engellemesine ragmen, KAR
antioksidan mekanizmay1 aktive ederek ve hiicre icinde oksidatif homeostazi korumaktadir. KAR ayrica,
IAA biyosentezini asag1 dogru diizenleyerek golge stresi sirasinda diisiik 151k yogunluguna kars1 tolerans
saglamaktadir.

KAR’lar igin reseptorleri belirlemek, bunlarin tam sinyal iletim yollarimi tanimlamak ve bitkilerde diger
sinyal sistemleri ile nasil birlikte ¢alistigina dair kanitlar1 belirlemek bu mekanizmay1 ¢6zmede acil gerekli
bir durumdur. Dumandaki ¢esitli bitki biiyiimesini diizenleyici bilesiklerin tanimlanmasi, yanginin dogal
ve yonetilen ekosistemler lizerindeki olasi etkilerinin yani sira daha sonraki arastirmalarda kullanilacak
giiclii kimyasal araglar1 daha iyi anlamamizi saglar. Standart tarim uygulamalarinin bir pargasi olarak ekin
artiklarin1 yakmanin ve yangin bariyeri olusturmak veya yakit birikimini yonetmek i¢in kontrollii yakmanin
sonuglarini daha iyi anlamamiz gerekmektedir. Ayrica, kiiresel 1sinma ve yagistaki degisikliklerin orman
yanginlarimin sikligini artiracagi tahmin edilmektedir. KAR’lar ve siyanohidrinler potansiyel olarak arazi
1slah1, bitki koruma ve yabani ot kontrolii i¢in yoOnetim araglar olarak kullanilabilirler. Tiim bu
uygulamalar, bu biiyiime diizenleyicilerinin ¢evresel gelecegi ve etki bigimlerinin daha net bir sekilde
anlasilmasinda fayda saglayacaktir. Ornegin toprakta ne kadar kararli olduklarini, bitkiler ve
mikroorganizmalar tarafindan metabolize edilip edilmediklerini ve diger organizmalari nasil etkilediklerini
bilmemiz son derece gereklilik arz etmektedir. Bunun i¢in KAR ve DS’nin mekanizmasini daha ayrintili
bir sekilde anlamak i¢in biiyiik 6lgekli laboratuvar ve arazi ¢aligmalarinin yapilmasi gerekmektedir.
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Purpose: In this study, the effect of the gelcoat on the surface layer of the composite structures
produced by vacuum infusion method on the mechanical properties and the effects of the
lamination plan on the final product were investigated.
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Figure A. Sample production and testing plans

Theory and Methods: Two different lamination plans were determined and gelcoat and non-
gelcoat plates of these two different laminations were produced. In laminations, 300 gr/m?
discontinuous mat and 300 gr/m? plain woven glass fiber reinforcements were used. Within the
scope of the study, tensile, three-point bending and barcol hardness tests were carried out to
investigate the mechanical properties.

Results: According to the test results, with the increase in the plain woven ratio in the structure,
the bending strength is between 11.2-18.7%; an increase of 11.7-16.6% was observed in the
tensile strength. It has been determined that the use of gelcoat has a great effect on the mechanical
properties. With the use of gelcoat, a decrease of up to 24.3% was observed in the flexural
strength; A decrease of up to 17.8% was observed in tensile strength. Up to 5% higher barcol
hardness values were obtained in laminations where the plain woven glass fiber layer is closer to
the surface.

Conclusion: It has been determined that the flexural and tensile strengths increase with an
increase in the number of layers of plain-woven glass fiber. However, it has been observed that
applying gelcoat results in a decrease in both flexural and tensile strengths. To examine the barcol
hardness of the plates, non-gelcoat surfaces were evaluated. The laminations with the plain-
woven glass fiber layer closer to the surface had higher barcol hardness values.
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In this study, the effect of the gelcoat on the surface layer of the composite structures produced
by vacuum infusion method on the mechanical properties and the effects of the lamination plan
on the final product were investigated. Two different lamination plans were determined and
gelcoat and non-gelcoat plates of these two different laminations were produced. In laminations,
300 gr/m? discontinuous mat and 300 gr/m? plain woven glass fiber reinforcements were used.
Within the scope of the study, tensile, three-point bending and barcol hardness tests were carried
out to investigate the mechanical properties. According to the test results, with the increase in the
plain woven ratio in the structure, the bending strength is between 11.2-18.7%; an increase of
11.7-16.6% was observed in the tensile strength. It has been determined that the use of gelcoat
has a great effect on the mechanical properties. With the use of gelcoat, a decrease of up to 24.3%
was observed in the flexural strength; A decrease of up to 17.8% was observed in tensile strength.
Up to 5% higher barcol hardness values were obtained in laminations where the plain woven glass
fiber layer is closer to the surface.

Vakum Infiizyon Yontemi ile Uretilen Parcalarda Jelkot Kullanim
ve Elyaf Laminasyonunun Mekanik Ozelliklere EtKisi

Oz

Bu c¢aligmada vakum infiizyon yontemi ile iiretilen kompozit yapilarda yiizey katmaninda
kullanilan jelkotun mekanik &zelliklere etkisi ve laminasyon planinin nihai {irlin iizerindeki
etkileri arastirilmustir. Iki farkli laminasyon plani belirlenmis ve bu iki farkli laminasyonun
jelkotlu ve jelkotsuz plakalart iretilmistir. Laminasyonlarda 300 gr/m? kege ve 300 gr/m?
bezayagi dokuma cam elyaf takviyeler kullanilmistir. Caligma kapsaminda mekanik 6zellikleri
arastirmak i¢in ¢gekme, li¢ nokta egme ve barcol sertlik testleri yapilmistir. Test sonuglarina gore
yapida bez ayag1 dokuma orani artmastyla birlikte egme mukavemetinde %11,2-18,7 arasinda;
¢ekme mukavemetinde ise %11,7-16,6 arasinda artis gozlemlenmistir. Jelkot kullanimimin
mekanik dzelliklere etkisinin biiylik oldugu tespit edilmistir. Jelkot kullanimu ile birlikte egme
mukavemetinde %24,3’e kadar diisiis gozlemlenirken; ¢ekme mukavemetinde %17,8’e kadar
diisiis gozlemlenmistir. Bezayagi dokuma cam elyaf katmanmin yiizeye daha yakin oldugu
laminasyonlarda %35’e kadar daha yiiksel barcol sertlik degerleri elde edilmistir.

1. GiRiS INTRODUCTION)

Hizla gelisen teknoloji ve miihendislik uygulamalarinda ve giinliik hayatta artan rekabet, yiiksek
performansli, diisiik yogunluklu, hafif, korozyona dayanikli ve yliksek mukavemetli iiriinlerin tasarimini
zorunlu kilmaktadir. Kompozitler, savunma sanayi, havacilik sanayi, uzay teknolojileri, otomotiv sanayi
gibi bir¢ok alanda mevcut malzemelere alternatif olarak arastirilan bu yenilik¢i {irlinlerden biridir.
Kompozit malzemeler, mukavemet/yogunluk gibi parametreler agisindan metal malzemelere gore biiyiik
avantajlara sahiptir. Olaganiistii fiziksel, termal ve mekanik ozelliklerin istendigi, Ozellikle agirlik
tasarrufunun kritik oldugu durumlarda, kompozitler geleneksel malzemelerin yerine tercih edilir [1].
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Glniimiizde kompozit malzemeler, havacilik endiistrilerinden giinliikk ev esyalarina kadar ¢ok genis bir
alanda siklikla kullanilmaktadir. Bu kullanimlarin sikligi, fiber takviyeli polimer kompozitler iizerinde
yapilan ¢aligmalarin artmasina neden olmustur [2-4].

Kiiresel kompozit endiistrisi su anda yaklasik %90 oraninda cam elyafina dayalidir ve yaklasik 88 milyar
dolar degerindedir. Kompozit sektdrii kiiresel pazarda %1,5'lik bir paya sahip olsa da nihai hedef diger
malzemelerin yerine kompozitlerin kullanilmasiyla bu oranin arttirilmasidir [5]. Glinimiizde 88 milyar
dolar olan bu degerin %7,5 bilylime oraniyla 2026 yilinda 126,3 milyar dolara ¢ikmasi1 beklenmektedir[6].

Kompozitlerdeki mekanik performans, biiyiik 6l¢iide takviye malzemelerine, matris ozelliklerine ve
bunlarin etkilesimine baglidir [7]. Matrisin gorevi fiberleri diizenli bir sekilde birlestirmek ve onlari
¢evreden korumaktir. Yiiklerin fiberlere aktarimina ek olarak, termal ve oksidatif kararlilik, maksimum
caligma sicakligi, sivilara karsi direng ve nem, matrisin 6zelliklerinden belirlenir. Gelismis kompozitler i¢in
polimerik matrisler; termoplastikler ve termosetler olarak kategorize edilir [8]. Termoset reginelerin
kompozit malzemeler igin en yaygin matris sistemi oldugu diistiniildiigiinde, diisiik erime viskozitesine, iyi
fiber emdirme ve ¢ok diigiik isleme sicakliklarina sahiptirler [9]. Takviyeler, esas olarak; kompozit
malzemelerde dayanim ve rijitlik saglamada temel rolii Gistlenenlerdir. Bugiin piyasada genellikle fiber
formunda cok cesitli takviyeler mevcuttur. Yiikiin matris yoluyla fiberlere ¢ok verimli bir sekilde
aktarilmasini saglayan ve fiberleri ¢ok etkili ve gekici bir takviye malzemesi yapan fiberlerin yiiksek bir en
boy oranidir (uzunluk/cap) [10]. Genel olarak fiber takviyeli kompozitler, yiiksek mekanik 6zelliklere
ihtiya¢ duyulmasi nedeniyle otomotiv uygulamalari, havacilik endiistrisi vb. alanlarda tercih edilmektedir

[7].

Genel veya ticari amagli E-cam fiberleri, giinlimiiz pazarimin ¢ogunlugunu kapsayan takviye fiberleridir
[11]. E-camin yogunlugu nispeten diisiik olmakla birlikte mukavemeti oldukga yiiksektir; bunlara ragmen
Young modiilii ¢ok yiiksek degildir. Bu nedenle, cam elyaflarin spesifik mukavemeti olduke¢a yiiksek
olmasina ragmen, modiil agirlik orani ayni seviyede degildir. Fiber yapilarinda yiizey alan1 normal malzeme
yapilarina gore ¢cok daha yiiksektir, bunun sonucunda yiizey alani bagina diisen hata miktar1 azalir ve bu
durum mukavemeti arttiran bir unsur olarak karsimiza ¢ikar [7].

Lee H. ve ark. aramid kumas takviyeli poliester regineli kompozit malzemelerle yaptigi denemeleri igceren
calisma ile lamine kompozit yapilarda farkli istifleme sirasi ve farkli yonlenmedeki ilave bir elyaf
katmaninin eklenmesi ile kompozit malzemesinin mekanik 6zelliklerini degisimi incelenmistir. [12].

Raif Sakin cam elyaf takviyeli poliester recineli kompozit malzemeler ile yaptig1 calismasinda katman
sayist optimizasyonunun, mekanik Ozellikler agisindan biiyiikk oneme sahip oldugunu goéstermistir.
Optimum laminasyon say1s1 ve ydonlenmesini cekme ve ii¢ nokta egme testleri ile caligma sonucunda ortaya
cikarmugtir [13].

Gokhan D. ve ark. gesitli yiiklere maruz kalan, farkli elyaf oryantasyonlarina sahip cam takviyeli polimer
kompozit malzemenin egilme davraniglarini incelemistir. Sonug olarak da ii¢ nokta egilme testi ile egilme
gerilmesine en fazla etki yapan elyaf oryantasyonunu belirlemislerdir [14].

Rukiye ERTAN ve ark. karbonfiber takviyeli epoksi matrisli farkli yiizey katman sayisina sahip sandvig
yapili kompozit malzemelerinin egilme davraniglarini arastirmistir. Ug nokta egilme testi yaparak egilmeye
kars1 direncin katman sayisindaki artigla dogru orantili olarak arttigini belirlemislerdir [15].

Mustafa C. ve Boran B. elyaf/recine oranindaki artis ile E-Cam elyaf takviyeli polimer matrisli kompozit
malzemelerin mekanik 6zelliklerindeki degisimleri arastirmigtir. Bu aragtirmanin sonucunda ¢ekme, darbe
ve li¢c nokta egme testleri yapilarak farkli elyaf dizilimleri kaynakli elyaf/regine oranimin yiikselmesi ile
birlikte kompozit yapinin ¢cekme uzama, maksimum gerilme, darbe dayanimi ve elastik modiil 6zelliklerinin
arttig1 gozlemlenmistir [16].

Raif S. Regine iki yoOnlii cam-dokuma takviyeli poliester matrisli kompozit yapilarda cam-kege
kullaniminin mekanik 6zellikler iizerine tesiri incelenmistir. Calismalar neticesinde ¢ekme ve {i¢ nokta
egme testleri yapilarak pek ¢ok sektdrde kullanim yeri bulan biiyiik boyutlu tabakali kompozit levhalarda
dokuma cam elyaflarin arasina kege cam elyaf takviyesinin mekanik anizotropi iizerinde olumlu etkisi
oldugu belirlenmistir. Ayrica maliyet agisindan da ¢aligmalar yapilmis ve optimum kompozit levha maliyeti
icin ¢ikarimlar yapilmistir [17].
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Muhammet Raci A. ve ark. cam ve karbon hibrit takviyeli epoksi matrisli kompozit yapilarda elyaf
laminasyon siralamasmin mekanik ve dinamik 6zelliklere etkisi arastirmistir. U¢ nokta egme, cekme ve
titresim testleri yapilarak numunelerin maksimum egilme dayanimlari, elastisite modiilleri ve dogal frekans
ve soniim orani degerleri tespit edilmistir. Sonuglardan elde edilen veriler ile interply hibrit kompozit
yapilarda laminasyon sirasinin maksimum egilme dayanimi, elastisite modiilii ve titresim Ozelliklerine
etkisi belirlenmistir [18].

I. Infanta May P. ve Ramalingam S. kivrimsiz cam elyaf takviyeli polimer kompozitin nihai gerilme
mukavemetini aragtirmigtir. Farkli fiber ortantasyonlar1 ve laminasyon planlar ile iiretilen plakalar igin
cekme ve basma testleri yapilarak mekanik o6zellikleri karsilastirmistir. Farkli oryantasyonlara sahip
fiberlerin birbirleri ile kiyaslanarak daha fazla mukavemet saglayan laminasyonlar belirlenmistir [19].

KC Nagaraja ve ark. bu ¢alismada, E-Cam ve karbon fiberin epoksi matrise takviye edilmesiyle yapilan
hibrit kompozitlerde karbon tabakasinin farkl bir istifleme dizisinin ¢esitli mekanik 6zellikler tizerindeki
etkisini incelemistir. Cekme ve {ic nokta egme testleri yapilarak farkli istifleme siralamalarinin
karsilastirilmasi yapilmis ve laminatlar birbiri ile karsilastirildiginda daha iyi biikiilme 6zellikleri veren
laminasyon belirlenmistir [20].

Daekyun O. Ve ark. bu ¢alismada dokuma ve kece cam elyafi takviye kombinasyonlarinin cam elyaf
takviyeli polimer kompozit yapilarinin mekanik degerlerine ve kalitesine etkilerini arastirmugtir. Farkli
laminasyon planlari ile {iretilen plakalara gekme ve ii¢c nokta egme testleri yapilarak mukavemeti en fazla
arttiran laminasyon tespit edilmistir [21].

M.Y. Yuhazri ve ark. jelkot kalinliginin dokuma cam elyaf takviyeli poliester matrisli lamine kompozitin
mekanik Ozellikleri ve arayiizey baglantis1 lizerindeki etkileri iic nokta egilme testi ve ¢ekme testi
kullanilarak incelenmistir. Calisma sonucunda jelkot kalinlig1 arttikca kompozitin mekanik 6zelliklerinin
iyilestigini ve jelkotlu kompozitlerin gerilme mukavemetinde jelkotsuz kompozitlere goére %38 oraninda
artis gozlemlendigini bildirmiglerdir [22].

Bu calismada, farkli laminasyonlarda cam elyafi takviyeli polyester regine matrisli kompozit yapilarda
jelkot uygulamasinin s6z konusu yapilarin mekanik 6zelliklerine etkisinin belirlenmesi amaglanmistir. Bu
maksatla, iki farkli kumas tipinde cam elyafi, matris malzemesi olarak tercih edilen polyester re¢ine vakum
infiizyon kaliplama yontemiyle farkli dizilimlerde birlestirilerek olusturulan kompozit yapilara jelkot
uygulamasinin kompozit yapinin mekanik 6zelliklerine etkisi deneysel olarak incelenmistir.

2. MATERYAL VE METOTLAR (MATERIALS AND METHODS)
2.1. Materyal

Bu ¢alismada takviye malzemesi olarak bezayagi dokuma cam elyafi (300 gr/m?) ve cam elyaf kege (300
gr/m?) kullanilmigtir (Sekil 1). Termoset matris malzemeleri olarak Nuvocryl 60-60G ve Nuvopol 37-05
jelkot secilmistir. Tablo 1’de kullanilan regine ve jelkot i¢in yapilmig olan ham madde testlerine ait sonuglar
verilmistir. Plaka tiretimi vakum infiizyon yontemi ile Tablo 2’de yer alan plana gore yapilmustir.
Laminasyona ait sematik plan Sekil 2°de gosterilmistir. Ust iiste siralanan takviye kumaslar1 400 mbar
basingta vakumlanmustir. Polyester recinenin tiim takviye kumaslarma emdirilmesi, vakum basinci ile
gerceklestirilmistir. Sistem vakum etkisi altinda 60 °C'de 4 saat kiirleme islemine tabi tutulmustur.
Sonrasinda vakum infiizyon yontemi ile iiretilen plakalar kaliptan ¢gikarilmistir.

B . -". : \L‘{EE:W

Sekil 1. a) Polyester regine, b) 300 gr/m? bezayagi dokuma cam elyaf, c) 300 gr/m? kege camelyaf
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------- Jelkot
300 gr/m2 kece
=w=== 300 gr/m2 plain dokuma
s1 s2
s3 s4
Sekil 2. Laminasyon plani sematik gosterim
Tablo 1. Kullanilan regine ve jelkotun ham degerleri
Viskozite Yogunluk Sertlik Jellesme Siiresi
(mPa.s) (g/cm3) (Barcol) (Dakika)
NUVOPOL FR 60-60 G 383 1,26 39 23
NUVOPOL Gelcoat 37-05 3658 1,42 40 30
Tablo 2. Laminasyon Plan:
Vakum Kiir
Numune Regine Jelkot Elyaf Tipi Basinar  Sicaklik(°C)/
(mbar) Siireleri(s)
Nuvocryl 7 kat 300 gr/m2 kege 60 °C/
S1 FR60-60G ) 4 kat 300 gr/m2 bezayag: dokuma 400 mbar 4 saat
Nuvocryl 6 kat 300 gr/m2 kege 60 °C/
S2 FR60-60G ) 5 kat 300 gr/m2 bezayag: dokuma 400 mbar 4 saat
Nuvocryl  Nuvopol 7 kat 300 gr/m2 kege b 60 °C/
S3 FR60-60G 37-05 4 kat 300 gr/m2 bezayag: dokuma 400 mbar 4 saat
Nuvocryl ~ Nuvopol 6 kat 300 gr/m2 kege 60 °C/
S4 FR60-60G 37-05 5 kat 300 gr/m2 bezayag: dokuma 400 mbar 4 saat
2.2. Metod

2.2.1 Kompozit Uretim Yontemi

Parcalar vakum infiizyon kaliplama yontemiyle ile iiretilmis olup iiretim yontemine ait sema Sekil 3’te
verilmistir. Vakum infiizyon, 6zellikle otomotiv ve deniz endiistrilerinde biiylik kompozit parcalar iiretmek
icin kullanilan S1ivi Kompozit Kaliplama (LCM) proseslerinden biridir. Kalip yiizeyi aseton ve tiner gibi
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maddelerle temizlenir. Yiizeye bir kat kalip ayirict malzeme uygulanmistir (gerekirse yaklasik on bes
dakika sonra ikinci bir kat uygulanabilir). Jelkot uygulamasi yapilmis (proses planina gore firga ya da
spreyleme yontemiyle) ve kiirlenmesi beklenmistir. Jelkotun jellesme siiresi Tablo 1’de gosterilmistir.

Jelkot fiber takviyeli plastik kompozitlerin yiizey katmaninda yer alir. Fiberlerin yiizeyden goéziikmesini
engeller, yiizey kalitesini arttirarak estetik bir goriiniim saglar. Bunun yam sira kompozit malzemeye
kimyasal direng, UV direnci ve hidroliz direnci gibi dis ortam performansi saglar [23].

Jelkotun kalip lizerinde kiirlenmesi gergeklestikten sonra cam fiberlerden yapilmis bir takviye edici kumasg
kalip ylizeyi {lizerine serilmistir. Elyaf laminasyonu iizerine bir soyma kumasi, akis filesi ve vakum torbasi
yerlestirilmistir. Kalip ylizeyi ile vakum torbasi arasina kalibin dort bir kenarmi ¢evreleyecek sekilde ¢ift
tarafli bant yapistirilmis ve vakum torbasi kalibin etrafina hava sizintis1 olmayacak sekilde bu bant ile
sabitlenerek yerlestirilmistir. Vakum pompasi, hava sizintilarini test etmek igin ¢aligtirilmig, es zamanl
olarak hesaplanan miktarda recine hazirlanarak re¢ine emis hortumu regine haznesine baglanmistir. Vakum
basinct 400 mbar seviyesine ayarlanar tiim takviye yiizeyi regine ile 1slanana kadar infiizyona devam
edilmistir. Tamamlanmis elyaf laminasyonuna ait vakum testi Sekil 4.a ve reginenin laminasyon igerisinde
akis1 Sekil 4.b’de gosterilmistir. Islem sonunda tiim giris ¢ikis valfleri kapatilmis ve vakum uygulamasi
durdurulmustur. Sonrasinda parga kalip ile beraber firina alinmis, 60 °C’de 4 saat boyunca kiirlenmistir.
Kiirleme prosesi ile par¢ada mukavemet ve rijitlik saglandiktan sonra parga kaliptan ¢ikartilmistir.

Vakum Torbasi

Regine Akis Hatti
Akis Filesi

infiizyon

Reginesi ’

<=

Soyma Kumasi

Spiral Hortum

L Baglanti

T Baglanti

Elyaf/Takviye

Cift Tarafli

Vakum Pompasi Kalip Sizdirmaz Bant

Tasirma Tanki Vakiiin Hatts

Sekil 3. Vakum infiizyon yontemi sematik gosterimi

Proses sirasinda vakum uygulamasinin iki sebebi vardir. Birincisi elyaf laminasyonunu sikistirmak ve
ikincisi fiberler arasindaki bos alanlari doldurmak iizere termoset recineyi hazneden kalip bosluguna
¢ekmek. Regine sistemi, tam kalip doldurmayi saglamak iizere jellesme siiresi kalip doldurma siiresinden
biraz daha uzun olacak sekilde tasarlanmistir. Uretim tasarimi (akis filesi ve regine dagitim borularmnimn
boyutlart ve konumlari, regine girisleri ve ¢ikiglarinin dogru yerlestirilmesi), tam kalip doldurma elde etmek
ve boylece pargadaki mikro ve makro diizeydeki bosluklar1 (1slanmamig bolgeler) ortadan kaldirmak i¢in
kritik dneme sahiptir. Akis filesi, kullanilan laminasyondan daha yiiksek gozeneklilige ve gegirgenlige
sahip olmalidir. Regine esas olarak bu ortamdan Once diizlem i¢i yonlerde akar ve daha sonra bitisik
laminasyonda yavas bir sekilde emilir. Dagitim ortamm, tek kullammlik veya gomiilii olabilir. Tek
kullanimlik dagitim ortami, soyma kumasi ile vakum torbasi arasina yerlestirilir; gomiilii akig filesi ise
kumas katmanlar1 arasina sikistirilir ve bdylece bitmis {irliniin bir pargasi olur [24]. /Gomiili akis filesi,
parcanin enine kesitinin kalinligim1 ve atalet momentini arttirir, ancak fiber hacim oranim ve mekanik
mukavemeti azaltir.
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Sekil 4. a)Tamamlannusg elyaf laminasyonu, b)Reginenin elyaf laminasyonu icerisinde ilerlemesi

2.2.2 Testler

Her farkli laminasyon i¢in 10 adet olmak iizere toplam 40 numune hazirlanmigtir. Numuneler ATLAS LH-
EMK 20 kN model mekanik test cihazinda ISO 14125 standardinda Sekil 5’te gosterilen numune
geometrilerine uygun ii¢ nokta egme testine ve ISO 527-4 standardinda Sekil 6’da gosterilen numune
geometrilerine uygun sekilde ¢cekme testine tabi tutulmustur. Cekme ve egme testi 2 mm/dk hizinda
yapilmig ve pargalar kirilincaya kadar kuvvet uygulanmistir. Bu testlerin sonucunda, farkli fiber
laminasyonlarna sahip cam fiber/polyester kompozitlerin Maksimum Egilme Gerilmesi, Maksimum
Sapma ve Elastisite Modiilii elde edilmistir. Ayrica ASTM D2584 standardina uygun sekilde BARBER
COLMAN GYZJ 934-1 model sertlik cihaziyla Barcol Sertlik Testi yapilmustir.
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Sekil 5. U¢ nokta egme test numunesi élciileri
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4. SONUC (CONCLUSION)
3.1. Cekme Test Sonuclar:

Cekme testleri ISO 527-4 standardina uygun sekilde yapilmis olup test sonuclar1 Tablo 3’°te verilmistir.
Tablo 3. Cekme test sonuglar

Numune Genislik (mm) Kalinltk (mm) Cekme Dayanimi (MPa) Minimum  Maksimum

(MPa) (MPa)
S1 10,03 (0,037) 2,78 (0,043) 223,73 (7,727) 212,407 238,876
S2 10,03 (0,029) 2,82 (0,033) 260,84 (6,006) 254,811 273,047
S3 10,03 (0,034) 3,59 (0,080) 191,70 (10,063) 176,511 210,985
S4 10,02 (0,039) 3,72(0,032) 214,18 (10,260) 195,763 229,855

*Sonuclar numune test sonuglarinin ortalamasina gore verilmistir. Parantez icerisinde yer alan degerler
standart sapma degerleridir.

Laminasyonda katman sayisi sabit tutularak kece kumas azaltilip, bezayagi dokuma cam elyaf katman
sayisinin arttirilmasi ile gekme mukavemet degerleri artmustir.

Jelkot kullanimi ile pargalarin mekanik 6zelliklerini olumsuz yonde etkilemistir. Ayni laminasyona sahip
jelkotlu S3 ve jelkotsuz S1 kiyaslandiginda ve S1-S3’den farkli olmak {izere aynmi1 laminasyona sahip
jelkotlu S4 ve jelkotsuz S2 kiyaslandiginda jelkotsuz numunelerin ¢ekme mukavemetlerinin daha yiiksek
oldugu gozlemlenmistir. Cekme dayanimi - yiizde uzama grafigi Sekil 7°de verilmistir.
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3.2. Egme Test Sonuglar:

Egme Testleri ISO 14125 standardina uygun sekilde yapilmis olup test sonuglar1 Tablo 4’°te verilmistir.

Tablo 4. Egme test sonuglart

Numune G(e;fil)ik Kalinlik (mm) Egmil\ﬁ ;g ‘)mlml M(II(]/II Ir:)nz;m M?K/SI gg;l m
S1  15,05(0,033) 2,77 (0,048) 262,58 (17,248) 240,014 294,215
S2 15,03 (0,033) 2,72 (0,055) 311,72 (19,464) 281,556 355,079
S3 15,07 (0,035) 3,66 (0,083) 212,16 (19,878) 177,678 245,177
S4 15,06 (0,032) 3,70 (0,043) 235,93 (12,175) 217,514 252,398

*Sonuglar numune test sonuglarimin ortalamasina gore verilmistir. Parantez igerisinde yer alan degerler
standart sapma degerleridir.

Laminasyonda katman sayisi sabit tutularak kege kumas azaltilip, bezayagi dokuma cam elyaf katman
sayisinin arttirilmasi ile egme mukavemet degerleri artmustir.

Jelkot kullanimu ile pargalarin mekanik o6zelliklerini olumsuz yonde etkilemistir. Egme dayanimi -
deformasyon grafigi Sekil 8’de verilmistir. Ayn1 laminasyona sahip jelkotlu S3 ve jelkotsuz S1
kiyaslandiginda ve S1-S3’den farkli olmak iizere ayni laminasyona sahip jelkotlu S4 ve jelkotsuz S2
kiyaslandiginda jelkotsuz numunelerin egme mukavemetlerinin daha yiiksek oldugu gézlemlenmistir. Ug
nokta egme ve ¢ekme testi uygulamasi Sekil 9’da gosterilmistir.
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Sekil 9. a) U¢ nokta egme testi uygulamasi b) Cekme testi uygulamas:

3.3. Barcol Sertlik Test Sonu¢lari

Her numune i¢cin ASTM D2584 standardina uygun sekilde Barcol sertlik 6l¢iimii yapilmis olup sonuglar
Tablo 5’te verilmistir. Barcol sertlik testi uygulamasi Sekil 10°da gosterilmistir.

Tablo 5. Barcol sertlik test sonuclar

Numune Barcol Sertlik Minimum Maksimum
(Barcol) (Barcol) (Barcol)
1 59,8 57 63
S2 63 59 65
S3 58,4 55 61
sS4 63,8 62 68

*Sonucglar numune test sonuglarimin ortalamasina gore verilmistir.

Barcol sertlik testi sonuglarina gére numuneler arasinda birbirine yakin sertlik degerleri 6l¢tilmiistiir. Sertlik
Ol¢iimleri tiim plakalarda jelkotsuz yiizeyden yapilmis olup S1-S3 ve S2-S4 numuneleri ayn1 laminasyona
sahiptir. Bezayagi dokuma cam elyaf katmaninin yiizeye daha yakin oldugu S2-S4 numunelerinde dl¢iilen
sertlik degerleri i¢in ortalamalar alininca bir artig s6z konusudur.
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Sekil 10. a) BARBER COLMAN GYZJ 934-1 sertlik cihazi b) Barcol sertlik testi uygulamasi

3.4. Tartisma

Bu c¢aligmada vakum inflizyon yontemi ile iiretilen kompozit yapilarda yiizey katmaninda kullanilan
jelkotun mekanik 6zelliklere etkisi ve laminasyon planinin nihai {iriin iizerindeki etkileri aragtirilmstir.
Mekanik 6zellikleri arastirmak igin ¢ekme, li¢ nokta egme ve barcol sertlik testleri yapilmustir.

Laminasyon planlarinin farkli olmasi sebebiyle egme ve ¢ekme mukavemetlerinde anlamli bir fark
olugmustur. Bezayag1 dokuma cam elyaf katman sayisinin artis1 ile egme ve ¢ekme mukavemetlerinde artig
belirlenmistir. Jelkotsuz S1 ve S2 numuneleri kiyaslandiginda; S2 numunesinin S1 numunesine gore daha
fazla bezayagi dokuma kumas i¢ermesi sebebiyle egme mukavemetinde %18,7’lik; cekme mukavemetinde
ise %16,6’lik bir artig gdzlemlenmistir. Jelkotlu S3 ve S4 numuneleri kiyaslandiginda; S4 numunesinin S3
numunesine gore daha fazla dokuma kumas igermesi sebebiyle egme mukavemetinde %11,2’lik; ¢ekme
mukavemetinde ise %11,7’lik bir artig gozlemlenmistir.

Ayni laminasyon planina sahip numuneler icin jelkotlu ve jelkotsuz tiplerinin egme ve cekme
mukavemetleri incelenmistir. Jelkot uygulamasinin hem egme hem de ¢ekme mukavemetlerinde diisiise
sebebiyet verdigi gdzlemlenmistir. Ayni1 laminasyona sahip S1 ve S3 numuneleri kiyaslandiginda; jelkotlu
S3 numunesinin iizerinde jelkot bulunmayan S1 numunesi gore egme mukavemetinde %19,2’lik; ¢ekme
mukavemetinde ise %14,3’liik bir diisiis gozlemlenmistir. Ayni laminasyona sahip S2 ve S4 numuneleri
kiyaslandiginda; jelkotlu S4 numunesinin iizerinde jelkot bulunmayan S2 numunesi gore egme
mukavemetinde %24,3’liik; ¢ekme mukavemetinde ise %17,9’1uk bir diisiis gdzlemlenmistir.

Jelkotun mukavemete etkisi ile ilgili literatlirde ¢ok fazla bilgi yer almamaktadir. M.Y. Yuhazri ve ark.
jelkot kalinligimin dokuma cam/polyester lamine kompozitin mekanik 6zellikleri ve arayiizey baglantisi
tizerindeki etkileri {i¢ nokta egilme testi ve ¢ekme testi kullanilarak incelenmistir ve jelkotun mukavemeti
arttiric1 etki gosterdigini bildirmiglerdir [23]. Fakat yapmis oldugumuz calismada jelkotun mukavemeti
olumsuz yonde etkiledigi ve biiyiik bir etkisinin oldugu goriilmiistiir. Bu etkinin uygulanan jelkotun 1 mm
oldugu ve jelkotun kalinligr arttirirken higbir takviye barindirmamasindan kaynaklandigi disiiniilmektedir.

Plakalarin jelkotsuz yiizeylerinden barcol sertlikleri incelenmistir. Bezayagi dokuma cam elyaf katmaninin
yiizeye daha yakin oldugu S2 ve S4 laminasyonlarinda S1 ve S2 laminasyonlarina gére daha yiiksel barcol
sertlik degerleri elde edilmistir. En dis katmanlarinda iki kat kece cam elyaf bulunan S1-S3 ve en dig
katmanlarinda tek kat kece cam elyaf bulunan S2-S4 laminasyonlar1 kiyaslandiginda barcol sertlik
degerlerinde %5 oraninda artis gdzlemlenmistir.
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parameters of the sample were found. The activation energy required for these transformations
was calculated using the Kissinger, Augis-Bennett, and Takhor methods. Thermogravimetric
Keywords Analysis (TGA) measurements investigated the mass changes that may occur with the effect of
temperature. Surface morphology was analyzed using an optical micrograph.
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1. INTRODUCTION

Factors such as pressure, hardness, and temperature cause microstructural changes in some metals and
alloys. Because of these effects, transformations in which the neighborhood of atoms does not change, but
the crystal structure changes are called "martensitic phase transformations"” [1]. In these transformations,
the high-temperature phase is defined as “austenite” and the low- temperature phase is defined as
“martensite” While the austenite crystal structure is in thermodynamic equilibrium at Ty, if the material is
cooled, a martensite structure begins to form within the austenite structure at a critical temperature value
(Ms). The transformation that starts at Ms temperature occurs in a certain temperature range and the
temperature at which the transformation ends is called the “martensite finish temperature (Mr). The
martensitic transformation is reversible, as the martensite sample returns to the austenite structure, which
is the main phase when heated. In this way, having different configurations above and below a critical
transformation temperature is defined as "shape memory” [2]. Shape memory alloys (SMA) are materials
used in many applications including biomedical, automotive, and aerospace fields [3-5]. The most known
and most studied SMAs are titanium and nickel alloys. Although nitinol (Ni-Ti), which is characterized by
the high stability of the martensitic phase, has several positive properties such as mechanical strength and
corrosion resistance, special production techniques are required due to the high cost of the material and the
high reactivity of titanium. Therefore, Cu-based SMASs have attracted attention not only as a low-cost
alternative to the mechanical applications of nitinol but also for other applications with their superior
electrical and thermal conductivity and the possibility of increasing resistance [6, 7]. In Cu-based alloys,
the shape memory effect is strongly dependent on thermal treatments, mechanical effects, and element
ratios in the structure and production methods [8-13]. Another property of Cu-based SMASs is
superelasticity, which allows for high elastic deformations of up to 14%, making them suitable for storage
and dissipation of mechanical energy [1, 14, 15].

In this study, the phase transformation properties of Cu-14.70wt.% Al-4.72wt.% Ni alloy were investigated
because the transformation temperature values are close to ambient conditions and it has thermal stability
at high temperatures [16]- Differential scanning calorimetry (DSC) measurements were carried out from
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room temperature to 423 K at 10K/min, 15K/min, 20K/min, 25K/min, and 30K/min heating The activation
energy required for the transformations was evaluated using the Kissinger, Augis-Bennett, and Takhor
methods. By using thermogravimetric analysis (TG), mass changes that may occur with the effect of
temperature, and surface morphology were examined using an optical micrograph.

2. MATERIALS AND METHODS

The Cu-14.70wt.%Al-4.72wt.%Ni shape memory alloy studied in this study was purchased from
Trefimetaux Center de Recherche in France. Samples were obtained from the alloy in the form of a rod
with a length of 250 mm and a diameter of 4 mm, to be used in experimental processes. A special quartz
tube was used to minimize the oxidation during the annealing and cooling process. Ar gas was released
from a valve of the tube and vacuumed from the other valve by a mechanical pump. This process was
repeated 8—10 times to avoid air in the tube. The samples were annealed for 30 min at 1203 K in Ar
atmosphere in a special quartz be in to eliminate the effect of cutting and to ensure homogenization. After
heat treatment, the samples were cooled rapidly by immersing the quartz tube in salt-ice water. DSC
measurements were performed to determine the transformation characteristic such as transformation
temperatures, enthalpy (AH ) and entropy change values ( AS ) of transformation, and activation energy.
Measurements were carried out from room temperature to 423 K at 10K/min, 15K/min, 20K/min, 25K/min,
and 30K/min heating rates with a 14.8 mg sample using a Perkin Elmer Sapphire model DSC. The 28.004
mg powder sample was heated in an argon gas atmosphere and the change in mass due to the effect of
temperature was investigated using a Perkin Elmer Pyris Diamond thermal analyzer.

The changes in the properties of the material, such as mass, enthalpy, and entropy depending on
temperature, are analyzed using thermal analysis techniques. These techniques have various uses in
thermally changing materials such as glass, ceramics, superconductors, metals, semiconductors,
pharmaceuticals, and polymers. In the DSC method, while the same temperature is applied to the reference
material and the sample, in case the sample temperature changes, the reference material or sample is
maintained at the same temperature by giving external heat. According to the working principle of DSC,
the energy change in the sample is compared the energy change of the reference material, and the difference
between the energies is observed as peaks in the measurement results. That is, the DSC curves are the
graphs of the energy change depending on the temperature. Because of the exothermic or endothermic
reaction in the sample, peaks are seen in the DSC curves. The activation energy can be calculated because
of the shift of the peaks depending on the heating rates. Fig. 1 shows how to find austenite start (As),
austenite finish (Ay), martensite start (Ms), and martensite finish (Ms) temperatures from DSC curves [17].

M mcal/s

M—A
(cooling)

° K or sec

M- A
(heating)

A

max

Figure 1. Schematic DSC curve of M—A and A—M transformation (Ms, Mmax, Ms, As, Amax, As;
transformation temperatures and h; the peak height and w peak width at 1/2 —height) [17]
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In the austenite—martensite phase transformation, the volume changes with the change in the crystal
structure. When the volume of an isolated system changes from V; to V, while the pressure (P ) is constant;
according to the first law of thermodynamics, energy changes from E; to E;, and (AE) is;

AE =E, -E, =AQ—-P(, -V,) (1)
From Eq.1, we find that the change in heat of the system (AQ);

AQ = (E, +PV,) - (E, + PV)) )
“the total heat content of a system” or “enthalpy (H)” is given in Eq. 3. In that case; AQ

H=E+PV (3)
AQ=H,-H, 4)
If the specific heat difference of the austenite and martensite phases is neglected, the entropy change of the
sample (AS) will be the same for both transformations, although the heat measured in the austenite-
martensite transformation is higher in absolute value than the temperature measured in the martensite-
austenite transformation [18]. In phase transformations such as evaporation and melting, the temperature
of the system does not change despite the energy change, provided that P remains constant. Therefore, AS
must be calculated at a constant temperature. Accordingly, the derivative of H at a constant P;

AH = AE + PAV (5)
From the first law of thermodynamics, we find that

AE = AQ — PAV (6)
AH = AQ (7

At constant P; AS is given by Eq. 8 and evaluated using Eqg. 9 [19].

A AH

As = AQ _AH 8)
T T

ASm—a = AHuvoal To 9)

According to Salzbrenner and Cohen [20] and Tong and Wayman [21], T is the equilibrium temperature
and is determined by Eq. 10 and Eq. 11, respectively.

T,=2(M, +A) (10

TO:%(MS+Af) (12)

Activation energy

The activation energy of phase transition can be calculated using shifts in exothermic peak temperature
values with different heating rates. The Kissinger, Takhor, and Augis-Bennett methods were used to
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calculate the activation energy (Ea) [22, 23]. According to the Kissinger method, the Activation energy is
calculated using Eq. 12.

B
din(==)
Ty _ _fEa (12)

aG) R

where f is the heating rate, Ty is the peak value of the endothermic or exothermic reaction, (Amax 0r Mmax),
and R is the gas constant (R=8.314 j/molK). The activation energy was evaluated from the slope of the In
(BIT«?)-1000/Tx plot.

According to the Takhor method, the activation energy is calculated using Eq. 13. The slope of the Ing-
(1000/Ty) plot is replaced in Eq. 13.

din(B) _ _Eq
d(T—lx) R (13)

According to the Augis-Bennett method, the activation energy is calculated using the slope of the In (B/(Tx-
Tm)-(1000/Ty) graph with Eq. 14 [23]. Where T, is the absolute temperature.

B
din( )
Txl—Tm _ _Ea (14)
Ay R

In the thermogravimetric analysis method, the change in the mass of the sample with an increase in
temperature is analyzed. In temperature-mass change curve, called a thermogram, there may be a mass
increase in the sample due to oxidation with the effect of temperature, as well as mass loss due to the
decomposition of impurities or evaporation of components such as water. In this study, the change in the
mass of the 28.004 mg powder sample with the effect of temperature was investigated in the argon gas
atmosphere. Measurements were performed using a Perkin Elmer Pyris Diamond thermal analyzer. Surface
morphology was characterized by optical micrographs.

3. RESULTS

DSC curves obtained from the 14.8 mg sample with a heating rates of 10K/min, 15K/min, 20K/min,
25K/min, and 30K/min are shown in Fig. 2. In these curves, the direction of the endothermic reaction is
downward. In the DSC curves, it is seen that while the temperature rises from 290 K to 425 K, the sample
shows an endothermic reaction, that is, it takes energy from the system. While the sample is cooling, it is
seen that it shows an exothermic reaction, that is, energy is given to the system from the sample, with peaks
formed in the up and down directions.
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Figure. 2. DSC curves of the sample at 10 K/min, 15 K/min, 20 K/min, 25 K/min, and 30 K/min heating
rates

During heating, a transition occurs from the martensite to the austenite phase and during cooling, a
transition from the austenite phase to martensite occurs. When Fig. 2, which shows the DSC curves taken
according to different heating rates, is examined, it is seen that there is an increase in the peak intensities
of both reactions directly proportional to the heating rates, and a shift in the transformation temperatures.
The shape of the peak is related to the heating rate, thermal conductivity, heat capacity and shape of the
sample, and the amount of heat transferred [24]. The increase in peak intensity depends on the heat flow
rate. The kinetic parameters obtained from the DSC curves at different heating rates and the T, values
calculated using Eq.10 and Eqg.11 are shown in Table 1. The martensite-austenite phase transformation
during heating started at 364.59 K and was completed at 379.31 K, according to the heating rates. As the
heating rate increased, the As and Ar temperatures increased. During cooling, the austenite-martensite
transformation started at 368.33 K and was completed at 352.59 K, depending on the heating rate.

Table 1. The kinetic parameters obtained from the DSC curves at different heating rates and the T, values
calculated using Eg.10 and Eg.11

Heating As Amax At Ms M max Mt TO(l) TO(Z)
rate (K) (K) (K) (K) (K) (K) (K) (K)

10K/min 36459 368.1 37438 368.12 359.86 35443 366.355 371.25
15K/min  364.85 368.1 375.82 368.3 359.34 352.68 366.575 372.06
20K/min 364.88 370.64 376.72 367.26 358.85 35294 366.07 371.99
25K/min  365.45 370.57 378.36 368.14 359.29 35259 366.795 373.25
30K/min 365.10 371.74 379.31 368.33 359.1 352.76 366.715 373.82

The enthalpy change values obtained from DSC measurements using Eg. 8 and the entropy change values
calculated using Eq.9 are given in Table 2. AHm-.a and ASym—.a represent martensite-austenite, and AHa—m
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and ASa_w represent enthalpy and entropy changes of austenite-martensite transformation, respectively.
ASm—a(1) and ASa—wm(1) were calculated using Eq.10, and ASm—a(2), and ASa—.wm(2) were calculated using
Eq.11.

Table 2. Variation in enthalpy and entropy values for phase transformations

Heating AHnmoa AHa_m ASMm_a (1) ASm_a (2) ASa_m (1) ASa_m (2)
rate  (10°)/kg) (10%Vkg)  (kgK)  (lkgK)  (UkgK)  (Ikg K)

10K/min -7.94 7.45 -21.68 -21.39 20.34 20.07
15K/min -8.20 9.46 -22.37 -22.04 25.81 25.43
20K/min -8.17 8.37 -22.32 -21.97 22.87 22.50
25K/min -8.08 6.80 -22.03 -21.65 18.54 18.22
30K/min -8.07 5.98 -22.01 -21.59 16.31 16.00

When Table 2 is examined, it is seen that the enthalpy and entropy change values change depending on the
heating rate. In the martensite-austenite transformation, the enthalpy is in the range of 7.94x10° J/kg-
8.20x10% J/kg, and in the austenite-martensite transformation, it is in the range of 5.98x10° J/kg-9.46x10°
J/kg. Entropy change values are in the range of 21.39 J/kgK and 22.37 J/kgK in martensite-austenite
transformation, and 16.31 J/kgK-25.81 J/kgK in austenite-martensite transformation. Enthalpy and entropy
change values in martensite-austenite transformation are lower than enthalpy and entropy change values in
recycling. The enthalpy value can give us an idea of whether the transformation is partial or full [9]. Since
the expected enthalpy value for the full transformation to occur is 10x10° J/kg, it is seen that the martensitic
transformation rate is very high in measurements at a heating rate of 15 K/min.

The activation energy value of the sample according to the Kissinger method was calculated as 272.53
kJ/mol using Eq. 12 from the In (8/T,2)-1000/Tx plot given in Fig. 3.

-8.0

82l
-8.4 1

86} Y

)

88

90

In(p/T

92

g4l

96

2,690 2.695 2.700 2.705 2.710 2,716 2.720

1000/T,

Figure 3. In (B/T:?) - 1000/Tx plot obtained from DSC curves for the Kissinger method
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The activation energy value of the sample according to the Takhor method was calculated as 278.67
kJ/mol using Eq. 13 from the In (5)-1000/T plot given in Fig. 4
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Figure 4. In ($)-1000/Tx plot obtained from DSC curves for the Takhor method

The activation energy value of the sample according to the Augis-Bennett method was calculated as
262.30 kJ/mol using Eq. 14 from the In (B/(Tx-Tm)-(1000/T) plot given in Fig. 5
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Figure 5. In (B/(T«-Tm)-(1000/Ty) plot obtained from DSC curves for the Augis-Bennett method

Approximate results were obtained in the activation energy values calculated using three different
theoretical methods.

TGA measurements were performed to examine the changes that may occur in the mass of the sample with
the effect of temperature. Fig. 6 shows the change in the mass of the 28.004 mg powder sample when heated
in an argon gas atmosphere from room temperature to 1203 K, at a heating rate of 20 K/min.
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Figure 6. TGA curve at 20K/min heating rate

When Fig. 6 is examined, it is seen that there is no change in the sample mass up to 573.8 K, but there is a
0.1% loss between 573.8 K and 672.9 K. This loss in mass means that volatile components in the material
evaporate or impurity decompose. material mass; It remained constant between 672.9 K and 1074.0 K and
increased in direct proportion to the temperature after 1074.0 K. This increase indicates that the sample
starts to oxidize after 1074.0 K. Between 1074.0 K and 1201.6 K, the total mass increase was 0.4%.

After heat treatment, the surface morphology of the sample was examined using an optical microscope with
a Prior Panasonic digital camera. The sample with a thickness of 3-4 mm was fixed in bakelite for ease of
sanding and polishing as seen in Fig. 7.

Figure 7. An image of the sample

The sanded and polished sample was washed with alcohol and etched with (FeClz-6H,0)+ (CHsOH)+(HCI)
solution to remove dirt, oil, and rust on the surface. Images obtained with different magnifications from the
sample surface are shown in Fig. 8.
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()
Figure 8. Optical micrograph of the sample at different magnifications a) x100 b) x400

Fig. 8a shows the surface pictures of the alloy taken at room temperature at x100 magnification and Fig. 8b
at x400 magnification. The sample is in the martensite phase at room temperature. In the figures, it is
observed that the grain boundaries were clear. The martensitic structure is densely dispersed in the grains.
It is seen that these are V-type in some regions and needle-type in some regions.

4. CONCLUSIONS

The properties of Cu-based shape memory alloys are strongly dependent on thermal treatments, mechanical
effects, and element ratios in the structure. In this study, the martensitic transformation parameters of Cu-
14.70wt.%Al-4.72wt.%Ni alloy, which have not been studied before, were determined. In the martensitic
phase transformation of Cu-14.70wt.%Al-4.72wt.%Ni shape memory alloy; transformation temperatures,
activation energy, enthalpy, and entropy values were investigated using DSC, and mass changes depending
on temperature were investigated using TGA. Using the optical micrograph surface morphology was
analyzed.
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When the DSC measurement results were examined, it was seen that the sample had the martensite phase
at room temperature. While the martensite-austenite phase transformation occurred with an endothermic
reaction between 364.59 and 379.31 K, the austenite-martensite phase transformation occurred with an
exothermic reaction between 368.33 K and 352.68 K. The phase transformation temperature varies
depending on the heating rate. Using the DSC measurements performed at the different heating rates, the
activation energy was found 272.53 kJ/mol by the Kissinger method, 262.30 kJ/mol by the Augis-Bennett
method, and 278.67 kJ/mol by the Takhor method. The results obtained using the three different methods
are compatible with each other. The transformation parameters of this alloy show a dependence on
temperature. According to the calculated enthalpy values, it was found that the highest conversion rate was
obtained at a heating rate of 15 K/min, and it had a high transformation rate.

With the TGA measurement, the changes that may occur in the alloy mass in the annealing process were
determined. The sample mass, which did not change up to 373.7 K, suffered a loss of 0.1% between 573.8
K and 672.9 K with the decomposition of impurities in the material. Then, the amount of mass did not
change between 672.9 K and 1074.0 K but increased proportionally to the temperature after 1074.0 K. The
total mass increase between 1074.0 K and 1201.6 K was calculated as 0.4%.

When the optical micrograph of the Cu-14.70wt.%Al-4.72wt.%Ni was examined, it was observed that the
grains were polygonal, the grain boundaries were clear, and the grains were generally large, but there were
a few small grains. The martensite phase structure, which can be observed at room temperature and is
densely dispersed in the grains, appeared as a “V” in some regions and as a needle in some regions.
Metallographic observations were consistent with the literature. [25, 26]
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In this study, the effects of different fire insulation materials and concrete strength on temperature
transitions in FRP reinforced concrete structural elements were determined by experimental
studies.

Figure A. Protection of FRP reinforced concrete specimens with different insulation materials

Purpose: FRP bars are sensitive to high temperatures. For this reason, it is to eliminate an obstacle
in the use of FRP reinforced concrete elements by determining the best combination of insulation
material and concrete strength to protect FRP reinforced concrete elements against high
temperatures.

Theory and Methods: Thermometer probes were connected to the reinforced concrete samples
and the FRP bar inside. Reinforced concrete elements were covered with insulation materials and
kept in the furnace at an ambient temperature of 500 °C and the elapsed time was measured. In
isolated samples kept at high temperature; the temperature of the environment, the surface
temperature of the concrete and the temperature changes in the reinforcement were measured with
the probes placed, and the elapsed time was recorded using a chronometer.

Results: The protection of reinforced concrete elements insulated with rock wool is higher than
glass wool and red drywall. Rock wool provided only 13% heat transmission from the
environment to the concrete. This ratio is 26% in red drywall, which has a thinner thickness
compared to other insulation materials. The temperature reaching the FRP bars in the insulated
reinforced concrete elements corresponds to 9% of the ambient temperature in rock wool, 15% in
glass wool, and 20% in red drywall .

Conclusion: When the contribution of the insulation material and concrete class is evaluated
separately, it has been observed that the role of the insulation material in the temperature transition
is very important. It has been seen that the concrete strength is limited in protecting the
reinforcement against heat.
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There are serious concerns about the preference of Fiber Reinforced Polymer (FRP) bars, which
are widely used in buildings, in reinforced concrete structures due to their sensitivity to high
temperatures. Especially in cases where the glass transition temperature of FRPs exceeds, losses
occur in the mechanical and physical properties of FRP bars. Fire insulation materials used in
reinforced concrete structures are of great importance in protecting the building elements against
high temperatures. Insulation materials protect concrete and rebars against high temperatures and
prevent strength reductions. In this study, the effects of different fire insulation materials and
concrete strength on temperature transitions in FRP reinforced concrete structural elements were
determined by experimental studies. The protection performances of the concrete and the rebars
in the concrete against the effects of temperature were investigated. The study was carried out in
500 °C environments that can reach the glass transition temperature (80-110 °C) of FRP bars.
Ambient temperatures, concrete surface temperatures and reinforcement surface temperatures in
the concrete were measured depending on time with the experimental setup created. As a result
of the study, it was determined that fire insulation materials are more effective than concrete
strengths. In the effect of ambient temperature on the concrete surface, while the rock wool
allowed a temperature transition of 13%, this value was 22% in glass wool and 26% in red

drywall..

Yiiksek Sicakhik Etkisindeki FRP Donatih Yapi Elemanlarinda
Yahtim Malzemeleri ve Beton Dayanmimlarinin Sicakhik Gegislerine
Etkilerinin Deneysel Incelenmesi

Oz

Yapilarda kullanimi yayginlasan Liflerle Gii¢lendirilmis Polimer (FRP) donatilarin yiiksek
sicakliklara karsi olan hassasiyeti sebebiyle betonarme yapilarda tercihi konusunda ciddi
endiseler ortaya cikmaktadir. Ozellikle FRP’lerin cams1 gegis sicakligini asan durumlarda FRP
donatilarin mekanik ve fiziksel Ozelliklerinde kayiplar meydana gelmektedir. Betonarme
yapilarda kullanilan yangimn yalittim malzemeleri yapi elemanlarint yiiksek sicakliklara karst
korumada biiyiik 6neme sahiptir. Yaliim malzemeleri yiiksek sicakliklara karsi betonu ve
donatiy1 koruyarak dayanim azalmalarina engel olmaktadir. Bu calismada FRP donatili
betonarme yap1 elemanlarinda farkli yangin yalitim malzemelerinin ve beton dayaniminin
sicaklik gecislerine etkileri deneysel caligmalar ile belirlenmistir. Betonu ve beton igerisindeki
donatilar sicaklik etkilerine karst koruma performanslart incelenmistir. Calismada deneyler FRP
donatilarin  camst gecis sicakligina (80-110 °C) ulasabilecek 500 °C ortamlarda
gergeklestirilmistir. Olusturulan deney diizenegi ile ortam sicakliklari, beton yiizey sicakliklari
ve beton icerisindeki donatt yiizey sicakliklart zamana bagli olarak ol¢iilmiistiir. Calisma
sonucunda yangin yalitim malzemelerinin beton dayanim degisimlerindeki durumlara gore daha
etkili oldugu belirlenmistir. Ortam sicakliginin beton yiizeyine etkisinde tas yiinii %13 oraninda
sicaklik gegisine izin verirken bu deger cam yiiniinde %22 ve kirmizi algipanda %26 oraninda
gerceklesmistir.
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1. GIRiS INTRODUCTION)

Dogal ve dogal olmayan afetler insan hayatim1 biiyiik 6l¢iide tehdit etmektedir. Bu afetlerden biri de
yangindir. Herhangi bir binanin hizmet 6mrii boyunca yangin riski her zaman mevcut olmasi nedeniyle
yapilarin yangina maruz kaldiktan sonraki davraniglarinin degerlendirilmesi, tasarim ve giiclendirme
amaglart icin ¢ok onemlidir [1]. Giiniimiizde yap1 stogunun biiyiik bir ¢ogunlugunu betonarme ve gelik
yapilar olusturmakla birlikte yapilarda 1200 °C’lere ¢ikan sicakliklarda yanginlar 6l¢iilmiistiir. Yapi
malzemelerinin bu sicakliklardaki davranisi karsilastirildiginda ¢eligin yumusayarak dayanim kaybettigi,
ahsabin yandig1 ve betonun pargalanarak dokiildiigii gézlemlenmistir. Ancak betonun digerlerine oranla
daha iyi performans gdsterdigi ifade edilebilir. Betonun yar1 yalitkan bir malzeme olmasi nedeniyle belirli
kalinlikta bir pas payi ile donatilar i¢in belirli 6lgiide 1s1 yalitimi saglamaktadir [2-3]. Ancak yangin,
betonun yiizey kabarmasina neden olabilecegi gibi betonun mekanik, 1s1l ve deformasyon 6zelliklerini
degistirmede hayati bir role sahip oldugundan [4], betonarme elemanlarda donatinin korunmasi kadar
betonun da korunmasi énem arz etmektedir. Yangin yalittm malzemeleri betonarme yapry1 yangina kars1
korumada faydalanabilecek oncelikli tercihlerden birisidir.

Yalitim malzemeleri kimyasal veya fiziksel yapilarina gore siniflandirilabilir. En yaygin olarak kullanilan
yalitim malzemeleri; inorganik, organik, kombine edilmis ve yeni teknoloji iriinii malzemeler seklinde
gruplara ayrilabilir [5]. Cam yiinii, tas yiinii, al¢1 paneller, genlestirilmis polistren levhalar vb. malzemeler
yaliim malzemelerine 6rnek olarak verilebilir. Tag yiinii binalarda 1s1 kayiplarini 6nlemek i¢in kullanilan
mineral lifli, hammaddesi bazalt olan bir yalitim malzemesidir. Tas yiiniiniin erime sicaklig1 oldukea
yiiksek oldugundan yangina karsi koruyucu bir malzeme olarak kullanilabilir. Ayrica tas ylinii, su itici iglev
saglayan recine baglayicilarla temsil edilen kismi organik icerige sahip inorganik bir malzemedir. Lifli,
acik gozenekli bir yapiya sahip oldugundan hem 1s1 yalitimi hem de ses yalitimina katki saglamaktadir [6—
8]. Tas yiinii {iretilen baslica tiptir, cam yiinii ikinci sirada olup, tas yilinii hacminin yaklasik iicte birinden
iretilir ve tag ylinii gibi mineral yiin ailesine girmektedir [9]. Cam yiinii, tas yiiniine kiyasla, daha az CaO
ve Al;Os icermekte, daha yiiksek SiO, ve Na,O'ya sahip ve kimyasal bilesimi seramik tiretiminde eritici
ajan olarak kullanilan birgok atik cama benzemektedir [10-14]. Alc1 kaplamali hafif sistemler ise
ingaatlarda yaygin olarak kullanilmaktadir. Cogu durumda, al¢1 duvar diizenekleri ayirict elemanlar olarak
pasif yangin korumasi saglamakta, yangin bolmeleri ve glivenli tahliyeyi saglamak icin kilit unsur
olmaktadirlar. Yaygin bir tiir olan hafif sistemler, al¢cipan (GPB) duvarlardan yapilir. Bu duvarlarin yangin
davranisi tartigmali bir sekilde GPB'nin biitlinliigiine ve dolayisiyla GPB termo-mekanik 6zelliklerine
baglidir. Genellikle yanginlarin sonraki agamalarinda yapinin deformasyonlari, al¢1 levhalarin ¢atlamasi ve
diismesi gé¢me siirelerini belirlemektedir [15]. Sayisal ¢alismalarin g¢ogu, esas olarak GPB'nin termal
davranigina odaklanmakla [16—18] birlikte, GPB'nin yiiksek sicakliklarda mekanik &zellikleri hakkinda
yalnizca sinirli sayida ¢aligma vardir [19-21]. Algidan imal edilen iki tarafi kagitla kapli olan algipanlarin
bir ¢esidi olan kirmizi algipan yangina karsi dayanim istenen yerlerde kullanilmaktadir. Bu malzemenin
hafif, yangina karsi dayanikli, ses izolasyonu iyi ve kolay uygulanabilen bir malzeme olmasi tercih
edilmesini arttirmaktadir.

Bu yalitim malzemeleri lizerine literatiirde yapilan ¢alismalar incelendiginde, bir ¢alismada cam ve tas yiinii
kullanilarak tugla duvar ve gazbeton duvar modeline distan yaliim olarak uygulanmistir. Caligma
sonucunda tas yiinli ve gazbeton kompozisyonunun en diisiik yalitim kalinligi, cam yiinii ve tugla duvar
kompozisyonunun ise en yiiksek enerji tasarrufu sagladig1 gortilmiistiir [22]. Diger bir ¢alismada tas yiinii,
cam yiinii, EPS ve XPS; duvar modeli olarak tugla ve bims kullanilmistir. Calisma sonucunda yakit olarak
komiir, yalittim malzemesi olarak XPS ve duvar bileseni olarak bims kompozisyonunun en diisiik optimum
yaliim kalinligina; cam yiiniiniin kullanildigi dogalgazli ve tuglali bir kompozisyonda ise en yiiksek
optimum kalinlik hesaplanmistir [23].

Donatinin yiizeyindeki polimerin 6zellikleri, FRP ile beton arasindaki bagin korunmasinda esastir. Cam
gecis sicakligl olan Tg'ye yakin bir sicaklikta, polimerin mekanik 6zellikleri azalmaya baslar ve polimer,
betondan liflere gerilmeleri daha az aktarabilir, bu da bag mukavemetinde 6nemli diisiislere neden olur. Tg
degeri reginenin tipine baglidir, ancak beton i¢in ¢cogu FRP donatida kullanilan regineler i¢in tipik olarak
93 ila 120°C araligindadir [24]. Bu nedenle sicaklik FRP donatilar igin 6nemli bir problemdir. Hamad [25]
tarafindan yapilan bir ¢alisma sonucunda FRP donatilarinin, referans gerilme dayanimlarimin yaklasik %50-
70'ni kaybettikleri 450 °C'ye varan agir1 sicakliklara maruz kaldiklarinda nihai gerilme dayanimlarinda
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onemli diislisler yasadiklari bulunmustur. Bagka bir ¢aligmada, betona gomiilmiis epoksi regine matrisli
cam Ve karbon elyaf takviyeli polimer (FRP) donatilarin mekanik 6zellikleri, genis bir yiiksek sicaklik
araliginda arastirildi. Sonug olarak gomiilii FRP donatilarinin ¢gekme dayaniminin genellikle artan sicaklikla
azaldigimi gosterdigi ifade edilmistir; ayrica, beton kaplamanin dogrudan is1 ve oksijenin donatilara
ulagmasini engelledigini buna bagli olarak, gémiilii FRP donatinin dogrudan 1siya maruz kalan ¢iplak
donatilara kiyasla yiiksek sicakliklarda daha iyi performansi sergiledigi ifade edilmistir [26]. Spagnuolo ve
arkadaslar1 tarafindan yapilan bir ¢alismada, GFRP donatilar 100-700 °C arasindaki sicakliklara maruz
birakilmigtir. Deney sonucunda donatilarin elastisite modiillerinde ve ¢ekme dayanimlarinda diisiisler
gbzlemlenmistir [27]. Yapilan bir ¢aligmada, beton yapilarda i¢ takviye olarak kullanilan FRP donatilarinin
yiiksek sicakliklarda mekanik ozelliklerine iligkin deneysel bir calismanin sonuglarini sunmaktadir.
Calismada karbon elyaf takviyeli polyester cam elyaf takviyeli polyester donatilar kullanilmistir ve
geleneksel ¢elik donatiyla karsilastirilmistir. Deneysel ¢alismanin sonuglari, elastisite modiilleri 300—400
°C'ye kadar neredeyse hi¢ degismemis, bu sicakliktan sonra ise keskin bir diislis oldugu ifade edilmistir
[28]. Masmoudi ve arkadaglari tarafindan beton ortii kalinliginin GFRP donati ¢apina oraninin, -30/+80 °C
arasindaki termal yiiklemeler altinda beton ve FRP donatida olusan deformasyon dagilimina etkisini
incelemiglerdir. FRP donatilarin enine ve boyuna termal genlesme katsayilari arasinda 4 kati kadar fark
oldugu ifade edilmistir. Ayrica, beton ortii kalinligi/donat1 ¢ap1 oran1 1,5 veya daha az olan numunelerde,
+50 ile +60°C arasinda degisen sicakliklarda, yiiksek sicakliktan kaynaklanan c¢atlaklar beton silindirlerin
yiizeyinde gelismeye basladigi gézlemlenmistir. +80°C'ye kadar olan yiiksek sicakliklarda betonun
catlamasini 6nlemek icin beton oOrtii kalinliginin cam elyaf takviyeli polimerlere oraninin 2,0'den biiyiik
veya buna esit olmasinin yeterli olabilecegi belirlenmistir [29].Baska bir calismada termostabilitesi yiiksek
olan Geopolimer beton tiiriiniin GFRP donatiyla yiiksek sicakliklara kars1 mekanik 6zelliklerinde meydana
gelebilecek degisimler arastirilmistir. Sonuglar, ¢iplak GFRP donatilarin ¢ekme 6zelliklerinin 400 °C ila
600 °C sicaklik araliginda 6nemli 6lgiide azaldigini ve gekme dayanimi kaybi oranimin %50-%90 gibi
yiiksek oldugunu gosterdigi belirtilmistir. Geopolimer beton kaplama, yiiksek sicakliga maruz kaldiktan
sonra (400-600 °C) GFRP donatilarin gekme dayanimi ve elastik modiiliindeki bozulmayi etkili bir sekilde
yavaglatabildigi ve azaltabildigi, ancak bu etki, maruz kalma sicakligi ve siiresindeki artigin ardindan
zayifladigr ifade edilmistir [30]. Deneysel galigmalarin yani sira niimerik ve parametrik ¢aligmalar da
yapilmigtir. Yiiksek sicakliklara maruz kalan FRP betonarme kiriglerin performansini analitik olarak
incelenmis, Belirli bir siire yangina maruz kalan FRP betonarme kirislerin artik egilme ve kesme
dayanimlarin1 tahmin etmek igin yontemler gelistirilmistir. Beton kaplamanin, yangina maruz kalma
stiresinin FRP sicakliklar1 ve betonarme kirislerin kesme ve egilme kapasiteleri iizerindeki etkisini
incelemek icin parametrik bir calisma yapilmistir. Beton kaplamanin artmasiyla FRP sicakliklarinin
diistiigli ve FRP betonarme kiriglerin kesme ve egilme dayanimlarinda 6nemli derecede bozulma gosterdigi
tespit edilmistir. Son olarak ¢calismada, FRP donatili betonarme elemanin yangina dayanmasi i¢in minimum
64 mm pas payt onermektedir [31]. Yangin sonucunda siyrilma etkilerinin gézlemlenmesi ile alakali
yapilan bir ¢alismada GFRP, BFRP, CFRP ve ¢elik donatilar kullanilarak dokiilen kirigler 500°C sicaklikta
4 saat tutulmustur. Calisma sonucunda ¢elik donatili kirisler, FRP donatili benzer kiriglere kiyasla yiiksek
sayida catlak ve daha diisiik ortalama catlak boyutlari ile birlikte, verilen sicakliktan 6nce ve sonra tamamen
egilme kirilmas1 gosterdigi ifade edilmistir. Ayrica CFRP donatili kirigler, 6nceki donatilarin 1sinmaya
kars1 daha yiiksek direnci nedeniyle, yiiksek sicakliklarda GFRP ve BFRP donatilara gére daha iistiin
egilme davranisi sergiledigi ifade edilmistir. 90 dakika boyunca 500 °C'ye maruz kaldiktan sonra, FRP
donatili betonarme kirisler, donatilarin ¢ekme dayaniminin bozulmasi ve FRP donatilar ile ¢cevreleyen beton
arasindaki bag kayb1 nedeniyle nispeten diisiik yiik seviyelerinde hasar aldig1 gézlemlenmistir [32]. Polat
ve arkadaslari tarafindan yapilan ¢alismada ¢elik ve GFRP donatilar asamali olarak 800 °C'ye kadar sicaklik
etkisine maruz birakilarak ¢ekme deneyleri ve betonda pull out deneyleri yapilarak karsilastirilmistir. GFRP
donatilar 500 °C'den sonraki sicakliklara maruz birakildiginda tamamen yanarken ¢elik donatinin akma
dayanimimin 800 °C'de %30 azaldigi goriilmiistiir. Beton ile aderansta iki donati tiirli de benzer
karakteristik egriler gosterdigi, GFRP donatilarin ¢elik donatiya yakin seviyede aderansta basar1 gosterdigi
ifade edilmistir [33].

Bu calismada literatiirden fakli olarak sicaklik etkisine maruz FRP donatili betonarme yap1 elemanlarinda
yalitim malzemesi tiiriiniin ve beton dayaniminin 1s1 gegisine etkilerini belirlemek amaciyla deneysel
calismalar yapilmigtir. Ug tip yangin yalittm malzemesi kullanilarak FRP donatili yap1 elemanlart yiiksek
sicakliklara maruz birakilmistir. S00°C dereceye ulasan ortam sicakliginda beton yiizeyine ve FRP donatiya
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ulasan sicakliklar problar vasitasiyla 6l¢iilmistiir. Ayrica FRP donatiy1 koruyan beton dayaniminin etkisini
belirlemek amaciyla ii¢ farkli dayanim sinifinda beton numuneler {iretilerek betonarme elemanlar tas yiinii
ile izole edilerek deneyler tekrarlanmustir.

2. MALZEME VE METOT (MATERIAL AND METHOD)
2.1. Malzeme (Material)

Deneysel calismalarda, bir adet cam FRP donati iceren 75x75x245 mm boyutlarinda betonarme numuneler
iiretilerek deneyler tekrarlanmistir. Binalarin Yangindan Korunmasi Hakkinda Yonetmelikte Degisiklik
Yapilmasina Dair Yonetmelik’e gore [34] kolonlarda 40 mm, désemelerde 25 mm pas payr kalinlig
onerilmektedir. Yapilan bu ¢aligmada pas pay1 kalinligi 25-40 mm arasinda olacak sekilde maksimum
agrega boyutuna (Dmax= 32 mm) gore pas pay1 se¢imi yapilmistir. Cam lif takviyeli plastik (GFRP) donatilar
nerviirlii ve 10 mm ¢apinda olup kalip igerisine pas pay1 kalinligi 32,5 mm olacak sekilde yerlestirilmis, ii¢
farkli dayanim simifinda (Tablo 1) hazirlanan betonlar ile oOrtiilmiistiir (Sekil 1). Tablo 2’de farkli
dayanimlardaki numunelerin boyutlar1 verilmistir.

75 mm
Sekil 1. Betonarme numunelerin boyutlari.
Tablo 1. Beton karisim degerleri
Malzemeler (dm?d) C20 C30 C40
Su 210 208 170
Cimento 111 127 136
Katki - - 2
1.Micir 160 157 172
2.Micir 180 176 193
Kum 339 332 327
Toplam 1000 1000 1000
Basin¢ Dayanimi (MPa) 26,80 40,92 51,50
Tablo 2. Betonarme numunenin ozellikleri
Donati Donati Donati Betonarme Betonarme Betonarme Pas pavi
tiirii Capi Uzunluk  Uzunluk Genislik Yiikseklik pay

FRP 10 mm 180 mm 245 mm 75 mm 75 mm 32,5 mm
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Yangin yalitim malzemesi olarak kirmizi algipan, tas ylinii ve cam yiinii kullanilmistir (Tablo 3). Farkli
kalinliklara sahip yangin yalitim malzemeleri uygulamalarda yapildigi gibi mevcut kalinliklari ile
betonarme numunenin {izerine monte edilerek 1200 °C kapasiteye sahip firinda testler ger¢eklestirilmistir.

Tablo 3. Yalitim malzemelerinin ozellikleri

Malzeme Yogunluk Kalinhk Simf Katsay1
kg/m? mm W/mk
Tas Yiinii 150 50 Al 0,035
Cam Yiini 50 50 Al 0,04
Kirmizi Algipan 16,3 12 A2 0,25

2.2. Metot (Method)

Uc¢ dayamim smifinda iiretilen betonarme numunelere ve icindeki FRP donatilara 1sidlger problar
baglanilmigtir. Betonarme elemanlara yalitim malzemeleri kaplanip firinda ortam sicakligi 500 °C’ye kadar
bekletilmis ve gecen zaman Ol¢iilmiistiir. Yiiksek sicaklikta bekletilen yalitilmis numunelerde; ortamin
sicakligi, betonun yiizey sicakligi ve donatida meydana gelen sicaklik degisimleri yerlestirilen problarla
Ol¢iilmiis gegen zaman kronometre kullanilarak kayit altina alinmugtir. Yalitim malzemelerinin
karsilastirilmasinda betonarme yapi elemaninin beton sinifi sabit tutularak testler gerceklestirilmistir (Sekil
2-3). Beton dayanim smifinin etkisinin incelendigi deneysel ¢aligmalarda C20, C30 ve C40 betonlar
iretilmistir.

Sekil 2. Yangin yaliimli betonarme elemanlar
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3. DENEYSEL SONUCLAR (EXPERIMENTAL RESULTS)

FRP donatili yap1 elemanlarinda kullanilan yangin yalitim malzeme tiirii ve beton dayaniminin FRP
donatilart sicakliga karsi koruma performansinin degerlendirildigi bu ¢alisma sonuclar: iki baslik altinda
incelenmistir. [lk grupta yalitim malzeme tiiriiniin etkileri degerlendirilmis, ikinci grupta ise beton dayanim
sinifinin artmasinin etkileri yorumlanmustir.

3.1. Yahtim Malzeme Tiiriiniin Etkileri (Effects of Insulation Material Type)

Farkli yalitim malzemeleri ile korunan betonarme elemanlarin sicaklik etkisinde betonda ve donatida
meydana gelen sicaklik degisimleri grafikler halinde verilmistir (Sekil 4-6). Ortam sicakligindan betona ve
donatiya 1s1 gegisler formiil 1 ile hesaplanarak Tablo 4’te verilmistir.

(Ortam Sicakligi—Beton veya donati sicakligt)

x100 (1)

Beton sicakligt

Tas yilinii 1s1nin %]13’linii betona iletirken cam yiinii %22 oraninda ve kirmizi al¢ipan %26 oraninda
iletmistir. Donatiya iletilen 1s1 oranlari ise tas yiiniinde %9, cam yiiniinde %15 ve kirmizi al¢ipanda %20
oranlarinda meydana gelmistir. Ortam sicakligi 500 °C’ye ulastiginda tas yiinii, cam yiini ve kirmizi
algcipanda beton sicakligi ortalama sirasiyla 64 °C, 111,7 °C ve 130 °C dereceye ulagmaktadir. Donati
ortalama sicakligi ise sirastyla 45 °C, 73 °C ve 102 °C dereceye ulasmaktadir.

Ortam donati beton
600

500

N
o
o

Sicaklik
w
]

o
[EEY
o
N
o
w
o
oy
o
a1
o
D
o

70
Zaman (dakika)

Sekil 3. Tas yiinii kullanilan betonarme elemanlarin sicaklik-zaman grafigi

e Ortam Donati == Beton

600

500

400

300

Sicaklik

200

0
0 10 20 30 40 50 60 70

Zaman (dakika)

Sekil 4. Cam yiinii kullanilan betonarme elemanlarin sicaklik-zaman grafigi
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ortam donat] e heton

600

500

400

300

Sicaklik

200

100 —

0 10 20 30 40 50 60 70
Zaman (dakika)

Sekil 5. Kirmizi al¢ipan kullanilan betonarme elemanlarin sicaklik-zaman grafigi

Tablo 4. Ist Gegis Yiizdeleri

Yahitim Malzemesi Ortamdan/ Betona Ortamdan/Donatiya
Tiirii 181 gecis yiizdesi (%) 181 gecis yiizdesi (%)
Tas Yiinii 13 9
Cam Yiinii 22 15
Kirmizi Alcipan 26 20

Sekil 7°de tas yiinii ve kirmiz1 algipan arasinda iki kati oranda gegis farki vardir. Beton yangina karsi FRP
donatidan daha iyi performans gosterdigi icin FRP donatiya ulasan sicaklik degeri biiyiikk Onem
tagimaktadir. Yalitm malzemesi betonu korurken beton FRP donatiy1r korumaktadir. Bu nedenle yalitim
malzemesinin yani sira betonun etkisi de g6z 6niine alinmalidir.

03 B Tag yiini Cam yiinii ®K. Algipan

0.25

0.2
0.15
0.1
0.05 I
0
0B 0.D

Sekil 6. Yalitim malzemelerinin sicaklik gegis orani. ( O.B: Ortamdan Betona, O.D: Ortamdan Donatiya
gegis)

Yiiksek sicaklik sonrasinda firindan ¢ikarilan numunelerde meydana gelen goriintii degisimi Sekil 8’de
verilmistir. Tas ylinlinde hasar gézlemlenmezken, kirmizi al¢ipanda kararma ve dokiilmeler goriilmiistiir.
Cam yiiniinde ise kismi renk degisimleri meydana gelmis olmasina karsin malzeme biitiinligii
korunmustur.

Sicaklik Gegis Orani
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Sekil 7. Yiiksek sicaklik sonrasi yaliim malzemeleri

3.2. Beton Dayammmmin Etkileri (Effects of Concrete Strength)

Beton igerisindeki donatilarin sicaklik yalitimida beton dayaniminin etkilerini incelemek amaciyla iig
farkli dayanim siifinda betonarme yap1 elemanlar iiretilerek 50 mm kalinliginda tas yiinii ile kaplanarak
testler yapilmistir. Farkli dayanim sinifindaki betonarme elemanlarin sicaklik zaman grafikleri sirasiyla
Sekil 9-10-11"de verilmistir. Calismanin bu kisminda 6nemli olan durum sicakligin betondan donatiya
gecisidir ve formiil 2 ile sicaklik gecis yiizdeleri hesaplanarak Tablo 5’te verilmistir.

Beton ylizeyindeki sicaklik—donatidaki sicaklik

beton yluzeydindeki sicaklik x100 (2)
600
e Ortam donati — eton

500

400
=

$ 300
=2
0

200

0

0 10 20 30 40 50 60 70 80

Zaman (dakika)

Sekil 8. Yalitilmis C20 betonunun sicaklik-zaman grafigi
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600 e Ortam donat1 e heton
500
400
=
S 300
]
wn
200
100 e
——
0
0 10 20 30 40 50 60 70
Zaman (dakika)
Sekil 9. Yalitrlmig C30 betonunun sicaklik-zaman grafigi
600 Ortam donati e Dheton
500
400
4
£ 300
Q
%
200
100 —
A — T
0
0 20 40 60 80
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Sekil 10. Yahitilmig C40 betonunun sicaklik-zaman grafigi

Igili sekillerde goriildiigii gibi tiim beton simiflarinda donati ve beton sicakligindaki 1s1 gegisleri yakin
degerlerde oldugu goriilmektedir. Sicaklik gecis oranlarina bakildiginda C30 betonun ortalama olarak C20
ve C40’a gore %3-4 daha az 1s1 gegisi saglamistir. Beton dayanimlar1 arasindaki yakin degerler sicaklik
transferinde beton dayanim sinifinin etkisinin sinirli oranda oldugunu gostermektedir.

Tablo 5. Yalitim malzemesi ve beton sinifina gére betondan donatiya gecen sicaklik yiizdesi.

Beton Sinifi C20 C30 C40
% 61 58 62

Tim beton siniflar1 igin betondan donatiya gelen sicaklik transferinin ortalama yaklasik %60 oldugu
goriilmektedir (Sekil 12). 128 °C wulasan bir betonda donatilarin sicakliginin 78 °C’e ulastigi

gozlemlenmistir. Bu durumda asil gorevi {istelenenin betonu koruyan yalittim malzemesi oldugu sonucu
c¢ikarilabilir.
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Sekil 11. Beton dayamm siniflarina ve yalitim malzemelerine gore sicaklik gegis oranlari.

Yiiksek sicakliklara GFRP donatilarin ¢iplak halde birakilarak mekanik 6zelliklerindeki degisimle alakal
literatiirde bir¢ok ¢aligma yapilmistir. Robert ve arkadaslar1 [35] tarafindan yapilan bir ¢alismada GFRP
donatilar1 yiiksek sicakliklara maruz birakmistir. 300 °C’ye maruz birakilan donatilar oda sicakligindaki
(25 °C) donatilara oranla gekme dayanimlarinda %46 diisiis gézlemlenmistir. Aydin [36] tarafindan yapilan
calismada GFRP donatilar 60°C’ye uzun siire maruz birakilmistir. Caligma sonunda %35 oraninda ¢ekme
dayanimda diislis gézlemlenmistir. Yiiksek sicakliklar sadece mekanik mukavemetleri etkilemez ayrica
FRP donati ve beton arasindaki aderans: da olumsuz etkilemektedir. Solyom [37] tarafindan sicaklik
arttikga bag kuvveti azaldigin1 ifade edilmistir. Ozellikle, cams1 gegis sicakligina (Tg'ye) yakin sicakliklara
maruz kalan numuneler i¢in bag mukavemetinin %30 kadar diistiigii, ayrica 300 °C'de ise %10'un altina
diistiigl ifade edilmistir. Bag performansindaki diisiis, nispeten diisiik bir sicaklik seviyesinde (80 °C) beton
basing dayanimindaki ve daha yiiksek sicakliklarda GFRP donatinin Elastisite modiiliindeki bir azalmadan
etkilenmektedir. Literatiirde yapilan bu calismalar sonucunda ¢ikarilan 6nemli sonuglar gdz Oniine
alindiginda FRP donatilarin sicaklia karsi korunmasi gerekmektedir. Bu ¢alismadan ¢ikarilan sonuglara
gore beton dayaniminin artmasi, donatilar1 sicaklifa karsi koruma islevini yeterli seviyede yapamadigi
belirlenmistir. Fakat yangin yalittim malzemelerinin iyi oranda koruma saglayabilecegi sonucu ¢ikmaktadir.

4. SONUC VE ONERILER (CONCLUSION AND RECOMMENDATIONS)

Yiiksek sicakliklara maruz birakilan FRP donatili betonarme elemanlarin farkli yalitim malzemesi ve farkli
dayanim sinifinin betona ve donatiya gecen sicaklik oranlariyla ilgili deneysel arastirmanin sonuglari
asagida Ozetlenmistir:

e Tas yiinii ile yalitim yapilan betonarme elemanlarin koruyuculugu cam yiinii ve kimizi algipana
gore daha yiiksektir. Tas ylinii ortamdan betona sadece %13’liik sicaklik iletimi saglamistir.
Diger yalitim malzemelerine gore daha ince kalinliga sahip olan kirmizi algipanda bu oran
%26°dur.

e Yiiksek sicakliklarda farkli beton siniflarin sicaklik gegirimliligine etkisi sinirli diizeyde
kalmaktadir. Ortam sicakligi 500 °C’de yalitmli C20, C30 C40 beton sinifindaki FRP donatili
betonarme elemanlarinin beton yiizeyinden donatiya sicaklik iletim oranlari birbirine yakin ve
%55’1n iistiinde gergeklesmistir.

e Yalitimhi betonarme elemanlarin igerisindeki FRP donatilara ulasan sicaklik, tas yiiniinde
ortam sicakliginin %9’u, cam yiiniinde %15°1, kirmiz1 algipanda %20’sine denk gelmektedir.
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e Yalitim malzemesi ve beton smifinin katkist ayri ayr1 degerlendirildiginde, yalitim
malzemesinin sicaklik gecisindeki roliiniin ¢cok 6nemli oldugu belirlenmistir. Beton dayanimin
ise donatiy1 sicakliga kars1 korumada sinirlt kaldigr tespit edilmisir.

e Yiiksek sicakliklarda kirmizi algipan yiizeyinde kararmalar ve kismen dokiilmeler goriilmiistiir.
Cam yiiniiniin baz1 bdlgelerinde renk degisimleri goriiliirken, tas yliniinde énemli bir hasar
gbzlemlenmemistir.

e Bu konuda yeni ¢alismalar ile yaliim malzemesinin ve beton paspayr kalmligimi etkileri
birlikte degerlendirilebilir.
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Abstract
Article Info

Recently, great efforts have been made by researchers on the mixture of electrically conductive
Research article concretes that have been developed for different purposes. In this study, an experimental research
Received:06/08/2022 was carried out on electrically conductive mortar mixtures especially for shell elements produced

Revision:19/12/2022

Accepted-20/12/2022 for building facade cladding. Six different mixtures were produced, including the non-conductive

reference mixture. Single-walled carbon nanotube (SWCNT) was used as nano-sized conductive
additive material. SWCNT was added at 0.2% and 0.3% of cement weight. Steel fiber (SF) was

Keywords added to the same mixtures as another group at the rate of 4% by total weight. 2, 14, 28, 90 and
. 180 days electrical resistivities of the obtained conductive mortar samples were measured. As a
g\f\‘/rg“_cr“"e Mortars non-destructive method, dynamic resonance testing was performed and the 28-day damping rates

Resistivi of the samples were determined. Ultrasonic pulse velocity (UPV) and Leeb hardness tests were

esistivity . . . . . .

Damping Ratio performed, respectively, by using other non-destructive testing methods to obtain information

Steel Fiber about the internal structure voids and surface hardness of the samples. The internal microstructure
morphologies of the composite materials were analyzed by SEM (Scanning Electron Microscope)
characterization method. In addition, elemental occurrences in the samples were explained by
elemental mapping. The crystal phase formations in the cement matrix were characterized by
XRD (X-Ray Diffraction) analyzer. SWCNT, which causes low machinability and therefore
internal structure voids, caused a decrease in compressive strength and flexural strength, as well
as a significant increase in electrical conductivity. Addition of 0.3 SWCNT reduced the electrical
resistance of the material up to 3154 Q.cm.

1. INTRODUCTION

Crack formation, which causes a decrease in the strength of cement-based concrete, which is used as a
construction building material, leads researchers to use various additives. Also, interest in studies to
improve the mechanical properties of cementitious materials has increased [1]. To increase the strength of
Portland cement, there are studies on the use of nanoscale materials that will reduce the porous structure of
the material [2, 3]. Particularly, nanoparticle-containing components are included in the cement mixture for
structures requiring high strength in building materials [4]. There is increasing interest in studies on
conductive concrete, which is obtained by mixing the conductive component, cement materials and
aggregate in a certain ratio. Carbon nanotubes (CNTSs) are of interest to researchers as reinforcement
materials in cementitious materials due to their high electrical conductivity and high mechanical properties
[5]. Rocha et al. reported that CNTs added to the cement mixture at well below 1% increased the flexural
strength of concrete up to 50%. In addition, it was stated that C-S-H, which is the main component of
hydrated Portland cement, is at nanoscale. Thus, it is important to add carbon nanotubes to Portland cement
to produce new concrete with superior properties [6]. CNTs, which are considered as alternatives to
improve the mechanical and electrical properties of Portland cement, show superior performance even
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though they are used in small amounts in the cement mixture [7]. The preference of carbon nanotubes in
cementitious structures is associated with high strength and high modulus of elasticity [8]. In different
studies, it is stated that CNTs, which can be homogeneously dispersed in the cement matrix, prevent the
growth of cracks that may occur in concrete [9-11]. Since high-strength cementitious materials exhibit
brittle properties, it is stated that the addition of CNTSs to the cement mixture provides an increase in flexural
strength. Parveen et al. [12] reported that the mechanical and microstructural properties of the material were
improved with the addition of CNTSs to the cement mixture.

However, in this study, it is aimed to examine the relationship between mechanical strength and electrical
resistance of the concrete to be produced by adding different reinforcement materials to the cement mixture,
considering the studies made with CNTs, in comparison with the literature studies. Although there is more
research on CNT reinforcement to strengthen concrete material, applications of single-walled carbon
nanotube (SWCNT) and multi-walled carbon nanotube (MWCNT) are more preferred [13]. In the literature,
it is stated that the SWCNT additive to the cement mortar better reflects the thermal properties of the
material compared to MWCNT [14]. The fact that SWCNT is not preferred as much as MWCNT in building
materials is stated as high cost and hydrophobic feature. To solve this problem, it has been explained that
processes that facilitate the dispersion of SWCNT, which has a higher surface area, in the solution can be
performed [15]. In addition, Hu et al. [16] reported that SWCNTSs with high specific area contribute more
to the increase in strength in cementitious mixtures compared to MWCNTS. Studies investigating the
mechanical and electrical properties of SWCNT reinforced to the cement mixture in concrete production
are limited. It has been reported by Makar and Chan [9] that SWCNT added to Portland cement improves
the mechanical strength results of concrete. This is explained by the fact that SWCNT included in the
cement mix accelerates the hydration process. Tyson et al. added dispersed SWCNT to the cement mixture
and emphasized that the mechanical properties of the concrete were improved [17].

Adding fiber to the cement matrix prevents the formation of cracks in the concrete and the spread of cracks
and contributes to the increase in the strength of the concrete [18]. Research has been carried out on the
workability of concretes produced with the reinforcement of various fiber components. Fiber reinforced
concrete significantly improves the mechanical properties of the material compared to normal concrete
[19]. Among the fibers, steel fibers with high strength properties are preferred in industrial applications. In
the study of Yazici et al. [20], it was reported that there was an improvement in the flexural strength of
concrete reinforced with steel fiber. It has been stated that the steel fibers added to the cement paste increase
the strength properties of the concrete and prevent the formation of cracks by reducing the porous structure
[21]. The strength and ductility of concrete materials containing steel fiber are quite high compared to
normal concrete [22]. In addition, the steel fibers dispersed in the cement matrix contribute to the damping
of the impact energy under dynamic load [23]. In the literature, it has been explained that the steel fibers
added to the cement paste form a dense structure by reducing the porous structure of the concrete [24]. It
has been explained that by adding conductive steel fibers to the cement mixture, the fiber distribution in
the matrix affects the electrical properties of the concrete [25]. Furthermore, in studies the performance of
concretes containing CNT and fiber, it has been stated that the compressive strength of CNT/steel fiber
reinforced concrete is higher than only CNT reinforced concrete [26, 27]. In the previous study, the
resistivity of ferrochrome filled conductive mortars containing SWCNT-SF decreased to 1000 Q.cm [28].
In addition, the resistivity of CF reinforced ferrochrome filled conductive mortars has been reported up to
200 Q.cm [29].

In this study, the microstructure, strength, and electrical resistance performances of SWCNT/steel fiber
reinforced concrete, which have not yet been studied in the literature, were researched. Also, the effects of
dispersed SWCNT and steel fiber on the engineering properties of cement paste were investigated
comparatively. It is aimed to improve the resistivity properties and improve the mechanical properties of
SWCNT/steel fiber conductive concrete. Compressive strength, flexural strength, dynamic resonance,
UPV, and Leeb hardness tests were performed to examine the effect on the mechanical behavior of
cementitious materials containing SWCNT and steel fiber. Also, the effect of SWCNT on damping ratio
was investigated by dynamic resonance tests. Scanning electron microscopy (SEM) was used to investigate
the role of SWCNTSs and steel fibers in increasing the fracture resistance of conductive concretes and to
investigate the morphological properties of the fibers. To examine the effect of additive components added
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to cement paste on the electrical conductivity performance of concrete, measurements were made at
different time intervals.

2.MATERIALS AND METHODS

2.1. Material Properties

Silica sand was used as the fine aggregate material in the all mixtures. In the literature, there are studies on
electrically conductive cementitious materials produced with silica aggregate [28, 29]. CEM 11-42.5 R white
cement, which is preferred in facade cladding, was used as binder. As a pozzolanic additive material,
calcined kaolin was preferred in equal proportions in all mixtures. Previous studies have shown that
calcined kaolin performs well when used with white cement [30, 31]. The particle size ranges of silica sand,
cement and calcined kaolin were compared in Table 1. The SWCNT dispersed with the carboxy methyl
cellulose agent used in the study was provided by TUBAL. The carbon content of the SWCNT used was
99 + 1 wt% and had a diameter of 1 — 2 nm. The length of this material, which is very flexible and strong,
is about 3000 times its diameter. Normal tap water was used as mixing water. Stainless steel fiber (SF) with
a length of 12.5 mm and a diameter of 0.175 mm was preferred as conductive fiber in mixtures.
Polycarboxylate based superplasticizer was used to ensure adequate workability in all mixtures. Details of
conductive mortar mixtures are given in Table 2. Silica sand (SS) filled pure mixture is a normal premix
mortar consisting of filler, binder, pozzolanic, water and plasticizer, and is defined as the matrix for other
mixtures. In the premix mixture, all dry ingredients are put into the mixer, mixed for 90 seconds, then
plasticizer is added together with water and mixed for 90 seconds again and placed in molds. In the mixtures
containing SWCNT, the water of the solution with SWCNT was taken as the basis instead of mains water.
In steel fiber mixtures, after all the components came together, when the matrix was ready, the fibers were
added and mixed with a mixer for one minute.

Table 1. Granulometry of aggregates, cement and calcined kaolin used.

silica sand Cement calcined kaolin
Passing Passing Passing
sieve size (um) (%) sieve size (um) (%) sieve size (um) (%)

10 3.49 2 6.54 10 67.11
20 5.9 3 11.59 20 90.57
30 9.76 4 15.88 30 99.32
40 12.33 5 19.25 40 100
45 12.97 6 22.1 - -
50 13.3 7 24.86 - -
60 13.51 8 27.81 - -
70 13.51 9 31.07 - -
80 13.51 10 34.66 - -
90 13.51 20 76.9 - -
100 13.51 30 97.35 - -
150 14.7 40 100 - -
200 23.53 - - - -
250 39.2 - - - -
300 56.01 - - - -
350 70.45 - - - -
400 81.46 - - - -
450 89.16 - - - -
500 94.13 - - - -

1000 100 - - - -
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Table 2. Component ratios in electrically conductive mortars.

Silicasand  Cement Calgined Water SE (%) SWCNT Superplasticizer

No Code (9 (9 kaolin(g)  (9) (%) )]
1SS 1350 500 50 209 0 0 6

2  SS-SF 1270 500 50 209 4 0 6

3  SS-CNTO.2 1350 500 50 209 0 0.2 8.5
4 SS-CNTO0.3 1350 500 50 209 0 0.3 10.5
5 SS-SE-CNTO.2 1270 500 50 209 4 0.2 8.5
6 SS-SF-CNTO.3 1270 500 50 209 4 0.3 105

2.2. Test methods

Within the scope of the study, non-destructive tests were carried out on 40 x 40 x 160 mm prismatic
specimens without being subjected to destructive tests (compressive and flexural strength). Electrical
resistivity measurement, ultrasonic pulse velocity (UPV), dynamic resonance and Leeb hardness tests were
performed as non-destructive tests. Two-point uniaxial test method was used for electrical resistivity
measurement. This method is also used frequently in the literature [32, 33]. In this method, a certain
potential difference is applied between the two surfaces of the sample and the amount of current flowing is
measured. Using ohm's law, the resistivity of the sample is obtained. A potential difference of 30V was
used in all resistivity measurements. The frequency was fixed at 50 Hz during the resistiviti measurement.
The UPV test was carried out to obtain information about the defects in the internal structure of the samples.
In the UPV test, probes are placed on both sides of the sample. While one of the probes sounds, the other
probe reads the elapsed time of the sound. The UPV value is obtained by dividing the sample length by the
elapsed time. In the dynamic resonance test method, the sample was fastened in the midpoint between two
supports and oscillation was applied from one end of the sample with a spherical impact pull, while the
impact response from the other end was measured with an accelerometer. The damping ratio of the sample
was determined according to the data obtained. Test setup images summarizing the all experimental
procedure are shown in figure 1. UPV tests were performed according to ASTM C597 [34]. Longitudinal
resonance frequency testing was performed for all samples according to ASTM C215 standard [35]. The
ASTM A956 standard [36] was used to determine the Leeb hardness of the produced samples. Flexural and
compressive strength tests were carried out in accordance with the TS EN 196-1 standard [37]. In addition,
densities were calculated by measuring the dry weight and dimensions of all 28-day samples.
Microstructural and morphological properties of SS, SS-CNTO0.2 and SS-CNTO0.3 samples were determined
by SEM characterization tests. Also, the effect of adding a high amount of SWCNT to the conductive
concrete on the elemental formations in the structure was investigated by EDS-mapping of the SS-CNTO0.3
sample. In addition, the crystal phases of the SS, SS-CNTO0.2 and SS-CNTO0.3 samples were analyzed using
X-ray diffractometry at a scan rate of 1°/min and a test range of 10°-70°.

Figure 1. Experimental flow view.
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3. RESULTS AND DISCUSSION
3.1. Electrical Resistivity

The electrical resistivity values of the mortar samples are summarized in figure 2. All values are calculated
according to the amount of current obtained by applying a potential difference of 40 volts. Considering the
180-day resistivity results, it was determined that the resistivity value of the reference sample was 2-13
times higher than the resistivity values of the other mixtures. In addition, when the electrical resistivity
values of all mixtures were examined according to the age of the sample, a decrease of approximately 9-22
times was observed between the values of 2 and 180 days. As can be seen from the figure, the difference
in resistivity decreased in older ages. This may mean the complete disappearance of the internal water. The
highest conductivity loss due to age was observed in the SS-SF sample as 22 times. While the 2-day
resistivity value of this mixture was 939 Q.cm, the 180-day resistivity value increased to 21300 Q.cm. In
this mixture, a remarkable conductivity value was read when the presence of hydration water in the mixture
and the intrinsic conductivity of the steel fiber were combined in the first 2 days. However, the conductivity
decreased as a result of the loss of water over time. Another important reason in this mixture is that the
electrical current path is closed/decreased by coating the steel fibers with hydration products over time [32].
The electrical resistivity results of the mixtures with the addition of 0.2% and 0.3% carbon nanotubes for
180 days were decreased by 28% and 89%, respectively, when compared to the reference mixture. It can
be said that this is entirely due to the conductivity effect of SWCNT itself. When the resistivity results of
the 2-days 0.2% and 0.3% carbon nanotube added mixtures were examined, it decreased by 68% and 87%,
respectively, when compared to the reference mixture. The point that draws attention here is that the
resistivity of the mixture with 0.3% SWCNT changes very little over time. When SF was added to these
two SWCNT added mixtures, the resistivity values were observed to decrease 7.4 and 12.9 times,
respectively, compared to the reference sample. Steel fibers form a network within the matrix containing
the SWCNT, both providing the current passing through it and reducing the resistivity of the matrix by
connecting the SWCNTSs to each other. The 180-day resistivity values obtained within the scope of the
study were between 40557-3154 Q.cm. The specification of a conductivity class for concretes may vary for
different purposes. The electrical resistivity of the outdoor dried concrete was determined as 6.54 x 105—
11.4 x 105 Q.cm. In addition, according to studies conducted by different researchers, the electrical
resistivity of saturated concrete and dry concrete were found to be 106 Q.cm and 109 Q.cm, respectively
[38].

B 2-day m 14-day D 28-day H90-day @ 180-day
1.E+05

1.E+04 4

1.E+03 +

Electrical resistivity, Q.cm

SS SS-SF SS-CNT0.2 SS-CNT0.3  SS-SF-CNT0.2 SS-SF-CNTO0.3

Sample code
Figure 2. 2-180 Days electrical resistivity results of mortar specimens.

3.2. Dynamic Resonance Test Results

The results of the dynamic resonance test, which is one of the important test methods for building materials
within the scope of the study, are summarized in figure 3. In the figure, damping ratios are shown as balls
and highlighted in the same color as the guide lines colored according to the sample codes. Amplitude curve
was drawn in wide frequency range under the resonance test results, and damping ratios of all samples were
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calculated accordingly. When the figure is examined in general, it is observed that the damping ratio values
increase as the amplitude curves become horizontal. In the literature [39], high-narrow amplitude curves
correspond to low damping ratio and low-wide curves correspond to high damping ratio. Considering the
damping ratio values, it was observed that the damping property increased with the addition of steel fiber
and SWCNT. The highest damping ratio was obtained for the SS-SF-CNTO0.2 sample as 11%. The damping
ratio of this sample improved as 84.40% compared to the reference (SS) sample. The damping ratio of the
SS-SF sample containing 4% SF increased by 52.8% compared to the reference. Also, the damping rate of
the samples containing 0.2% and 0.3% SWCNT improved 42.5% and 22%, respectively, compared to the
reference. However, damping ratios of SS-CNTO0.2 and SS-SF-CNTO0.3 samples were obtained as equal.
Luo et al. [40] in their study on cementitious composites containing carbon nanotubes, they emphasized
that carbon nanotubes act as bridging microcracks, increase the interfacial "stick-slip” capacity and
therefore improve the damping ratio. Also, in a previous study [41] on UHPCs, positive effects on the
damping ratio of steel fiber were proven.

—=SS SS-SF  ——SS-CNT0.2 ——SS-CNT0.3 SS-SF-CNT0.2 ——S8S-SF-CNT0.3
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Figure 3. Dynamic resonance test results.

3.3. Ultrasonic Pulse Velocity

When the UPV values are examined, it is observed that they are mostly in a parallel relationship with the
density values. The UPV test method, known as the nondestructive method, is a technique used to determine
the estimated compressive strength of building materials. UPV refers to the time it takes for the ultrasonic
pulse to transfer a certain distance along the material, usually in concrete and mortar samples. In addition,
internal defects such as porosity, microcracks and voids can also be detected by UPV testing. Therefore, it
is possible to obtain information about the homogeneity of the material by performing the UPV test [42].
In order to obtain information about the internal structure defects of the samples produced in this study,
UPV tests were performed and their dry densities were calculated. The results are summarized and
compared in figure 4. Also, the linear relationship between UPV and density is given in figure 5. When the
correlation coefficient between them was examined, a strong parallelism was observed. This is proof that
the UPV values are directly related to the sample porosity ratio. Only the UPV value of the SS-SF sample
decreased compared to the SS, while the density value increased. The UPV reduction in this mixture was
6.04%. Since the unit weight of steel fiber is about 4 times higher than the mortar, an increase in the density
of the mortar with steel fiber addition can be observed, but the voids that occur in the mortar may cause a
decrease in the ultrasonic transmission velocity. In the previous study [41], an increase in density and a
decrease in UPV were observed in cementitious products with steel fiber added. The UPV values of the SS-
CNTO0.2 and SS-CNTO0.3 mixtures decreased by 18% and 32%, respectively, compared to the reference.
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SS-CNTO0.3 had the lowest UPV and density values among the samples. Therefore, except for electrical
conductivity, other properties such as mechanical and physical are expected to weaken.
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Figure 4. UPV test results and density values of specimens.
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Figure 5. Relationship between UPV and Density values.

3.4. Leeb Hardness Results

Leeb hardness test was applied to obtain information about the surface hardness of the conductive mortar
samples and the results are shown in figure 6. Leeb hardness value of SS-SF sample increased by 8.25%
compared to SS. The reason for this is that steel fibers not only form a network in the mortar mixture, but
also create a texture on the sample surface, increasing its hardness. The hardness values of SS-CNTO0.2, SS-
CNTO0.3, SS-SF-CNTO0.2 and SS-SF-CNTO0.3 samples decreased by 15.13%, 28.90%, 9.48% and 22.21%,
respectively, compared to the SS reference sample. With the addition of SWCNT, serious decreases were
observed in the hardness values as well as the UPV values of the mixtures. This is entirely related to void
formation due to low workability. Despite all these, the hardness values were obtained as 365-555 within
the scope of the study.

Density, g/cm?
$

There are a few Leeb hardness studies on normal concretes, although limited. Song et al. [43] investigated
the Leeb hardness of sodium silicate based concrete and normal C30 concrete and concluded that the
average hardness value of normal concrete was 362 HL and that of sodium silicate based concrete was 405
HL. The hardness values of the 28-day GRC specimens produced in this study were measured between 509
and 548 HL. Therefore, the results prove to be compatible when compared to normal concrete. The 2 and
7 day Leeb hardness results were measured as 396-438 and 456-510, respectively. Gomez-Heras et al. [44]
stated that the finer the grain size, the higher the Leeb hardness. This situation is directly related to the
filling of fine-grained minerals into micro and macro pores [45]. However, since the ratio of nano-sized
SWCNT used in this study was higher than necessary and the presence of carboxymethyl cellulose as a
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carrier material also caused defects in the mixture. Leeb hardness values were also low due to the
imperfections.
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Figure 6. Leeb hardness values of conductive mortars.

3.5. Mechanical Test Results

The compressive and flexural strength results of conductive mortars containing carbon nanotubes are
compared in figure 7. It is noteworthy that the strength of the mixtures decreased with the addition of
SWCNT. However, considering the electrical resistivity results, the strength values were at an acceptable
level considering the purpose of the study. The reason for the decrease in strength of SWCNT added
mixtures is that the carbon nanotube has a high interfacial area, leading to low machinability and the
formation of a more defective structure. In addition, the high concentration of carboxymethyl cellulose used
as a dispersing agent in the SWCNT solution may leave permanent voids in the internal structure of the
mortar, causing a decrease in strength. On the other hand, since the aim of this study was to design a
conductive mortar mix, the SWCNT ratio was kept above the literature, which may decrease the strength
by causing low adherence between the filler and the binder in the mixture. Studies [31, 46], have reported
improvements in the strength of cementitious materials using lower dosages of SWCNT.

The compressive strengths of the mixtures containing 0.2% and 0.3% SWCNT decreased by 41.5% and
57.8%, respectively, compared to the reference sample. When 4% SF was added to the same mixtures, the
decrease in strength was 30.3% and 52.1% compared to the reference. In addition, the compressive strength
of the mixture containing only 4% SF increased by 17.4% compared to the reference. When the flexural
strength results are examined, it is understood from both figure 7 and figure 8 that the values are in a parallel
relationship with the compressive strength results. The flexural strength of the SF added mixture increased
by 61.4% compared to the reference sample. The flexural strengths of the 0.2% and 0.3% SWCNT added
mixtures decreased by 21.1% and 34.7%, respectively. The flexural strength of the mixture with 0.2%
SWCNT and 4% SF increased by 26.3%. Also, the flexural strength of the mixture with 0.3% SWCNT and
4% SF was decreased by 26.3% compared to the reference. As a result, the decrease in compressive and
flexural strengths may be related to the high SWCNT ratio. [47] Kang et al. investigated the strength of
SWCNT-added cement composites at 0, 0,02, 0,04 and 0,06 wt% (based on cement weight). The positive
effect of SWNT was observed in mixtures using dispersion additive. The maximum compressive strength
was obtained for the composite containing 0.06% by weight of SWCNT. While Musso et al. [48] reported
that functionalized CNTs had a negative effect on mechanical properties, they reported a significant
improvement with both grown and annealed CNTSs.
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3.6. Microstructure Analysis Results

Microstructure pictures of silica sand characterized by SEM at different magnifications are shown in figure
9. In figure 9 (a), it is seen that silica sand particles form a high-density structure. On the other hand, it was
observed that air voids were formed in the microstructure. It can be stated that SiO», which is the main
component of silica sand, provides a high level of binding in the cement mixture and influences the strength
values of the concrete sample (figure 9 (b)). It is understood that the intertwined SiO particles have
irregular shapes. The non-homogeneity of the particles can be attributed to the interparticle Van-der-Waals
force and the tendency of the particles to agglomerate as reported by Saleh et al. [49]. The lack of porous
structures in the morphology of the SS sample in high magnification SEM images (fig. 9 (c) and (d)) may
be associated with Ca(OH), in the mixture. The presence of C-S-H gel formed by the hydration reaction
was determined. Thus, it can be said that C-S-H formations are effective on the compressive and flexural
strengths of the SS concrete sample. The association of C-S-H formations with high compressive strength
can be attributed to the bond strength of the particles in the mixture. It is reported that silica sand fills the
pores by reducing the Ca(OH), components and transforms the Ca(OH), crystals of silica sand into C-S-H
structure [49]. In addition, the ratio of silica sand in the cement mixture of the SS sample prevented the
increase in the pore size in the matrix and contributed to the formation of dense structure. Furthermore,
Huynh et al. [50] reported that the silica content in the cement paste prevented the formation of cracks in
the concrete sample. Accordingly, the absence of cracked structures in the SEM images of the silica sand
filled SS sample can be attributed to the silica content in the cement mixture.
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Figure 9. SEM images of SS sample at different magnifications.

SEM images of the conductive concrete sample containing 0.2% by weight of SWCNT at different
magnifications are shown in figure 10. The low magnification SEM image shows micro-crack formation in
the cement matrix (figure 10 (a)). The resulting micro-crack can be associated with the decrease in
compressive and flexural strength values of 0.2% SWCNT added to the silica filled concrete mortar. C-S-
H gel formations seen in figure 10 (b) morphology contributed to the compact structure in the sample.
However, it can be said that the ettringite formations shown in the yellow dashed circle have a negative
effect on the strength of the cement mortar. The enlarged SEM picture of the yellow dashed circle in figure
10 (b) is shown in figure 10 (c). It is seen that ettringite phases are formed clearly. The magnified SEM
morphology of figure 10 (c) shows prominent ettringite formations and SWCNTSs shown in the red dashed
circle (figure 10 (d)). It can be noted that SWCNTSs dry conductive network forming electrical conductivity
between components in cement mortar [14]. In addition, the C-S-H formations shown in the red dashed
circle and the SWCNT fibers interlocked to form a compact structure.
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Figure 10. Microstructure of SS-CNTO0.2 conductive concrete sample at different magnifications.
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Figure 11 shows SEM images of a 0.3% SWCNT reinforced silica-filled cement mortar sample at different
magnifications. As in the morphology picture of SS-CNTO0.2 sample with 0.2% SWCNT additive, micro-
crack formation is observed in the low-magnification SEM image of SS-CNTO0.3 sample. In the SS-CNTO0.3
sample, voids were formed in the morphology due to the increase in the amount of reinforcement
component added to the cement mortar. The voids formed by the increase in the SWCNT content in the
mixture caused the above-mentioned compressive and flexural strength values to decrease compared to the
SS-CNTO0.2 sample. It is seen that ettringite occurrences increase along the morphology in figure 11 (b). In
addition, the presence of C-S-H products, which contribute to the increase in density in the microstructure,
prevented a serious decrease in the strength values of concrete. Moreover, the CMC component shown in
the green circle in figure 11 (b) improved the adhesion of the products in the cement mixture. Figure 11 (c)
shows SWCNT fibers as well as C-S-H and ettringite components. In addition, it is seen that the SWNT
fibers shown in the blue circle act as a bridging link between the hydration products. A high-magnification
SEM image of the region shown in the black dashed circle in figure 11 (c) is given in figure 11 (d). Ettringite
and C-S-H products are more prominent. In addition, the SWCNT fibers are seen to be clearer in the high
magnification image and it has been confirmed that it forms conductive bonds between the hydration
products. Nguyen et al. [5] reported that the fibers in the cement matrix effectively bond with the hydration
products. Although the mechanical properties decrease with the increase in the SWCNT content added to
the cement mixture in the above-mentioned strength test results, it can be said that SWCNT fibers contribute
to the strength of the SS-CNTO0.3 conductive concrete sample and improve its electrical conductivity
properties. Furthermore, as stated by Hu et al. [16], very few SWCNTSs in porous areas and their scattered
clusters in the matrix caused a decrease in the mechanical strength of the SS-CNTO0.2 sample.

Ettringite

10.0kV 6.4mm x2.00k SE

10.0kV 6.4mm x5.00k SE

Figure 11. Microstructure of SS-CNTO0.3 conductive concrete sample at different magnifications.

Figure 12 shows the elemental analysis results of the EDS mapping process taken from the low
magnification SEM image of the SS-CNT0.3 sample. Calcium (Ca), oxygen (O), carbon (C), silicon (Si)
and magnesium (Mg) elements were detected in the EDS mapping of the 0.3% SWCNT supplemented
sample. It is seen that silica sand and cement mortar are dispersed in every region of the sample. The
homogeneous distribution of Ca and Si elements constituting the C-S-H component in the mapped
microstructure can be attributed to its contribution to improving the compactness of the sample structure.
The porous structures are seen in the black circles in the EDS mapping image shown in figure 12 (b). When
the distribution of the carbon element in figure 12 (c) is examined on the mapping, it is seen that the
mapping in figure 12 (b) does not exist in the porous structures. Thus, it can be said that the SWCNT fibers
in the matrix are not very effective in closing the gaps in the morphology and as a result, they do not provide
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the desired contribution to the mechanical properties of the concrete sample. On the other hand, it can be
stated that the distribution of the carbon element throughout almost the entire morphology in EDS mapping
contributes to the resistance reduction of the conductive concrete sample by forming a conductive network
between the cement matrix components of the SWCNTSs.
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Figure 12. Elemental mapping of SS-CNTO0.3 sample.

XRD patterns of SS, concrete sample is presented in the figure 13 quartz, calcite, and CsS phases were
formed in the X-ray diffraction patterns of the SS sample. The compact structure formed by the hydration
products described in the SEM analysis of the SS sample in the sample morphology can be associated with
the crystal phases detected in the XRD analysis of the SS sample. In addition, it can be said that the silica
sand in the SS sample has an improving effect on the mechanical properties of the concrete sample by
affecting the microstructure in the cement mixture. C3S phase was formed with the hydration of minerals
that harden the cement. It is seen that the crystals formed because of hydration are compatible with the
SEM analysis results and these crystals have contributed to the strength of the concrete sample by filling
the voids in the microstructure [49]. On the other hand, carbon, CsS, ettringite, portlandite phases are seen
in the XRD analyzes of the conductive component samples produced with 0.2% and 0.3% SWCNT added
to the SS sample. As seen in figure 13, the higher carbon peak intensity in the SS-CNTO0.2 sample compared
to the SS-CNTO0.3 sample may be associated with the agglomeration of SWCNTSs in the matrix. However,
the higher CsS and portlandite peak intensities in the SS-CNTO0.3 sample compared to the SS-CNTO0.2
sample confirms that the high SWCNT content in the cement mixture causes agglomeration in the matrix
and the hydration products are dominant in the matrix. In addition, the reduction of calcite phases in the
SS-CNTO0.2 and SS-CNTO0.3 samples can be attributed to the improvement of the structural properties of
the samples [51].
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Figure 13. XRD patterns of SS, SS-CNT0.2 and SS-CNTO0.3 conductive concrete samples.
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4.CONCLUSIONS

While electrical resistivity values increased rapidly in the first ages, the rate of increase decreased in
advanced ages. The reason for this was the drying of the samples and the loss of water in their bodies over
time. A positive effect of SWCNT on conductivity was observed, but more reasonable results were obtained
when used with SF. According to the dynamic resonance test results, SWCNT and SF caused the damping
ratio to improve. Proving each other, the UPV, Leeb hardness and density values decreased with the
addition of SWCNT. This was due to void formation due to low machinability. The compressive and
flexural strengths of mixtures containing only carbon nanotubes were significantly reduced compared to
the reference sample, but the addition of steel fiber slightly improved the values. In SEM morphology
analysis, it has been reported that the particles in the SS sample have irregular shapes and the particles form
a compact structure by intermingling with each other. It was observed that the pore size increased, and
crack formation was prevented in the microstructure of the SS sample, depending on the silica sand ratio.
In the SEM images of CNT reinforced silica sand samples (SS-CNTO0.2 and SS-CNTO0.3), it was stated that
the SWCNT fibers in the cement matrix contributed to the reduction of the electrical resistance of the
sample by establishing a conductive bond between the hydration products. However, the SWCNT in the
cement mixture was not very effective in improving the strength properties of the concrete sample due to
poor bridging function in the matrix porous structures. Although the SWCNTs were not fully active in the
porous structures in the EDS-mapping analysis, their distribution in morphology improved the electrical
conductivity of the sample. The crystalline phases in the structure were determined by X-ray analysis of
SS, SS-CNTO0.2 and SS-CNTO0.3 samples. Accordingly, it was understood that the microstructures in the
SEM characterizations and the XRD results were compatible with each other. It has been explained that the
carbon peak intensities determined in the XRD phase analyzes of the samples containing SWCNT in the
cement mixture are effective on the strength and conductivity of the concrete sample.
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With the enormous growth rate in the number of movies coming into our lives, it can be very
challenging to decide whether a movie is suitable for a family or not. Almost every developed
country has a Movie Rating System that determines movies’ suitability age. However, these
current movie rating systems require watching the entire movie with a professional. In this paper,
a model has been developed which can determine the rating level of the movie by only using its
subtitle with no professional help. To convert the text data to numbers, TF-IDF (Term Frequency
Inverse Document Frequency) vectorizer, WIDF (Weighted Inverse Document Frequency)
vectorizer, and GWS (Glasgow Weighting Scheme) have been used. RF (Random Forest), SVM
(Support Vector Machine), KNN (K-Nearest Neighbour) and MNB (Multinomial Naive Bayes)
have been utilized to find the best combination that achieves the highest results. The accuracy of
the results has been achieved of 85%. The result of the proposed classification approach is
promising, and the model can be used by the movie rating committee for pre-evaluation.

Natural Language
Processing Cautionary Note: There may be some inappropriate words in the paper that one may find
offensive; however, this cannot be avoided because of the nature of the work.

1. INTRODUCTION

Movies produced in the world are growing at an exponential rate so the number of movies coming into our
lives is increasing day by day. It can be very difficult to monitor if a movie is suitable for the family or not.
That’s why there is a system named "Movie Ratings" in almost every country. The Movie Ratings also
called Parental Guidelines or Rating Certificate or Parental Certificate, provide information about the
content and age-appropriateness of the movies. Before the movies are released, they are evaluated based on
their content. Although many countries have their own movie rating processes and approaches, the
drawback of these approaches is that they require a professional involvement which causes and consumes
great time and effort. In this study, our motivation is to reduce the consumed time and effort by developing
a model using the dialogues of characters in the movies.

In a movie, a story is proceeded by dialogues of characters also known as subtitles. These subtitles can
contain detailed descriptions of all the information related to the movie [1], [2]. Hence, we can consider the
subtitles as they constitute large amounts of conversational, interesting resources for dialogue modelling
[3] and information about the movie. This means the subtitles of the movies can be used to analyse the
content of the movies. By doing so, it’s possible to identify various types of patterns. The use of these
patterns enables extracting much information associated with the movies such as finding anomalies,
correlations, similarities and so on. Therefore, many researchers have developed such techniques that
extract meaningful information from movies for genre classification, browsing, searching, and indexing

[1].

A model has been developed to classify a movie automatically into its suitability rating degree for the
parental guide without any professional help by using its subtitle. For the suitability rating degree, The
Motion Picture Association of America (MPAA) system has been used. The proposed model utilizes
machine learning algorithms (ML) and natural language processing (NLP).

*Corresponding author, e-mail: muratisik@ahievran.edu.tr DOI:10.29109/gujsc.1146352
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2. RELATED WORKS

Since determining the rating certificate of a movie just by using its subtitles is a novel idea, there are some
gaps in the literature. However, there are other works to determine violent scenes of a movie using subtitles
or image processing techniques on the video itself. Additionally, there have been some other papers for
searching, extracting, and analysing various types of patterns using ML algorithms, Deep Learning
techniques and NLP on movie subtitles.

Shafaei et al. [28] developed a model to predict MPAA ratings based on movie dialogues. They have used
tagged dialogues which show the level of Violence, Profanity, Nudity, Frightening and Alcohol as the
training data. With a recurrent neural network-based architecture, they have achieved an F1-score of 81%.
Khan et al. [29] proposed a violence detection scheme to eliminate violent scenes from movies to stop
underaged people from watching them. They segmented the entire movie into shots and classify these shots
into violence and non-violence classes using a lightweight DL model. Shafaei et al. [30] developed a multi-
modal DL pipeline addressing the movie trailer age suitability rating problem. They attempted to combine
video, audio, and speech information. Shafaei et al. [33] proposed RNN-based architecture to classify a
movie into its corresponding suitability age class of MPAA by using movie scripts. They have achieved a
weighted F1-score of 78%.

Vajjala and Meurers [4] have created a model to analyse linguistic features of subtitles to measure the
“Readability” degree for spoken language from the perspective of understanding. Their main idea was to
classify a TV show for ages as a matter of understanding. They classified the shows into three classes and
achieved an accuracy of 95.9%. The paper proves that subtitles can be used to classify a movie as a matter
of understanding. Boguszewski et al. [5] applied different approaches to detect offensive and hateful
speech. They have achieved a F1-Score of 77%. The paper shows that the subtitles can be used to specify
if a movie has hateful dialogue.

Hesham et al. [6] developed a model to create a trailer from a video using its subtitles in 2018. The model
was tested with movies, and they achieved an accuracy rate of 89% in classifying the movies into their
corresponding genres but when it comes to creating an automatic trailer, they only achieved an accuracy of
47% comparing the original movie trailer. Their research aims to create a Trailer using subtitles without
any professional interfere. The study shows that trailer frames can be detected just by using subtitles. Li et
al. [9] propose a framework for classifying videos. Their aim was to automatically annotate and organize
the videos using their named entity. They used several ML algorithms and achieved an accuracy of 43.60%
- 46.58%. Katsiouli et al. [2] proposed an innovative method for the unsupervised classification of video
content by applying NLP techniques to their subtitles. They utilized the TextRank algorithm, W3D
technique and WordNet domains. They achieved various accuracy scores based on movie kind/genre. These
studies aim to classify the videos/movies into their corresponding genre by using subtitles or named entities.

Bougiatiotis and Giannakopoulos [7] developed a model to determine the similarity between the movies in
2016. In their work, they utilize NLP and a topic modelling algorithm, namely Latent Dirichlet Allocation
(LDA). Their model calculates the existence of a similar correlation between movies. Scaiano et al. [8]
attempted to segment movies into scenes using subtitles. Cosine and the WordNet similarity measure have
been calculated to specify the segments based on TextTiling which is for text segmentation. Their research
aims to calculate a similarity score between movies. These studies show that the subtitles contain enough
information about the movie to infer similarities. But they didn’t work on Parental Guidelines.

Jenkins et. al. [10] studied violence in movies in 2005. They aimed to determine whether MPAA rating
system distinguishes among the 3 primary rating categories (PG, PG-13, and R) with respect to violence.
They worked on a sample of 100 films, a total of almost 2143 bodily violent actions from 1994. They
concluded that the frequency of violence in films cannot be predicted by the rating system. The paper shows
that determining only violent actions is not enough to predict the age rating. Martinez et. al. [34] develop a
model to identify violence from the language used in movie scripts. Their approach was based on a broad
range of features designed to capture lexical, semantic, sentiment and abusive language characteristics.
SVM and RNN-based classification models were employed in their study, and they achieved a macro
average F1 score of 60.4%.
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Subtitles are textual versions of the dialogue in movies and provide condensed information about the
contents of the movie [11]. Therefore, there are many works which use movie subtitles. Conventional
strategies mostly focus on video classification [12], video segmentation [13], [14], parallel corpora [15],
subtitles alignment [16], emotional classification [17] and so on. The novelty of this research is that the
rating certificate of a movie for the parental guide can be simply defined just by using its subtitle. The
comparison of the proposed model with conventional studies has been presented in Table 3.

Table 1. Comparison of previous studies

Study Aim Difference
Shafaei et al. Predicting MPAA rating based on movie The model needs tagged data and only
[28] used tagged dialogues. works with respect to some specific severity

Khan et al. [29]

Shafaei et al.
[30]

Shafaei et al.
[33]

Martinez et al.
[34]

Vajjala and
Meurers [4]

Boguszewski et
al. [5]

Hesham et al. [6]

Bougiatiotis and
Giannakopoulos

[7]

Jenkins et. al.
[10]

(They achieved 81% weighted F1-score)

Eliminating just violent scenes from movies
for underaged people using a lightweight
deep learning model on the segmented
movie.

(They achieved an accuracy of 96.3%)

Addressing the movie trailer age suitability
rating problem using a multi-modal deep
learning model on movie trailers.

(They achieved 86.06% weighted F1-score)

To predict the suitability of the movie
content for children and young adults
based on scripts.

(They achieved weighted F1-score of 78%)

To predict if a movie is violent or not using
scripts of movies.

(They obtained a macro-averaged F1-score
of 60.4%)

Determining a readability score for spoken
language based on subtitles.

(They achieved a classification accuracy of
95.9%)

Detecting offensive and hateful speech.

(They obtained a macro-averaged F1-score
of 77%)

Classifying the movies into their
corresponding genres and creating a
trailer using subtitles.

(They achieved an accuracy 89% for
classification the movies into genres and an
accuracy 47% for automatic trailer.)

Developing a model to determine the
similarity between the movies using
subtitles.

Determining whether MPAA rating system
distinguishes among the 3 primary rating
categories (PG, PG-13, and R) with respect
to violence.

tag as Violence, Profanity, Nudity,
Frightening and Alcohol.

They only evaluate violent scenes for
children’s suitability but there are maybe
other scenes like drugging, nudity and so
on.

They didn 't use subtitles and their model
only tested with trailers.

The scripts are the story written with
planned dialogues associated with actions.
The scripts may change during to film the
movie. However, subtitles are the last form
of dialogue.

They didn’t use raw data in their study and
the classification result is not considerably
high.

The study is for evaluating subtitles in the
name of just determining the reading
capacity. They didn 't interest in any
suitable age or Rating Certificate.

They didn’t work on determining the age of
suitability but only detecting offensive and
hateful speech

The subtitles only used for making genre
classification and creating trailers. They
didn't work on the Parental Guidelines.

The subtitles were only used to calculate
similarities between movies not to
determine Parental Guidelines.

They just work to determine in the name of
violent scenes, not for the suitability age.
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3. METHOD

During the application phase of the study, a computer with Intel (R) Core (TM) i7-10750H CPU (2.6 GHz)
processor feature, 32.00 GB of installed memory (RAM), and 64-bit Operating System, and 8GB Nvidia
GPU system have been used. Also, each implementation in the study has been performed in python
language with NLTK (Natural Language Toolkit) and spacy library. Figure 1 illustrates the proposed model
architecture. The very first step is to collect the data and the second step is the pre-processing of the data
which is one of the major steps. The last one is the training of the model. Each step will be detailed below.

PRI non-Unicode to Removing
(IMDb and Unicade unnecessary text (PE R
OpenSubtitles)

N
Pre-processing

ll Training the model
(Random Forest,

Support Vector
The results Machine,

K-Nearest Neighbour

Multinomial Naive
Bayes)

10 fold cross

validation Text data to numbers

Model training
Figure 1. Model architecture diagram

3.1. Data Acquisition

Sometimes the determined rating may change over time as the age suitability rules are updated or if a movie
is popular and it has high quality. Therefore, a couple of certain movie selection criteria have been used.
IMDb movie quality measure also known as IMDDb score was used to choose the movies. IMDDb is one of
the most popular platforms [18] that contains a great deal of information [19] about movies including the
Parental Guidelines for many countries. IMDb has also reliable valid measures of movie quality [20] based
on users' views. 279 movies have been used in compliance with the following criteria:

e To be 7.0 or more quality scores with at least 1000 users' views. The reason is that sometimes age
suitability certificates may change after the movie is released in particular if the movie is popular
and it has high quality.

e To be released between 2000 and 2022. The reason is that sometimes the determined rating may
change over time as the age suitability rules are updated.

OpenSubtitles has been used to get the subtitles of the movies. OpenSubtitles provides a large collection of
user-contributed subtitles in various languages for movies and TV programs [21]. Over 6 million subtitles
in 65 different languages are available on the Web Page [22]. English subtitles of the chosen movies are
downloaded from OpenSubtitles. It is noteworthy that sometimes a movie may have multiple subtitles for
the same language, especially if the movie is relatively popular. In such cases, the best quality one has been
preferred according to the subtitle quality rating of OpenSubtitles which is based on user reviews. USA
rating class, UK rating class, names of the screenplay writer and IMDb score information were added to
the subtitle files after they have been downloaded. The dataset has also been shared on the WEB for other
research purposes [34].

Almost every country has its own movie rating system, but a movie may not have any rating certificate if
it is not released in the country. In this study, the USA certificate rating system has been used to train and
test the proposed model, since almost every movie has a rating certificate in this country. MPAA assigns
age-based ratings for every film that is released in the United States [10]. Table 2 shows the Ratings
Certificate System and the number of films ever made so far into their corresponding ratings based on
IMDb. The table also lists the number of movies in compliance with the selection criteria and the
distribution of the dataset. As it can be seen, the dataset is unbalanced due to the selection criteria. Besides,
most of the movies are in R Class, then PG-13 class and PG Class. G Class are generally animations and
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usually, their scores are less than 7.0. There are not many NC-17 Class movies and almost none of them
has a higher score of 7.0. Therefore, the number of G and NC-17 Classes are not enough to train the model.
So, only “R”, “PG-13” and “PG” Classes which are also known as primary rating categories [10] have been
used.

Table 2. USA Movie Ratings Certificate [23]

Rating . . Movies match  Distribution of
Certificate Suitable Ages (MPAA) Movie Count the criteria the Dataset
G Nothing that would offend parents for 1538 30 0

viewing by children.

PG Parents are urged to give “parental 5130 242 51
guidance.” May contain some materials
parents might not like for their young

children.

PG-13 Parents are urged to be cautious. Some 5401 557 103
material may be inappropriate for pre-
teenagers.

R Contains some adult material. Parents are 17318 980 125

urged to learn more about the film before
taking their young children with them.

NC-17 Adult. Children are not admitted. 77 7 0
TOTAL 29464 1816 279

3.2. Pre-Processing
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Figure 2. Different types of subtitles

There are a variety of subtitle formats like SRT, SUB, SSA and so on. Each of them has its own layout.
SRT format which is the most regular and reachable one has been used for the study. Figure 2 shows some
different content types of SRT format. SRT files consist of three parts. The first one is a number that shows
the sequence of subtitles. The second one is the interval duration for subtitles to be appeared on the screen
and the last one is the subtitle itself.

Before training the model, the subtitle files must be undergone several pre-processing steps. The first step
is to fix encoding problems. The subtitles have specific formats and encodings [24] based on the language.
Especially, older files rely on language-specific encodings instead of Unicode. Since we are only working
in the English language, all the files must be Unicode. Dealing with non-Unicode files is a difficult and
error-prone process, also opening non-Unicode files and reading non-Unicode characters are also other
tough problems to deal with. In this step, all non-Unicode characters are converted to Unicode characters.

The second step is to remove unnecessary texts from Subtitle files. Because some contents in the subtitles
give us no useful information about the movie rating certificate, such as time duration, subtitle sequence
number, subtitled song lyrics (see Figure 2d) and attribution to the maker (see Figure 2e) and so on.



Murat ISIK | GU J Sci, Part C, 11(1):252-262 (2023) 257

The third step is text cleaning using the advantage of regular expressions. Data cleaning is a process that
includes removing unwanted characters from text data. The aim of this process is to prepare the raw text
for analysing in machine learning algorithms. If we subdivide this cleaning process into six steps: (1)
removing sound expressions which written between brackets and parentheses (see Figure 2c and Figure 2a)
(2) removing the tag of the current speaker's name which is written in the uppercase form (see Figure 20)
(3) removing HTML tags which written between ‘<’ and ‘>’ (see Figure 2f and Figure 2b) (4) removing
non-alpha and non-ASCII characters (5) removing punctuation marks and emoticon character encodings.
(6) removing numbers.

The last step in pre-processing part is to remove some words depending on their occurrence frequency to
prevent overfitting and improve classification accuracy. Thus, some word has been ignored if the word
count is less than 16 and more than 70% of the entire subtitle. A crucial point is that if a word is ignored or
allowed mistakenly, some important terms may loose and thus may reduce the classification quality. Figure
3 shows an example of pre-processed data.

66

©0:08:53,241 --> ©0:08:56,962

...if you were to see the Brittle
Brothers again, you could recognize
them?

143

00:16:18,060 --> 00:16:20,734

I track that man, I find that man,
I kill that man.

146

00:16:27,904 --> 00:16:38,7063

I show that corpse to the authorities,
proving yes, indeed,

brittle brothers recognize
track man find man kill man
corpse authorities proving
indeed

Figure 2. A part of subtitle before (a) and after (b) pre-processing procedure

Machine learning algorithms only work on numbers, not raw text data. In the literature, there are many
different models for representing text documents with numbers. The selection of the model may
significantly affect the accuracy rate. Among these models, TF-IDF vectorizer is one of the most famous
algorithms used in text mining research [25] [26]. TFIDF vectorizer, WIDF vectorizer and Glasgow
weighting scheme (GSW) have been used for classification. The dataset is limited due to the movie selection
criteria therefore 10-cross validation has been used during the training to prevent overfitting.

3.2.1. Term Frequency Inverse Document Frequency (TF-1DF)

TF-IDF is a very common algorithm to transform the raw text into a meaningful representation of numbers
which can be used for ML algorithms for prediction. The core idea of TF-IDF is not only to measure the
word frequency but to measure the weightage of the word and this way calculate the importance of the
word in the overall context. As it can be understood from Equation 1, TF-IDF concerns term occurrence
across a collection of texts but a drawback of TF-IDF is that all the texts that contain a certain term are
treated equally. So, TF-IDF does not distinguish between one occurrence of a term in a text and many [31].
In this paper, we call this problem as "Proportional Importance".

N
TFIDF(d,t) = TF(d,t).log (d f(t))

Where N is the total number of files in the corpus. Then, df(t) is the number of documents containing the
word t. TF(d,t) is obtained by dividing the number of occurrences of the word t in file d to sum of the
occurrences of all words in the file d.

3.2.2. Weighted Inverse Document Frequency (WIDF)

WIDEF’s main purpose is to take into account the occurrence counts of a term. As it can be seen from
Equation 2, WIDF overcomes the Proportional Importance problem by weighting terms that sum up to one
over the collection of texts [31]. In this way, the greater number of appearance of words in the document
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will provide greater value relevance. Our purpose is to see if the occurrence count has any effect on this
study.

WIDF(d,t) = TFd. 9 2
' Yien TF(i, )
Where d is a document collection, tis word or term, i is a related document. Then, TF (d, t) is the appearance
of a word (t) in a document divided by TF (i, t), which is the total number of words (t) in the related
document (i).

3.2.3. Glasgow Weighting Scheme (GSW)

As it can be seen from the Equation 3, GSW is similar to TF-IDF vectorizer. However, the difference lies
in the frequency part of the equations, especially in the normalization [32].

_log(TF(d,t) + 1) N
GSW(d, &) = log(length of d) .(log (df(t)) * 1) 3

Where N is the total number of files in the corpus. Then, df(t) is the number of documents containing the
word t. TF(d,t) is obtained by dividing the number of occurrences of the word t in file d to sum of the
occurrences of all words in the file d.

Since the stop words like ‘the’, ‘you’, ‘can’ and so on will not have any good effect on the model, the
standard spacy library for English has been used to remove the stop words with all vectorizers. As a
classifier, RF, SVM, KNN and MNB have been chosen. They are well-known algorithms in the literature,
and they have been widely used [27]. The hyperparameters used with ML algorithms will be detailed.
Accuracy, F1-Score, precision, and recall have been used to compare and analyse the results.

3.3. Model Training

SVM is an algorithm that is based on statistical learning theory by finding a hyperplane in N-dimensional
space that distinctly classifies the data points. With the SVM maodel, sigmoid type, 30-degree polynomial
kernels have been used for training. RF is an ensemble of many decision trees. With the RF, 1000 trees
have been used for training and the entropy function has been used as a quality measure. The core idea of
KNN is that similar points are near to each other. So simply we can say that this algorithm performs
classification based on the distance measure of the samples in the data points. With the KNN, 15 neighbours
and Euclidean as a distance metric have been used. For closer neighbours to have a greater influence, the
distance function was used as a weight function. MNB is a probability-based classification algorithm based
on Bayesian theorem. With the MNB, smoothing parameter has been set to 0.9, 1.0 and 1.1 separately.

4 RESULTS

Table 3 shows the Classification Performance. Since 10-cross validation on the test/train dataset has been
used, all the results are the macro average of 10-cross samples. An accuracy of 85% has been achieved with
RF classifier using GSW as a feature extractor. A similar accuracy of 83% has also been obtained with
SVM algorithm with TF-IDF. Although the model is trained with various types of hyperparameters with
KNN, the accuracy never gets better than 45% with GSW and WIDF vectorizers. 85% accuracy shows how
close the predicted rating classes are to their true classes, while precision of 87% shows how close the
predicted classes to each other.

Figure 4 visualizes and summarizes the performance of RF algorithm which has the highest accuracy with
GSW as a future extractor. Since 10-Cross validation has been used during training process, the confusion
matrix is concatenated matrix which is generated by all confusion matrices from 10 samples. 2% of R Class
movies, 1,65% of PG-13 Class movies and 5,6% pf PG Class movies has been misclassified.
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Table 3. Classification Performance

. - Macro average  Macro average  Macro average ~ Macro average
Vectorizer Classifier g g g 9

Accuracy Precision Recall F1-score
SVM 0.82 0.86 0.83 0.83
RF 0.83 0.88 0.83 0.84
TF-IDF
KNN 0.74 0.79 0.72 0.73
NB 0.77 0.83 0.75 0.76
SVM 0.76 0.80 0.76 0.77
RF 0.84 0.87 0.85 0.85
WIDF
KNN 0.45 0.25 0.35 0.23
NB 0.75 0.77 0.78 0.76
SVM 0.74 0.81 0.73 0.74
RF 0.85 0.87 0.85 0.85
GSW
KNN 0.45 0.21 0.35 0.24
NB 0.70 0.69 0.74 0.69

Confusion Matrix

100

Actual
PG-13

R PG-13 PG
Predicted

Figure 3. Confusion matrix of RF algorithm with GSW
5. DISCUSSION

In this study, four different classifiers namely, SVM, RF, KNN, MNB have been used with three different
text feature extractors TF-IDF, WIDF, GSW. Each classifier has been tried with each feature extractor,
hence there are 12 different results. Choosing the films in accordance with the film selection criteria has
caused to limit the amount of data. The limited training data can cause undesired overfitting. A cross-
validation procedure has been utilized to prevent this issue during the training process.

G Class are generally animations and there are not many NC-17 Class movies. Also, almost none of them
is suitable for the movie selection criteria. So, the proposed model does not work on NC-17 Class and G
Class movies. It only deals with three classes; R Class, PG 13 Class, and PG Class which are known as
primary rating categories [10]. As a matter of fact, most of the movies are already in these rating classes.

The proposed model with RF algorithm and GSW has reached to the highest accuracy of 85%. Although
some algorithms other than RF with GSW in this study appear to give similar high accuracy, their recall
and F1-score are lower. The results validate that RF algorithm with GSW can be used on the subtitles to
classify movies into their Rating Certificate of MPAA. In other words, the proposed model can accurately
predict a movie to its corresponding suitability class with 85% probability.
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The comparison of the proposed model with similar studies has been presented in Table 3. Since none of
these studies in Table 3 has classified movies into their corresponding age certificate based on subtitles, it
is therefore not possible to make quantitative comparisons with the proposed strategy. As has been
discussed, determining the rating certificate of a movie through its subtitles is a novel strategy in this paper.

In movies, words that appear too frequently or less may affect the accuracy of the classification results. For
example, a specific person, place, or object name can be decisive for age suitability during the training.
Thus, if there has been a word used less or more than a certain number through the entire subtitle, that
particular word has been ignored in the proposed method. The reason is that there is a trade-off between
the ignored word count and the accuracy of the results. In this paper, the optimum accuracy of the results
has been achieved when the number of word counts is less than 16 and more than 70% of the entire word
count. The accuracy in this case study has reduced down to 56% when the limits are not applied while the
optimum accuracy has been achieved as 85%.

A drawback of the proposed model is that there could be some silent scenes where inappropriate content
may appear which affect the rating directly but cannot be precisely evaluated with the model. Since the
proposed model only works based on subtitles. To determine the suitability age of a movie in the
conventional approach, every single part of a movie including silent scenes should be analysed in
considering whether it contains any Sex, Nudity, Violence, Gore, Profanity, Alcohol, Drugs, Smoking,
Frightening, Intense and so on. The proposed model has achieved an accuracy of 85% only with subtitles.
The main reason for such high accuracy is because there is a typical conversation regarding any
inconvenient scenes either before or after that particular scene including silent ones. By way of an example,
if there is a drug usage on a silent scene, there would be a conversation either before or after the usage of
the drug. In almost every inappropriate scene, this approach can be used. However, 16 R Class movies have
been misclassified by the proposed model. The underlying reason is that the movies contain some sex and
nudity without any related conversation. The mentioned drawback can be pruned in the next version of this
paper by taking advantage of image processing and deep learning techniques on the frames of movies. The
success of classification results from R to PG-13 and from PG-13 to PG gets lower gradually. This may be
due to the distribution ratio in the dataset, which gets lower from R to PG-13 and from PG-13 to PG.

The golden method for rating a movie is watching the whole movie with a professional help and defining
an age limit. The proposed model uses the weightage of words giving the importance of that particular word
in the overall context. By utilizing those bags of words, the model has determined the rating of the movie
with an accuracy of 85%. Therefore, the professional help is not always necessarily needed owing to the
acceptable accuracy of the proposed strategy.

4.CONCLUSIONS

The movie rating system is the way for defining suitability age. Developed countries have their own
strategies to determine suitability age. The main drawback of these strategies is the requirement of watching
the entire movie with a professional. In this paper, a new model has been proposed to determine the Parental
Guidelines of a movie without the need for a professional help. The result of the proposed classification
approach is promising and can be used by the rating committee for pre-evaluation.

Future work may combine the proposed model with a new model which aim to silent scenes by taking
advantage of image processing and deep learning techniques. In this way, it can be achieved to further
increase the accuracy of the results.
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Purpose: In this study, Scotch pine (Pinus Sylvestris), chestnut (Castanea Sativa), and sessile
oak (Quercus Petraea) wood, which are widely used in production, were given to the samples for
5 hours at 150°C, 4 hours at 170°C, and 3 hours at 190°C. hours, heat treatment was applied at
210°C with a temperature and duration of 2 hours. After the heat treatment, climatic treatment
was applied to the samples at 20+2°C temperature 65% =+5% relative humidity, 40+2°C
temperature 35+5% relative humidity, 10+£2°C temperature 50+£5% relative humidity conditions.
density, bending strength, modulus of elasticity, thermal conductivity coefficient, and heat
permeability value changes were determined. At this stage, it was determined in which heat
treatment condition the climatic condition (seasonal effect) caused the least mechanical and
physical change. In the heat treatment with four different conditions in each wood species, some
variable effects of decreasing the processing time on the mechanical and physical properties of
the wood were investigated while the temperature degrees increased. Thus, it was tried to
determine “which temperature, which time, and which climatic condition is optimum”.

Methods: In many literature studies, the effect of heat treatment applied at any or more
temperatures on the physical and mechanical properties of wood material has been investigated.
In this study, unlike the others; Optimization of heat treatment temperature-heat treatment time
was made for each wood species and four heat treatment conditions (starting with low temperature
and long time and ending with very high temperature and a short time: 5 hours at 150°C, 4 hours
at 170°C, 3 hours at 190°C, 2 hours at 210°C).

Results and Conclusion:: As a result, while the losses in physical and mechanical
properties of wood due to structural deterioration are low in low temperature and long-term
different heat treatment processes, these losses increase more in high temperature and short-term
heat treatment conditions, therefore 170°C/4s and 190°C/3s heat treatment processes. It has been
determined that the processing conditions are more suitable, the self-load of the wood and the
thermal conductivity coefficient are decreased, the insulation and mechanical resistance values
are increased, and the climate condition suitable for the use of wood (in terms of equilibrium
humidity) is 40 °C 35%.
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In this study, Scotch pine (Pinus Sylvestris), chestnut (Castanea Sativa) and sessile oak (Quercus
Petraca) wood, which are widely used in the production of wood products, were tested at 150°C
for 5 hours, at 170°C for 4 hours, at 190°C for 3 hours. Heat treatment was applied at 210°C with
a temperature and duration of 2 hours. Variable effects of decreasing the processing time while
increasing the temperature in heat treatment on wood properties were investigated. For this
purpose, a total of 1440 samples were prepared from three wood species. After the heat treatment,
climatic treatment was applied to the samples at 20+2°C temperature 65% +5% relative humidity,
40+2°C temperature 35+5% relative humidity, 10+£2°C temperature 50+5% relative humidity
conditions. density, bending strength, modulus of elasticity, thermal conductivity coefficient and
heat permeability value changes were determined. As a result, while the losses in the physical and
mechanical properties of wood due to structural deterioration are low in low temperature and
long-term heat treatment processes, these losses increase more in high temperature and short-term
heat treatment conditions, therefore 170°C/4s and 190°C/3s heat treatment processes. It has been
determined that the processing conditions are more suitable, the self-load of the wood and the
thermal conductivity coefficient are reduced, the insulation and mechanical resistance values
increase, and the climate condition suitable for wood use (in terms of equilibrium humidity) is
40°C%35.

Farkh Isil islem ve Klimatik Uygulamanin Yapisal Ahsabin Fiziksel
ve Mekanik Ozellikleri Uzerine Etkilerinin Deneysel Incelenmesi

Oz

Bu calismada, agag iiriinler iiretiminde yaygin olarak kullanilan Sarigam (Pinus Sylvestris),
kestane (Castanea Sativa) ve sapsiz mese (Quercus Petraca) odunu orneklere 150°C’de 5 saat,
170°C’de 4 saat, 190°C’de 3 saat, 210°C’de 2 saatlik sicaklik ve siirelerle 1s1l islem uygulanmustir.
Isil islemde sicaklik artarken islem siirenin azalmasinin ahsap 6zelliklerindeki degisken etkileri
arastirilmistir. Bu maksatla ii¢ ahgsap tiirlinden toplam 1440 adet 6rnek hazirlanmustir. Isil
islemden sonra 6rneklere 20+2°C sicaklik %65 £5 nispi nem, 40£2°C sicaklik %35+5 nispi nem,
10£2°C sicaklik %5045 nispi nem sartlarinda klimatik islem uygulanmis ve bu drneklerde ilgili
standartlara gore; yogunluk, egilme direnci, elastiklik modiilii, 1s1 iletkenlik katsayisi ve 1s1
gecirgenlik degeri degisimleri belirlenmistir. Sonug olarak, diisiik sicaklik ve uzun siireli farklt
ws1l iglem siireglerinde ahgabin yapisal bozunuma bagh fiziksel ve mekanik ozelliklerinde
kayiplar1 az iken, yiiksek sicaklik ve kisa siireli 1s1l islem sartlarinda bu kayiplarin daha fazla
arttig1, bu nedenle 170°C/4s ve 190°C/3s 1s1l islem sartlarinin daha uygun oldugu, ahsabmn 6z
yiikiiniin ve 1s1l iletkenlik katsayisinin azaldigi, yalitkanliginin ve mekanik diren¢ degerlerinin
artig kaydettigi, ahsap kullanimi i¢in (denge rutubeti bakimindan) uygun olan iklim sartinin ise
40°C%35 oldugu tespit edilmistir.
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1. GIRiS INTRODUCTION)

Isil islemin, neme, hasaratlarin atagina ve ¢ilirlimeye karsi bir ahsap modifikasyon yontemi olarak uzun
zamandan beri kullanildig bilinmektedir. Ancak, yiiksek sicaklik ve uzun siireli 1s1l islem uygulamalari
mekanik 6zelliklerde 6nemli oranda kayiplara neden olmaktadir. Bu durum dikkate alinarak, farkli sicaklik
derecesi ve siirelerde 1sil islemin ahsap malzemenin O6zelliklerine etkileri literatiire bakildiginda
arastirilmaya devam ettigi anlagilmaktadir.

Isil iglemin ahgabin mekanik 6zelliklerini etkiledigi ve sert agag tiirlerinin yumusak agag tiirlerinden daha
hassas oldugu bildirilmistir. Laboratuvar ve saha testlerinde 1si1l iglem gdrmiis ahsabin zemin ile temas
goren yerlerde kullanilmasi 6nerilmistir [1]. Isil islem siirecinde odunda direng¢ kayiplart meydana geldigi
icin lizerine ylik gelecek yerlerde kullanilmasi tavsiye edilmemistir [2]. Sarigam (Pinus sylvestris L.), Dogu
kayini (Fagus orientalis L.) ve Karakavak (Populusnigra L.) odunlarindan kesilen 6rnekler 130°C, 165°C
ve 200°C’de 2, 6 ve 10 saat 1s1l isleme maruz birakilmustir. Isil islemli odunlarda mekanik 6zelliklerdeki en
az diisiis 130°C’de 2 saat islem gérmiis 6rneklerden elde edilmistir [3]. Yiiksek sicakliklarda 1sil iglem
goren Ornekler i¢in, egilme direncindeki ortalama diisiis yaklasik %44-50 iken elastikiyet modiiliinde
sadece %4-9 azaldig tespit edilmistir [4].

Isil islem sicakliginin artmasiyla egilme direncinde %20 azalma, 6rneklerin MOE degerlerinde az miktarda
artislar kaydedilmistir [5]. Boonstra ve arkadaslar1 yapida ortaya ¢ikan gerilmeleri hesaba katarak, 1s1l islem
gormiis odunlarin ingaatta kullanilabilecegini incelemiglerdir. Yapilan ¢aligmada iki agamali 1s1l iglem
uygulanmustir. Birinci asamada; orneklere 165°C’de 30 dakika hidro termoliz islemine tabi tutulduktan
sonra 50-60°C’lik sicaklikta kurutulmustur. Ikinci asamada; 180°C’de 6 saat boyunca kizgin buhar
isleminde bekletilmistir. Bu islemler sonucunda egilme direncinde %6’lik ve elastiklik modiiliinde %17’lik
bir artis saglanmistir [5]. Egilme direncindeki azalma odun tiiriine ve iglem sartlarina bagli olarak degistigi
tespit edilmistir. Elastiklik modiilii diistik sicaklik ve kisa siireli 1s1l iglemlerde artmis, daha yiiksek sicaklik
ve uzun bekletme siirelerince azaldigi goriinmiistiir [6].

Sarigam (Pinus sylvestris L.) odunu 4, 6 ve 8 saat siire ile 150°C, 170°C ve 190°C’de 1s1l isleme tabi
tutulmustur. Isil islem sicaklig1 ve siiresi arttik¢a agirlik kayiplarinin da arttigi gériilmistiir. En fazla agirlik
kaybi1 8 saat ve 190°C’de, en az ise 4 saat ve 150°C islem goren Orneklerde tespit edilmistir. Elastikiyet
modiilii en diisiik 190°C’de en yiiksek kontrol numunelerinde elde edilmistir. Egilme direnci en yiiksek
kontrol numunelerinde en diisiik ise 190°C ve 8 saat siireyle 1s1l islem goren 6rneklerden elde edilmistir [7].
Altunok ve arkadaslar1 yaptiklari calismada Karacam ve digbudak odunlarina 1s1l islem uygulamanin; hava
kurusu ve tam kuru yogunluk &zelliklerini dnemli oranda dislirmiistiir. Bununla beraber calisma, su
gecirme, carpilma veya burulmay1 azalttigi bildirilmistir [8]. Kiireli ve arkadaslari yaptiklar1 arastirmada;
Thermo-Prosesin mese ve ¢am ahsap tiiriinde teknolojik 6zelliklerin azalmasina neden oldugu bildirilmistir
(9). Fataratie ve arkadaslar1 yaptiklari arastirmada 1s1l iglem siiresi ve sicakliginin artmasi egilme direncinde
kayiplara neden olmustur. Diigiik sicaklikta uzun siireli 1s1l islem, yliksek sicaklikta kisa siireli 1s1l igleme
kiyasla daha az performans azalmasi ile sonuclanmistir [10].

Metsd-Kortelainen ve arkadaslari yaptiklar arastirmada 170°C, 190°C, 210°C ve 230°C sicaklikta 1s1l islem
gdrmiis, Isko¢ cami ve Norveg ladini arasinda 6z odun ve diri odunun su alma farkliliklar1 incelenmistir.
Isil islem, ladin ve ¢am 6z odunlarinin su almasin belirgin bir sekilde azaltmistir. Isil iglem sicakligi ne
kadar yiiksek olursa, emilen nem miktar1 o kadar diisiik bulunmustur [11]. Sachi ve arkadaslarinin yaptiklari
arastirmada farkli iklim sart1 ve dogal tanen ile modifikasyonun kontrol érneklerine gore 1s1 iletkenligi (A)
katsayisim azalttigi ve daha fazla yalitkanlik sagladigi tespit edilmistir [12]. Ordu ve arkadaslarinin
yaptiklari calismada Karagamin (Pinus nigra), egilme basing ve yapisma direnci iizerine 1s1l iglemin etkisini
belirlemek igin drneklere 150°C’de 4 saat 1s1l islem uygulanmigtir. Deneyler sonucunda 1s1l islem gérmiis
orneklerin sicaklik artisindan dolay1 daha iyi sonug verdigi tespit edilmistir [12].

Bu calismada, dort farkli sartta 1s1l islem (diisiik sicaklik ve uzun siireden yiiksek sicaklik ve kisa siire
siireye dogru degisen) uygulanmis ahsap tiirlerinde ve farkli iklim sartlarinda yapisal ahsabin baz1 mekanik
ve termik Ozelliklerinin degisimi incelenmistir. Arastirmada, farkli 1sil islem sicaklik ve siirelerinin
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birbirleri arasinda kiyaslama yapilarak, iklimsel farklilik bakimindan optimum 1sil islem sartinin
belirlenmesi amaglanmustir.

2. MATERYAL VE METOTLAR (MATERIALS AND METHODS)
2.1. Aga¢ Malzeme (Wood Material)

Aragtirmada, I. sinif Sarigam (Pinus Sylvestris), kestane (Castanea Sativa) ve sapsiz mese (Quercus Petraea)
odunu kullanilmistir. Kusursuz, diizgiin lifli her bir ahsap tiiriinden yeterli miktarda kereste Ankara
Keresteciler Sitesi’nden rasgele yontemle temin edilmistir.

2.2. Orneklerinin Hazirlanmasi, Isil islem Sart1 ve Test/Ol¢iimler (Preparation of Samples, Heat
Treatment Condition and Test/Measurements)

Her ii¢ ahsap tiiriinden yeterli miktardaki taslak ahsap parcalara G.U. Teknoloji Fakiiltesi Ahsap Teknolojisi
Laboratuvarinda bulunan 1s1l islem firininda 1s1l islem uygulanmistir. Bu siiregte, ahsap ornek taslaklarina
Tablo 1’de verilen sicaklik ve siirelerde miimkiin oldugu kadar oksijensiz bir ortamda buhar korumasi
altinda 1s1l islem uygulanmistir. Bu islemler {i¢ asamada gerceklestirilmistir (Sekil 1).

Tablo 1. Isil islem asamalar

Isil islem asamalari Sicaklik (°C) Siire (s)
100°C kadar 6 saat

130°C kadar (buhar
destekli)

150 (170, 190, 210) °C 6 saat
150 (170, 190, 210) °C

1. Asama: On kurutma 12 saat

2. Asama: Isil islem sicaklikta bekletme, (gaz |5 (4, 3, 2) saat
destekli)
?é;?dsi?,rr;lz: Sogutma ve iklim 30°C (buhar destekli) 10 saat sicaklikta bekletme (gaz destekli)
Yiksek .
Hava | ekt Isil [slem Sicaklik-Zaman

le | i
Kurd,| Yapay Kurtma | Kurutma : Isi Muamele | )

120
Hemiseliloz

100

| 60

i ] : . 1.5afha 2.5afha 3.5afha

0 50 100 150 200 250 300 04 4 | 4 | 4 >

D - - Sicaklk (C) .

Telafi Zayt Gilgl 0 b 1 18 ot 30 ¥ a
Edilebilir

Sekil 1. Isul islem uygulama asamalart grafigi odun bozunum siirecleri (Heat Treatment Handbook)
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Gerekli o6rneklere yetecek biiytikliikte ¢ tiir ahsaptan kaba boyutlarda islemsiz taslak pargalara dort farkl
sartta 1s1l islem uygulandiktan sonra, tim ahsap parcalar 20°C sicaklik ve %65 nispi nem sartlarindaki
iklimlendirme odasinda degismez agirliga ulasincaya kadar (yaklasik bir hafta) bekletilmistir.
Iklimlendirilmis taslak parcalardan Tablo 2’de yer alan test ve dlgiimler igin ilgili standartlarda belirtilen
boyut ve sayida 6rnek hazirlanmstir. Orneklere Universal Test Cihazinda (Instron 5969) egilme ve
egilmede elastiklik modiilii testleri, Linseis HFM300 cihazinda 1s1 iletkenligi belirleme testi uygulanmistir.

Tablo 2. Ahsap tiirii, isil islem ve iklim kosullarina gére mekanik ve fiziksel dzellik deneme deseni

Ahsap Isil Klimatik Deney/ol¢iim Boyut (mm) | Adet | Toplam | Standart No
tiirii islem sart
Yogunluk 20x20x20 | 10 120 TS 2472
Egilme direnci 20x20x340 | 10 120 TS 2472
200C/%65 ]LEJlastilflik modili | 20x20x340 | 10 120 TS 2472
“Degeri 20x295x295 | 10 120 TS EN 12667
A-Katsayisi
Yogunluk 20x20x20 | 10 120 TS 2472
Sarigam iggﬁ Egilme direnci 20x20x340 | 10 120 TS 2472
Kestane | jooo | 40°C/%35 | Elastiklik modili | 20x20x340 | 10 120 TS 2472
Mese | 10 U-Degeri 20x295x295 | 10 120 | TSEN 12667
A-Katsayisi
Yogunluk 20x20x20 | 10 120 TS 2472
Egilme direnci 20x20x340 | 10 120 TS 2472
10°C/%50 | Elastiklik modiili | 20x20x340 | 10 120 TS 2472
U-Degeri 20x295x295 | 10 120 TS EN 12667
A-Katsayisi

Bu agamadan itibaren, her bir ahsap tiiri ve 150/5s sarta sahip 1s1l islem gdrmiis test 6rnekleri 200C/%65
iklimlendirme cihazina konarak, klimatize edildikten sonra egilme direnci ve egilmede elastiklik modiiliinii
belirlemek iizere 10’ar adet 6rneklere tiniversal test cihazinda kirilincaya kadar yiikleme yapildi ve sonuglar
kaydedildi. Is1 iletkenlik katsayis1 (1) ve 1s1 gegirgenlik (u) degerleri drnekler lizerinde herhangi bir tahribat
meydana gelmeden belirlendi. Daha sonra, egilme direnci ve egilmede elastiklik modulii belirlemede
kullanilmak {izere kalan diger tiim ornekler, 1s1 iletkenlik katsayisi ve 1s1 gecirgenlik (yalitkanlik)
belirlemede kullanilmis 6rnekler 40°C/%35 ve 10°C/%50 iklim sartlarinda (her iki bahar, yaz ve kis
mevsimlerini temsilen ve bu mevsimsel ortamlardaki ahsap malzemedeki degisimleri tespit icin)
bekletilerek test ve dlgiim islemleri yapilmistir. Ayni islemler 170°C/4s, 190°C /3s ve 210°C /2s sartlara
sahip 1s1l islemli 6rneklerde ve her {i¢ iklim sartinda tekrarlanarak gerceklestirilmistir. Boylece, farkli 1sil
islem diizeyine sahip her bir ahsap tiirliniin ardisik olarak farkli iklim sartlarindaki mekanik davranisi ve
termik davranisi belirlenmistir.

3. DENEYSEL BULGULAR (EXPERIMENTAL RESULTS)
3.1. Yogunluk (Density)

Dort farkl: sartta 1s1l islem uygulanmis ve {i¢ farkl: iklim sartinda bekletilmis her ii¢ ahsap tiiri 6rneklerde
yogunluk degisim sonuglar1 Sekil 2°de verilmistir. Buna gore, her ii¢ ahsap tiiriinde en yiiksek yogunluk
degerleri kontrol 6rneklerinden Sarigamda 0,563 g/cm3, kestanede 0,636 g/cm3 ve mesede 0,826 g/cm3
olarak belirlenmistir. Yogunluk degisimi her {i¢ ahsap tiirlinde de daha ¢ok 170C/4s 1s1l islem sartindan
sonra arttig1 gézlemlenmistir.
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Sekil 2. Farkli 1s1l islem ve iklim kosullarinda islem uygulanan ii¢ agag tiiriinde yogunluk (g/cm®)
degisimi
3.2. Egilme Direnci (Bending Strength)

Dort farkli sartta 1s1l islem uygulanmis ve ii¢ farkli iklim sartinda bekletilmis her {i¢ ahsap tiiriinde egilme
direnci degisim sonuglar1 Sekil 3’te verilmistir. Buna gore, her ii¢ ahsap tiirlinde en yiiksek egilme direnci
degerleri sirasiyla mese kontrol 6rneklerinden 40C/%35 klimatik ortamda bekletilenlerde 211,29 MPa,
Sarigam 150C/5s 151l iglem gormiis ve 40C/%35 klimatik ortamda bekletilmis 6rneklerde 199,61 MPa ve
kestane 170C/4s 1s1l islem g6rmiis ve 20C/%65 klimatik ortamda bekletilmis 6rneklerde 123,23 MPa olarak
belirlenmistir.

m20C/%65 ®40C/%35 ®10C/%50 m20C/%65 W40C/%35 m10C/%50 m20C/%65 m40C/%35 m10C/%50
250 150 250
200 200
150 100 150
0t OO
50 I I 50
0 0 e
Sarigam Kestane Mese

Sekil 3. Farkli i1l iglem ve iklim kosullarinda islem uygulanan ii¢ agag tiiriinde egilme direnci (Mpa)
degisimi

3.3. Elastiklik Modiilii (Modulus of Elasticity)

Dort farkli sartta 1s1l islem uygulanmis ve ii¢ farkli iklim sartinda bekletilmis her {i¢ ahsap tiiriinde elastiklik
modiilii degisim sonuglart Sekil 4’de verilmistir. Buna gore, her {i¢ ahsap tiiriinde en yiiksek egilme direnci
degerleri Sarigamda 170C/4s 6n-1s1l islem gormiis ve 20C/%65 klimatik ortamda bekletilmis 6rneklerde
12652,89 MPa, kestanede 150C/5s oOn-1s1l islem gormiis ve 40C/%35 klimatik ortamda bekletilmis
orneklerde 8703,7 MPa ve 150C/5s on-1s1l islem gormiis ve 40C/%35 klimatik ortamda bekletilmis
orneklerde 13464,41 MPa olarak belirlenmistir.
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Sekil 4. Farkl 1s1l islem ve iklim kosullarinda islem uygulanan ii¢ agac tiiriinde elastiklik

3.4. Is1 iletkenlik Katsayisi-A ve Is1 Gecirgenlik (Yalitkanhk) Degeri-u (Thermal Conductivity
Coefficient -A and Thermal Conductivity (Insulator) Value-u)

Dort farkli sartta 1s1l islem uygulanmis ve ii¢ farkli iklim sartinda bekletilmis her ti¢ ahsap tiiriinde iletkenlik
katsayis1 ve 1s1 gegirgenlik degeri (yalitkanlik) degisim sonuglart Sekil 5 - Sekil 6’da verilmistir.
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Sekil 5. Farkl 1s1l iglem ve iklim kosullarinda islem uygulanan ii¢ agacg tiiriinde 151 iletkenlik katsayist

(2:W/m.K)
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Sekil 6. Farkli 1s1l iglem ve iklim kosullarinda islem uygulanan ii¢ agag tiiriinde 1s1 gegirgenlik (U-degeri.:
WIm?K) degisimi
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Sekil 5°te verilen sonuglara gore 1s1 iletkenlik katsayist (1) en yiiksek, sirasiyla mesede 0,000137 W/m.K,
kestanede 0,000125 W/m.K ve Saricamda 0,000112 W/m.K olarak kontrol 6rnekleri 40C/%35 klimatik
ortamda bekletilmis 6rneklerde belirlenmistir. Isil islem sicaklik degerlerinin artisina gére ve her bir 1sil
islem sartindaki 40C/%35 klimatik bekletme sartinda en yiiksek kalmak sartiyla, dogrusal olarak 1s1
iletkenlik katsayilarinin azaldig1 goriilmektedir. Bunun nedeni, her bir 1s1l islem sartina sahip ve 40C/%35
klimatik ortamda bekletilmis 6rnekler digerlerine gore daha kuru olmalar1 ve 1s1l iglem ile ahsap iyice
bozunuma ugrayip homojenligin kaybolmasindan kaynaklandigi sdylenebilir.

Sekil 6’daki 1s1 gecirgenlik (yalitkanlik) degerleri (u) esas alindiginda 1s1 iletkenlik katsayisinin benzeri bir
degisim goriilmektedir. Yalitkanlik degerindeki bu benzer degisim, 1s1 iletkenlik katsayisinin sabit bir deger
olan malzeme kaliligina oranlanmas: ile hesaplanmasindan kaynaklanmaktadir.

4. BULGULAR (FINDINGS)

Dort farkli sartta 1s1l islem uygulanmig ve {i¢ farkli iklim sartinda bekletilmis her ii¢ ahsap tiiriinde genel
olarak tiim degiskenler (yogunluk, egilme direnci, elastiklik modiilii, 1s1 iletkenlik katsayis1 ve 1s1
gecirgenlik - yalitkanlik degerleri); diisiik sicaklik ve uzun siireli 1s1l islem siirecinde daha diisiik diizeyde
degisime ugradig: tespit edilmistir. Buna kiyasla, yiiksek sicaklikta kisa siireli 1s1l islem siirecinde daha
yiiksek diizeyde degisim meydana geldigi goriilmiistiir. Bunun nedeni, 1sil islemde ahsabin hiicre
yapisindaki bozunumun ve buna bagl olarak fiziksel - mekanik 6zelliklerdeki diisiisiin daha ¢ok sicaklik
deresinin artigindan etkilendigi sdylenebilir [9 nolu literatiirle drtiismektedir].

4.1. Yogunluk Degisimi (Density Change)

Isil islem sart1 degisimine bagh olarak yogunluk azalmasi; Saricamda ve mesede kontrol érneklerine gore
1s1l iglemlilerde dogrusal olarak azalmistir. Kestanede kontrol 6rneklerine gore 150C/5s ve 170C/4s sarta
sahip 1s1l iglemli 6rneklerde yogunluk degisimi diisiik oranda gerceklesmis, 190C/3s ve 210C/2s sarta sahip
1s1l islemlilerde daha yiiksek oranda azalmistir. Bu sonuglara gore, 1s1l islem etkisini 150°C-170°C’den
sonra gostermekte ve bozunum baslamaktadir denilebilir. Sarigam, kestane ve mesede kontrol 6rneklerine
gore 1s1l islem sicakligr arttik¢a bozunum gerceklesmis (Sekil 1; 6zellikle 150 dereceden sonra ekstraktif
maddeler ¢oziiliip buharlasmis ve hem seliillozlar bozunuma baglamistir) ve yogunluk dogrusal olarak
azalmistir. Yapilan ¢aligmalarda da azalmalar tespit edilmistir [7 nolu literatiirle ortiismektedir].

Iklim sart: degisimine bagli olarak yogunluk azalmast; her ii¢ ahsap tiiriinde de 20°C/%65’den 40°C/%35
ortam sartina gegiste kurumadan dolay1 yogunluk azalirken (ortalama %10), 10°C/%50 ortam sartina
geciste, rutubet almaya bagli olarak; az da olsa bir yogunluk artis1 meydana geldigi goriilmektedir. Ancak
bu yogunluk artis durumu 210°C/2s 1s1l islemli 6rneklerde olusamamustir. Bunun nedeni, 1s1l islemin her ii¢
ahsap tiriinii de iyice plastiklestirip, aga¢g-nem tutunma &zelliginin azalmasindan kaynaklandigi
sOylenebilir.

4.2 Egilme Direnci Degisimi (Bending Strength Variation)

Iklim sart1 degisimine bagl olarak egilme direnci degisimi; Sarigamda 20°C/%65’den 40°C/%35 ortam
sartma geciste kurumadan dolay1 egilme direnci artarken (ortalama %10-12 civarinda), 10°C/%50 ortam
sartina geciste, rutubet almaya bagli olarak; egilme direnci azalmasi meydana geldigi goriilmektedir. Ancak
bu egilme direnci azalma durumu 210°C/2s &n-1s1l islemli 6rneklerde artis bigiminde gergeklesmistir (%10
civarinda). Bunun nedeni, 1s1l iglemin ahsab1 iyice bozunuma ugratip plastiklestirdigi ve diisiik sicakligin
rijitligi artirmasindan kaynaklandigi sdylenebilir.
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Kestane ve mese kontrol érneklerinde egilme direnci en diisiikten yiiksege dogru 20°C/%65, 10°C/%50 ve
40°C/%35 siralanmustir. En yiiksek egilme direncinin 40°C/%35 klimatik ortamda bekletilenlerde
kurumadan dolay1 meydana gelip literatiir aligmalarina paralellik gdstermistir [14]. ikinci sirada 10°C/%50
klimatik ortamda bekletilenlerin olmas1 diisiik sicaklikta ahsabin rijitlesmesinden kaynaklandigi
soylenebilir. Kestane ve mesede 6n-1s1l islem gdrmiis tiim drneklerde egilme direnci degisimi (150°C/5s,
170°C/4s, 190°C/3s, 210°C/2s sirasi ile) ve 20°C/%65, 40°C/%35, 10°C/%50 klimatik ortam sartlar:
sirastyla %5 -%10 arasinda azalma seklinde gerceklestigi goriillmektedir (Sekil 3). Sicaklik derecesi arttikca
kestane ve mese odunu hiicrelerindeki bozunumun da tedricen arttigindan kaynaklandigi [4 nolu literatiirle
ortiismektedir] sdylenebilir.

4.3. Elastiklik Modiilii Degisimi (Modulus of Elasticity Replacement)

Elastiklik modiilii 150°C/5s ve 170°C/4s 1s1l islem konseptine sahip tiim ahsap érneklerde ve tiim klimatik
ortam sartlarinda kontrol orneklerine gore yiliksek ¢ikmustir. Sicaklik arttikga 1sil islemin etkisi ile
bozunumdan kaynaklanan elastiklik modiilii azalmasi meydana gelmistir (Sekil 4) [6].

4.4. Is1 Tletkenlik Katsayis1 -A ve Is1 Gecirgenlik (Yahtkanlik) Degeri-u Degisimi (Change in Thermal
Conductivity Coefficient-A and Thermal Conductivity (Insulator) Value-u)

Sekil 5°de verilen sonuglara gore 1s1 iletkenlik katsayisi (L) en yiiksek, sirasiyla mesede 0,000137 W/m.K,
kestanede 0,000125,1 W/m.K ve Sarigamda 0,000112,4 W/m.K olarak kontrol &rnekleri 40°C/%35
klimatik ortamda bekletilmis 6rneklerde belirlenmistir. Isil iglem sicaklik degerlerinin artigina gore ve her
bir 1s1l islem konseptindeki 40°C/%35 klimatik bekletme sartinda en yiiksek kalmak sart ile, dogrusal olarak
1s1 iletkenlik katsayilarmin azaldigi goriilmektedir. Literatiirde benzer sonuglar elde edilmistir [12]. Bunun
nedeni, her bir 1s1l islem sartina sahip ve 40°C/%35 klimatik ortamda bekletilmis 6rnekler digerlerine gore
daha kuru olmalar1 ve 1sil islem ile ahsap iyice bozunuma ugrayip homojenligin kaybolmasindan
kaynaklandigi sdylenebilir.

Sekil 6°daki 1s1 gecirgenlik (yalitkanlik) degerleri (u) esas alindiginda 1s1 iletkenlik katsayisinin benzeri bir
degisim goriilmektedir. Yalitkanlik degerindeki bu benzer degisim, 1s1 iletkenlik katsayisinin sabit bir deger
olan malzeme kalinligina oranlanmasi ile hesaplanmasindan kaynaklanmaktadir.

5. ONERILER (SUGGESTIONS) :

Ug ahsap tiiriinden (Sarigam, mese, kestane) drneklere dort farkli sartta (150°C/5s, 170°C/4s,190°C/3s,
210°C/2s) 1s1l islem uygulandig1 ve bu drneklerin iig farkli iklim sartinda (20°C/%65, 40°C/%35, 10°C/%50)
miinavebeli olarak bekletilip test ve dl¢iimlerin uygulandig1 bu ¢alisma sonuglarina gore 6ne ¢ikan oneriler;

Yogunluk, egilme direnci ve elastiklik modiilii degisimi her ii¢ ahsap tiiriinde de daha ¢ok 170°C/4s ve
190°C/3s 1s1l islem sartlarindan sonra arttig1 gozlemlenmistir. Daha yiiksek sicakliga sahip sartlarda her iig
ozellik iyice azalmaktadir. Bu nedenle, 170°C/4s ya da 190°C/3s 1s1l iglem sartlar1 digerlerine gére dncelikli
olarak onerilebilir.

Is1 iletkenlik katsayisi ve 1s1 gegirgenlik degerinin 170°C/4s ve 190°C/3s 1s1l islem sartlarindan sonra ¢ok
fazla degismedigi tespit edilmistir. Bu durumda, Is1 iletkenlik katsayisi ve 1s1 gegirgenlik degeri bakimdan
da bu iki sarttan birisi dncelikli olarak onerilebilir.

Her {i¢ ahsap tiiriinde de yogunluk, 1s1 iletkenlik katsayis1 ve 1s1 gecirgenlik (yalitkanlik) bakimindan en
diisiik degerlerin 40°C/%35 iklim sartinda elde edildigi goriilmektedir. Bu iklim sartinda bekletme ahsabi
iyice kuruttugu i¢in 6z yiikiiniin hafifledigi ve bir¢cok olumsuzluga sebep olan rutubetin azaldigi, ahsabin
rutubete dayali 1s1 iletkenliginin zayifladigi bu iklim sartinda olusacak denge rutubetinin ahsap
kullanimlarinda her zaman saglanmasi onerilebilir.

Egilme direnci ve elastiklik modiilii degerlerinin en yiiksek degerlerin 40°C/%35 iklim sartinda elde
edildigi goriilmektedir. Bu iklim sartinda bekletme ahsabi iyice kuruttugu icin bir¢ok olumsuzluga sebep
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olan rutubetin azaldig1, ahsabin rutubete dayali mekanik 6zellik zayiflamasinin ortadan kalktigi ya da direng
degerlerinin iyice yiikseldigi bu iklim sartinin sagladigi avantajlardan dolay1 ahsap kullanimlarinda her
zaman Oncelikli olarak onerilebilir.
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Figure A. Vacuum infiltration unit for the production of Al6061 MMCs

Purpose: The researchers aimed to produce hybrid MMCs by vacuum infiltration method. This
method was a combination of powder metallurgy and casting processes. The main purpose of this
study to distribute the ceramic reinforcements uniformly and to improve the mechanical
properties by heat treatment.

Material and Method: The matrix material was AI6061 powder and the hybrid ceramic
reinforcements were SiC, TiC and B4C. The MMCs were produced by vacuum infiltration
method. The produced samples were heat treated to improve mechanical properties. These
samples were examined through FESEM, EDS, XRD and microhardness analysis.

Results: When the boron and silicon carbide hybrid structure hardness data were evaluated, the
highest output was measured at 3% and 5% and the lowest output was measured at 10%
reinforcement rates. For the titanium and silicon carbide hybrid structure, the highest hardness
was at 3% and the lowest hardness was at 10% reinforcement rate. For the boron and titanium
carbide hybrid structure, the highest hardness was at 1% and 5% and the lowest hardness was at
10% reinforcement rate.

Conclusion: In general, the hardness of hybrid structures was improved with dissolution and
aging heat treatments. It has been observed that the added reinforcement contents and weight
ratios affect the hardness.
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Abstract
o In this study, hybrid reinforced composites with Al6061 matrix and different %wt. amounts TiC,
Makale Bilgisi SiC and B4C were produced by vacuum infiltration method. After dissolution at 540°C for 3
Arastirma makalesi hours, aging heat treatment was applied to the produced samples at 130°C with 3-hour intervals
Basvuru: 25.11.2022 for a total of 24 hours. FESEM, EDS and XRD analyzes were performed to evaluate the
Diizeltme: 20.12.2022 homogeneity and wettability of hybrid composites after production and heat treatment. When the
Kabul: 28.12.2022 analysis results were evaluated; reinforcements in the produced composites were homogeneously

dispersed in the matrix. These reinforcements exhibited good wettability in the structures
produced in a ~ 420mmHg vacuum environment for 5 minutes at a melting temperature of 900°C.

Keywords In addition, microhardness measurements were made after the heat treatments. Depending on the
Al6061 aging temperature applied after dissolution, it was observed that the hardness increased up to 18
Ceramic reinforcement hours and decreased after 18 hours. The growth of precipitates and the formation of intermetallics
Vacuum infiltration during heat treatment are thought to be the reason for the increase in hardness.

Hybrid composite

Aging

Seramik Takviyeli A16061 Matrisli MMK’larin Vakum Infiltrasyon
Yontemi ile Uretimi ve Yaslandirma Isil Islemi
Anahtar Kelimeler Oz

pooe taiye Bu ¢aligmada, vakum infiltrasyon yéntemiyle A16061 matrisli, % agirlikca farkli miktarlarda TiC,

Vakum infiltrasyon SiC ve B4C igeren hibrit takviyeli kompozitler iiretilmistir. Uretilen numunelere, 540°C sicaklikta

Hibrit kompozit 3 saat ¢dziindirme islemi sonrasinda 130°C sicaklikta, 3’er saat araliklarla toplam 24 saat

Yaslandirma yaslandirma 1s1l islemi uygulanmistir. Uretim ve 1s1l iglemlerden sonra hibrit kompozitlere
homojenligini ve slatilabilirligini degerlendirmek i¢in FESEM, EDS ve XRD analizleri
yapilmustir. Analiz sonuglart degerlendirildiginde; iretilen kompozitlerdeki takviyeler matris
icinde homojen olarak dagilmistir. Bu takviyeler 900°C ergitme sicakliginda, 5 dakika siireyle ~
420mmHg vakum ortaminda {iretilen yapilarda iyi islatilabilirlik sergilemistir. Ayrica 1sil
islemlerden sonra mikro sertlik Ol¢iimleri yapilmistir. Coziindlirme sonrasi uygulanan
yaslandirma sicakligia bagl olarak sertligin 18 saate kadar arttigi, 18 saat siireden sonra ise
diistiigii goriilmiistiir. Sertligin artmasinin nedeninin 1s1l iglem sirasinda ¢okeltilerin biiyiimesi ve
intermetaliklerin olusmasi oldugu diisiiniilmektedir.

1. GIRIS (INTRODUCTION)

Son yillarda miihendisler ve aragtirmacilar tarafindan yapilan ¢alismalarda, celigin yerini alabilecek
alternatif malzemeler gelistirilmistir. Kompozitler, polimerler, magnezyum (Mg) ve aliminyum (Al)
alasimlar1 bu malzemelere 6rnek olarak gosterilmektedir [1]. Alternatif malzemeler arasinda ¢elikten sonra
en ¢ok kullanilan malzeme grubu Al ve alasimlari olmustur. Yeryiiziinde c¢ok bulunmasi, geri
dondstiiriilebilir olmasi ve kolay sekillendirilmesi tercih edilme sebeplerinin arasinda yer almaktadir [2].
Ayni zamanda Al ve alasimlan diigiikk yogunluk, yiiksek korozyon dayanimi, yiiksek mukavemet, iyi
elektriksel iletkenlik ve diigitk maliyetli olmalar1 sayesinde birgok kullanim alaninda yer bulmaktadir.
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Otomotiv, havacilik, uzay, ingaat, elektronik ve makine sektorleri kullanim alanlarinin baginda gelmektedir
[3]. Otomotiv sanayinde, otomobil gévde ve panellerinde genellikle Al-Mg-Si (Silisyum) alagimi tercih
edilmektedir [4]. 6061 Al alasimi AI-Mg-Si alasimlarindan biridir. Uygulanan ¢oziindiirme ve yaslandirma
1s1l iglemleri ile de istenilen dayanima ulagabilmektedir [5].

Al6061, esas alasim elementinin Mg ve Si oldugu ve 6XXX serisinde en yaygin kullanilan Al alagimidir.
Iyi derecede korozyon direnci ve dayanima sahiptir. Bunun yam sira iyi kaynak edilebilirlik 6zelligi ile
savunma sanayinde, gemi inga sektoriinde, kopriilerde, kazan imalatinda ve borularda yaygin olarak
kullanilmaktadir [6]. Al6061 alagiminin kullanim alanlarinda teknolojik gelismeler ile birlikte kompozit
malzeme iiretimi iizerine ¢aligmalar yapilmaya baglanmustir.

Al ve alagimlan sahip olduklan yiiksek 6zgiil mukavemet sayesinde, giinlimiizde bir¢ok farkli alanda
kullanima sahiptir [7]. Ancak sahip olduklar 6zelliklerin iyilestirilmesi igin, Al ve alagimlarina giintimiizde
farkli seramik igeriklerin (SiC, TiC v.b.) ilavesi ile mekanik o6zelliklerin iyilestirilmesi ve kullanim
alanlarmin artirilmasi igin calismalar yapilmaktadir [8]. Igerisinde iki ve daha fazla icerige sahip bu metal
matrisli kompozitler (MMK ’lar) i¢in hibrit kompozitler terimi kullanilmakta olup miihendislik alaninda ve
akademik calismalarda kullanimi giderek artmaktadir. ilave edilen sert seramik igerikler sayesinde Al
matrisli yapisal kompozitler iizerine yapilan arastirmalar hiz kazanmigtir. Al matris yapisina ilave edilen
farkli igeriklere ve boyutlara sahip takviyeler sayesinde, malzemenin yogunlugunu onemli Olglide
degistirmeden (diisik yogunluk) kompozitlerin 6zgiill mukavemetinde ve modiilinde 6nemli artiglar
saglanabilmistir [9, 10]. Bu sayede Al ve alagimlarinda geleneksel yontemler ile elde edilemeyen mekanik
ozellikler ve geleneksel yontemlerde karsilasilan problemler (homojen dagilmama gibi), igin ikincil
islemler yerine, dogrudan iiretim saglanabilecektir [11].

Bu ¢alismada; vakum infiltrasyon yontemi kullanilarak Al6061 matris igine B4C, SiC ve TiC seramik
takviyelerin farkli % agirhk oranlarinda yerlestirilmesiyle olusmus hibrit kompozit iiretimi
gerceklestirilmistir. Uretilen hibrit MMK ’larin mekanik 6zelliklerini iyilestirmek igin ¢dziindiirme ve
yaslandirma 1s1l iglemleri uygulanmistir. Uygulanan 1s1l islemlerden sonra MMK i¢indeki takviyelerin
homojenligini, 1slatilabilirligini incelemek icin FESEM, EDS ve XRD analizleri gerceklestirilmistir. Ayrica
sertlik dl¢timleri yapilmistir.

2. MATERYAL VE METOTLAR (MATERIALS AND METHODS)

Infiltrasyon islemi i¢in A16061 matrisinin hem toz hem de kiitiik hali kullanilmistir. Deneysel ¢alismalarda
kullanilan Al6061 matris tozu, gaz atomizasyon yontemi ile iiretilmis olup yiiksek safliga (%99) sahiptir.
Al6061 tozunun ortalama toz boyut dagilimi 20pum’dir. Al6061 toz igin segilen iiretim yonteminin gaz
atomizasyon olmasi ve 40um alt1 tozlarin kullanimi sayesinde tiim tozlar kiiresel sekle sahip olarak yer
almaktadir [12].

Calismada kullanilan Al6061 kiitiik malzemesi AVAS METAL San. Tic. A.S., Al6061 tozu ve seramik
tozlar1 yurt disindan ISM DIS Tic. firmasi tarafindan temin edilmistir. A16061 malzemesine ait T/M ve
ingot Al6061 igerikleri incelendiginde yaklasik olarak; ag. %1,1 Mg, 0,65 Cu, 0,7 Si, 0,1 Ti, 0,5 Fe, 0,25
Zn, 0,1 Cr ve geri kalan Al igerigine aittir. Infiltrasyon ydntemi i¢in A16061 tozlari ve B4C+SiC, TiC+SiC
ve B4C+TiC hibrit takviyeleri homojen karigsim igin %40 doluluk oranina sahip silindirik kapta 120 dak.
oda sicakliginda karistirma iglemine tabi tutulmustur. Ayrica matris icerisine takviye edilen tozlar %
agirlikca ilave edilmistir. Tablo 1’de takviye agirlik oranlar1 ve hibrit yap1 elde etmek i¢in seramik
takviyelerin karisimi verilmistir.
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Tablo 1. Matris malzemesine eklenen seramik takviyelerin % ag. oranlar

Matris Seramik takviyeler Toplam % ag. takviye oranlari

Bor Karbiir (%50) +

1,3,5ve 10
Silisyum Karbiir (%50)
Titanyum Karbiir (%50) +
Al6061 1,3,5ve 10
Silisyum Karbiir (%50)
Titanyum Karbiir (%50) +
1,3,5ve 10

Bor Karbiir (%50)

Sekil 1’ de gorillen vakum infiltrasyon diizenegi Pamukkale Universitesi, Metalurji ve Malzeme
Miihendisligi, Dokiim Laboratuvarina tez kapsaminda kurulmustur. Diizenekte basingl hava, venturi kanal
tasarimi eklenerek negatif basinca (vakuma) doniistiiriilmiistiir. Infiltrasyon siirecinde firin sicaklig1 750°C
ile 1000°C aralig1 i¢in denemeler yapilmis ve optimum firin ergitme sicakligi 900°C olarak belirlenmistir.
Hibrit MMK ’lar, paslanmaz ¢elik boru i¢inde bulunan toz karigimlarinin sivi metal matrise daldirilmasiyla
elde edilmistir (Sekil 1.b). Toz karigimlarinin vakum hattina ve potaya gegisini engellemek igin filtreler
kullanilmistir. Hizh katilasmalar1 6nlemek amaciyla paslanmaz celik boru pota igerisine yerlestirilmeden
once 150°C’ye 1sitilmistir. Paslanmaz ¢elik boru yerlestirildikten sonra 5 dakika siireyle ~ 420mmHg
biiyiikliiglinde negatif basinca tabi tutulmus ve bdylece sivi metalin hibrit toz karisimina infiltre edilmesi
saglanmstir.

K/Ianometre
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>
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Ergitme Furmm
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Sekil 1. TIM ve ergitme iinitesinin birlikte yer aldigi vakum infiltrasyon sistemi
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Elde edilen hibrit MMK’lardan alinan 6rneklere yaglandirma islemi uygulanmistir. Numuneler 540°C’de 3
saat ¢oziindiirme 1s1l islemine tabi tutulmus, ¢6ziindiirme sonrasinda 130°C’de 3’er saat arayla toplamda 24
saate kadar yaglandirilmigtir. Her bir 1s1l islem sonrasinda numunelere 5 adet mikro sertlik testi uygulanarak
sertlikleri Olciilmiis ve ortalama sertlik degerleri hesaplanmigtir. Sertlik 6l¢iimlerinde, Hardway DV1AT-
4.3 marka mikro sertlik cihazi (HV0.1) kullanilmustir.

3. BULGULAR (RESULTS)

Vakum infiltrasyon yontemi ile iretilen B4C-SiC-TiC takviyeli Al6061 matrisli MMK’larin FESEM
goriintiileri Sekil 2°de yer almaktadir. Uretilen hibrit MMK ’larda tercih edilen toz boyutlarmin kiiciik
olmasindan dolay1 %1 ve %3 takviye agirlik oranlarinda istenilen homojenlik elde edilememistir. Daha
yiiksek takviye oranlari i¢in homojen dagilim elde edilebilmistir. Bunun yani sira takviye orant %10
seviyesine ¢ikarildiginda porozitelerin ve topaklanmalarin olustugu goriilmiistiir [13, 14]. Seramik
takviyelerin genelde tane sinirlarina yoneldigi goriilmiis, matrisin tane boyutuna etkisi olmadigt
diistintilmektedir.

B4C - SiC

~ TiC - SiC

TiC - B4sC

Sekil 2. Hibrit MMK ’lara ait FESEM goriintiileri
Her biri ayn olarak %35 oraninda Al6061 matrise seramik takviyelerin (Bor, Silisyum ve Titanyum
Karbiirler) eklenmesiyle olusturulmus hibrit MMK ’lara ait EDS verileri Sekil 3’de yer almaktadir. Tablo
2’de verilen EDS oranlar1 seramik takviyelerin (B, Ti, Si) ve matriste yer almasi1 gereken elementlerin (Mg,

Si, vb.) varligimi gostermektedir. EDS verilerinde ana yapinin Al agirlikli oldugu (ag. %60’1n tlizerinde) ve
yapida takviyelerden gelen (B4C, SiC, TiC) C igeriginin yer aldig1 goriilmektedir [13].



278 Nurcihan KISAOGLU, Nimet KARDES SEVER, Hasan DURAN, Sinan AKSOZ | GU J Sci, Part C, 11(1):273-283(2023)

kev

¥ Cr ke

L& iAo 2N «

Sekil 3. Hibrit MMK ’lara ait EDS analizi; a) %5 bor ve silisyum karbiir, b) %5 titanyum ve silisyum
karbiir, ¢) %5 bor ve titanyum karbiir

Tablo 2. Element dagilim oranlar: (%ag. ve %at.)

%)35 B-Si %y35 Ti-S1 %35 Ti-B
FElementler o = o P o o = o
%o agithk | % atom [ % agirhk | % atom | % agwhk | % atom
Al 62,98 45,59 76.9 66,57 68,24 61,11
Ti 0 0 2,12 1,04 0 0
Si 29 2,01 228 1.9 0 0
B 2,79 5,04 0 0 7,77 17,37
Fe 2,08 0,73 2.88 1.2 14,28 6,18
Mg 1,14 0,92 L5 1.43 0,68 0,66
C 28.11 45,71 14,32 27.86 6,77 13.63
Cr 0 0 0 0 2,26 1,05
Toplam: 100 100 100 100 100 100
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Sekil 4’te %3 oraninda seramik takviye eklenmis hibrit MMK’lara ait XRD grafikleri verilmistir. XRD
analizleri degerlendirildiginde, yapida bulunmasi muhtemel Al matrisi ve Mg»Si ¢okeltilerinin ve AlFeSi
intermetaliklerinin yer aldigi gortilmiistiir. Ayrica takviyelerden gelen B4C, TiC ve SiC seramik karbiirlere
ait siddetler yer almaktadir [13]. 900°C’de uygulanan ergitme yapida a-AlFeSi intermetaliklerinin ve
540°C’de 2 saat uygulanan ¢oziindiirme + 130°C’de 18 saat yaslandirma ise B-AlFeSi intermetaliklerinin
olugsmasinda etken rol oynamistir [15]. Olusmasi muhtemel a-AlFeSi ve B-AlFeSi intermetalikleri,
sertlikteki artislar i¢in agiklayict olarak nitelendirilebilir [16]. Ayrica takviye igerik ve oranlari, yapida
olusmas1 muhtemel faz ve igeriklerin boyut ve siddetine de dogrudan etki ettigi Sekil 4’de goriilmektedir.
Tuncay ve ark. yaptig1 calismada Al alagimi igerigine Fe oraninin artirilmast ile olusmasi muhtemel faz ve
siddetlerdeki degisimi agiklamistir [17].

80000 - ? ' %3 TiC-B«C| @ Al 4 BiC
20000 %3 TiC-SiC| 7 Mg:Si < TiC
%3 BiC-SiC| & AlFeSi # SiC
60000
7 o
3 50000
= 40000
s 7 g
g v !
S 30000 -
U L
20000 -
10000 g
0 .
' Y T Y T ¥ T
20 30 10 70 80 90

© 50 60
26 (Derece)

Sekil 4. Hibrit MMK ’lara ait XRD analizi (ag. %3 takviye orani i¢in)
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Uretilen hibrit MMK ’lara uygulanan ¢dziindiirme ve yaslandirma 1s1l islemi sonrasinda her numune igin
alman ortalama mikrosertlik verileri Sekil 5 da verilmistir. Coziindiirme sonrasi yapilan 6l¢iimlerde en
diisiik sertlik degerleri elde edilmistir. Uygulanan yaslandirma 1s1l islemi neticesinde olugsmasi muhtemel 6
fazlari ile sertlikte 18 saate kadar artig gdzlemlenmis, 18 saatin {izerinde yapilan yaslandirma siireci asiri
yaslanma ile sertlikte diislis meydana gelmistir. Aksoz ve ark. yaptiklari ¢alismada yaglandirma neticesinde
sertlikte meydana gelen artis1 ve sonrasindaki diisiisii benzer sekilde agiklanustir [18]. Giindogdu ve Ozsar1
yaptiklari basingli infiltrasyon sisteminde takviyelerinde sertlikte etkili oldugunu géstermistir [19]. Kiymaz
ve Ozcatalbas ise yaptiklari BsC takviyesi ile Al6061 matrisli yapinin mekanik &zelliklerinin
tyilestirilebilecegini gostermistir [20].

Sekil 5.a’daki bor ve silisyum karbiir hibrit yapisina ait sertlik verileri degerlendirildiginde, en yiiksek
sertlik %3 ve %5 ve en disiik sertlik %10 takviye oranlarinda 6l¢iilmiistiir. Sekil 5.b’deki titanyum ve
silisyum karbiir hibrit yapisina ait sertlik verileri degerlendirildiginde, en yiiksek sertlik %3 ve en diisiik
sertlik %10 takviye oranlarindadir. Sekil 5.c’deki bor ve titanyum karbiir hibrit yapisina ait sertlik verileri
degerlendirildiginde, en yiiksek sertlik %1 ve %5 ve en diisiik sertlik %10 takviye oranlarmdadir.

4. SONUCLAR (CONCLUSIONS)

Bu caligmada geleneksel dokiim ve T/M yontemleri bir arada kullanilarak (vakum infiltrasyon yontemi)
seramik takviyeli Al6061 matrisli hibrit kompozitler iiretilmistir. Her iki yontemdeki dezavantajlar
giderilmistir. Ornegin geleneksel dokiim ile iiretimde karsilasilan heterojen dagilim problemi bu yontemle
iiretilen hibrit kompozitlerde giderilmistir. Uretim sonras: sertligi iyilestirmek icin bu hibrit MMK ’lara
¢oziindlirme ve yaslandirma 1s1l iglemleri uygulanmig ve agagidaki sonuglar elde edilmistir;

Sekil 2 ve 3’te goriildiigi iizere agirlikca %5’e kadar takviye iceren hibrit yapilarda islatilabilirligin iyi
oldugu, %10 oldugunda ise diistiigli goriilmiistiir. Ayrica agirlikga %10 takviye oraninda porozite ve
topaklanma problemleri ortaya ¢ikmustir. EDS verilerinde matrise ve takviye seramiklere ait element
piklerinin yer aldig1 goriilmiigtiir.

Sekil 3 ve 4°teki EDS ve XRD grafikleri beraber incelendiginde, elementel piklerin, olusmasi muhtemel Al
matrisi, MgSi ¢okeltisi, AlFeSi intermetalik bilesigi ve seramik takviyelere ait oldugu anlasilmaktadir.
Matris i¢inde yer alan ¢okeltiler ve seramik takviyeler sertligi olumlu olarak etkilemistir.

Genel olarak ¢oziindiirme sonrasi yaglandirilan hibrit yapilarin sertligi iyilesmistir. Eklenen takviye
igeriklerinin ve oranlarmin sertligi etkiledigi gériilmiistiir. Ornek olarak 18 saat yaslandirma neticesinde en
yiiksek sertlik verisi ag. %5 B4C+SiC hibrit seramik takviyesi i¢in yaklasik 125HV olarak Sl¢tilmiistiir.
Ayn yaglandirma siiresi i¢in en diisiik sertlik ise ag. %10 B4C+TiC hibrit seramik takviyesi i¢in yaklagik
112HV olarak 6lgtilmiistiir. Olugsmas1 muhtemel a-AlFeSi ve B-AlFeSi gibi intermetaliklerin ve Mg.Si gibi
cokeltilerin sertligi 18 saate kadar artirdig1 fakat 18 saatin {izerinde ise diisiirdiigii diistiniilmektedir.
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In this study, a comprehensive review of hyper duplex stainless steels and their weldability has
been carried out. Due to the fact that this future-promising material is relatively new and its
application areas are very limited for now, there are only a handful of studies on its welding,
which has been the source of motivation for this review.
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Figure A. Graph of N dissolution limit and corresponding duplex stainless steel grades in wt%
Cr+Mo

Purpose: It is predicted that the use of hyper duplex stainless steels, which is one of the new
material groups emerging with the developing needs, will increase in the near future with its
application areas. The weldability of these materials is important, including the current
application areas. This review aims to bring together the studies that have been done in this field
so far.

Theory and Methods: In this study, especially the welding parameters used in hyper duplex
stainless steels and the intermetallic phases that may occur, welding methods and welding with
dissimilar metals are examined and explained in detail.

Results: Hyper duplex stainless steels are susceptible to the precipitation of intermetallic phases,
carbides and nitrides in high-temperature service, heat treatment and welding processes due to
increased alloying elements. Still, the addition of N and W largely prevents this susceptibility. In
order to prevent the formation of intermetallic phases that may occur in the welding process, it is
necessary to keep the heat input in the range of 0.2-1.5 kJ/mm depending on the material
thickness, not to perform pre-annealing and post-weld heat treatment and to apply a maximum
interpass temperature of 100 °C.

Conclusion: It is concluded that hyper duplex stainless steels have superior mechanical and
especially corrosive properties compared to the austenitic and other duplex stainless steels it
surpasses, and exhibit good weldability properties using certain welding methods and paying
attention to the necessary parameters in the welding process.
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Anahtar Kelimeler

Hyper duplex stainless steels (HDSS), which are the most advanced products of the duplex
stainless steel class, containing ferrite and austenite phases in high densities, still have a very
niche and limited application area due to their cost and production process complexity. However,
it is expected that the application areas will expand and its field of use will become widespread
within the scope of developing technology and diversifying needs. The widespread use of this
fairly new product group also depends on its machinability and weldability properties. Fusion
welding methods can change the thermal history of the material and therefore the o/y balance in
duplex stainless steel. Therefore, friction stir welding method along with some arc welding with
low heat input are the methods applied for joining hyper duplex stainless steels. In this study,
hyper duplex stainless steels are introduced, their production methods, fields of use, and
advantages are mentioned, and previous studies are evaluated by giving information about
suitable welding methods and weldability.
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Ferrit ve Ostenit fazin1 yiiksek yogunluklarda icerisinde bulunduran dubleks paslanmaz gelik
smifinin en geligmis {irtinleri olan hiper dubleks paslanmaz celikler (HDSS), yiiksek maliyeti ve
iretim stireci kompleksligi nedeniyle dar bir kullanim alani vardir. Ancak gelisen teknoloji ve
¢esitlenen ihtiyaglar dahilinde kullanim alanlarinin genislemesi ve kullaniminin yayginlagmast
beklenmektedir. Oldukga yeni olan bu iiriin grubunun kullaniminin yayginlagmast islenebilirlik
ve kaynaklanabilirlik 6zelliklerine de baglidir. Fiizyon kaynak yontemleri, malzemenin termal
geemigini ve dolayisiyla dubleks paslanmaz ¢elik 6zelinde a/y dengesini degistirebilmektedir. Bu
yiizden diisiik 1s1 girdisi ile baz1 ark kaynaklari ile beraber siirtiinme karistirma kaynak yontemi
de hiper dubleks paslanmaz celiklerin birlestirilmesinde uygulanan yontemlerdir. Sunulan bu
calismada, hiper dubleks paslanmaz ¢elikler tanitilarak iiretim yontemleri, kullanim alanlar1 ve
avantajlarma deginilmis, uygun kaynak yontemleri ve kaynaklanabilirligi hakkinda bilgiler
verilerek 6nceden yapilmis ¢aligmalar degerlendirilmistir.

1. GiRiS INTRODUCTION)

Paslanmaz ¢elik grubunun en yeni tiirlerinden biri olan dubleks paslanmaz celikleri ilk kez Bain ve
Griffiths, 1927 yilinda yaptiklar1 calismada ortaya koymuslardir [1]. Ticari olarak 1930 yilinda isveg’te
gelistirilmis ve ferritik paslanmaz celiklere daha iyi bir korozyon direnci ile alternatif olmustur [2]. Ancak
donemin ¢elik iiretim teknolojisinin yetersizligi sebebiyle yalnizca dokiim yontemi ile iiretilebilmesi,
malzemenin gevrekliginden dolay1 diigiik tokluga sahip olmasi ve ark kaynak yontemleri ile birlestirilme
zorlugu sebepleriyle fazla tercih edilmemisti [3]. Mikroyapisinda yilizey merkezli kiibik latisli 6stenit ve
hacim merkezli kiibik latisli ferrit fazlarimi kabaca esit miktarda bulundurmasi sebebiyle dubleks adi
verilmistir. Ticari triinlerde optimum faz dengesi iireticiler arasinda degisiklik gosterse de genel olarak
hacimce %45 ile %60 arasinda bir dstenit fazi yogunlugu beklenir [4]. Ostenitik paslanmaz gelikle
karsilastirildiginda, alasimindaki temel farkliliklar, dubleks ¢eliklerin yiiksek Cr (%32’ye kadar); yiiksek
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Mo (%5’e kadar); daha diisiik Ni (%9'a kadar) ve %0.05-0.50 arast N elementlerini bulundurmasi
soylenebilir. Ozellikle kloriir aralik (crevice) ve kloriir cukur (pitting) korozyonu olmak iizere daha iyi
korozyon direnci ve standart stenitik paslanmaz ¢eliklerden daha yiiksek mukavemet saglamasi sebebiyle
baslica mimaride, petrol dogalgaz hatlarinda, basingh kaplarda, gida sanayiinde, vana ve valflerde, su
aritma tesislerinde ve otomotiv sanayiinde yaygin olarak kullanilmaktadir [5-8].

Dubleks paslanmaz ¢elik {irlin gami, endiistrilerin gelistikge artan taleplerini karsilamak i¢in 6zellikle Cr,
Mo, N ve W gibi alagim element icerikleri artirilarak oldukca ¢esitlenmistir [9]. Bu elementlerin etkisinin
kapsami, ¢cukur korozyonu direnci esdegerligi (PREN) ile formiile edilmistir. En yaygin kullanilan PREN
formiilii:

* PREN = Cr + 3.3Mo + 16N
Eger alasim W igeriyorsa:
* PRENw = Cr + 3.3(Mo + 0.5W) + 16N

PREN ve PRENw formiilasyonlari, azot miktarinin gukur korozyonu direncinde oldukga giiclii bir etkisinin
oldugunu ve tungstenin etkisinin molibdenin yaris1 kadar oldugunu gostermektedir. Azot ayni1 zamanda
Ostenit fazindaki yiiksek ¢6ziiniirliigii nedeniyle giiglii bir 6stenit yapicidir ve Ostenit-ferrit faz dengesinin
kontroliinde 6nemli bir rol oynamaktadir.

Dubleks paslanmaz ¢elikler kimyasal analizlerine, mekanik 6zelliklerine ve PREN degerlerine gore 5 temel
gruba ayrilmistir. Bunlar:

* Yalin Dubleks Paslanmaz Celikler (LDSS);

* %22 Cr Igeren Standart Dubleks Paslanmaz Celikler (DSS %22 Cr)

* %25 Cr Igeren Yiiksek Alasimli Standart Dubleks Paslanmaz Celikler (DSS %25 Cr)
» Siiper Dubleks Paslanmaz Celikler (SDSS)

* Hiper Dubleks Paslanmaz Celikler (HDSS)

Bu gruplarin tipik kimyasal kompozisyonlar1 ve PREN degerleri Sekil 1.’de verilmistir.

_— Hcu E]Mn B vo -Nli Clor (n ) o
zzl‘fcsr } ! 32-35 %
252655 . 35-40 %
S
SDSS | 40-45 é
HDSS iL—| | >45
0 5 10 15 20 25 30 35

[% wt.]

Sekil 1. Dubleks paslanmaz ¢elik gruplarimin agirlikga tipik kimyasal kompozisyonlart ve PREN degerleri
[10]
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Yalin dubleks paslanmaz gelikler, diisiik molibden ve nikel icermesi sebebiyle mukavemeti yiiksek ve
maliyeti diisiik bir malzeme olarak 304L ve 316L gibi Ostenitik paslanmaz ¢eliklere alternatif olmustur.
UNS S32101, S32102 ve S32104 en yaygin kullanilan yalin dubleks paslanmaz geliklerdir. %22 ve %25
Cr igeren standart dubleks paslanmaz celikler, artan alasim elementleriyle korozyon direnci daha yiiksek,
molibden ve azot ilaveleriyle daha iyi kaynaklanabilirlik 6zelligine sahip ¢eliklerdir. En yaygin
kullanilanlart UNS S32205 ve S32520 alagimlaridir. Sekil 2°de yalin ve standart dubleks ¢eliklerin
mikroyap1 goriintiileri sirasiyla verilmistir.

paslanmaz ¢eliklerin optik mikroskopta ¢ekilmis mikroyapilar: [11]

Stiper dubleks paslanmaz gelikler (SDSS), yalin ve standart dubleks celiklerin getirdigi faydalarin tiimiine
sahip olmakla beraber daha yiiksek krom, molibden ve azot icerigine sahiptir. PREN degerinin ve buna
bagli olarak muhtelif korozyon direncinin yiiksek olmasi, agik deniz platformlarinda (off-shore), petrol ve
gaz endiistrisinde, kimyasal proses ekipmanlarinda, kazanlar ve basingli kaplarda tercih edilen malzemeler
olmasini saglamigtir [12,13]. UNS S32750 ve S32760 en yaygin kullanilan siiper dubleks paslanmaz
celiklerdir. Artan alagim igerigi ile birlikte SDSS'ler, sicak islem, 1s1l islem ve kaynak sirasinda istenmeyen
ikincil fazlarin (o fazi, y faz1 ve CroN gibi) ¢okelmesine karst daha duyarli hale gelmislerdir [14-16]. Bu
ikincil fazlar, mekanik 6zelliklerin yani sira korozyon direncini de 6nemli 6l¢lide bozmaktadir [17,18].
Ozellikle 850-900 °C’de ok kisa siirede olusan ¢ faz1 ve 830 °C’de olusmaya baslayan y fazi, malzemenin
mekanik ve korozif dayanimini diisiirmektedir [19].

Calismanin ileriki kisimlarinda, en yeni dubleks paslanmaz celik tiirii olan hiper dubleks paslanmaz celikler
tanitilmig, kullanim alanlar1 ve kaynaklanabilirligi ile ilgili bir kisim c¢aligmalar degerlendirilerek
aktarilmistir. Malzemenin yeni olmasi, nitelikli sanayiler olmasinin yani sira oldukga kisitli kullanim alam
nedeniyle hakkinda nispeten daha az galisma yapilmistir. Hiper dubleks paslanmaz g¢eliklerin kullaniminin
yayginlagmasi, bu malzeme ile ilgili ¢aligma siirdiirenler veya planlayanlara katki saglamasi amaciyla bir
mevcut ¢alismalardan bir derleme hazirlanmustir.

2. HIPER DUBLEKS PASLANMAZ CELIKLER (HYPER DUPLEX STAINLESS STEELS)

Hiper dubleks paslanmaz c¢elikler hakkindaki ilk ¢aligmalar 2007 ve 2009 yillarinda, yine bu iriinii
ticarilestiren Sandvik sirketi tarafindan, 6zellikle denizaltinda kullanilan gébek kordonu yapisina benzerligi
itibari ile kordon adi verilen borularda (umbilical tube) kullanim hedefiyle yapilmistir [20,21]. Denizalti
kordon borulari, platform kontrol istasyonlar ile deniz tabanindaki kuyu basliklar1 arasinda bir baglanti
olarak gerekli kontrol sinyallerini saglamak ve deniz alt1 petrol ve gaz kuyularina kimyasal enjekte etmek
i¢in kullanilir. Sekil 3’te gorildiigi tizere bu kordon borularin disi polimer kaplama olup, kablolarin ve
akigkanlarin gececegi kanallar da dahil olmak {izere igyapisi paslanmaz celikten olusmaktadir. Kullanim
sahas1 geregi bakim ve tamiri olduk¢a zor ve masrafli oldugundan kordon borusunu olusturan biitiin
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malzemelerin yiiksek korozyon direnci ve yiliksek yorulma dayanimina sahip olmasi gerekmektedir. Uzun
yillar S32750 kalite siiper dubleks paslanmaz gelikler bu ve diger sualt1 petrol ve gaz hatlar1 icin tercih
edilmekteydi [22].

Paslanmaz gelik
govde ve borular

Polimer
Kaplama

Sekil 3. Denizalti kordon borusunun sematik kesit alani gésterimi [22]

Giliniimiizde gelisen ¢ok daha yiiksek su derinliklerinde petrol ve gaz arama ¢aligsmalari ve aktarma hatlar
kurma ihtiyaci, yeni malzeme arayislarini da beraberinde getirmistir. Siiper dubleks paslanmaz celiklerin
yiiksek su derinliginde ve basingta hizmet verebilmesi i¢cin duvar kalinligin1 artirmak ve ayrica korozyon
korumasi i¢in ilave bir kaplama yapmak gerekmektedir. Malzemenin duvar kalinligin1 artirmak, maliyet
artigina sebep olmasinin yaninda, malzemenin agirligindan kaynakli bir gerilim olusturmakta ve izin verilen
gerilim sinirina ulastiginda borunun uzunlugunu da kisitlamaktadir [8]. Hiper dubleks paslanmaz ¢elikler,
3000 m. ve lizeri su derinligi ve 15000 psi basinca dayanacak mukavemette ve yliksek korozyon direncine
sahip malzeme ihtiyacini gidermistir [23]. Sandvik, igeriginde %0.5’e kadar N igeren, islenebilirligi ve
kaynaklanabilirliginden 6diin vermeden PREN=50 degerinde olaganiistii korozyon direnci saglayan iki
iriindi gelistirmis ve UNS standardinda S32707 (SAF 2707HD) ve S33207 (SAF 3207HD) normlar hiper
dubleks paslanmaz ¢elik sinifi olarak olusmustur. Tablo 1.’de iki hiper dubleks paslanmaz ¢eligin nominal
kimyasal kompozisyonlar1 ve PREN degerleri verilmistir. Gelistirilen bu malzemeler ayn1 zamanda 90
°C’ye kadar servis sicakligima ve siiper dubleks paslanmaz celiklere gore %20 daha yiliksek akma
dayanimina sahiptir [24].

Tablo 1. Iki hiper dubleks paslanmaz celigin agirlikca % kimyasal kompozisyonlar: ve PREN degerleri

Ticari isim UNS Cinax Cr Ni Mo N PREN*
SAF 2707 HD S32707 0.03 27 7 5 0.4 48
SAF 3207 HD S33207 0.03 32 7 3.5 0.5 50

*Boru malzemeler i¢in minimum PREN degeri.

Paslanmaz celiklerin mikroyapisinda bulunan fazlarin birbirine oranlarimi tayin etmek icin, eksenlerini
krom esdegerligi (Creq) ve nikel esdegerligi (Nieg) formiilasyonlarimin olusturdugu Schaeffler diyagrami
kullanilir. Schaffler diyagrami ve dubleks paslanmaz celiklerin diyagramdaki yeri Sekil 4.’te verilmistir.
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w
o

Ostenit

Martenzit

Nigq = Ni + (30 x C) + (0.5 x Mn) + (30 x N)

o

0 Crq = Cr + Mo + (1.5 x Si) + (0.5 x Nb) 40

Sekil 4. Schaeffler diyagraminda dubleks celik kategorilerinin yeri

Teorik olarak %350 ferrit hizasinda siralandirilsa da, pratikte, dengeli bir dubleks paslanmaz celigin
mikroyap1 faz orani aralif, kesikli kirmizi ¢izgilerle kabaca gosterildigi lizere, biraz daha genistir.

3. ALASIM ELEMENTLERININ DUBLEKS PASLANMAZ CELIKLERE ETKIiSI (EFFECT OF
ALLOYING ELEMENTS ON DUPLEX STAINLESS STEELS)

Celigin paslanmaz statiisiinde sayilmast i¢in igerisinde bulunmazi zaruri olan krom, pasif bir oksi-hidroksit
film olusturarak lokal korozyon direncini arttirir. Ayrica giiglii bir ferrit olugturucu elementtir. Ancak Cr
iceriginin agirlikca %30 ve {lizeri seviyelere cikmasi sigma gibi istenmeyen intermetalik fazlarm
cokelmesine sebep olabilmektedir. Bu intermetalik fazlar da genellikle tokluk, siineklik ve korozyon
direncinde diistise sebebiyet verir [4,25].

Molibden ilavesi, klorlu ortamlarda ¢ukur ve catlak korozyon direncinde dikkate deger bir artig saglar.
Ayrica kromun olusturdugu pasif filmi ve pasif potansiyel araligi genisletir ve korozyon akimi yogunlugunu
azaltir. Ferrit kararlagtiric1 elementlerdendir. Agirlikga %4’lin ilizerinde bulunan Molibden 1000 °C ve
tizerindeki sicakliklarda sigma fazi olusumunu tetiklemektedir [4,8,25,26].

Ostenit olusturucu elementlerin basinda gelen nikel, dubleks paslanmaz celiklerde ferrit oranin1 %40 ile
%60 arasinda tutmak icin oram Cr igerigine bagli olarak alasima dahil edilir. Ostetnitik yapmnin dubleks
malzemeye kazandirdigi tokluk ve ozellikle diisiik sicakliklardaki siineklik nikel iceriginden otiirtidiir.
Alagimda Ni oraninin ¢ok yiliksek olmasi yapidaki dstenit oranini %50’nin kabul edilebilir toleranslarinin
da tizerine ¢ikaracak, bu da kalan az oranda ferritin Cr ve Mo agisindan zenginlesmesine sebep olacaktir.
Cr ve Mo elementlerinin yiiksek seviyede bulunmasi intermetalik fazlarin olusumunu tetiklediginden,
ferritik yapida intermetalik faz doniisiim riski artacaktir [4,26,27]. Ayrica yiiksek Ni bulunmasi, yine
kirilgan bir intermetalik faz olan birincil alfa faz1 olusumuna sebep olur [28].

Paslanmaz c¢eliklerde azot, ¢ukur ve aralik korozyonu direncini, Ostenit oranmi ve mukavemeti
artirmaktadir [29]. Cukur korozyon direnci lizerinde PREN degerini artirarak, Cr ve Mo gibi pasif
potansiyel araligin1 genisletir. Cr ¢okelmesinin de Oniine gegen N, sigma ve chi gibi intermetalik fazlarin
olusumunu engelleyerek dupleks paslanmazlarda faz stabilitesi saglar [4]. Azotun ancak ¢ok uzun yaslanma
stirelerinde Cr2N olusumuna sebebiyet verdigi de bildirilmistir [30]. Sekil 6’te alasimdaki Cr ve Mo
toplamina gore N ¢oziinme limitleri ve bu limitlere karsilik gelen dubleks paslanmaz ¢elik siniflari
verilmistir.
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Mangan her ne kadar paslanmaz ¢eliklerde Ostenit olusumuna katki saglasa da [31], dubleks paslanmaz
celiklerde, dubleks faz dengesine etkisi oldukga diisiiktiir. Mn abrazyon ve asinma direncini tokluktan kayip
vermeden yiikseltmeye yardimei olur. Ayrica azot ¢oziinebilirlik sinirini artirir, bu da alasima daha fazla N
eklenebilmesini saglar [4]. Agirlik¢a %2’nin iizerinde bulunan Mn intermetalik fazlarin olusumuna
sebebiyet verir [27].

Bakar, ostenitik paslanmaz geliklerde H2SO4 vb. oksitleyici olmayan ortamlarda korozyon oranini diisiiriir.
Bazi dubleks paslanmaz c¢elik tiplerinde de tam bu sebepten dolay:r alasima katilmaktadir. Bakirin
¢Ozuniirliigi Ostenitte nispeten yiiksektir (~%4) ve ferritte disiiktiir (~0.2%) [32]. Daha yiiksek Cu ilavesi
(>%2), diger paslanmaz gelik tiirlerinde (6r.: 17-4PH paslanmaz ¢elik) goriildigii gibi sicak siinekligin
azalmasina ve ¢okelme sertlesmesine neden olabilir [4,32,33]. Cu, 6stenit olusumuna katki saglar ve ferrit
miktarini 6nemli dl¢iide azaltir [34].

Tungsten katkili dubleks paslanmazlar i¢cin PREN formiilasyonunun W ilaveli versiyonunun
gelistirilmesinden da anlasilacag iizere, agirlik¢a yaklasik %2.2 oranina kadar eklendiginde, W, cukur ve
aralik korozyon direncinde ve yeniden pasivasyon potansiyeli iizerinde belirgin bir faydali etkiye sahiptir
[35]. Siiper dubleks paslanmaz ¢eliklerde W ilavesinin tgiinciil fazlarin ¢okelme kinetigi tizerindeki
etkisinin incelendigi giincel bir calismada, agirlikca yaklasik %2 W katkisinin o-fazinin ¢okelmesini
geciktirdigini, tane ve faz sinirlarinda y-fazinin olusumunu destekledigini ve zararli fazlarin toplam
konsantrasyonunu azalttigini ortaya koymuslardir [36].

Artan Si igerigi ile Creg/Nieq degeri arttikca ferrit fraksiyonu artar ve ikincil Ostenit miktar1 azalir [37].
Silisyum nitrik asitli ortamlar ve yiiksek sicakliklarda oksidasyon direncini artirir. Bu sebepten dolayi
agirlikca %3.5 - %5.5 igeren yiiksek silisyumlu dubleks paslanmaz gelikler ortaya ¢ikmistir. Ancak
genellikle sigma fazi olusumunu tetikledigi igin agirlikga %1 seviyesi dubleks paslanmaz ¢eliklerde Si
limiti olarak kabul edilir [4].

Karbon orani dubleks paslanmaz gelikler igin agirlikga maksimum %0.03 olmasi1 6nerilmektedir. Yiiksek
karbon igerigi, Cr-C Karbiirleri olusumuna sebep olarak, ¢ukur ve aralik korozyon direncini azaltir ve
catlak olusumuna yol agabilir [38,39]. Benzer sekilde, S ve P igerikleri de tamamen sifirlanmasa da,
diisiik seviyelerde kontrol altinda tutulmalidir [4].

Sekil 5.°te Thermo-Calc ile olusturulmus (a) siiper ve (b) hiper dubleks paslanmaz celiklerin faz
diyagramlari verilmistir. Faz diyagramlarina gére mikroyapilar, 6stenit ve ferrit fazlarinin yani sira, 800 ila
1300°C arasinda olusan sigma fazi, diger intermetalik ¢okeltiler ve krom nitriirlerden olusmaktadir [8].
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Sekil 5. Thermo-Calc ile olusturulmus a) siiper dubleks b) hiper dubleks paslanmaz ¢eliklerin faz
diyagramlari [8]
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Yukarida agiklandig iizere, dubleks paslanmaz ¢eliklerde Cr, Mo ve N gibi alasim elementleri artirildiginda
intermetalik fazlarin olusum riski artmaktadir. Ancak Thermo-Calc ile yapilan termodinamik modellemeler
ve riin ¢iktilar1 incelendiginde yiiksek seviyedeki Cr, Mo ve N alasimlarinin beklenmedik pozitif sinerjik
etkileri bulunmustur. Bunlardan en 6nemlisi, Cr ve Mo’nun es zamanli olarak artirilmasi, alasimin N
¢ozlinebilirligini artirmaktadir [40]. Alasima bu sayede daha fazla N ilave edilmesi, sigma fazi ve delta
ferrit olusumunu baskilamaya yaramaktadir. Bu iki etki Sekil 6. ve Sekil 7.°de grafiksel olarak
gosterilmistir.
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Sekil 6. Agirlikca %Cr+Mo icinde N ¢oziinme sinirt ve karsuik gelen dubleks paslanmaz ¢elik siniflarinin
grafigi [10]
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Sekil 7. Dubleks paslanmaz ¢eliklerde agirlikca %N oramina gore a) Sigma fazi olusumu b) kaynak
metalindeki delta ferrit olusumu [8,41]

Nitriir olusturmadan alagimda ¢oziinen azot, biitlin olumlu korozif ve faz stabilizasyon o6zelliklerini
malzemeye aktarir. Bu sayede intermetalik faz olusumu azaltilms olur.

4. DUBLEKS PASLANMAZ CELIKLERIN KAYNAGI (WELDING OF DUPLEX STAINLESS
STEELS)

Fiizyon kaynak yontemleri, malzemenin termal gegmisini ve dolayisiyla dubleks paslanmaz ¢elik 6zelinde
o/y dengesini degistirebilmektedir. Bu nedenle, kaynak islemi sonrasi, bir kaynak metali, bir 1sinin tesiri
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altinda kalan bolge (ITAB) ve ana metal olarak ayr1 bolgeler olusur. Kaynak metali, ana metalin kimyasal
bilesiminin, dolgu metaliyle ve varsa koruyucu gazin mikro yapiy1 etkiledigi karisim bir alagimdir. ITAB'da
olusan mikro yap1, maksimum sicakliktan doniigiim sonu sicakligina kadar olan soguma hizina baglidir. Bu
yiizden kaynak islemi 6ncesi ve sonrasinda 1s1 girdisini, sicaklik degisimini ve soguma hizini kontrol altinda
tutmak olduk¢a Onemlidir [42-44]. Kaynak parametrelerinin yani sira kullanilan ilave metalin de faz
dengesinde ve intermetalik fazlarin olusumunda etkisi fazladir.

Kaynakta iyi bir yapi stabilitesi saglamak i¢in gerekli olan ferrit araligi, ferrit igerigini belirten standartlar
veya spesifikasyonlar tarafindan tanimlanmstir. API 938—C’ye gore; ana metalde %30-65, ITAB'da %40-
65 ve kaynak metalinde %25-60 arasinda bir ferrit igerigi, NACE MRO175’e gore ferrit igerigi; hacimce
%30-70 ve DNV-OS-F101’e gore; hem ITAB'da hem de kaynak metalinde %35-65 ferrit icerigi
bulunmalidir. Kaynak metalindeki ferrit farkli yontemlerle belirlenebilir; en ¢ok kullanilan ASTM E562'ye
gore nokta sayimidir. Bunun disinda ferritin manyetik tepkisini 6l¢en Ferritscope cihazi nispeten dogru bir
Ol¢lim aracidir.

Dubleks paslanmaz celiklerin kaynaginda 6n tav yapilmamakla beraber intermetalik fazlarin olusumunu
engellemek i¢in 1s1 girdisi diisiik tutulmalidir (yalin dubleksler igin 1.75-2.0 kJ/mm ve siiper dubleksler i¢in
1.5-1.75 kJ/mm). Tablo 2.’de dubleks paslanmaz g¢eliklerde olusan intermetalik fazlar ve ¢okelme
sicakliklar1 verilmistir.

Tablo 2. Dubleks paslanmaz ¢eliklerde olusan intermetalik fazlar ve ¢dkelme sicakliklart

intermetalik Faz Cokelme Sicaklig
o’ (alfa-prime) 300-525°C

v2 (Gama) 650 -900 °C

¥ (Chi) 700 -900 °C
Cr3N, CrN 700 —-950 °C

G (G-faz) 300 -400 °C

G (Sigma) 600 — 1000 °C

R (Laves) 550 — 650 °C
M7Cs, M23Cs 650 —-950 °C

Pasolararasi 1s1 girdisi de buna ayn1 sebepten dolay1 yalin dubleksler i¢in maksimum 250 °C ve siiper
dubleksler i¢in 150 °C tavsiye edilmektedir [45]. Cr ve Mo orani arttikga dubleks paslanmaz geliklerin
kaynaklanabilirligi azalmakta ve kaynak islemine etki eden her etkenin sinirlart dar ve rijit olarak ¢izilir.
475 °C’de olusan intermetalik alfa fazi, ve 800-1300 °C arasinda olusan sigma fazi sebebiyle dubleks
paslanmaz ¢eliklerde kaynak sonrasi 1s1l islem (PWHT) mekanik ve korozif 6zelliklere olumsuz etki eder.
Bu sebeple dubleks paslanmaz ¢eliklere PWHT yaygin kullanimda uygulanmamaktadir.

Cok pasolu kaynaklarda, pasolararasi sicaklik g6z oniinde bulundurularak, her pasoda 1s1 girdisini sabit
tutmak, oksijenin kaynak metaline ihtivasini sinirlamak, ferritin ayrismasi i¢in gegerli siireyi saglamak ve
bu sayede optimum Ostenit miktarini yakalamak gerekmektedir. Bu sebeplerden dolayi, 1200 °C ile 1050
°C arasinda yavas sogutma yapilmasi ve zararli ikincil fazlarin olusumunu 6nlemek i¢in 1050 °C ile 300 °C
arasinda hizli sogutma yapilmasi gerekir [28].

4.1. Hiper Dubleks Paslanmaz Celiklerin Kaynag (Welding of Hyper Duplex Stainless Steels)

Hiper dubleks paslanmaz c¢eliklerin kritik sektdrlerde kullaniminin artmasi, bu malzemelerin giivenli bir
sekilde kaynaklanabilmesi ihtiyacin1 da beraberinde getirmektedir. Yalin ve siiper dubleks paslanmaz
celikler igin gazalt1 ve elektrik ark kaynagi yontemleri i¢in dolgu metalleri ticari olarak iiretilmis ve
piyasada farkli sirketlerin lirlinleri rahat¢a bulunabilmektedir. Ancak HDSS’ler oldukga yeni bir {iriin grubu
oldugu i¢in, diinyada MIG ve TIG i¢in kullanilan yalnizca iki adet {iriin bulunmaktadir (Exaton 27.7.5.L ve
Sandvik 27.9.5.L) [46,47]. Bu iki iiriin ayn1 zamanda tozalt1 kaynak yontemi (SAW) i¢in de denenmektedir.
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Tablo 3’te HDSS’lerin kaynag1 i¢in uygun iki kaynak telinin tipik kimyasal kompozisyonu verilmistir.
Kaynak tellerindeki yiiksek azot igerigi, kaynak sirasinda hizli dstenit olusumunu saglar. intermetalik
cokeltilerden arinmis bir mikro yapi elde etmek igin ferrit igerigini kontrol etmek énemlidir. Genel olarak,
1s1dan etkilenen bolgedeki (ITAB) kaynak metali, %30-70 oraninda bir ferrit igerigine sahip olmalidir.

Tablo 3. HDSS kaynak telleri agirlik¢a tipik kimyasal kompozisyonu [46,47]

Ticari [sim EN 14334 C Cr Ni Mo N Co
Exaton 27.7.5.L Z2775L 0.015 270 6.5 5.0 0.4 1.0
Sandvik 27.9.5.L Z2795NL 0.02 270 9 5.0 032 1.0

Elektrik ark kaynag1 yonteminde sarf malzeme olarak kullanilan elektrotlarin kimyasal bilesimi, ortiiden
ve ¢ekirdek telden modifiye edilebilmektedir [48]. Ancak hiper dubleks paslanmaz ¢elikler i¢in elektrik ark
kaynak yontemi hi¢ denenmemis olup, ne ticari bir sarf malzemesi iiriin karsilig1, ne de tiim diinyada kabul
edilen kaynak sarf malzemeleri standartlarinda (AWS, ISO) bir siifi veya normu bulunmamaktadir.

HDSS’lerin kaynaginda 6n tavlama tavsiye edilmez, ancak oda sicakligin altinda bir ortamda kaynak
yapilacaksa is parcasinin 50-80 °C’de tavlanmasi kaynak metalinin nemden etkilenmesinin oniine gecer.
Kaynak sirasinda 1s1 girdisinin olabildigince diisiik tutulmasi intermetalik faz olusumunu engeller. Bu
sebeple, malzeme kalinligina bagli olarak 1s1 girdisi 0.2-1.5 kJ/mm araliginda belirlenmelidir. Cok pasolu
kaynaklarda, pasolararasi sicaklik en fazla 100 °C olmalidir [49]

Literatiirde hiper dubleks paslanmaz celiklerin kaynagi ile ilgili olduk¢a smirli sayida caligma
bulunmaktadir. Kim ve arkadaslari, koruyucu gazdaki N> katkisinin etkisini aragtirmak i¢in, HDSS borular1
ilave dolgu metali olmadan, saf Ar ve Ar+%2 N koruyucu gazlari kullanarak TIG kaynak yontemi ile
birlestirmistir. Yapilan mikroyap1 incelemeleri ile korozyon testleri sonrasinda, N> katkili koruyucu gazin
alasima etki ettigi ve mikroyapida y fazinin olusumunu giiglendirdigi, a ve CroN ¢okelti olusumlariin
azalmasiyla beraber korozyon direncini artirdigi belirtilmistir [50]. Jang ve arkadaslarinin benzer
caligmasinin sonuglar1 da bu ¢alismay1 destekler niteliktedir [51]. Pimenta ve arkadaslari, ilave metal
kullanmadan TIG yontemi ile yaptiklar1 ¢aligmada, %1.5, %2.5, %3.5, %4.5 ve %5.5 N katkili Ar
koruyucu gaz kullanmislardir. Koruyucu gazdaki azotun kaynak metaline gecisinin saglandig1 gozlenirken,
kaynak metalinde azotun artig1 ile Ostenitin hacim fraksiyonu arasinda neredeyse lineer bir iligki
saptanmigtir. Ayrica koruyucu gazda artan azot miktarina bagli olarak sigma, chi fazlar ile nitriir ve karbiir
olusumunun artmadigi; kaynak metalinde, ITAB’da ve ana metalde mikrosertlik degerlerinin degigsmedigi
gorilmistiir [52].

Acuna ve arkadaglari, hiper dubleks paslanmaz gelikler i¢in bir kaynak spesifikasyonu gelistirmek amaci
ile yaptiklar ¢aligmada iki farkli 1s1 girdisiyle (1.1 kJ/mm ve 1.65 kJ/mm) karbon ¢eligi iizerine {istiiste ii¢
paso HDSS kaynak metali olusturmuslardir. Her iki 1s1 girdisinde de, ilk iki pasoda ferrit/Gstenit orani
korunurken, son pasoda hacim olarak daha fazla ferrit ve krom-nitriir goriilmiis, sigma fazina
rastlanmamistir. Bu ¢aligmada simiilasyon programi yardimiyla olusturulmus CCT ve TTT diyagramlarn
olusturulmus, kinetik modelleme ile kaynak sonras1 4°C/s’den daha yiiksek soguma hizlarinda sigma faz1
olugmasi beklenmedigi ortaya konulmustur [53].

Hosseini ve arkadaglari, SDSS ve HDSS plakalarda ve kaynak metallerinde, ferrit i¢cinde Fe ve Cr’nin
ayrigmasi sebebiyle olusan 475 °C-gevrekligini aragtirdiklar1 caligmalarinda, kaynak metallerini 475 °C’de
5 dk. yaslandirmaya tabi tutmuslardir. Numunelerin kaynaklar1 alasima uygun ilave tel kullamilarak TIG
kaynak yontemi ile yapilmistir. Plakalarin yiizeylerinde soguma hizi daha yiiksek olmasi sebebiyle Fe-Cr
ayrigmasi, plakalarin yiizeyinden daha fazla olmustur. Kaynak metallerinde HDSS, SDSS'ye kiyasla daha
diisiik diizeyde Fe ve Cr ayrigmasi gostermesine ragmen toklukta daha biiyiik bir diisiisle karsilagilmistir.
Bu fenomen, HDSS’nin SDSS'ye gore daha diisiik Ni ig¢erigine sahip olmasiyla agiklanmigtir. Calismada,
malzemelerin 475 °C-gevrekliginden az etkilenmesi igin diigiik seviyede kalinti gerilim ve fazla kafes
kusuru bulunmasi 6nerilmistir [54].
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Kim ve arkadaslari, HDSS kaynak metallerinin yiiksek sicaklikta yaslanma ile ¢atlak olusumu ve korozyon
karakteristiklerini yaptiklari ¢alisma ile incelemislerdir. Modifiye edilmis bir 6zli tel ile gazalti kaynak
yontemi (FCAW) kullanarak hazirlanan kaynakli pargalar, intermetalik ¢okeltilerin olusumlarini ve
bunlarin etkilerini gérmek i¢in 600 °C’de 1 saatten 100 saate kadar yaslandirmaya maruz birakilmustir.
Calisma sonucunda, kaynak metalinde 40 saat yaslandirma sonucu gatlak olusumu goézlenmis, ¢atlak
cevrelerinde yiiksek oranda Cr ve Mo’nun yani sira ikincil dstenit, o ve y fazlan tespit edilmis, sertlik de
buna bagl olarak artig gostermistir. Catlak olusumuna kadarki yaslanma siiresinde, deniz tuzu ortaminda,
korozyon direncinde bir azalma olmamis, catlak sonrasinda ise korozyon direnci yartya diismiis ve
yaglanma devam ettik¢e kademeli olarak diisiis devam etmistir [55].

Kim ve arkadaglari, HDSS kaynak metalinde Mo’nun korozif ve mekanik ozelliklere etkisini
arastirmiglardir. Masif telde alasim tasariminin zorlugu sebebi ile calisma, agirlikca % 3, 4, 5 ve 6 Mo
iceren modifiye 6zlii teller ile gerceklestirilmistir. %Mo igerigi arttikca %uzamanin azaldig1, kaynak metali
sertligi ve mukavemetin ise arttig1 goriilmiistiir. %Mo igerigi arttikga d-ferrit faz orani arttig1 ve y-Gstenit
faz oraninin azaldig1 ortaya konulmustur [56]. Calismada kullanilan 6zl1i tellerde tek degisken %Mo olmast,
Mo orami artirilirken Ostenit olusturucu higbir element ilave edilmemesi sebebiyle mikroyapida ferrit baskin
hale gelmistir. Stineklikteki diisiisle beraber sertlik ve mukavemetteki artis bu sebeple aciklanabilir.

Li ve arkadaslar1 SAF2707 sinifi HDSS malzemenin siirtiinme karistirma kaynak kabiliyetini inceledikleri
calismada, istenmeyen intermetalik fazlar igermeyen, ince ve es eksenel taneli bir kaynak metali elde
etmiglerdir. Kaynak metali, ince taneli olmasi ve intermetalik faz igermemesi nedeniyle, hem korozyon
direnci hem de mekanik 6zellikler bakimindan ana metalden daha iyi performans gostermistir [57]. Li ve
arkadaslarinin, bahsedilen ¢alismaya devam niteliginde olan bir baska ¢alismasinda ise siirtiinme karigtirma
kaynagindaki baslik doniis hizinin mikroyap1 ve korozyon direncine olan etkisi incelenmis, 200 ve 300 rpm
hizlarda intermetalik fazlarin olustugu ve dzellikleri olumsuz etkiledigi vurgulanmigtir [58].

Stenvall ve arkadasi, SAF2707 sinift HDSS malzemenin TIG ve SAW ydntemleri ile kaynak kabiliyetini
incelemistir. Ayn1 dolgu metali ve bazik tozalti tozu ile yapilan kaynaklarda, iki yontemle hazirlanan
numunelerin de iyi korozyon direncine sahip oldugu gézlenmistir. SAW ile yapilan kaynakta darbe toklugu
daha diisiik ¢ikmig, bunun da tozda ve ciirufta bulunan yiiksek oksijen miktarina bagli olabilecegi
belirtilmistir [20].

Mohan ve arkadagslari, yiiksek entropi alagimi (FesCo20NizoMnssCuz) dolgu metali kullanarak S33207
HDSS ile 6061 smifi aliiminyum malzemenin lazer kaynag ile birlestirilebilirligini arastirmistir. Ara
yiizeyde olusan intermetalik faz katmaninin kalinligi, gergeklesen faz doniistimleri ve birlesme yilizeyinin
genisliginin yapilan kaynagin mekanik ve metaliirjik 6zellikleri iizerinde baskin bir etkiye sahip oldugu
ortaya konulmustur [59].

5. SONUC (CONCLUSION)

Hiper dubleks paslanmaz celiklerin tanitildigi ve kaynag ile ilgili 6nceden yapilmisg bazi galigmalarin
incelendigi bu derlemede;

e Hiper dubleks paslanmaz ¢eliklerin mevcutta oldukg¢a sinirli bir kullanim alanina sahip olmasina
ragmen, zamanla Ostenitik paslanmaz ve dubleks paslanmaz ¢elik kullanilan sektorde ihtiyaclarin
gelismesi ile kullaniminin artacagi,

e Dubleks paslanmaz celikler arasinda en yiiksek kritik ¢ukurlasma sicakligina ve kritik catlak
korozyon sicakligina sahip oldugu [23,60,61]

e Dubleks paslanmaz ¢elikler arasinda en yliksek ¢ekme ve yorulma dayanimlarina sahip oldugu
[20,24],

e Artan alasim elementleri nedeniyle, yiiksek sicaklikta servis, 1s1l igslem ve kaynak proseslerinde
intermetalik fazlarin, karbiir ver nitriirlerin ¢6kelmesine kars1 hassas oldugu [4,8,25-28], ancak N
ve W ilavesinin de bu hassasiyeti biiyiik oranda engelledigi [4,35,36],
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e Piyasada HDSS’ler i¢in kisith kaynak sarf malzemesi bulunmasmna ragmen [46,47], gerekli
Onlemler alindiginda iyi bir kaynaklanabilirlik sergiledigi [49,54],

e HDSS’lerin kaynag: ile ilgili olduk¢a az g¢aligmanin yapilmig olmasi, MIG, TIG ve SAW
yontemlerinden farkli kaynak yontemlerinin denenmemis olmasi nedeniyle bu alanin gelistirilmeye
muhtag oldugu [8,24,49],

e Azotun kaynak kabiliyetine olan olumlu etkisinin, gazalt1 kaynak yontemlerinde koruyucu gaza
azot ilave ederek intermetalik faz olusumunun 6niine gegilebildigi [50-52],

e Derin sularda kullanilan HDSS’lerin tamir ve bakim kaynaklarinin su altinda yapilmasi gerektigi
gdz Online alindiginda, TIG ve MIG kaynak yontemleri su altinda kaynak yapmaya elverisli
olmadig1 i¢in elektrik ark kaynak ydntemine uygun elektrot ve bir sonraki asama olarak sualti
kullanimina uygun elektrik ark kaynagi elektrodu iiretilmesinin gerekli oldugu,

¢ikarimlar1 yapilmustir.
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