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International Symposium During Global Pandemic: COVID-19

Despite the fact that a severe global pandemic (COVID-19) has been still affecting our life and work for
nearly a year now, the scientific research especially in the fields of fibers and polymers should not stop
and this symposium has proved that it has not been slowed down and we are sure that it will not stop.

Nevertheless, in order to minimize the human to human close interaction hence giving no chance to
transmit the COVID-19 virus, the symposium will be organized on-line under the following session
topics;

1. Fibers: Production, Processing and Functional Fibers

2. Nanofibers: Production and Applications

3. Fibers & Polymers: Medical Applications and Tissue Engineering
4. Fibers & Polymers: Energy Applications and Wearables

5. Composites and Nanocomposites 1

6. Composites and Nanocomposites 2

7. Plastics & Rubber: Processing and Applications

These sessions will address the most recent advances in these fields. It is a fact that fibers and polymers
are now parts of our daily lives and by the nature of it, functional fibers, nanofibers and their medical
applications and tissue engineering have started to design our lives. The scientific research in these fields
will continue to improve, modify and re-generate some aspects of our living bodies. This seems to be
inevitable. As part of this fascinating research, we hope to take part and contribute to the international
scientific knowledge.

The host for the on-line sessions will be Bursa Technical University. We sincerely thank the Rector of
the Bursa Technical University, Prof. Dr. Arif Karademir who is also member of the Scientific
Committee for this kind support.

Postponing the beautiful scenery and tasty Iskender Kebab of Bursa for the next symposium, we are
looking forward to seeing you all fiber and polymer researchers at the on-line sessions to be held on 25-
25 September 2020.

On behalf of the Fiber and Polymer Research Institute
Prof. Dr. Yusuf ULCAY
Prof. Dr. Ali DEMIR

Prof. Dr. Kenan YILDIRIM



Global Salgin: COVID-19 Ortaminda Uluslararasi Sempozyum

Global seviyede yasanan ve hayatimizin ve ¢alismalarimizin yaklagik bir yildir her boyutunu ¢ok ciddi
bigimde etkilemis olan pandemiye (COVID-19) ragmen, bilimsel arastirmalar ve 6zellikle de lif ve
polimer alanindaki bilimsel aragtirmalar duramaz ve durmamalidir. Bu sempozyum bunu ispatlamistir
ve inanmiyoruz ki lif ve polimer alanindaki bilimsel calismalar bu pandemiye olumlu katki da
vermektedir.

Ancak, insan-insan fiziksel etkilesimini en aza indirerek COVID-19 viriisiiniin yayilmasina engel olmak
amaciyla sempozyumu asagidaki basliklar halinde on-line olarak gergeklestirecegiz;

1. Lifler: Uretim, Isleme ve Islevsel Lifler

2. Nanolifler: Uretim ve Uygulamalari.

3. Lifler ve Polimerler: Medikal Uygulamalar ve Doku Miihendisiligi

4. Lifler ve Polimerler: Enerji Uygulamalari ve Giyilebilir Elektronikler
5. Kompozitler ve Nanokompozitler 1

6. Kompozitler ve Nanokompozitler 2

7. Plastikler ve Kauguk: Isleme ve Uygulamalar

Bu oturumlar alanlarindaki en giincel arastirmalar1 ve sonuglarini tartisacaktir. Artik biliyoruz ki lif ve
polimerler bizim hayatimizin kaginilmaz bir par¢asidir ve aslinda iglevsel lifler, nanolifler ve medikal
uygulamalari ile doku miihendisligi hayatimizin sekillendirmeye de bagladi bile. Bu alanlardaki bilimsel
aragtirma sonuglar1 yasayan canlilarin hayatlarini iyilestirmeye, degistirmeye ve yeniden-tasarlamaya
devam edecektir. Bu kaginilmaz bir gercek olarak karsimizda durmaktadir. Bu heyecan verici
arastirmalarin bir parcasi olarak, uluslararasi bilgi birikimine katki vermeyi {imit ediyoruz.

Bu yilki 7. ULPAS’m on-line oturumlarina Bursa Teknik Universitesi ev sahipligi yapacak. Bu
desteklerinden dolay1 kendisi de Bilim Kurulu Uyesi olan Bursa Teknik Universitesi Rektérii Sayin
Prof. Dr. Arif Karademir’e en samimi tesekkiirlerimizi sunuyoruz.

Bursa’nin tarihi ve yesil giizelliklerini temasa etmeyi ve iskender kebabinin lezzetini tadmay1 bir sonraki
sempozyuma erteleyerek, hepinizi 25-26 Eyliil 2020 tarihlerindeki on-line oturumlarinda gérmeyi timit
ediyoruz.

Lif ve Polimer Arastirmalar1 Enstitiisii Adina

Prof. Dr. Yusuf ULCAY

Prof. Dr. Ali DEMIR

Prof. Dr. Kenan YILDIRIM
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AYKUT, Yakup

Seramik Takviyeli Epoksi Kompozit Uretimi, PARIN, Fatma Nur; YILDIRIM, Kenan; KALEMTAS, Ayse

Characterization of Thermoplastic Polyurethane/ Polystyrene Composite Nanofibers: Improvement of surface area
and porosity, ALTAY, Pelin; KARACA, Neslihan; ONEN, Aysen; UCAR, Nuray; BAYDOGAN, Murat
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14:00 - 14:20

14:20 - 14:40

14:40 - 15:00

15:00-15:20

15:20 - 15:40

SESSION 6: 14.00-16.00
Composites and Nanocomposites-2
Moderator: Yusuf ULCAY, Attendant: Fatma DEMIRCI

Insights Into Alginate-Acrylamide Tough Hydrogel Formation and Bonding, Nuruzzaman Noor
Food tray by using vacuum bagging technique, Sairizal, MISRI; Mohammad ASIM; Mohammad, JAWAID

Morphological, thermal properties of petiole date palm fibers and its dynamic mechanical properties as a
reinforcement of polymer composites, Abderrazek MERZOUG; BACHIR Bouhamida; ZOUAOUI Sereir; ABDERREZAK
Bezazi; ZEKI Candan; Ali Kilic

Effect of Expandable Graphite And Graphene Additives on Thermal Conductivity of Polyamide-6 Composite, UYSAL,
Nilperi; DURSUN, Selin; YUKSEL, Gamze; SUBASI, Caglar; SEYHAN, A. Tugrul

Development of an image analysis based pore ratio measurement system for lightweight nonwovens, Fatih SUVARI

16:00 - 16:30

COFFEE BREAK
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SESSION 7: 16.30-18.30
Plastics & Rubber: Processing and Applications
Moderator: Mustafa Erdem UREYEN, Attendant: Ahmet AYDIN

16:30-16:50

16:50-17:10

17:10-17:30

17:30-17:50

17:50-18:10

18:10-18:30

Korneal Biyomalzemeler, KANMAZ, Dilayda

Havlu Kumaslarin Tuse ve Hidrofilite Ozelliklerinin Gelistirilmesi , ELIBUYUK ARAS, Sultan; COREKCIOGLU, Mustafa;
YILDIRIM, Fatma Filiz; TASAN KOPTUR, Perinur; AKKAYA, Halil

Orme Kumaslarin Asinma Dayaniminin Gériintii isleme Teknikleri ile incelenmesi, TELL], Abdurrahman
Siirtiinmeli Yiizeyli Sismik izolatorler igin Yeni Bir Kayici Yiizey Gelistirilmesi, CAVDAR, Esengiil; ZDEMIR, Gékhan

Ergiyik Akiskanhg Yiiksek, Dusiik Enjeksiyon Cevrim Siiresine Sahip Poliamid Malzemelerin Gelistirilmesi,
KACAROGLU, Tudce

Hava Tekstiire Yontemi ile Uretilmis Melanj ipliklerin Renk Varyasyonlarinin Dijital Olarak Olusturulmasi, ER, Necati
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Asetat Lifinin Kisa Elyaf Egirme Teknolojisi ile Iplik
Haline Getirilmesi ve Dokuma-Orme Kumaslar I¢in
Yumusak Tuseli, Antipilling ve Antistatik Ozellikte

Multifonksiyonel Ipliklerin Gelistirilmesi
Bozan Neslihan', Isik Fatih?

Karacasu Tekstil Ar-Ge Departmani, Kahramanmaras , Tiirkiye
'ORCID ID: 0000-0002-8987-6361
20ORCID ID: 0000-0001-9980-8234

nes@karacasutekstil.com.tr

AMACLAR

Caligma kapsaminda, piiriizsiiz ve ipege yakin bir
goriinim ve yumusak tutuma sahip, ¢abuk kuruyan
ve antistatik olan asetat lifinin {istiin 6zelliklerinin,
diinyada bir ilk olarak kisa lif teknolojisiyle tekstil
sektoriine kazandirilmasi hedeflenmektedir.
1.GiRiS

Bir tekstil ylizeyinin en uygun oOzelliklerde
olmasinda, lif 6zellikleri ve iplik yapist dnemli rol
oynar. Istenen fiziksel ve kimyasal 6zelliklerin
tamamini ihtiva eden bir lif mevcut degildir. Tekstil
biliminin sanati, 6zel olarak tasarladiginiz iiriin i¢in
mikkemmel olan kumast olusturmak icin elyafi,
iplikleri ve dokuma veya orgii tekniklerini
karistrmaktir.” Farkli hammaddelerle karisim;
liflerin avantajli 6zelliklerini bir araya getirmek ve
bir digerinin istenmeyen Ozelliklerini en aza
indirgemektir.

Asetat ipegi odun ve pamuk liflerden elde edilen
seliloz hammaddesinin asitlendirilerek, asetil
seliilozun ¢Oziindiirilmesi ve ¢Ozeltinin
puskiirtiilmesi ile elde edilen ve suni ipek olarak da
anilan bu hammadde giiniimiizde tekstil sektoriinde
moda ve tasarimcilarin gbozde elyafi haline
gelmistir.? Asetat lifi piiriizsiiz ve ipege yakin bir
goriinime sahiptir. Bu sebeple ¢ok yumusak bir
tutumu vardir. Nem tutumu olduk¢a diisiik
oldugundan c¢abuk kurur. Kiife, giivelere ve
boceklere karst oldukg¢a dayaniklidir. Statik
elektriklenme derecesi diisiiktiir. Pilling o6zelligi
olmadigindan boncuklanmaz.? Pamuk
boyarmaddeleri ile 80-90 C de boyanan ve ¢abuk
kurumasindan dolay1 diigiik derecelerde kurutma
prosesi igeren asetatin boyama maliyeti de oldukga
diisiiktiir.Y Bu 6zellikleri tekstil sektorii igin dikkat
¢ekicidir.

Ancak asetat lifinin elyaf mukavemetinin 1,5-2
gr/denye olmasi sadece filament/ tekstiirize iplik
olarak iretilmesine imkan vermektedir. Bu
ipliklerin ise tekstil dis giyiminde kullanilmasi
biikiim olmadigindan giysilerin hizli bir sekilde
deformasyona ugramasma sebep olmakta bu

durumda tekstilde kullanim alani bulmasim
zorlagtirmaktadir. Genellikle dis giyim ve ig
giyimde takviye veya alt iplik olarak
kullanilmaktadir. Ozellikle dokumada atki ipligi,
o6rmede ise 3 iplikli kumaslarda 2. veya 3. iplik
olarak kullanilmaktadir. Ayrica astar imalatinda da
polyesterden sonra tercih edilmektedir. Kisa asetat
lifleri sarg1 bezi, 1slak mendil gibi dokusuz yiizeyli
tirinlerin iiretilmesinde de kullanilabilmektedir.’
Calisma ile birlikte asetat lifinin kisa lif iplik¢iligi
egirme teknolojisi ile tretilmesi saglanarak, bu
yontemle filamet iplik dretiminin iplige getirdigi
dezavantajlar ortadan kaldirilmus, iilkemiz ve diinya
icin yenilik¢i bir iplik ¢esidi ortaya c¢ikarilmig
olacaktir. Modal lifi ile %50 oraninda asetat lifi
karigtirllarak, kisa elyaf teknolojisi kullanilmak
kaydiyla dokuma ve 6rme sektoriiniin {irlin yelpaze
cesitliligini dogal ve rejenere seliilozik liflerle
artirmak hedeflenmistir. Bu sayede kiiresel
kaygilarin arttig1 giiniimiiz teknolojisine, rejenere
seliilozik bir lifin kazandirilmasi ile petrol tiirevi
sentetik liflerin kullanimi azalacak , kisi bagina
diisen lif miktar1 artacak ve katma degeri ve ihracat
potansiyeli yiiksek siirdiiriilebilir tiriinlerle iilkemiz
ekonomisine katkida bulunulmus olunacaktir.

DENEYSEL

Malzeme

Iplik 6zelliklerini etkileyen en 6nemli faktorlerden
biri  kullanilan hammaddenin  6zellikleridir.
Calismada asetat lifi ile modal lifleri karistirilarak
kullanilmistir. Asetat ve modal liflerinin inceligi
1,33 dtex, elyaf uzunlugu 38 mm'dir.

Yontem

Bu c¢aligmada yukarida teknik ozellikleri verilen
modal ile asetat lifinden, ring egirme hattinda Ne
30/1 asetat/modal  %50/50 diretilerek iplik
performans testleri yapilmistir. Bu ipliklerden
suprem yuvarlak O6rme kumas Oriilerek kumas
performans testleri yapilmustir.
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Asetat /modal karisimi  Rieter harman-hallag
igslemlerine tabi tutulduktan sonra, Rieter C-70 tarak
makinesinde tarama iglemi goérmiistiir. Akabinde
Rieter cer makinelerinde seritlerin lif uglarindaki
kancalar  acilarak, homojen  bir  yap1
kazandirilmistir. Sonrasinda ise, Zinser Z670 fitil
makinesinde iretilen fitiller, 45 mm bilezik ¢aph
Toyota Kompakt Ring makinesinde Ne 30/1
inceliginde egirilerek bobinlenen iplikler %50-55
°C sicaklik, ortalama 30-35 dakika siire ile basing
altinda fikselenmistir. Bobinlenen Ne 30/1
asetat/modal %50/50 ipligin mukavemet degerleri
“TS 245 ENISO 2062 standardi ile Uster Tensojet-
4, iplik diizglinsiizlik ve hata testleri degerleri ise
“TS 628” standardi kullanilarak Uster Tester-6
cihazinda Olgiilmistiir.  Asetat/modal  ipligin
diizgiinsiizlik ve iplik hata degeri CV% 11,34,
mukavemeti ise 18,87 Rkm, olarak ol¢iilmiistiir
(Tablo1).

Tablo 1.30/1 Ne Asetat/Modal %50/50
Diizgiinsiizliik-Iplik Hatalar1 ve Mukavemet

Degerleri
IPLIK NE 3011
%CVm 11,34
-50% 0
50% 20
200% NEPS 56
Hairness 6,09
Rkm (kgf.Ne) 18,87
%CV RKm 8,88
Min.RKm 9,6
% Uzama 9
B.Work (N.cm) 10,24

Bu ipliklerden Oriilen suprem yuvarlak orme
kumasa yapilan testlerde martindale cihazinda 5000
devirde tiiylenmenin olmadig1 , nem iletim testinde
on yiiz OMMC 0,5004; arka yiiz OMMC 0,0646
degerleri nem tutumunun diisik oldugu ve
iletkenlik seviyesinin 3.868x10-5 (S/cm) degeri ile
statik elektriklenme derecesinin diisiik oldugu
goriilmiistiir.(Tablo 2).
Tablo 2: 30/1 Ne Asetat/Modal %50/50 Orme
Kumas Performans Test Sonuglari

(TS9499)

Deney Adi Deney Sonucu
Boncuklanma 5000 devir 4/5
(EN ISO 12945-2)
On yiiz OMMC degeri
Nem {letimi(MMT) 0,5004; Arka yiiz
(AATCC 195) OMMC degeri 0,0646
Iletkenlik Seviyesi
Statik Elektriklenme 3.868x10-5 (S/cm)
Tayini Direng 25,856 Mohm

[l

GENEL SONUCLAR

Bu calismada elde edilen iplik kompozisyonunda
kullanilan asetatin diisiik lif mukavemetine ragmen,
6l¢lilen mukavemet, uzama ve B-Work degerleri
orme ve hatta dokuma tezgah performanslari igin
problem olmayacagini gdstermistir. Boncuklnma
testinde 5000 devirde 4/5 bandinda olmasi
boncuklanma probleminin olmayacagini
gostermektedir. Nem iletimi ve statik elektriklenme
testlerinde elde edilen degerin diisiik olmasi bu lifin
kullanilacag1 sektdrlerde termal konfor sartlarinin
saglanacag goriilmektedir.

SONRAKI DONEM CALISMALARI

Bu ¢alismanin, diisiik lif mukavemetine sahip olan
asetatin kisa elyaf teknolojisiyle egrilebilme
zorlugunun agilmasiyla literatiiriin oniinii acacagi
ongoriilmektedir. Boylece, siirdiiriilebilir rejenere
selilozik bir 1if olan asetat tekstil sektoriine
kazandirilmis olacaktir.

TESEKKUR/BILGILENDIRME/FON
KAYNAGI

Caligmamizda her tiirli destegi saglayan Karacasu
Tekstil Yonetim Kurulu Bagkanimiz Mehmet
Arifioglu Bey’e sonsuz tesekkiirlerimizi sunariz.
Ustiin fiziksel 6zelliklere sahip olan asetatin %100
olarak iplik yapilabilirligi ile ilgili Ar&ge
caligmalarimiz devam etmektedir.
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FANTEZI iPLIKLERIN HAV YONUNUN IMGE
GRADYAN VEKTORLERI iLE BELIRLENMESI
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AMACLAR

Hav yoOniine ait fiberlerin oryantasyon agisi, bu
ipliklerle dokunan kumaslarin goérsel kusursuzlugunu
belirleyen iiretim parametrelerindendir. S6nil hav yoni
oryantasyon agisinin hav fiberlerine ait gradyan
vektorlerinin - genlik ve ac1  parametreleriyle
belirlenmesi tartigilmistir.

GIiRiS

Sonil ipligi, geleneksel ring ipligi iiretim teknigi ile en
az iki adet kilit ipligi birbirine sarilirken bu ipliklerin
biikiimleri arasina bicak mekanizmasi tarafindan belirli
uzunlukta kesilen hav ipliklerinin makine otomasyonu
ile yerlestirilmesi prensibiyle iiretilmektedir'. Iplige
farkli goriinim ve yap1 veren hav iplikleri diger katl
ipliklerden farkli olarak sonilin yumusak bir yapida
olmasini saglamaktdir®®. Dogru oryantasyon agisinda
sOnilin merkezinden disariya dogru uzanan hav lifleri,
sonil ile iiretilen kumaslarin ylizeyinin yumusakligini
saglarken kumas dokusunun 1sik yansitma o6zelligi
agisindan kusursuzlugunu saglamaktadir?>.

Sonilin hav yonii, kilit ipliklerinin biikiimii arasina
periyodik olarak yerlestirilen hav ipliklerinin
dogrultusu ve oryantasyon agisi tarafindan belirlenen
bir tiretim 6zelligidir. Bu nedenle, kumaglarda yansima
etkisi olarak adlandirilan 151k yansitma 6zelliginin
homojenligi i¢in liretimde ve bitim islemleri sirasinda
hav yoniiniin kontrol edilmesi hatasiz kumas tiretimi
icin gerekli kalite kontrol asamalari arasindadir.
Ornegin hav yoniiniin orijinal {iretim ydniinde olmas1
icin iretim makinesi c¢ikisindaki ring biikiim
mekanizmasinda bobinlere sarilan iplik ardindan tersi
yonde tekrar sarim islemine alinarak iretimdeki 6zel
hav yoniiniin korunmasi gerekmektedir. Hav yoniiniin
stabil kalmasi i¢in iplige bitim islemlerinden olan
vakumlu buharlama uygulanabilmektedir 3.

Hatal1 hav yoniine sahip sonil ile dokunan kumaslarda,
golgeler ve cizgiler seklinde goriilen yansima ve iz
hatalari meydana gelmektedir’**. Kumas {iretimi
oncesinde sonilin hav yonii kontrolii glinlimiizde
genellikle operator tarafindan gorsel muayene ile
gerceklestirilmektedir. Kontrol, kumas {iretiminden
sonra gergeklestirilecekse, hav yonii degisiminin kumas
ylizeyindeki gorselligi bozup bozmadifi operator
tarafindan incelenmektedir. Ancak, hareketli bantlar
iizerinde dakikada 10-200 m/dak hizla akan 1-3 m

1. SULE, ihsan (ORCID ID 0000-0002-3545-5975)

genisligindeki kumaslardaki birgok hata incelemenin
giicligli nedeniyle en fazla %060-70 dogrulukla
belirlenebilmektedir’. Bu nedenle, is gicli ve
hammadde kaybinin 6nlenmesi agisindan kumagin
iretimi  oOncesinde  hav  fiberleri  yOniiniin
standartlagmis bir muayene yontemiyle
belirlenebilmesi 6nem tagimaktadir.

Tekstil teknolojisinde giiniimiize kadar ele alinmamis
olan hav yOniiniin otomatik belirlenmesine yonelik
bilgisayarla gorii metoduna dayali bir ¢aligma daha
dnce ele alinmust1i*. Bu ¢alismada ise, 6ncelikle imge
isleme algoritmalariyla hav liflerinin gradyanlar
giiclendirilerek ardindan bireysel hav fiberlerinin
oryantasyon acilari elde edilmistir. iplik imgesine ait
bireysel hav fiberlerinin piksellerinin esik degeri
olarak  belirlenen  genlik  seviyesini  asan
gradyanlarinin uzunluklar1 ve oryantasyon acilari
imge isleme algoritmalarina dayanan gradyan temelli
esikleme prensibi  kullanilarak  belirlenmistir.
Ardindan agirlikli hav oryantasyon agilarinin ve
bunlarin histogram dagilimimin elde edilmesi hav
fiberlerinin bireysel oryantasyon agist dagiliminin ve
iplikteki yaygin hav  yoniiniin  belirlenmesini
saglamistir. Bilgisayarla gorme temeline dayanan
iplik ylizeyi boyunca bireysel hav fiberlerinin baskin
oryantasyon agisina katilim miktarinin otomatik
olarak belirlenmesini  6neren  metot, sonil
bilesenlerinden olan hav iplikleri fiberlerinin 11k
yansitma ve dokusal goriiniim agisindan hatasiz
kumas iretimine uygunlugunun belirlenmesini
saglamistir.

DENEYSEL

Malzeme

Calismada, biikiim seviyeleri 650 devir/m ila 1100
devir/m araliginda degisen polyester, akrilik, yiin,
viskon ve pamuk malzemesi ile tek katli olarak
egrilen kilit ipliklerine sahip sonil ipligi numuneleri
kullanilmustir.

Yontem

Onden aydinlatilan iplik 6rneklerinin CCD kamera
imgeleri elde edilmistir. Ozdes boyuttaki imgelere
imge isleme algoritmalar1 uygulanarak Matlab
programu ile hav iplikleri liflerinin oryantasyon acilar1
elde edilmistir.
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Coziinlrligii 700 piksel/mm olan imgelere sirasiyla
kontrast germe, Gaussian filtreleme, Laplasyen
filtreleme ve agirlikli ortalama filtreleme algoritmalari
uygulanarak hav fiberleri 6n plana ¢ikarilmistir.
Ardindan imgeye bir kenar belirleme algoritmasi olan
Sobel operatérii® uygulanarak gradyan haritasi elde
edilmistir.

Sekil 1.a'da hav yoni orijinal iiretim i¢in planlanan
yonde diizenlenmis bir sonil imgesi, Sekil 2.b'de bu
imgenin Sobel gradyanlar1 verilmistir. Sekil 3.c'de
normalize genligi 0.3 esik seviyesini asan Sobel
gradyanlarina ait pikseller ve gradyan dogrultusu
boyunca bu kosulu saglayan piksellere ait iki uglu
gradyan segmentleri gosterilmistir.

Sekil 1.a. CCD imgesi, b. Sobel gradyanlari, ¢. gradyan
segmentleri.

Sekil 2.'de gradyanlar1 belirtilen kosulu saglayan hav
liflerinin ~ oryantasyon agilarinin  dagilimmna  ait
histogram grafigi verilmistir. Imgenin iist ve alt yari-
bolgesindeki 41.023° ve —42.156° baskin oryantasyon
acilarinin simetrikligi ve aldigi degerler, numunenin
hav yoniiniin hatasiz kumasg iiretimine uygun oldugunu
ve {iretimdeki orijinal hav yoniinin korundugunu
gostermektedir.

GENEL SONUCLAR

Gradyan vektorleri, hav yonii oryantasyon agisinin
degisiminin izlenebilmesini ve baskin oryantasyon
acisina katilim oraninin belirlenmesi ise hav yoniiniin
hatasiz kumas {retimine uygunlugunun kontroliinii
saglamaktadir. Uretim sonrasi aktarim isleminde ve
vakumlu buharlama isleminde orijinal hav yoniiniin
korunup korunmadigi hav lifi gradyanlarinin a1 ve
uzunluklariin baskin hav yoéniine katilim miktarini
gosteren histogram egrisinden izlenebilmektedir. Sekil
3 hav liflerine ait gradyan segmentlerin uzunluguna
karsilik gelen oryantasyon agilarini gostermektedir.

1. SULE, ihsan (ORCID ID 0000-0002-3545-5975)
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Sekil 2. Gradyanlarin oryantasyon agis1 histograma.
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Sekil 3. Gradyan segmentlerin agilar1 ve uzunluklari.
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AMACLAR

En iyi iletkenligi saglayacak ve cekme gerilimi sonrasi
iletkenligi fazla degismeyecek kompozit liflerin
sentezlenmasi amag¢lanmustir.

GIRIS

Son zamanlarda iletken polimerler, 6zellikle polipirol
(PPy), miikemmel termal kararhliklari, iyi elektriksel
iletkenlikleri, nispi kolayliklar1 ve ¢evresel kararliliklari
nedeniyle bircok ticari uygulama i¢in ivme
kazanmaktadir!. PPy; elektronik cihazlar, sensorler,
piller, mikroaktivatorler, biyomedikal ve
antielektrostatik kaplamalar ve iletken tekstil gibi
bircok  potansiyel uygulamada  aktif olarak
kullanilmaktadir?. Iletken kompozit lif veya dokuma
hazirlamak i¢in kullanilan kimyasal ve elektrokimyasal
yontemlere ait ¢aligmalara bakildiginda, bu tiir lif ve
dokumalari hazirlamak i¢in bir¢ok arastirmaci kimyasal
yiikseltgen polimerizasyon iizerinde yogunlagmistir’.
Xin Jin g¢alismasinda? ultra yiiksek molekiil agirhikl
polietilen (UHMWPE) lif ve polimer matrisi arasindaki
yapigmay1 gelistirmek icin pirol, UHMWPE lif yiizeyi
iizerinde kimyasal oksidatif ~ yOntem ile
polimerlestirilmistir. UHMWPE fiberleri oncelikle
FeCls.6H,O sulu c¢ozeltisine daldirilmis sonrasinda
pirol ile muamele edilmistir. PPy kaplanmis UHMWPE
lif morfolojik yontemler kullanilarak karakterize
edilmigtir. Sunulan c¢alismada; kendiliginden iletken
olan PPy, PP ve PET Iif yiizeyinde kimyasal oksidatif
yontemle sentezlenmistir. Caligma iki bolimden
olugsmaktadir. Calismanin birinci boliimiinde; yukarida
bahsedilen benzer ¢aligmalarda oldugu gibi lifler 6nce
FeCls.6H,O c¢ozeltisi ile muamele edilmis sonrasinda
pirol ile muamele edilerek  polimerizasyon
gerceklestirilmis ve oda sicakliginda kurutulmaya
birakilmigtir. Kullanilan bu yontem bu c¢aligmada
1.Yontem olarak isimlendirilmistir. Kaplanmig liflere
direng Ol¢limii, mukavemet testi ve mukavemet testi
sonrasi direng dl¢limii uygulanmistir. Caligmanin ikinci
boliimiinde; lifler 6nce pirol ile muamele edilmis
sonrasinda FeCl;.6H,O ¢o6zeltisi ile muamele edilerek
polimerizasyon gerceklestirilmis ve oda sicakliginda
kurutulmaya birakilmigtir. Kullanilan bu yontem bu
caligmada  2.Yontem  olarak  isimlendirilmistir.
Kaplanmus liflere direng¢ 6lciimii, mukavemet testi ve
mukavemet testi sonrasi direng 6l¢limil uygulanmstir.
Ayrica 2. Yontem’de PPy iletkenligi {izerine sicaklik ve
stire etkisi arastirilmistir.
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DENEYSEL

Malzeme

Merck pirol, merck FeCl:6H,O, merck CH3;OH,
ekoloji 100 plus marka saf su, 610 denye, biikiimsiiz
koronasiz polipiropilen lif (PP), 300 denye, biikiimsiiz
koronasiz Polyester lif (PET).

Lifler Isbir Sentetik Dokuma Sanayi A.S. tarafindan
temin edilmistir.

Yontem

Polimerizasyon 2 farkli yontem kullanilarak, 0-5°C
ve oda sicakliginda (25°C), Fe+3 konsantrasyonu
0,0016-2,0 M ve pirol konsantrasyonunun 0,0625-4,0
M oldugu, 20 dakika - 6 giinliik genis araliklarda
gergeklestirilmistir.

DENEYSEL SONUCLAR/TARTISMA
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Sekil 1. Islem goérmemis liflerin 151k mikroskobu ile
x200 biiyiitiilmiis goriintiileri a) PP b)PET

. E
Sekil 2. a) PPY1C1 kodlu galismaya ait lifin 151k
mikroskobu ile x100 biiyiitiilmiis goriintiisii.
b)PPY1C2 kodlu calismaya ait lifin 151k mikroskobu
ile x100 biiyiitiilmiis goriintiisi.
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Sekil 3. a) PETY1C4 kodlu ¢aligmaya ait lifin 151k
mikroskobu ile x200 biyiitilmiis goriintiisi. b)
PETY1C5 kodlu ¢alismaya ait lifin 151k mikroskobu ile
x200 biiyiitiilmiis goriintiisi.

Sekil 4. a) PPY2C7 kodlu ¢aligmaya ait lifin 151k
mikroskobu ile x100 biiyiitiilmiis goriintiisii. b)
PETY2CS kodlu calismaya ait lifin 151k mikroskobu
ile x100 biiytitiilmiis goriintiisi.
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Sekil 5. PETY2C9 (0 °C) ve PETY2C10 (0 °C) ve
PETY2C11 (25 °C) kodlu ¢aligmalarin birlestirilmis
grafigi.

GENEL SONUCLAR

1.Yontem; hem PP lif/PPy hem de PET Ilif/PPy
kompozit lif elde etmede homojen kaplama ve
tekrarlanabilir sonuglar vermemistir. 1. Ydntemde,
FeCls polimer liflerin i¢ine diffiizlenemeyeceginden
polimerizasyon  yiizeyde  tutulan  FeClz  ile
gerceklesmistir. Genel olarak; 1.Yontemde PPy’nin,
sadece PP ve PET liflerin yiizeyine fiziksel olarak
tutundugu diistiniilmektedir. Ciinkii 1.Ydntemle elde
edilen liflere elle dokunuldugunda iizerinde toz toz
dokiilmeler go6zlenmis, yikama sonucuna ise lif
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yiizeyleri ¢iplak hale gelmistir. 2.Y6ntem PET lif igin
homojen kaplama ve yiiksek iletkenlik sonuglari
vermistir. PP lif 2.Yontem 1. Yontem kadar bile
basarili olmamistir. Dolayisiyla, 2.Yontemle PET lif
ile elde sonuglar dikkate alindiginda, PP/PPy
kompozit lif elde etmek icin PP lif yiizeyi ylizey
modifikasyon yontemleri ile aktive edilmeli sonucuna
ulagilmustir. 2.Yontem’de  polimerizasyonun
tamamlanabilmesi i¢in 1. Yonteme gore cok daha
uzun reaksiyon zamanlarina ihtiyag oldugu
goriilmistir. Bu da polimerizasyonun yalnizca
ylizeyde degil kismen polimer lifin i¢ kisminda
gerceklestiginin kanitidir. 2.Yo6ntem ile elde edilen
iletken PET lifleri mekanik test sonrasinda bile
iletkenlik degerlerinde anlamli bir degisme olmamasi,
PET-PPy etkilesiminin iyi oldugunun ve PPy’nin
yalnizca  yiizeyde  bir  kaplama  seklinde
bulunmadiginin  kanmitidir.  Literatiirdeki  ¢ozelti
fazinda ve homojen sistemlerde gergeklestirilen pirol
polimerizasyonu sirasinda ortam sicakliginin 0-5°C
olmasmin elde edilen iletken polimerin iletkenligi
acisindan 6nemli bir faktdr olarak gosterilmesine
karsin, heterojen fazda gerceklestirilen
caligmalarimizda bu sicakligin énemli olmadigi oda
sicakliginda da benzer sonuglarin elde edilebilecegi,
PETY2C9 ve PETY2C10 ve PETY2CI! kodlu
caligmalardan gorilmistir(Sekil 5). PETY2CI11
kodlu g¢alisma sonucu elde edilen verilerden, 1.0 M
pirol konsatrasyonunda calisma ile daha yiiksek
konsantrasyonlarda pirol ile ¢caligma arasinda anlamli
bir fark olmadigi goriilmiistiir. Yeterince yiiksek
iletkenlik elde etmek i¢in caligmadaki diger reaksiyon
sartlart aym1 kalmak kosulu ile 1.0 M pirol
konsantrasyonunun yeterli oldugu bulunmustur. Bu
sonug; lif/PPy iletken lif {iretimi siireci sanayiye
aktarildiginda, ekonomik iiretim agisindan 6nemli bir
bulgu olacaktir.
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PURPOSE

In this study, polymeric fibers were subjected to a slow-
paced hot drawing process to investigate the
morphology and mechanical performance. The samples
were fabricated by wusing linear low-density
polyethylene (LLDPE) by a modified melt spinning line
prior to the drawing process.

INTRODUCTION

Melt spinning is a simple yet highly efficient production
technique for fibers of semi-crystalline polymers.
However, this traditional approach fails to reveal the
full potential of the processed materials for end-use.
Polyethylene (PE) is a widely used semi-crystalline
polymer especially for commodity products with the
exception of ultra-high molecular weight polyethylene
which is benefited as high-strength fibers. Due to the
involvement of rapid crystallization during high speed
extrusion, conventional PE is being overlooked for
performance applications through such production
methods?. In order to overcome this drawback, internal
structure of PE fibers needs to be further manipulated.
The process of slow-paced hot drawing is a promising
method for fabrication of oriented high modulus fibers
through  modification of internal crystalline
microstructures®. High strength gel spun performance
fibers usually have rather high drawing ratios ranging
between 20-150%, whereas some studies remark the
effectiveness of smaller rates with repeated cycles of
drawing’. A complimentary step of drawing conducted
in the range of crystal relaxation temperature shows
potential to organize chains into optimum alignment.

EXPERIMENTAL

Material

The ASPUN™ 6000 linear low-density polyethylene
(LLDPE) MFI, 19 and density, 0.935 g/cm® was
provided by Dow Chemical Company.
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Method

Monofilament LLDPE fibers were fabricated via a
temperature sensitive an alternative melt spinning line
with 0.6 mm spinneret diameter at 400 m/min take-up
speed. They were categorized as PE-50 and PE-95
according to their temperature conditions. Fiber
samples were subjected to a homemade custom
designed hot drawing device through a semi-closed
tunnel of 30 cm with drawing speed of 55 mm/min at
90 °C. Drawn samples were described as DPE-50 and
DPE-95. Then the samples were coated with a thin
layer (1-3 nm) of Au/Pd, and they were examined
with Tescan VEGA 3 scanning electron microscope
(SEM).

Tensile testing was conducted on randomly selected
10 samples after conditioning them under the room
temperature for 24 hours. An optical microscope
(Nikon Eclipse 50i) was used to determine the
average diameter. Tensile testing was done by an
Instron ® 4411 Universal Tensile Tester with a 50 N
load cell. Gauge length was fixed to be 25.4 mm, and,
a constant speed of 15 mm/min was applied to fiber
samples. Fiber birefringence values were obtained by
means of an Olympus BX60 polarizing microscope
with an immersion oil (Merck) with the refractive
index of 1.515-1.517.

EXPERIMENTAL
DISCUSSIONS

Fiber samples produced at take-up speed of 400
m/min were categorized as PE-50 and PE-95
according to their temperature conditions. Hot drawn
samples of these fibers were described as DPE-50 and
DPE-95. All fiber samples were imaged with optical
microscopy (Fig. 1). Hot drawing with a ratio of 3
drastically reduced fiber diameter of PE-50 from 86
pm to 30 pm (DPE-50). A similar drop with about
57% was observed between PE-95 and DPE-95 due to

RESULTS AND
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increased internal orientation during the drawing of
macromolecular chains (Fig. 1d). The vertical bands
observed along the fiber axis in Fig. 1b resemble the
precursor formation observed in amorphous regions'.

100 yem.

Figure 1. Microscope images of undrawn (a) PE-50
and (c) PE-95°, and drawn (b) DPE-50 and (d) DPE-95
fiber samples observed in optical microscope.

A decisive characteristic for the fiber tensile properties
is a well-arranged morphology. In order to examine
without any damage of the cross-sectional properties,
fiber samples were immersed in the liquid nitrogen
(having a temperature around -197 °C). Fractures
revealed fibrillar internal structure for all LLDPE
samples. This form of axially grown fibrillar
microstructure is in Fig. 2 shows that PE-95 samples (c)
have formed a more oriented precursor structure in the
comparison with PE-50 (a). This fine distinction
between microstructures relies on the different
conditions involved in the previously proposed melt
spinning line>®. The coarse fibrillar crystal precursor
observed in the undrawn samples develop to be finer,
more aligned and fibrillated split microstructures (b-i,
d-i). Drawn LLDPE samples exhibit similar internal
structure of the ones belong to high performance fibers
as reported in the literature’.

Figure 2. Cross-sectional SEM images of undrawn (a-
i) PE-50 and (c-i) PE-95, and drawn (b-i) DPE-50 and
(d-i) DPE-95 fiber samples®.
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Mechanical performance of drawn fibers shows that
low speed production of LLDPE fibers followed by a
slow-paced hot drawing result as similar tensile
characteristics of those produced at high spinning
speed”. Tensile strength values of PE fibers were
enhanced to be 0.3 GPa for drawn samples (DPE-50)
with an increase of about 600% from the as-spun
samples (PE-50). Similarly, initial moduli reached up
to 2.9 and 2.7 GPa for DPE-50 and DPE-95 samples,
respectively.
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Figure 3. The effect of chain orientation indicated as

birefringence on tensile properties of LLDPE fibers.

Alignment of macromolecular chains in a controlled
manner results in chain orientation and a more stable
state for the polymeric fibers. Therefore, chain
orientation along the fiber axis triggers improvement
of tensile properties, which can be observed in Figure
3. Birefringent properties of the material are increased
as the molecular chains form alignment in the drawing
direction. Increased birefringence is also an indicator
for crystal precursor formation for polymeric fibers'.
Macromolecular chain orientation results in a superior
mechanical performance®. As seen in Fig. 3, undrawn
fiber samples of PE-50 and PE-95 have significantly
lower birefringence (6 and 18) than the ones of drawn
DPE-50 and DPE-95 samples (50 and 51). Enhanced
orientation limits the elongation at break as the initial
follows a reverse trend resulting in high modulus in
drawn LLDPE samples.

CONCLUSIONS

In this study, two sets of LLDPE fibers produced in
an alternative melt spinning line were then subjected
to slow-paced hot drawing after being conditioned.
Draw ratio for each sample was set to be 3. SEM
analysis demonstrated that hot drawing of fiber
samples allows further growth of fibrillar crystal
structure inducing precursor formation. Local
precursor formation reveals itself in form of banded
areas in the optical microscopy. This morphological
advance leads to macromolecular chain orientation in
the fiber axis, which manifests itself as birefringent



characteristic. Development in chain alignment
enhanced tensile properties of drawn LLDPE fibers by
increasing initial modulus and by lowering their
elongation down to 23% (DPE-50). A complimentary
hot drawing stage provides the fabrication of high
modulus fibers from a regular low molecular weight
LLDPE for developing new applications and expanding
the market whose end-use is restricted to generic use.

SUGGESTIONS FOR FUTURE STUDIES

Further experimentations based on hot drawing process
conditions with zone annealing will be conducted to
determine in detail relationship between the internal
structure changes and performance of the produced
fibers.
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AIM

The main aim of the study is to investigate the effect of
N-alkoxy hindered amine based light stabilizing
(HALS) agent and nano-sized different additives on the
flammability of a cyclic phosphonate-based flame
retardant (FR)/polypropylene (PP) system.

INTRODUCTION

Polypropylene (PP) is an easily processed!, low cost
and environmentally friendly polymer. For this reason,
it belongs to the most widely used thermoplastic
polymers class in industrial applications?>. High
mechanical strength and chemical resistance® are
among the advantages of PP. However, due to its
aliphatic hydrocarbon structure, it is extremely
flammable and burns quickly without leaving residue®.
PP is also a very sensitive polymer to UV rays.
Therefore, exposed to long-term UV rays PP
decomposes by photo-oxidation, especially in outdoor
applications. This situation shortens the service life of
PP-based products. These disadvantages can be
overcome by using flame retardants (FRs) and UV
stabilizers. Halogenated compounds can be used in
polypropylene polymer as an effective flame retardant.
On the other hand, because of the adverse effects on the
health and environment, newly developed FR systems
are needed®. Several phosphorous compounds are
recommended as halogen-free flame retardants for
polymeric materials. The flame-retardant mechanism of
phosphorus compounds alone and in combination with
other flame retardants was studied deeply by Schartel’.
Phosphorus flame retardants can act in the condensed
phase by enhancing char, by yielding intumescence or
inorganic glass formation; and can be active in the gas
phase through flame inhibition. In the study of Hoang
and Kim*, they proved that the flame-retardant
additives  containing  phosphorus  compounds
decompose before the polymer and thus show the
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flame-retardant effect in the
thermogravimetric analysis.

gas phase by

The effect of N-alkoxy hindered amine light
stabilizers on the flammability, UV stability, and
mechanical properties of polypropylene systems were
studied in several papers®. Xie et. Al’, found out that
N-alkoxy hindered amine (NOR116) promoted char
formation. Cao et. al.® synthesized N-alkoxy HALS
and used it as a synergist with an intumescent flame-
retardant system (APP/PER/MEL) in polypropylene.

Different nano-sized additives such as SiO,, CNT and
TiO; are also used to improve the FR properties of PP.
In studies using SiO>°!! and TiO,!*'* nano-sized
additives, effective results were obtained on the FR
properties of PP. TiO is also used as a UV stabilizer.
Qi et al.!? used TiO, nanoparticles with traditional
HALS (Chimassorb 944) and showed that these two
additives exhibited a strong synergistic effect during
the photooxidation of PP composites. In applications
where CNT additive is used, the FR properties to be
obtained vary depending on many parameters such as
the production methods of the CNT, the amount of
impurities it contains and the aspect ratio of the tubes.
Therefore, there are negative results as well as
positive results obtained on FR properties in studies
in the literature'>'3,

In this study, N-alkoxy hindered amine based light
stabilizing agent and nano-sized different additives
were added to the phosphorus based FR/PP system in
different ratios to improve the flame retardancy of the
system. The effect of the additives on the thermal
stability and flame retardancy of FR/PP containing
systems were investigated and compared. The
maximum total additive ratio of the samples was
adjusted to be 5-6.5% by weight for their usability for
polypropylene fiber spinning.
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EXPERIMENTAL

Material

The isotactic polypropylene (Ecolen HZ40S) with a
melt flow index (MFI) of 25g/10min (230°C, 2.16 kg;
0.91 g/cm®) was supplied by Hellenic Petroleum,
Greece. Organic phosphorus/cyclic phosphonate-based
flame-retardant (FR) additive (Aflammit PCO-900)
was supplied by Thor GmbH, Germany. A monomeric
N-alkoxy hindered amine light stabilizer (Flamestab
NOR-116) was supplied by BASF, Switzerland.
Hydrophobic fumed silica (Aerosil-R 972, d=16nm))
was supplied by Evonik (Germany). Multi-walled
carbon nanotube (MWCNT, >%95 purity, daye=10-
20nm) was supplied by Graphene Co (Turkey).
Titanium dioxide (99.7% purity, d<25 nm nano-
powder) was supplied by Sigma-Aldrich (MERCK),
Germany.

Method

Samples were prepared in different compositions as
indicated in Table 1. Firstly, additives were mixed with
the polymer in a mechanical mixer. After mechanical
stirring, it was fed into a twin-screw micro-compounder
(DSM Xplore, The Netherlands), which was set at a
temperature of 180 °C. The mixtures blended in the
compounder for 2 minutes. The homogeneous
composition obtained was transferred to an injection
molding unit (DSM Explore, The Netherlands) at 175
°C and appropriate sample size molds were prepared.

Table 1. Compositions of the samples and LOI test
results.

Sample composition

Sample
Code PP FR HAL SiO, CNT TiO, | LOI

) () S (B (B (N | (%)
RefPP 100 - - - - - 19.0
PFR 95.0 5.0 - - - - 21.7
PFRH 95.0 3.5 1.5 - 25.0
PFRH S1 94.5 35 1.5 0.5 - 253
PFRH S2 94.0 35 1.5 1.0 - - 25.7
PFRH S3 93.5 35 1.5 1.5 - - 25.6
PFRHC1 945 35 1.5 - 0.5 - 23.0
PFRHC2 94.0 35 1.5 - 1.0 - 20.1
PFRHC3 935 35 1.5 - 1.5 - 19.9
PFRHT1 945 35 1.5 - - 0.5 25.5
PFRHT2 94.0 35 1.5 - - 1.0 26.3
PFRHT3 935 35 1.5 - - 1.5 26.3
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Limit oxygen index values of samples were measured
in LOI tester (Concept Equipment, UK) according to
ASTM D2863-10 test standard. Before testing, the
samples were conditioned for at least 24 hours in a
climate chamber (Binder, Germany) under 20°C, 50%
humidity. The thermal behavior of the doped
polypropylene molds was analyzed by a simultaneous
thermal analyzer (SDT Q600, TA Instruments, USA).
Approximately 10 mg of sample was placed in an
open alumina pan and heated to 800°C at a heating
rate of 10°C/min under a nitrogen flow of 100 ml/min.

The flammability of the samples, such as the peak
heat release rate (PHRR), total heat release (THR),
and total smoke production (TSP), were measured by
the cone calorimeter (Fire Testing Technology, UK).
Samples of 100x100x3mm were conditioned for 24
hours in a 20°C, 50% humidity and then placed in
trays prepared from aluminum foil. Tests were
performed under 35 kW/m? heat flux according to
ISO 5660 test standard.

RESULTS AND DISCUSSIONS

The LOI value of the pure PP sample was determined
as 19.0%. By the addition of 5 wt% FR additive, the
LOI value of the PP increased to 21.7%. When 1.5
wt.% of cyclic phosphonate in PFR was substituted by
NOR-116, the LOI increased from 21.7% to 25.0%
(PFRH). The LOI of PFRH was further increased to
25.3% (PFRHS1) and 25.7% (PFRHS2) by the
addition of 0.5 wt. % and 1wt% nano-SiO;,
respectively. Addition of 1.5 wt.% nano-SiO; slightly
decreased the LOI, and it was evaluated that it may
occur due to the agglomeration of nano-SiO; in the
polymer. The LOI of PFRH was further increased to
25.5% (PFRHT1) and 26.3% (PFRHT2) by the
addition of 0.5 wt.% and 1wt% nano-sized TiO,
respectively. However, the LOI was not further
improved by the addition of the higher nano-sized
TiO; content than 1.0% (PPFRT3). In contrast to the
other two additives, in samples with CNT additive, a
decrease in the LOI was observed with increasing
CNT amount in FR/HALS systems. The LOI of
PFRH has decreased to 19.90% by the addition of 1.5
wt.% of CNT.

The thermal stability of the samples was investigated
by TG/DTG under nitrogen and the corresponding
curves are shown in Figure 1 and Figure 2
respectively. TGA curves revealed that a single stage
decomposition had occurred for all samples. As
indicated in Table 2, the results of the mass loss
temperatures at 10% by weight and 50% by weight
showed that all additives reduced the initial
decomposition temperature. The thermal
decomposition temperature values of the samples
containing FR and HALS additives were lower than



the decomposition temperature of RefPP. It was Table 2. Thermogravimetric analysis results of the

evaluated that FR and HALS additives degraded at samples
lower temperatures and changed the degradation
behaviour of PP positively. At the end of the analysis, Sample Residue Residue
there was no residue left from RefPP. In contrast, an C Oé)e Tewey  Twsoy  at500°C  at 700°C
increase in the amount of residue at 500°C and 700°C (%) (%)
was observed in samples especially containing CNT RefPP 44141 466.93 0.00 0.00
and nano-TiO; additives. PFR 431.67 463.72 0.78 0.67
The addition of CNT and nano-TiO; decreased the peak PFRH 41693 46031 0.00 0.00
HRR and total heat release values of the system (Table PFRHS1 418.97 461.00 0.31 0.28
3). Nano-SiO, didn’t affect the.: heat release but PFRES2 41652 461.66 076 0.69
decreased the smoke values very significantly.
PFRHS3 417.09 461.44 0.94 0.88
The total heat evolved (THE)/total mass loss (TML) is
a measure of the effective heat of combustion of the PFRHC1 41648 450.50 0.34 0.29
volatiles, multiplied by the combustion efficiency PFRHC2 408.87 450.89 0.69 0.63
during the cone calorimeter test. Resglts showed that PFRHC3 41343 452.96 291 2.86
flame retardant and HALS combination reduced the
THE/TML values. These results indicated a gas-phase PFRHT1  409.15  449.88 .16 .14
mechanism of the flame retardant and HALS PFRHT2 410.00 450.25 1.68 1.66
combination in PP. THE/TML of the samples
containing CNT and nano-TiO, are also less than the PFRHT3 409.08  450.32 2.87 283
FR/HALS/PP system while nano-SiO, containing
samples was higher. Table 3. Cone calorimetry test results of the samples
12 Sample ti; PHRR THR TSR MARHE THE/TML
code ) (KW/m) MMIm?) @m¥m?) (kWm? (MJI/m’g)
10 ——REFPP RefPP 56 1635.34 105.04 2298.5 561.68 4.55
e PFR PFRH 50 1594.25 103.54 3212.6 547.98 4.29
%D 8 PFRH EI;RH 54 1542.98 102.38 4418.7 515.99 4.24
c 6 — PFRHS3
_‘Eo EIZTRH 60 1288.55 100.88 4284.5 472.89 4.13
o ———PFRHC3
= 4 PFRH
PERHT3 B 63 95551  98.02 33052 41048 4.07
2 PFRH
S1 63 1593.15 103.70 2860.70 512.70 431
0
200 400 600 800 PERH 43 108107 998 208770  510.10 4.12
Temperature (°C) C1
Figure 1. TGA curves of samples
3.0 CONCLUSIONS
o ——REFPP . o .
S 25 In this work, HALS and nano-sized different additives
= 50 PFR added to the flame-retardant polypropylene system.
= PFRH Nano-SiOs and nano-TiO, used with HALS increased
< 15 —PFRHS3 the FR/PP system's LOI value synergistically but the
§ ——PFRHC3 CNT addition showed an antagonistic effect and
= 1.0 PERHT3 reduced the LOI value. TGA results showed that the
2 05 addition of all additives reduced the onset temperature
= of the neat PP. FR and HALS additives decreased the
0.0 == : . decomposition temperature of PP led to the
250 350 450 550 conclusion that it can show activity in the gas phase.

Temperature (°C) In contrast, an increase in the amount of residue at
500°C and 700°C was observed, especially in samples
containing nano-sized TiO, and CNT. At the end of
the analysis, the formation of residues also showed

Figure 2. DTG curves of samples
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that the condensed phase activity. Cone calorimetry test
results showed that nano-TiO, and CNT addition
reduced the heat release rate and total heat release
values, Nano-SiO; and CNT reduced the smoke release
values.

SUGGESTIONF FOR FURTHER WORK

All of the samples will be tested by the FTIR to the
better understanding flame retardant mechanism. CNT
should be finely dispersed in the polymer matrix.
Results showed that CNT couldn’t be dispersed
homogeneously. Therefore, some agents will be added
to the CNT containing systems. LOI test results and
cone calorimetry test results of CNT containing
samples were conflicted. It will be investigated.
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DUSUK ERIME SICAKLIGINA SAHIP
UV DAYANIMLI VE RENKLI

BIKOMPONENT iPLIiK URETIMI
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polyteks ARGE Merkezi, Bursa
dsavci@polyteks.com.tr

AMACLAR
Bu caligmada; 6zellikle mukavemet ve renk dayanimi

yikksek olmasi istenen dis ortam tekstilleri i¢in
bikomponent (ig-ige gecmis kilif-gekirdek kesit)
yapisinda, disik sicaklikta erime o&zelligine ve
ultraviyole(UV) dayamimina sahip, eriyikten renkli
polyester iplik liretimi amaglanmaktadir.

GIRIS

Gilinimiizde stor perdeler, dodsemelik kumaslar,
seracilikta kullanilan kumaslar ve tente, branda, ¢adir
vb. outdoor tekstil iirlinleri kullanim kosullarina bagl
olarak yiiksek oranlarda UV 1sinlarina  maruz
kalmaktadirlar[1]. Bu sebeple tekstil iirtinlerinde,
polimer molekiiliiniin bazi kisimlarinda uyarilmalar
olusarak kademeli bir bitinlik kaybi, yani foto
oksidasyon  meydana  gelmektedir.  Polimerde
gerceklesen foto oksidasyon molekiiller arasindaki
baglar1 kirarak viskozitenin azalmasina ve mukavemet
kaybina neden olmaktadir[2-4]. Ayrica renk
dayanimlar1 da diismektedir. Bu tiir etkiler {irtinlerin
kullanim Omriinii kisalttigr gibi gorsel agidan da
istenmeyen  durumlara  sebep
olumsuzluklarin giderilmesi ve polimerik yapinin
korunmast amaciyla polimerler igerisine UV
absorblerlar eklenmektedir. UV absorberlar, 290-360
nm UV araliginda gii¢lii emilim gdsteren organik veya
inorganik renksiz bilesiklerdir ve elektron seviyesinde
uyarilma enerjisini termal enerjiye doniistiirerek ipligi
korumaktadirlar[5].

olmaktadir. Bu

UV absorber iceren kumaglar elde etmek icin %0.6-
%2.5 dozajlarda UV absorber kullanmak yeterli
olacaktir. UV absorber olarak Benzotriazole, Triazin
vb. maddeler kullanilmaktadir. Benzotriazole ve
Triazin, PET UV 1s1gma maruz kalma
kosullarinin etkilerine karsi stabilize etmek icin en

lifini
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etkili absorberlardir. Buna yonelik ¢aligmada UV
absorber olarak Triazin kullanilmistir.

Ozellikle ev tekstilinde (stor perde vb.) ve dis
ortamda kullanilacak olan kumaslarin (tende, branda,
cadir vb.) UV bakimindan daha uzun dayanima sahip
olmasi ve ayni zamanda da renkli olmas1 i¢in bu
sekilde bikomponent iplikler elde edilecektir.

Tablo 1 :PET/Low melt PET Erime Sicakliklari( °C)

Hammadde / Polimer | Erime Sicakhg,
Te (°O)

PET (polietilen 250-270 °C

tereftalat)

Low-melt PET 160-170 °C

Bikomponent filament iiretim yontemi ile iki farkl
polimerin aymi diize deliginden gegirilerek farklh
diize kesit tiplerinde filament iplikler dretilebilir.
Uretim sonucunda ortaya cok bilesenli ve biitiin
halinde tek bir filament ¢ikar. Dis kabuk ve ¢ekirdek
(core and sheath), dilimli kesit (segmented pie),
yanyana kesit (sidebyside), denizde adacik (sea and
island) vb. kesit tiplerinde bikomponent iplik Gretimi
yapilabilir[6,7].

Kumas bitiminden sonra yapilan iglemlerde, low-
melt PET iplikler dusiik sicakliklarda eriyerek
(Tablo 1), birlikte kullanmildigi diger ipliklere bir
araytizey olusturur. Yiizeydeki komponent diisiik
erime sicakligia sahip polimerden (low-melt PET)
secilerek az bir 1s1 verilmesi ile dis yiizey eriyip
komsu liflerle (PET) birbirine  yapisirken,
merkezdeki komponent madde isidan etkilenmeden
kalir. Bu sayede dokunan kumasta siki bir tutunma
gerceklesir.


https://orcid.org/0000-0001-8311-2515

Ayrica  low-melt  &zelligine sahip hammadde
kullanilmast erime sicakliginin diisiik olmasindan
(daha sert bir yap1 haline geleceginden) dolay1 iplik
boyama veya kumas boyama proseslerine uygun
degildir[8]. Bu nedenle, gelistirilecek iplikte imalat
sirasinda  istenilen renkte (Siyah) boyarmadde
eklenerek yasanilan bu problemin 6niine gegilecektir.

DENEYSEL
Malzeme
Bu ¢aligmada ipligin kilif kisminda low-melt PET

chipsle birlikte UV absorber (Triazin), c¢ekirdek
kisimda boyarmadde (siyah) ile dozajlanmus PET
hammadde kullanilmaktadir. Kullanilan bu
hammaddeler Polyteks Tekstil A.S. tarafindan tedarik
edilmistir.

Yontem
Calismada bikomponent makinasinin A hattt UV

absorber ve Low-melt PET hammaddesi ile kompound
halde beslenmis ve filamentlerin kilif kismui elde
edilmigtir. Cekirdek kismi ise PET chipsine dozajlama
initesi yardimyla PBT bazli siyah boyarmadde
takviyesi yapilarak renk+PET halinde (B besleme
hatt1) beslenmistir.

[4] [»]

Polymer A

[+] [e]

Polymer B

Sekil 1. Bikomponent filament {iretim gemasi

Uretilen ipliklerden dokunan kumaslara TS 4460 EN
ISO 105-B04 UV Yaslandirma Testi uygulanmistir.
Yaklagik 2000 saat sonrasinda testin min. Grade7-8
(mavi-yiine gore)  degerini saglayacak gekilde
performans sonug beklentisi saglanmuistir.

DENEYSEL SONUCLAR/TARTISMA

Kristalize edilip kurutulan (Tablo 2) hammaddeler,
ekstriiderde sicaklik (Tablo 3) ve sonsuz vida yardimi
ile eriyik hale getirilmistir.

Tablo-2: Kullanilan hammaddelerin kristalizasyon
ve kurutma siire ve sicakliklari

Kristalizasyon Kurutma
Hammadde | Siire | Sicaklik | Siire | Sicakhk
(saat) | (°C) (saat) | (°C)
Kompound 2-4 140-160 4-6 120-140
PET Chips 2-4 160-185 4-6 150-170
Boyarmadde - - 1-2 | 100-120

Uretilen iplikler 155 dteks 48 filament 6zelligine
sahiptir.  Her bir filamentin enine Kkesitine
bakildiginda kilif kisminin alan orami %25-45,
¢ekirdek kismui ise yine alan orami %55-75 olacak
sekilde A ve B pompalarmin devri ayarlanmustir.

Tablo-3: Bikomponent A ve B hatlarinin ekstriider

sicakliklar1

Besleme Ekstriider Bolgeleri
Hatti 1. 2. 3. 4,
A (°C) 223 224 225 226
B (°C) 287 288 289 289
Tablo-4: Iplik analiz sonuglar
Numune Dteks Genlesme | Mukavemet | Kaynama

Kodu (gr/10000m) (%) (cN/dteks) Cekme
N1 155,9 48,4 3,3 17,5
N2 155,4 48,6 3,3 19,2
N3 155,6 49,6 3,4 17,5
N4 156,4 47,7 3,2 19,9
N5 156,2 49,5 3,4 17,4
N6 155,5 48,4 3,3 18,2
N7 154,7 48,9 3,3 17,7
N8 153,4 48,8 3,2 17,7
N9 153,5 50,4 3,2 18,9
N10 154,9 47,7 3,2 17,4
Ort. 155,2 48,8 3,3 18,1

1. SAVCI,Deniz (https://forcid.org/0000-0001-8311-2515)
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Calismamizda 10 farkli iplik elde edilmis ve dteks,
genlesme, mukavemet ve kaynama ¢ekme degerleri
Tablo-4’te gosterilmistir.

Bikomponent iplik

LOW-melt+ UV absorber
compound

(polyethyleneterephthalate


https://orcid.org/0000-0001-8311-2515

Sekil 2. Bikomponent (i¢-ice gegmis kilif-gekirdek
kesit) yapisinda iplik goriintiisii

1SO B04 UV Yaslandirma Testine gore 1000, 1500 ve
2000 saatlik test sonuglari sekil 3 te gosterilmistir.

Zamana Bagh Mukavemet Degerleri

i 600

W
o o
o o

o
o

Gerjl e&}iregﬁci(
o o
o o

o

Oh 250h 500h 750h 1000h 1250h 1500h 1750 h 2000 h
Zaman (h) :

P LowMelt UV

H : Kumas : Dokuma Kumas
Konvansiyonel PET : H Test Metodu : 150 105 BO4

Sekil 3. 1ISO B04 UV Yaslandirma Testi sonuglari

Zamana bagli mukavemet degerleri incelendiginde,
250 saat sonunda konvansiyonel PET numunesinin
mukavemet kaybi yaklasik %70’ iken Low Melt
UV/renkli numunesinin %15-20 araligindadir. 2000
saat sonunda ise; konvansiyonel PET numunesinin
mukavemet kaybi yaklasik %85-90 araligindayken,
Low Melt UV/renkli numunesinin %70 civarindadir.

GENEL SONUCLAR

LOW-melt ozelligine sahip polyesterden dokunmus
kumaslar daha rijit ve daha stabil yapida kalmaktadir.
Kompound yapilmasimin  avantaji; A besleme
hattindan dozajlama prosesini kaldirarak tek bir yerden
%100 besleme yapabilmek ve sabit bir UV absorber
icerigi saglayabilmektir. Bu sayede UV ig¢in dozaj
ayarlama ve sistem kontrol iglemlerine gerek kalmaz.

B besleme hattindaki dozajlama iinitesi, istenilen
boyarmaddeyi farkli dozajlarda kullanmamiza imkan
saglayarak farkli renk spektrumlarinda iiriin elde
etmemizi saglamaktadir.

SONRAKI DONEM CALISMALARI

Calisma kapsaminda sadece siyah boyarmadde ile renk
caligmast yapilmugtir. Ilerleyen donemlerde farkli
renkler ile ¢alisma yapilarak “Renk Haslig1” {izerine
aragtirmalarimiz olacaktir.

TESEKKUR/BILGILENDIRME/FON KAYNAGI
Bu c¢alismada Polyteks iiretim tesislerinde iiretilen
iplikler kullanilmis, degerlendirme ve diger calismalar
Polyteks Arge Merkezinde yiirtitiilmiistiir.
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Alternative methods for transferring capsules containing

citronella oil to outdoor upholstery fabrics

SARIISIK, Merih!, KAYA, Zerrin?, ERKAN, Gékhan', KARTAL, Giilsah Ekin!, ETKESER, Sadi?
'Dokuz Eyliil University, Textile Engineering Department 2 Harput Tekstil A.S.
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PURPOSE

Microencapsulation is a successful technology for
commercial applications in the pharmaceutical,
chemical and textile industries. This technology is
largely unexplored in the field of functional coatings. In
this study, the application of microcapsules with
coating and printing method has been studied as an
alternative to the impregnation method.
INTRODUCTION

In textile industry, microencapsulation is a rapidly
developing technology in the field of chemical
processes due to its versatility and flexibility. An
important advantage of the use of microencapsulation
technology is that it has the ability to protect the active
ingredient from dangerous conditions such as
oxidation, heat, acidity, alkalinity, moisture or
evaporation (Aggarwal, 1998; Erkan, 2008; Ghosh,
2006).

The versatility of microencapsulation technologies
offers unlimited combinations of core and shell
materials in its production, allowing microcapsules to
be used in a wide variety of applications. To date, very
little research has been done on possible applications of
microcapsules in functional coating and printing
processes. Microcapsules produced in the textile
industry are generally transferred by impregnation
method. In this study casing, it is aimed to increase the
strength of microcapsules by providing application with
coating and printing processes (Ghosh, 2006).

One of the most important area is insecticide effect in
the production of microcapsules. Textile materials play
arole in the access of insects on human skin. In addition
to this, chemicals such as citronella oil can also be used
to insecticidal materials. In terms of usage, especially in
hot regions, flies and insects cause unwanted stains on
garden furniture, upholstery fabrics, zebra and roller
blinds, and also cause health problems. For this reason,
having insect repellent feature in these products is very
important for the user (Bezerra, 2019; Specos, 2010).
Within the scope of this study, microcapsules
containing citronella oil active substance with
insecticide effect were obtained and their optimization
was carried out in laboratory conditions. SEM and
particle size analyzes were used for optimization
processes. The capsules obtained were transferred to
fabrics to be used in garden furniture by coating and
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printing method. After application on the fabric, the
insecticide effects of the fabrics were investigated and
compared with the impregnation method.
EXPERIMENTAL

Material

In this research, desized, plain weave cotton fabric
(specifc weight 210 g/m?, 65% cotton / 35% polyester
blend panama fabric with weft / warp density 12/60
thread / cm) was used. The shell material EC Premium
4 was donated from Dow Chemicals. Citronella oil
(Sigma-Aldrich) was employed as core materials.
Tween 20 was used as a surfactant. The surface active
agent, ethanol and ethyl acetate (EA) were supplied
from Merck. Acrylic-based commercial binder and
pigment printing chemical (Harput Tekstil A.S) were
used.

Method

Capsules with insect repellent properties were
prepared with coacervation technique using ethyl
cellulose as shell material. Optimization analyses
were done to obtain the optimum EC: citronella ratio.

Impregnation method, coating method and printing
method were used to transfer microcapsules to
upholstery fabrics to be used in garden furniture.
EXPERIMENTAL RESULTS AND
DISCUSSIONS
Studies for creating insect repellent capsules with
citronella were carried out in ratios of 2: 1, 4: 1 and
10: 1 EC: citronella oil (w / w). Capsules containing
citronella oil 5000 times magnification SEM images
(Figure 1) were examined, it was found that the
resulting capsules were spherical structure.
e s el

Figure 1. SEM images of microcapsules containing
citronella oil

Considering the analysis results of 2: 1 capsules
according to the particle size analysis, it is observed
that 98.59% of the capsules are around 50 pm and
have a higher uniformity than capsules in other ratios.
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According to all analysis, it was concluded that the
optimum formulation was the capsule produced in a 2:
1 weight ratio and was chosen as the optimum capsule
ratio for citronella oil. The next transfer studies
continued through this formulation.

Process Before Washing After 5 Washing
Pigment /AL .
Printing
Coating
Padding

Figure 2. SEM images before and after washing of
microencapsulated fabrics containing citronella oil

When the images of capsules transferred to upholstery
fabrics with different methods are examined; it was
seen that the most dense capsule presence was in coated
fabrics.

Table 1. Insect repellent effect results of fabrics
Insect Repellent Ratio (%)

Fabric 2min_4min _Smin__ 10min
Pigment Printing 51,00 43,33 44,67 39,00

Pigment Printing 61,00 62,67 72,00 62,67

(After 5 washing)

Coating 44,67 42,67 56,33 56,33

Coating (After 5 38,67 56,33 65,00 62,33

washing)

Padding 56,00 44,67 55,00 54,33

Padding (After 5 63,33 53,00 48,67 61,67

washing)

According to the cone test results, it was determined
that the insect repellent effectiveness after washing was
increased for the printing and coating method. When
the insect repellent effect percentages were examined,
it was thought that coating and printing methods have a
better effect than conventional impregnation method
and therefore can be an alternative to impregnation
method.

CONCLUSIONS

In this study, microcapsules containing citronella oil
with insecticide effect were obtained by using complex
coacervation method and their optimization was
performed with FT-IR ATR, SEM, particle size and
TGA analyzes. As a result of the conducted studies, the
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concentration of 2: 1 (EC: Active substance) was
determined as the optimum prescription. Capsules
were transferred on fabrics to be used in garden
furniture and curtains by coating and pigment printing
method. When the insect repellent effect percentages
obtained were examined, it is thought that coating and
printing methods have a Dbetter effect than
conventional method and therefore can be an
alternative to impregnation method.

SUGGESTION FOR FURTHER WORK

When the analyzes and studies were examined, it was
found that coating and printing methods had a better
effect than the conventional impregnation method.
This situation has shown that printing and coating
methods can be an alternative in the sector for the
transfer of microcapsules and can be easily adapted to
the process of enterprises.
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PURPOSE

The purpose of this study is to overcome challenges
during the preparation of polymer-clay nanocomposite
fibers prepared via masterbatch approach.

INTRODUCTION

Among other clay minerals, mainly Na-
montmorillonite (Na-MMT) is used as a base for
nanoclay preparation. The main challenge is to exfoliate
MMT to the individual layers, which can be
homogeneously dispersed in the polymer matrix. Thus
the improvements in flame retardancy, mechanical and
barrier properties can be achieved. The dimensions of
the MMT layer are 1 nm in thickness and several
hundred in length. However, due to the natural
occurrence of such minerals, it is really difficult to
achieve the desired level of dispersion in the polymer
matrix.

First of all, many trace minerals such as quartz,
feldspar, calcite, opal cristobalite/tridymite (Opal-CT),
illite, and mica are classified as impurities.! Thus, the
first challenges are to remove trace minerals, to
overcome these challenges, it is easy to use the
sedimentation method, hydrocyclone, or centrifugation
technique [2]. Most commercial producers use these
three methods to produce high-quality grade nanoclay.
The second challenge is to select a proper modifying
agent in order to change hydrophilic surface MMT to
hydrophobic. Thus the surface of MMT after
modification will be compatible with hydrophobic
thermoplastic polymers. Modification can be done
either with cationic or nonionic surfactants or
polymeric surfactants. But in anyway, the concentration
of surfactants, as well the nature of surfactants can be
change depends on the desired polymers.>* Nobody
cares about how to measure the modification
performance of MMT. In this study, the measuring of
modification performance of the nanoclays was tried to
explain. Mainly surface free energies (SFE) approaches
were used to measure the performance of MMT
modifications. As well as some tests of the preparation
of nanocomposite yarn were done by using masterbatch
approaches, where in the first stages, masterbatches
contained high amounts of nanoclays were prepared,
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and at the second stage, the spinning performance of
the fibers were checked.

EXPERIMENTAL

Material

Nanomer [44P (144P) and Nanomer 130P (I30P) from
Nanocor company supplied from Desi Kimya and
Maden San Tic A.S. (Kocaeli, Tiirkiye). The fiber
grade PET chips with an intrinsic viscosity (IV) of
0.645 dL/g used in fiber spinning experiments, the
bottle grade PET and PBT chips with IV of 0.80 dL/g
used as a carrier polymer. PET and PBT polymer
supplied from Korteks Mensucat San. Tic. A.S.
(Bursa, Tirkiye).

Method

The contact angle measurements were done using
standard goniometry equipped with a microscope—
the nanoclay pellet prepared by pressing the powder
in a conventional mold. The average of 5 contact
angle measurements for each test liquid was reported.
The masterbatches were prepared using by premix
method by Leistritz ZSE 27 twin-screw extruder
(TSE). PET-clay multifilament nanocomposite fully
drawn yarn (FDY) prepared via pilot type Busschaert
Spinboy II-CC (Deerlijk, Belgium) melt spinning
machine

EXPERIMENTAL RESULTS AND
DISCUSSIONS

The contact angle data of nanoclays with several test
liquids are given in Table 1. The contact angle with
water is usually used to evaluate the hydrophobicity
of nanoclays.

Table 1. The contact angle of nanoclays

Test Liquids Nanomer I30P Nanomer 144P
Diiodometane ~ 46.5° (1.6) 47° (2.6)
Water 82.25°(4.1) 122.33° (4.3)
Ethylene Glycol 46° (1.6) 65°(2.6)
Formamide 48°(3.3) 57.7°(2.9)
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The surface energies of nanoclay were calculated using
an acid-base approach based on the Young-Dupre
equation given below:

v, (1+cosf) P S
%Z\/?/éznyLLW +\/7C/ay7L +\/7C/ay7L

AB + -
7/Clay - 2\, 7/C/ay7Clay

Where 77 is the total surface free energy of test liquid,

w _ + -
Y1 71 7Land are Lifschitz-van der Waals (LW),
Lewis acid and Lewis base components of surface free

Lw
energy of the liquid, respectively. The values of Y ctay

- AB
7/ Clay v Clay

and respectively represent LW,

+
e Clay >
Lewis acid, Lewis base and acid-base components of
surface free energy of nanoclays.

Table 2. Surface free energy component of nanoclays

i 7" Y
Nanoclay (mJ/m?) (mJ/m?) (mJ/m?)
130P 36.20 1.17 2.34
144P 35.93 1.96 0

Using the SFE data, it is possible to calculate the
compatibility of nanoclay with several polymers. In this
study, we focused on the PBT and PET. Generally, it is
a kind of adhesion and cohesion energy differences and
can be explained as follow:

Cohesion  Cohesion Adhesion
—N

———
¥ _ o w v L
AGC[uy, Polymer/Clay — =2 ctay = 27 potymer T 4m

Cohesion Cohesion Adhesion Adhesion

+ - + - + - - +
- 4\/}/C[ay7/Clqv _4‘\/;/1’01}’”161‘;/Polymer + 4\/7/C1q1*7/PuIymcr + 4\/7(310)/ 7Polymcr

IF
When AGClay / Polymer | Clay

>(), it means the adhesion
energies between polymer and clay is higher than the
cohesion energies of clay and polymer. The clay
platelets, in this case, repel each other in the polymer

matrix, and as a result, a homogeneous dispersion and

exfoliation  of  clay  particles  occur. If
IF .
AG 0y potymer/ ciay <05 clay  particles  form

agglomerates in the polymer matrix during melt
blending.>*

The AGg;y / Polymer/ clay 0> for PBT and PET was

positive for Nanomer 144P, 0.37 mJ/m*> and 13.01
mJ/m?, respectively, while for the Nanomer 130P, the
value is positive only for PET 3.69 mJ/m?, and negative
for PBT -1.69 mJ/m?. Thus this value can be a useable
tool to evaluate the compatibility of polymer with clay

24

surfaces without any preparation of the polymer-clay
nanocomposites.

We tested this by preparation of 10% clay contained
masterbatches. To evaluate the dispersibility, we
measure the IV value of masterbatches. The IV value
for PBT/I44P was higher than, IV value of PBT/30P.
Thus it is can easily be explained with better
compatibility of Nanomer 144P with PBT. Similar
trends were observed in the prepared PET-clay
nanocomposite fibers. However, both nanocomposite
fibers have less tenacity than virgin polymer.

CONCLUSIONS
The calculation of SFE of nanoclays successfully
evaluated  polymer-clay  compatibility.  The

AGY v Potymer clay VIUE for PBT-nanoclay and PET-

nanoclay was calculated; the data explained the
differences in the properties of produced
masterbatches and PEP-clay nanocomposite fibers.

SUGGESTIONS FOR FURTHER WORK

Future work is a study with homemade nanoclays, as
well as is optimizing the melt spinning process in
order to produce nanocomposite fibers with better
mechanical properties.

ACKNOWLEDGEMENTS/SOURCES OF
FUNDING

We acknowledge financial support from the Turkish
Ministry of Science, Industry, and Technology, and
Korteks Mensucat Tic. San. A.S. (Bursa, Tiirkiye)
through the San-Tez Projects (Industrial Ph.D.
Projects) (Project number: 00492.STZ.2009-2).

LITERATURE

[1] K. Karmena, Nanoclays and their emerging
markets, in: M. Xanthos (Ed.), Funct. Fill. Plast.,
Willey-VCH Verlag CMB&Co KGA, 2005: pp.
163-174.

[2] F. Boylu, R. Hojiyev, G. Ersever, Y. Ulcay, M.S.
Celik, Sep. Sci. Technol. 47 (2012) 842—849.

[3] R. Hojiyev, G. Ersever, I.E. Karaagaclioglu, F.
Karakas, F. Boylu, Appl. Clay Sci. 127-128
(2016) 105-110.

[4] R. Hojiyev, Y. Ulcay, M.S. Celik, Appl. Clay
Sci. 146 (2017) 548-556.

[5] Rustam Hojiyev, Y. Ulcay, M.S. Celik, Polym.
Sci. Ser. A. 62 (2020) 392—-406.

[6] R. Hojiyev, Y. Ulcay, M. Hojamberdiev, M.S.

Celik, W.M. J. Colloid Interface Sci. 497 (2017)
393-401.



Electrospun Nanofiber Based Rotational Standard Fog

Collector
ALAM, Mohammad Shohag', Demir, Prof.Dr.Ali?
Istanbul Technical University', I.T.U. TemagLaboratuvari, TekstilTeknolojileri ve Tasarimi
Fakiiltesi
Alam@itu.edu.tr

PURPOSE

A structure of a rotational standard fog collector (1m?)
is being considered to be designed by combining a
surface coated thick mesh (Raschel) & a thin
electrospun nanofiber(Cellulose Acetate) due to their
superhydrophilic&superhydrophobic nature.

INTRODUCTION

Availability of clean water resources is a great concern
around the world towards almost 1 billion
people(Shigezawa et al. 2016). Globally, we are also
consuming almost 4 trillion cubic meter of clean water
within a year. Due to this reason, we are always facing
natural disaster like droughts. Besides this, agricultural
& industrial sectors are also putting their hands towards
water pollution. For these reasons, we are in need of an
alternate renewable source of water. ‘Fog’ can be used
with several innovative technologies. From 1900 to
2010, to establish fog collection theory, a series of
technological developments happened within South
Africa, Chili & Germany(Fessehaye et al. 2014).During
1900s, scientists from South Africa have used rain
gauges to measure the fog collection & the medium was
vegetation process. This was even before the thought of
standard fog collector (Lightfoot 1996). Later on,
Schemenauer and Cereceda have brought the concept of
standard fog collector to calculate the amount of fog
precipitation (Schemenauer and Cereceda 1994a). After
the implementation, even the air force of South Africa
has been introduced with a larger project regarding to
it. And they have been quite successful to collect water
efficiently with an average of 31m® within a month
(Olivier 2002). In 1987, Chile have been consistent to
produce clean water with the set-up of 100 fog collector
in a hilly area near to a village where at most 300 people
each got more than 30L of water in each day
(Schemenauer, Fuenzalida, and Cereceda 1988;
Schemenauer and Cereceda 1994b; Larrain et al. 2002).
From there, many successful projects related to fog
collectors have been initiated globally especially within
high elevation areas.

In fog collection technology, surface coating over mesh
materials is an innovative idea. There are mainly three
kinds of mesh materials are available: Raschel mesh, a
robust material with stainless mesh (Co-knitted with
polymer material) & 3-D structure (1 cm thickness) of
poly material. Shading co-efficients (35%, 40% &
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60%) are critical parameters while choosing mesh
material (Schemenauer and Cereceda 1994a; Klemm
et al. 2012). There are plenty of options are available
like ZnO, Teflon, Hydrobead  to produce surface
coated mesh material for high efficiency (Rajaram et
al. 2016).

Electrospun nanofibers are having enhanced
mechanical properties (Alamir et al. 2019).Several
studies have been carried out with electrospun
nanofibers for fog collection purpose. Alamir et al.
have showed increament up to 58% in fog collection
by using polyacrylonitrile (PAN) and polyvinyl
chloride (PVC)(Alamir 2017). Lalia et al. Also highly
enlighted the use of lubricants (total quartz oil and
Krytox 1506) impregnation over electrospun
nanomats (PVDF-HFP polymer based) (Lalia et al.
2013). Fiber combination is being also performed
with nylon mesh (Shigezawa et al. 2016).

From the above research & inspiration, a 360°
rotational standard fog collector (RSFC) is being
proposed to design with hydrobead coated rashcel
mesh (35% shading co-efficient) along with Cellulose
Acetate (CA) based electrospun nanofibers. The
proposed design method is completely supportive
while maintaining superhydrophobic and
superhydrophilic manner to collect maximum water
from fog.

DESIGN
Material
o Structural: Im?aluminum frame, tension
springs, trough, telescopic bar, water tubes,
axial bearings, foldable legs &braces.
o Mesh materials:Raschel mesh (35%),
hydrobead& CA to dissolve in a solvent
(4:1) of N, N-dimethyl-formamide&
acetone.

Method
o  For structural mechanism, parts are designed
through solidworks&selected according to
the standard of materials.
o Raschel mesh is to be surface coated with
hydrobead& for thin fiber electrospinning
method is to be used with cellulose acetate.



DESIGN RESULTS AND DISCUSSIONS
Structural designs (Figure 1 & 2) of the proposed fog
collector are completely followed several design
criteria’s like:Wind speed, Liquid water content, Size
distribution of fog droplets, Size & arrangement of
mesh.Axial bearing support helps to rotate the model
such that it can resist force up to 552.4 N with no loss
of water. Collection capacity is 26L/h based on
literature samples (11).

I | ........ ,—J~ Tension Springs
= Mesh :
= Im*1im
o L‘J—’ Mesh Roller Screw
[ Water Basin Tube
Primary Water Basin
Figurel.Mesh Frame
l Foldable Arm
' —— 5 Tie Down Cable
- Upper Hub
————  Mesh Material
Telescopic Support Bar
Pole
: . Bearing Support
A > Lower Hub
Central Water Water Basin Tube

s Collector
I I

Figure2.Rotational Standard Fog Collector

> Primary Water Basin

Reservoir Tube

Supporting Leg Brace

At Spikes

Foldable Legs

Thick (Raschel)& thinnanofiber(Cellulose Acetate)
combination is being followed to enhance the
performance of the fog collector. It follows
hydrophobic & hydrophilic manners (Figure 3.).
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Combination

Surface coating brings high contact angle (Above
155% & low hysteresis (2°). Cellulose acetate is to be
combined with coated rashcel mesh to reducethe
burden & gain high surface area with aeration
capability. Void size can beregulated. Even small
droplets of water can be collected easily.

CONCLUSIONS

Traditional standard fog collector is an old concept
due technical issues. It cannot withstand extreme
windy condition. To solve this issue, it is being
suggested to use a rotational frame structure to face
windy condition. To enhance the fog collection
capacityraschel mesh is being suggested to coat with
hydrobead that brings superhydrophobic water
formation. Then, electrospun fine fibers are being
considered from bio-inspiration to support the mesh
net as it improves the voids and porosity.

SUGGESTIONF FOR FURTHER WORK

To enhance the collection efficiency of a standard
rotational fog collector, mesh materials like robust
material with stainless mesh, 3-D structure & nylon
can be well experimented through surface coating &
electro- spinning.
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AMACLAR

Bu ¢aligmada PVDF liflerin ¢6zeltiden tifleme yontemi
(solution blowing, SB) ile iiretiminde ¢dzelti tiplerinin
ve hava basincinin lif olusumuna etkisi incelenmis,
minimum sayida kusur (damlacik, lif demeti (bundle)
vs.) igeren fibril yapilarinin iiretimi hedeflenmistir.
GIiRiS

Polyvinilidin ~ florir ~(PVDF) termoplastik  bir
floropolimer olup, sahip oldugu yiiksek esneklik,
kimyasal saflik ve kararlilik ve kristal yapisina bagli
olarak gostermis oldugu piezoelektrik &zellikleri ile 6n
plana ¢ikmaktadir. PVDF nanofibril (NF) yapilar
sensorler, transdiiserler, enerji liretimi ve hava filtreleri
gibi uygulama alanlarinda kullanim bulmaktadir'.

Nanofibril yapilarinin {iretiminde geleneksel olarak
elektroegirme  (elektrospinnning, ES)  yontemi
kullanilmaktadir. Bu yontemde uygulanan elektrik alan
kuvvetlerinin polimer ¢0zeltisinin viskoelastik ve
ylizey gerilimi kuvvetlerini yenmesi sonucunda lifler
elde edilmektedir. Her ne kadar diizenli ve ince lif
yapilarinin {iretimine olanak verse de yontemin diisiik
iretim hizi ve elektrik alanin dogurdugu giivenlik
problemleri yeni nanolif {retimi ydntemlerinin
arastirilmasina yol agmustir?.

SB yontemi yenilik¢i bir yontem olup, bu yontemde
polimer ¢ozeltisi, es eksenli olarak yliksek hizla akan
havanin olusturdugu kesme kuvvetlerinin etkisi ile lif
formuna doniismektedir. Ortamda elektrik alanin
olmayisi, ES’de bulunan elektrik alan ve c¢ozelti
iletkenligi gibi parametreleri iptal etmekte, onun yerine
hava akis debisi (hava basinci), havanin ¢ozelti ile
temas agis1 gibi parametreleri ortaya gikarmaktadir?.

Lif iretim yontemlerinde ¢o6zelti jetindeki polimer
zincirlenin dolasiklik (entanglement) derecesi elde
edilen fibril yapidaki kusur miktarina direkt etki
etmektedir. Dolagiklik derecesi kullanilan polimerin
molekiiler agirligi, ¢o6zeltinin  konsantrasyonu ve
¢oziicii tipi ile kontrol edilebilmekte olup, dolasik
derecesi ylizey gerilim kuvvetlerinden yeteri kadar
biiylik oldugunda daha devamli polimer jetleri elde
edilir. Boylece toplayicida diizgiin ve hatasiz lif

28

toplanabilmektedir. Polimer jeti dolasiklik derecesi
¢ok diisiik oldugunda toplayicida islak bir film ya da
damlacikli/boncuklu lifler olarak toplanacak veya ¢ok
yiiksek oldugunda ise noziil ucunda donarak iiretim
sikintilarina yol agacaktir®.

Cozelti esasli lif diretim metotlarinda c¢oziici
seciminde i) secilen ¢oziiciiniin kullanilan polimeri
tamamen c¢ozmesi, ii) uygun kaynama noktasina
(uygun  buharlasma  hizina)  sahip  olmast
gerekmektedir. Tablo 1’de PVDF polimerinin ve bu
caligmada kullanilan ¢6ziiciilerin Hansen ¢oziiniirliik
parametreleri verilmistir*. Genel olarak ¢dziiniirliik
parametreleri birbirine yakin olan ¢dziici ve
polimerlerin iyi ¢ozildiigii bilinmektedir. PVDF’in
bu ¢ ¢oziicii iginde iyi ¢oziindiigii bilinmekte olup,
polar c¢oziicillerin polar polimerleri daha iyi
¢cozdiigiinden polar bir molekiil olan PVDF’in yiiksek
dipol momente sahip DMSO icinde daha iyi
¢bziinmesi beklenmektedir>.

Buharlagma hizinin kaynama noktas: ile iligkili
oldugu g6z oniine alindiginda diisiik kaynama noktasi
sahip ¢dziiciiler noziil/igne tikanmalarina ve kusurlu
lif yapilarina sebebiyet verirken, yiiksek kaynama
noktast sahip ¢oziiciiler ise polimer jetinin toplayici
ylizeyine 1slak bir sekilde gitmesine neden olacaktir®.

DENEYSEL

Malzeme

Bu calismada PVDF (Kynar, Flex 2800),
dimetilformamid (DMF, Merck), dimetilasetamid
(DMAc, Merck), dimetilsulfoksit (DMSO, Merck)
kullanilmistir. PVDF bu ¢oziiciilerde agirlikga %12
olacak sekilde 60 °C’de 12 saat boyunca karistirilarak
¢Ozdiiriilmis, oda sicakliginda viskozite Ol¢limleri
yapilmigtir.

Yontem

SB metodu ile 45 cm mesafesinden 5 ml/h besleme
hiz1 ve farkli hava basinglari (2, 3, 4 bar) ile lif iretimi
gerceklestirilmistir. ~ Uretilen  lifler  elektron
mikroskobu (Tescan Vega 3) ile incelenmis, lif
caplart Olciimleri Image] programi kullanilarak
ortalama 70 lif izerinden yapilmustir.
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DENEYSEL SONUCLAR/TARTISMA
Cozeltilerinin viskozite degerleri tablo 1°de verilmistir.
En viskoz ¢ozelti DMSO kullanilak elde edilmistir.
Polimer c¢ozeltilerinde viskozitenin polimer-¢6ziicii
etkilesimlerinin bir sonucu oldugu ve etkilesim miktar1
arttikga ¢ozeltilerin viskozitenin arttig1 bilinmektedir®.
Bu durumun yiiksek viskoziteye sahip ¢ozeltilerde
¢Oziiciiniin dolasik zincirlerden olusan polimer jeti
etrafina yayilmasini sagladigi ve yilizey geriliminden
daha az etkilenerek damlacik olusturma egilimini
diistirdiigii sdylenebilir.

Tablo 1. Hansen ¢ziiniirliik parametreleri® (HSP,
MPa!?) ve gozeltilerin viskozite (mPa.s) degerleri

Od | ©p | ®h | Or | Viscosity
PVDF | 17.2 | 125 | 9.2 | 23.2
DMF | 174 | 13.7 | 11.3 | 24.8 196.9
DMAc | 16.8 | 11.5 | 10.2 | 22.7 262.8
DMSO | 184 | 164 | 10.2 | 26.7 689.8
; Zba 3bar 4 bar

DMF

DMAc

DMSO

Sekil 1. Farkli ¢ozeltilerden iiretilmis PVDF NF
yapilarina ait 500x biiylitmedeki SEM goriintiileri

SEM goriintiileri incelendiginde (sekil 1) diisiik hava
basincinda PVDF/DMF ¢ozeltisinden saglikli bir lif
tretimi miimkiin olmaz iken artan hava basinci lif
Artan hava basmcinin

olusumunu iyilestirmistir.
polimer iizerine etkiyen kesme kuvvetlerini ve
¢Oziiciiniin buharlagma hizint
olusumunun 6niine gegctigi sdylenebilir. PVDF/DMAc
¢ozeltisi kullanilarak yapilan iretimlerin timiinde
genel olarak toplayiciya
olusturdugu polimer filmleri

arasinda  dagilmis

boncuklu lifler varken, artan hava basinci lif olusumunu

negatif  etkilemistir. PVDF/DMSO ¢oOzeltisi
kullanildiginda ise en kusursuz NF yapilarinin iiretildigi

goriilmektedir. Bu durum PVDF/DMSO ¢dzeltisinin

yiiksek viskozitesinin bir sonucu oldugu sdylenebilir.

arttirarak  damlacik

islak  giden ¢dzeltinin
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Ancak artan hava basinct bu Orneklerde boncuk
olusumunu arttirmistir.

PVDF/DMSO kullanilarak 3 barda ve 2 kat fazla
besleme ile ayri bir iiretim yapilmis, burada NF
yapilarindaki lif demetlenmesinin arttig1 goriilmiistiir
(sekil 2). Miinferit liflerden yapilan dl¢timlerde lif
caplar1 5 ml/sa i¢in 205 £ 9,3 nm ve 10 ml/sa i¢in 156

* 4,7 olarak 6l¢iilmiistiir.
500x

Sekil 2. Farkli besleme hizlarinda ve 3 bar hava
basincinda PVDF/DMSO ¢ozeltisi kullanilarak
iiretilen NF yapilarina ait SEM goriintiileri

GENEL SONUCLAR

Bu sonuglara gore, PVDF liflerinin SB yontemi ile
iiretilmesinde en 1iyi ¢ozicinin DMSO, hava
basincinin 3 bar ve besleme hizinin 5 ml/sa oldugu
sOylenebilir. Ayrica DMSO’nun toksik olan DMF ve
DMAc’ya gore daha az zararli olmasi ¢evre kirliligi
ve insan saglig1 acisindan bir diger avantajdir.

SONRAKI DONEM CALISMALARI

Cozeltilerin  yiizey gerilimlerinin ve reolojik
Olciimlerinin yapilmasi hava basinc ile artan kesme
kuvvetlerinin ¢ozeltinin lif olusturma kabiliyetine
etkisini anlamaya yardimc1 olacaktir.
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PURPOSE

Centrifugal spinning system is one of the nanofiber
production methods. Since this method is new, there are still
unexplored issues in system parameters. In this study, it was
aimed to shed light on these issues by producing fiber with
paliamide 6 (PA6) solution.

INTRODUCTION

Polyamide 6 is a crystalline polymer with 6 carbons in its
main chain, formed by adding a diacid to one end and a
diamine to the other end of the carbon chain [1]. It exhibits
high mechanical balance strength and abrasion resistance.
Also, it can withstand temperatures between 80-150°C for a
long time [1]. In addition, due to its low cost and mechanical
performance [2], [3] it is aimed to optimize the centrifuge
spinning system by preparing a solution with polyamide 6
polymer, which is widely used in nanofiber production as well
as in many areas. Centrifugal spinning method is a nano-
micro fiber production system which is safe and has low
production cost [4]. In the centrifugal spinning system, there
is a two-needle nozzle that can rotate up to 10,000.00 rpm.
The solution accumulates in the internal solution chamber of
the nozzle. Thanks to the high rotation speeds, the solution
coming out of the needle tip is elongated by the effect of
centrifuge and friction forces [5], [6] and the solvent above it
evaporates and is collected the form of fiber onto the vacuum
collector. Due to its high rotation speed, it is possible to
produce with viscous solutions with this system. Solution
concentration, evaporation point of solvent, rotation speed of
nozzle, nozzle-collector distance are the basic parameters for
fiber production in centrifugal spinning [5], [7]. With this
system, it is possible to obtain fibers that are homogeneous,
aligned and without droplets [8], [9].

In this study, polyamide fibers were obtained by using
different PA6 solution concentrations and needles with
different needle diameters. Fiber morphology of each
production was examined under scanning electron
microscope and fiber diameters were measured. At the same
time, the productions were examined by measuring the air
permeability values of the PA6 fiber mats produced in 5 ml
solution amounts.

EXPERIMENTAL

Material

The polyamide 6 polymer (BASF, B27) was mixed on the
magnetic stirrer until a homogeneous solution was obtained at
concentrations of 15, 20, 25wt.% in Acetic acid: Formitic acid
solvents in a ratio of 2: 1. Acetic acid (99.9% pure) is product
of Tekkim and formic acid (98.9% pure) is product of Merck.

Method
Initially prepared PA6 solutions were produced using only 21
gg needles at different rotation speeds (4000, 6000, 8000
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rpm). Thus, the effect of rotation speed and solution
concentration on fiber diameter was investigated. Later, it
was produced PA6 solution with 25wt.% solution
concentration and by using needles of different diameters
(21, 18, 16 gg) at different rotation speeds (4000, 6000,
8000) again. In these productions, the effects of needle
diameter on production, fiber diameter and fiber
morphology were examined.

EXPERIMENTAL RESULTS AND DISCUSSIONS
The solution and production parameters used in production
are as shown in table 1 and table 2.

Table 1. The table of the parameters of the productions

Solution | Rotational Solution
Samples | Concentra | speed of Needle Feeding
Code tions nozzle size (gg) Rate
(wt.%) (rpm) (ml/sa)
CS1 15
cs2 20 21 20
CS3 25 4000
Cs4 25 6000 18 50
8000
CS5 25 16 100

§ cs3. z;n

e
V’
//é

s m&sg

M

25:21:8000 1A SN2
N

Figure 1. SEM images (scale 5 pm and 2 um) and fiber diameter
distribution graphics of PA6 fibers produced at different
concentrations (15, 20, 25 wt.%) with a 21 gg needle
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In the production with a needle with 21 gg needle, the most
smooth fiber production was carried out with PA6 solution
with 20wt.% solution concentration. The 15wt.% solution
concentration could not be produced at 4000 rpm due to its
low viscosity. Droplet fibers were formed at 6000 rpm. While
the best fiber production was realized at 8000 rpm, the
diameters of the fibers had the lowest diameter compared to
the other productions. When the solution concentration was
increased to 25wt.%, the viscosity increased considerably.
Increased viscosity did not allow production at high rpm
values. For this reason, smooth fiber formation was not
observed at 8000 rpm.

Larger needle diameters enable production with higher
concentrated solutions. For this reason, keeping the 25wt.%
solution concentration constant, the same productions were
repeated with needles of 18 gg and 16 gg and the morphology
of the fibers formed was examined. In these productions, the
most suitable fiber formation was observed in the productions
made with 18 gg needle. When the fiber diameters are
examined, as the nozzle rotation speed increases in the
productions made for each needle, the fiber diameters increase
a little. However, since diameter of the 16 gg needle is quite
large for PA6 polymer in centrifugal spinning, fiber formation
with increasing rpm could not be observed.

At the same time, all fibers produced were at the micron level.
As the concentration increases, the fiber diameters increase.

450
400
3504
300+

- N

n S S U

e & o & & &
| ! L L L I

Air Permeability (cfm)

Figure 2. The graph of Air permeability values of the samples
according to ASTM D737 standard

The air permeability values of the productions generally show
values compatible with the fiber diameters. This situation is
reversed in production using 20wt% and 25wt.%
concentrated solutions and 21 gg needle. In these productions,
although the distribution of fiber diameter increases with
increasing rpm, the obtained air permeability values decrease.
The reason for this is that the most uniform and sufficient
production without droplets is achieved with increasing rpm
in the production with a 20wt.% concentration solution. In
addition, even if the fibers that can be formed in made
production with low concentration solution at low rpm, and
with, high concentration solution, large needle diameter at
low rpm are in the form of smooth fibers, the whole solution
coming out of the needle cannot pass into fiber form. For this
reason, the amount of fiber collected on the collector is low.
This causes the air permeability values to increase.
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CONCLUSION

According to this study, SEM images, fiber diameters and
air permeability values were examined. Looking at the SEM
images, it is seen that the fibers produced by centrifugal
spinning are quite smooth, and when the fiber diameters are
examined, the fiber diameters of the fibers produced with
this system are at micron levels. Compared to other
nanofiber production systems, it is possible to produce with
needles of 22-16 gg in centrifuge spinning. Thicker fibers
are obtained with increasing needle diameter. Air
permeability values are high in productions with thick fiber
diameter and low fiber amount.

SUGGESSION FOR FURTHER WORK

It is aimed to produce PAG6 filter samples in centrifugal
spinning with the production parameters (20wt.% PA6, 21
gg needle, 8000rpm) having the best fiber form.
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PURPOSE

Gelatin, a natural biomaterial, has a wide application
area in various industries such as pharmaceutical, food,
cosmetic and biomedical applications due to its
attractive  properties, namely  biocompatibility,
biodegradability, non—toxic properties, hydrophilic
nature, non-immunogenicity, commercial availability,
and cost—effectiveness. Recently gelatin nanofibers are
popular materials for various applications. The
incorporation of essential oils into the gelatin
nanofibers enhances the properties of the gelatin—based
structures. Depending on the type of used essential oil,
it is possible to considerably enhance the fibers’
antibacterial properties. Orange essential oil (OEO) was
used to achieve the desired antibacterial activity. The
current study is focused on the fabrication of fibrous
antibacterial gelatin structures via the electrospinning
method.

INTRODUCTION

Continuous fibers in various dimensions, from the
submicron down to the nanometre diameter, can be
produced using electrospinning. Electrospinning has
the advantages of flexibility, versatility, and ease of
fiber production. [1, 2] Polymers, metals, ceramics, and
composite materials can be used to produce nanofibers
using electrospinning directly or through post—spinning
processes. [1, 3-8] Electrospinning provides design
flexibility to produce multicomponent, porous, hollow,
and core—sheath fibers from numerous materials. [3, 4,
9-13]

Nanofibers have attractive properties such as high
specific surface areas (SSAs), highly porosity, low
density, and small diameters, therefore, these materials
are used as catalysts, as membranes for filtration
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systems and energy storage, as agents for controlled
drug delivery systems, as cell scaffold in tissue
engineering and medical patches for pharmaceutics
applications and materials. [14-16]

Essential oils (EOs), aromatic oily liquids, are volatile
substances achieved naturally from various plant parts
such as fruits, flowers, buds, roots, herbs, seeds,
twigs, wood, bark, and leaves. [17, 18] EOs are
produced by plants as secondary metabolites, and
represent antiviral, antibacterial, insecticidal, and
antifungal properties. [18] Due to these attractive
properties EOs are used in many industries such as

pharmaceutical, cosmetic, perfumery, and
fragrances. [19] In the current study OEO is used.
OEO has antioxidant, germicidal, and

anti—carcinogenic properties [20] and also OEO is an
important antibacterial agent due to the d—limonene
in its structure [21].

In this study, gelatin and OEO-loaded gelatin fibers
were produced by the electrospinning method. SEM
and FT-IR analysis were used to characterize the
produced fibers. Antibacterial activity of the
electrospun fibers were tested against the Gram (-)
bacterium E. coli and the Gram (+) bacterium S.
aureus.

EXPERIMENTAL

Material

In this study, gelatin from bovine skin (80 Bloom,
type B) (Tito, Turkey) and glacial acetic acid
(CH3COOH) with 99.5 % purity (Sigma Aldrich ®
Chemical Company) were used. The OEO was
purchased from (Dermosoft, Turkey). Distilled water
was used throughout the experiments.
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Method
Fabrication of Fibers

Gelatin was dissolved in a binary—solvent solution
system, pure water and acetic acid (7:3 w/w), to achieve
a 25 % (w/w) gelatin solution by stirring for 2 hours at \
ambient conditions. Then, OEO was added into the D¢
gelatin solutions. The amount of the added OEO was 8
% (v/v) of the total solution. The electrospun gelatin
fibers were fabricated by high voltage.

—— H AN | e o ./
Signal A= InLens
Scan Speed = 7

High Voltage

Figure 1. Schematic illustration of electrospinning
method.

Antibacterial Activity

Antibacterial activity of the electrospun fibers were

tested against the Gram (=) bacterium E. coli and the : ET- S00k0  SgmaA-nlens  asomo =N W ‘
. . . . . pm = 7.2mm =

Gram (+) bacterium S. aureus using disc diffusion = sl SeanSpeed 21

method. Single colonies of the bacteria were grown ‘ ‘ - b

overnight in Nutrient Broth and then the cultures were
diluted using 0.9% saline solution to obtain 10’-108
CFU/mL. 100 pL of the diluted bacterial cultures were
spread onto Nutrient Agar. The fibers were cut into 1
cm diameter discs and put on the inoculated Nutrient
Agar plates. The petri dishes were incubated at 37°C for
18 h and the transparent zones around the discs
indicating antibacterial activity were observed.

EXPERIMENTAL RESULTS AND

DISCUSSIONS

) . Wag= 300KX ] gnal A= InLens
The morphological structure of gelatin and 104m Wo= 77mm  Scanspeed=1 w
OEO-loaded gelatin fibers are presented in Fig. 3. The (c)

gelatin fibers showed a homogenous surface and
bead—free web structure with an average fiber diameter
of approximately less than 1000 nm. Incorporating
OEO into the polymer solution leads to slightly thicker
fiber morphology, and some parts of the fibers have a
bone-like structure.
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Figure 3. SEM micrographs of produced gelatin fibers.
Neat gelatin fibers at (a) 3 kX and (b) 10 kX.
OEO-loaded gelatin fibers at (c) 3 kX and (d) 10 kX.

The chemical structure of the produced fibers and OEO
was characterized by FT-IR analysis to determine
whether orange essential oil is involved in the gelatin
fibers. The effect of the OEO agent is clearly observed
in IR spectrums of the Gel-OEO fiber. The
characteristic peaks of the neat gelatin were observed at
the peak around 3273 cm! is related to the stretching
vibration of N—H (amide II) and hydrogen bonding, and
2935 cm! and 2872 cm™! proves —CH, stretching. A
broad, strong peak at 1627 cm ! and 1525 cm'!
corresponds to the stretching vibration of amide group
[22, 23] The OEO showed a characteristic peak at 1743
cm™!' which is identified as the stretch of the C=0 bond
due to the ester group [24]. The peak observed at 1644
cm! is related to vibrations of the C=C bonds occuring
in the limonene and the peak at 3008 cm™' is related to
C—H stretching in the long C=C chain. The spectrum of
OEO-loaded fibers, the peak at 2937 cm’!, shifted to
2925 cm’!, while 1525 cm™ and 1032 cm! shifted to
1528 ¢cm’! and 1026 cm’!, respectively. These slight
changes are due to the physical interaction between
OEO and the gelatin matrix.

%Tr

 Orerge i i Al T\/‘vg\g\ /"’Wfﬁ\\/\”’\
! Y \/g 5 8 8 KA
i g8
3

S
g\ g
Ee H
ghe )

8 o

g

OB

o
2
I

g :
:
Neat Gel -*—)“—‘w
3
t \/J‘g//— \ n
| Ty s
EF v : :
< 8
E

& &
T af 88
@ eI -

8
| B
1 Ge-Orange ail "
3 \/\ﬁ/—'—”—“‘““_‘“ﬁé‘
51 zy
| < E 1 AV
x g ERVAVA I
S &

: ! ] ' A £
" B0 ) 50 20 I 0 0

Waerumbers (-]

Figure 2. FTIR spectra of neat gelatin, OEO—loaded
gelatin fiber, and OEO.
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Antibacterial tests performed on the neat gelatin and
OEO loaded gelatin fiber samples verified
antibacterial effect of OEO loaded fibers against S.
aureus (Fig. 4). No inhibitory activity was detected
for neat gelatin fibers revealing that OEO is
responsible for the antibacterial activity. Phenolic
substances in essential oils are the main components
conferring antimicrobial properties to these secondary
metabolites. Citrus oils such as grapefruit, lime,
bergamot, lemon and orange are reported to contain
limonene, citral and linalool as the major components
[25]. Orange oil contains d—limonene as its major
antimicrobial agent and its antibacterial activity has
also been observed by other authors [21, 26, 27].

Figure 4. Antimicrobial activity of neat gelatin (G)
and OEO loaded gelatin (GP) fibers. (a) Activity of
fibers on E. coli and (b) activity of fibers on S. aureus.
Neat gelatin fibers are transparent and non-visible on
agar plates.

Although OEO loaded gelatin fibers were effective
against S. aureus, no antibacterial activity was
observed against E. coli. Gram (—) bacteria are



generally more resistant to antibacterial agents with
respect to their Gram (+) counterparts. Essential oils
exert their antimicrobial effect by attacking the
phospholipid present in cell membranes which leads to
increased permeability and leakage of cytoplasm, or by
interacting with enzymes located on the cell wall [28].
Gram (—) bacteria have an external lipopolysaccharide
wall surrounding the peptidoglycan cell wall. The lower
antimicrobial activity of essential oils against Gram (-)
bacteria is  attributed to the cell wall
lipopolysaccharides which may restrict diffusion of
these compounds [29].

CONCLUSIONS

e Gelatin and OEO-loaded gelatin fibers were
successfully fabricated by using the electrospinning
method.

e FTIR analysis revealed that the orange oil was
successfully incorporated into the gelatin fibers.

o SEM investigations revealed that the fiber diameters
of OEO-loaded gelatin fibers are thicker than the
neat sample.

e Antibacterial activity of OEO-loaded gelatin fiber
samples showed antibacterial activity against S.
aureus.

SUGGESTION FOR FURTHER WORK

e Electrospinning process conditions and fiber
preparation solution composition can be adjusted to
achieve better fiber surfaces and finer fibers.

e OEO loading ratio to the gelatin fibers can be
optimized to achieve a better antibacterial activity.

o Antibacterial gelatin fibers loaded with OEO may
be enriched with additives such as growth factors,
pain relievers or hydroxyapatite and successfully
used as a wound dress, or tissue scaffold.
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AMACLAR

Bu calismada, bazi dogal kaynaklardan (Bitkisel,
hayvansal ve mineral esasli) elde edilen dogal
boyarmaddelerin 6ziitleri el ile 6giitme teknigiyle elde
edilmis ve % 100 saf pamuklu kumaslara, kumas
boyama yontemi uygulanarak bazi (Yikama, 151k ve
siirtme) haslik degerleri elde edilip analiz edilmistir.
Dogal boyarmaddelerin; ¢esitli konsantrasyonlarina
bagli olarak, TS EN ISO 105 C06 Yikama haslig testi,
TS 1008 ISO 105 B02 Isik hashig1 (Gri skala) testi ve
TS EN ISO 105 X12 stirtme hasligi testi uygulanmustir.
Genel olarak ortaya c¢ikan sonuglara gore; Yikama
hasliklar1 zayif, 151k hasliklart iyi ve siirtme hasliklar
ise orta degerlere sahip dereceler ve yorumlamalar
gozlemlenmistir. Bu sonuglara ¢éziim onerisi olarak
ise; haslik degerlerinin arttirilabilmesi igin dogal
boyarmaddelerin tiplerinin ¢esitlendirilmesi gerekliligi
ve konsantrasyonlarinin énemli oldugu ve arttirtlmasi
gerektigi sonuglarina varilmistir.

Anahtar  Kelimeler: Cevre  dostu,  dogal
boyarmaddelerin tiirleri, Konsantrasyon etkisi, Haslik
degerleri.

GIRIS

Adeel © in calismasinda ise'; Genel olarak, boyama
prosesinde dogal boyarmadde kaynaklar1 olarak bahsi
gecen dogal boyarmaddelerin 3 ana kaynaktan elde
edildigi  bildirilmistir. Ekvator’da bulundugundan
dolay1 Tropikal bir iilke olan Etiyopya’da, 1liman bitki
ortiisli yaygin olarak goriilmekte oldugu belirtilmistir.
Boyarmadde olarak kullanilabilecek 100 kadar bitki
tirtine sahip oldugu vurgulanmistir. Sar1 renkli
boyarmadde kaynaklarma yapisinda oldukca fazla
bulunduran Adey Abeba ile yesil renk bakimidan en
yaygin olan Neem bitkileri aragtirmacilar tarafindan
daha fazla incelendigi belirtilmistir.

Aminoddin ve Haji “ nin calismasinda ise’; Grawa
(Veronia amygdalina Del.), mango, sogan, neem vb.
gibi boyarmadde igeren yapilar, hem boyarmadde hem
de mordan (Stabilizatdr) gibi  davranabildigi
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bildirilmistir. Ayrica renk skalasinda sinirlama
olmadig1 belirtilmistir. Bitki gdvdesinde bu tiirden
muazzam kromofor ¢esitlerinin var oldugunun ancak
sadece 100 ¢esidinin ticari renk olarak Onem
kazanabildigi vurgulanmistir. Genellikle kullanilan
renklerin ise; sar1, kirmizi, kahverengi, mavi ve siyah
oldugu vurgulanmustir.

Sarah ¢ in calismasinda ise’; Etiyopya'da hem
hastalik tedavisi i¢in geleneksel sifali bitkiler olarak
kullanilabilen hem de dogal olarak dogadan
bulunabilen boyarmaddeye sahip Neem bitkisinin
yapraklarindan o6ziiti elde edilmis yesil renkli
boyarmaddeye, Grawa ve Datura Stramonium ’ya
nazaran ¢ok daha fonksiyonel ve daha fazla 6neme
sahip  oldugundan dolayt Neem  bitkisine
odaklanildig belirtilmistir.

Chanayatht “ in calismasinda ise’; Hayvansal esash
dogal boyarmaddelerin; Cochineal, Kermes ve Lucca
(Lac) gibi ii¢ bocegin salgilarindan elde edilebilmekte
oldugu belirtilmistir. Ayrica diger bazi hayvansal
kaynakli boyarmaddelerin ise daha bilyiikk boyutlu
hayvanlardan elde edilebildigi vurgu yapilmistir.
Ornegin: sar1 boyarmaddenin, inek idrarindan elde
edilmekte oldugu bilgisi verilmistir.

Chowdhari ¢ nin c¢alismasinda ise’; En yaygin
kullanilan mineral, karakteristik renk tonuyla bilinen
“Geru” oldugu vurgusu yapilmistir. Kumaglarda
istenen renk tonlarini elde etmek igin bitkisel veya
bocek/hayvan boyarmaddeleriyle birlikte demir,
kalay ve antimon oksitleri kullanildig: bildirilmistir.
Ayrica; Bakir ve demir siilfat gibi bilesik yapidaki
tuzlarin, boyama ve baski proseslerinde yardimei
kimyasallar olarak kullanildig1 vurgusu
gerceklestirilmistir.

Jothi ¢ nin calismasinda ise’; Dogal boyarmaddelerin
bazi avantajlar1 oldugu bildirilmistir. Avantajlar1 su
sekildedir; Giuiniimiiz diinyasinda, ¢evre dostu kabul
edilebilir kimyasal yapilar oldugu, toksik olmayan,



alerjik olmayan ve cilt i¢in tehlikesi bulunmayan
kimyasal yapilara sahip olduklari, uygun mordanlarin
kullanilmasiyla  yliksek  haslik  degerleri elde
edilebildigi ve bitki kaynaklarindan boya ekstrakte
edildikten sonra olusan atigin biyolojik olarak
parcalanabilirligi (Biyobozunabilirlik) dolayisiyla atik
su aritma islemlerinin en az seviyeye indirebilmesine
yardimctr kimyasal yapilar oldugu vurgulanmistir.
Ayrica dogal boyarmaddelerin bazi dezavantajlarminda
oldugu bildirilmistir. Dezavantajlar1 ise su sekildedir;
Daha fazla boyarmadde tiiketimi gerekliligine, ayni
renk tonunun yeniden retilebilirliginin  kolay
olmadigina ve zayif-orta haslik degerlerine sahip
oldugu bildirilmistir.

DENEYSEL
Malzeme

Adey Abeba (Sar1) (Adey abeba ciceginden), Neem
(Yesil) (Hint leylag: agacimin yapraklarindan), indigo
(Koyu Lacivert) (Civit otundan), Alizarin (Sari/Yesil)
(Kokboya bitkisinden) ve Mineral (Toprak Siyahi)
(Rengi siyaha doniik topraktan) dogal boyarmaddeler
elde edilerek kullanilmustir.

Yontem

ilk asama: Dogal boyarmaddelerin oziitlerinin elde
edilmesi; Cicekler ve yapraklar, boyarmadde
kaynaklar1 olarak toplanmaktadir, saf su ile
durulanmaktadir ve ardindan kurutulmaktadir ve el ile
ogilitme teknigi sayesinde toz formu haline getirilerek
kurutulmaktadir.

Ikinci asama: Boyama regetesinin olusturulmasi ve
boyama prosesi; Daha sonra boyama banyosu
recetesindeki gereken miktarlarda dogal boyarmaddeler
her ayr1 ¢esit konsantrasyondaki kumas boyamalar icin
ayrt ayrt tartilmaktadir. (Dogal boyarmaddelerin
konsantrasyonlar1; %1, % 3 ve %6 konsantrasyonlarda)
ve boyama regetelerine bagli olarak kumas boyama
prosesine alimmaktadir. 60 °C ° ye sicaklik
¢ikarilmaktadir ve all - in one yontemi ile tim boyama
recetesindeki  kimyasallar (Dogal boyarmaddeler,
NaOH ve su) 1:20 flotte orani ile 30' dakika boyunca
yalitkan bir ¢ubuk sayesinde karistirilarak boyama
prosesine tabi tutulmaktadir. Ardindan; Sicak su, sabun
ve ardindan soguk suyla yikanip durulanmaktadir.
Ucgiincii asama: Boyama prosesleri gerceklestirildikten
sonra ise; TS EN ISO 105 C06 Yikama hasligi testi, TS
1008 ISO 105 BO02 Isik hasligt (Gri skala) testi ve TS
EN ISO 105 X12 siirtme haslig1 testi uygulanmustir.
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DENEYSEL SONUCLAR/TARTISMA
Tablo 1. Pamuklu kumaslar {izerine farkli

konsantrasyonlarda ve farkli dogal boyarmaddelerle

boyama iglemi sonrasi bazi haslik degerleri,
dereceleri ve yorumlari
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Yukaridaki Tablo 1. incelendiginde su sonuglara
varilmaktadir (“’Isik hasligi’’, gri skala ile
Olciilmiistiir):

- Adey Abeba boyarmaddesi ile yikama haslig
derecesinin 2 oldugu ve bunun anlaminin yikama
hasliginin zayif oldugu anlamina geldigi, ayrica 151k
ve siirtme hasliklarinin derecelerinin 3 oldugu ve
bunlarin anlamlarinin 1s1k ve siirtme hasliklarinin
orta oldugu anlamina geldigi Tablo 1. * den

gozlemlenmektedir.




- Neem boyarmaddesi ile yikama haslig1 derecesinin 2
oldugu ve bunun anlaminin zayif oldugu anlamina
geldigi, ayrica 151k ve siirtme hasliklarinin derecelerinin
de 2 oldugu (Adey Abeba boyarmaddesine gore de
diisiik) gozlemlenip bunun sebebinin; Neem bitkisinin
yapisinda bulunan kromoforun daha fazla salinimina
sebep olmakla beraber 1sil islemlerin uygulandigi
boyama prosesinin sahip oldugu parametrelerden (T, t,
%c) v.b gibi gelebilecek etkenlere daha fazla maruz
kaldik¢a da renk agilacaktir. Bunlarin anlamlarinin 11k
ve sirtme hasliklarimin da zayif oldugu anlamina
geldigi Tablo 1. © den gbzlemlenmektedir.

- Indigo boyarmaddesi ile yikama ve siirtme haslik
degerlerinin 2 oldugu ve bunun anlaminin zayif oldugu
anlamina geldigi, ayrica 15tk hasli1 derecesinin 4
oldugu ve bunun anlaminin iyi oldugu anlamina geldigi
Tablo 1. © den gézlemlenmektedir.

- Alizarin (sarit+yesil) boyarmaddesi ile yikama haslig1
derecesinin 2 oldugu ve bunun anlammin yikama
hasligimin zayif oldugu anlamina geldigi, 151k hasligi
derecesinin 4 oldugu ve bunun anlaminin iyi oldugu,
ayrica siirtme haslhigin1 derecesinin ise 3 oldugu ve
bunun anlaminin ise orta oldugu anlamina geldigi Tablo
1.  den gozlemlenmektedir.

Bu sonuglarin sebeplerinin; dogal boyarmaddelerle
boyama prosesindeki 1sil igleme karst boyarmaddelerin
sahip olduklar1 kimyasal yapilarinda bulunan bag
cesitlerinin ve bunun bir sonucu olarak bag enerjilerinin
farklilik sergilemesi, ayrica sahip olduklar1 dogal
kromoforun  barindirdiklart  renginden  dolay1
birbirinden farkli bag enerjilerine ve dalgaboylarina
sahip olmalar1 gibi sebepler ile agiklanabilmistir.

- Mineral siyahi (toprak siyahi) boyarmaddesi ile 151k
hasligt derecesinin 5 oldugu ve bunun anlaminin g1k
hasliginin mitkemmel oldugu anlamina geldigi, ayrica
yikama ve silirtme hasliklarinin derecelerinin 3 oldugu
ve bunlarin anlamlarinin 1g1k ve siirtme hasliklarinin
Tablo 1.

orta oldugu anlamina geldigi den
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gozlemlenmektedir. Bu sonuglarin sebeplerinin; 11k
hasliginda gozlemlenen 5 (milkemmel) derecesinin
zamanin bir fonksiyonu olarak diisiiniildiigiinde ¢ok
iyi bir sonu¢ oldugu ve bu sonucun kimyasal
yapisindan kaynaklandig1 diistintilmektedir.
Kimyasal yapisindaki kromoforda bulundurdugu
siyah renk sahip oldugu yiiksek enerji ve diisiik
dalgaboyu sebebiyle 151k hasliginda 5 (miikemmel)

derecesini ortaya ¢ikarmustir.

- Bes dogal boyarmadde kaynagi arasinda, tiim
bitkisel boyarmaddelerin zayif yikama hasligina sahip
oldugu, sadece mineral siyah boyarmaddenin orta

yikama hasligina sahip oldugu gézlemlenmistir.

- Indigo ve Alizarin boyarmaddelerin, Adey abeba
cicek boyarmaddesi ve neem yapragi boyarmaddesine
gore daha iyi 151k hasligi degerlerine sahip oldugu

gozlemlenmistir.

- Isik hasligi acisindan en iyi dereceye (5) sahip

Mineral boyarmaddesi; Alizarin ve Mineral
boyarmaddeler ile kiyaslandiginda (4) daha iyi 151k

haslig1 degerlerine sahip oldugu gézlemlenmistir.

- Mineral toprak boyarmaddesi; Siirtme hasliklart

degerleri acisindan diger dogal boyarmaddelerle

kargilagtirildiginda  ortalama  siirtme  hashig
degerlerine sahip oldugu gozlemlenmistir.
- Tekstil iiriinlerinin  dogal boyarmaddelerle

boyanmasi ekolojik agidan 6nemli bir yere sahiptir.
Ciinkii bunlar hem boyarmadde hem de kumas igin
biliyilk oneme sahiptir. Bundan dolayr kumaslar
olusturan ipliklerin igerisindeki elyaf ile boyarmadde

¢oziilmeyen kompleks olugturmaktadir.



GENEL SONUCLAR

Yapilan cesitli haslik testlerinin sonuglarina gore;
Konsantrasyonlardaki kiiciik degisimlere bagli olarak
yapilan kumas boyama islemleri dogal
boyarmaddelerin kendi igerisinde etkili olmamig fakat
dogal boyarmaddelerin birbirleri arasindaki durumlarda
cesitli haslik degerlerinin derecelendirilmelerinde ve
yorumlanmalarinda 6nemli etkiler meydana getirmistir.
Ayni zamanda boyama prosesine etki eden;
boyarmadde ekstrakte islemlerinin, dogal boyarmadde
tiirlerinin ve konsantrasyon miktarlarmin belirli bir
kritik degere kadar arttirilmasi (6zellikle yikama haslhik
degerlerinin iyilestirilebilmesi igin) kisacasi maksimum
ekonomikligi  (Performans/maliyet) degeri igin
optimize edilmesinin zorunlu oldugu deneysel veriler
sonucunda diisiiniilmektedir. Dogal boyarmaddelerin
kimyasal yapisinda bulundurdugu kromoforunun
yanisira  yapisinda baska kimyasal yapilarda
bulundurmasindan dolayi, boyama prosesinde istenilen
renk tonu tam anlamiyla kargilanamamaktadir. (Affinite
eksikligine sebebiyet vermesinden dolay1). Bunun igin
daha fazla 6n terbiye iglemlerinin yapilmasi gerekliligi
disiiniilmektedir. Bu 6n terbiye islemlerinin
eksikliginden otiirii, soluk renk tonlar1 elde edilmekte
ve dogal boyarmaddeler ile boyama prosesi
uygulanirken daha fazla boyarmadde tiiketimine ihtiyac
duyulacag diistiniilmektedir.

Ayrica sentetik kumaglarin  boyama proseslerinde
kullanilan sicaklik degerleri ile karsilastirildiginda,
daha diigiik sicakliklarda kumas boyama islemlerini
gerceklestirebilmesi enerji tasarrufu agisindan da biiyiik
oneme sahip oldugu diisiiniilmektedir.

SONRAKIi DONEM CALISMALARI

Dogal  boyarmadde  kaynaklarinin;  ekonomik
(Performans/maliyet), ekstrakte iglemlerinin kolay
olacagi, Cikan/giren madde miktarinin yiiksek olacagi,
haslik degerlerinin daha yiiksek ¢ikmasini saglayacak
kromofor yapilara sahip olacagi ve iliman iklim
kosullarinda yetistirilebilir olacagr ¢esitli dogal
boyarmadde kaynaklarinin da diisiiniilerek gelecekte
gesitli teorik ve deneysel arastirmalar ile ortaya
cikartilip bu alandaki gelismelere ciddi katkilar
koyacagi disiiniilmektedir. Daha diisiik sicakliklarda
boyamalara uygun olduklarindan dolayi enerji tasarrufu
sagladiklari da ayrica disiiniilmektedir. boyama
stiresinin ~ uzatilmast  ve bdylelikle lifler ile
boyarmaddelerin  affinitesinin  saglanmasina siire
taninmasi gerekliliginin olustugu diisiiniilmektedir.
Ayrica substantifligi  yiikksek dogal boyarmadde
kaynaklarininda boyama prosesinde affiniteleri
yiikseltecegi diigiiniilmektedir.
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PURPOSE

The main aim of the research work was to extract long
fibrillated textile fiber and reinforcement from the
midrib of date palm. The fiber was extracted using a
combined alkaline-mechanical process. The effect of
the different extraction conditions was studied by
determining the fiber’s physiochemical, morphological
and mechanical properties. The extraction process
succeeded in fibrillating the fiber vascular bundles to
fine fibrils. It was found that the fibers density was up
to 1.324 g/cm® with a tensile strength up to 453 MPa.
Additionally, the fibers were thermally stable up to 226
°C and had crystallinity index 58.4 %. After extraction,
the cellulose purity reached 69%. Moreover, the
impurities removal was dependent on the severity of the
alkaline treatment. Date palm fibers have high potential
in being used along with flax, sisal, hemp and jute
fibers. The fibers are sustainable, biodegradable,
economical, and have excellent properties. The
extracted fibers can be used in a wide range of
industries such as automotive industry, sporting goods,
construction, and in packing.

INTRODUCTION

Date palm (Phoenix Dactylifera L.), is originally grown
in the MENA region with a population of 140 million
date palms generating every year 4.8 million tons
byproducts of annual pruning. Date palm as a source of
fibers is extremely underutilized. Fibers could be
extracted from the tree midribs, spadix stems, and
leaflets '3, Figure 1 shows the shape of the midribs and
spadix stems.

Figure 1. Date palm midribs (left) and spadix stems (right)
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PalmFil could be made into different textile forms;
hackled tow, spun yarn, chopped fibers, woven and
nonwoven mats as shown in Figure 2 *.

Hackled Tow

Spun Yarn

- *\\

Chopped
Fibers

Nonwoven

‘Woven

Figure 2. Different textile forms of PalmFil fibers #

PalmFil have various applications. The fibers could
be used in automotive, construction and building,
packaging, and other application. None of the
previous researches succeeded in effectively
extracting textile fibers with sufficient length,
fineness and cellulose purity, which can be spun into
yarns and cordage and then converted into woven


mailto:msmidani@ncsu.edu

fabrics or nonwoven mats. Hence, PalmFil is the first
successful long textile fiber and reinforcement to be
extracted from date palms byproducts of pruning.

EXPERIMENTAL

Material

The Materials used are classified into 2 categories; date
palm midribs and chemicals. The midribs were obtained
from Egypt at the same time of the year from a female
Barhi tree. The chemicals used are high purity sodium
hydroxide (NaOH > 99%) and glacial acetic acid
(CH;COOH > 98%).

Method

PalmFil fibers were extracted by performing 4-step
process; midribs preparation, alkaline treatment,
mechanical separation then neutralization. The alkaline
treatment used was varied between 27 different
combinations of durations, concentrations, and
temperature to determine the optimum extraction
parameters. After extraction PalmFil fibers were
characterized to determine their mechanical,
morphological, chemical, and thermal properties. The
mechanical properties were determined using single
fiber tensile test. Scanning electron microscopy (SEM)
was used to determine the fiber’s morphological
properties. As for the chemical properties, Fourier
transformed infrared spectroscopy (FTIR), and
chemical composition test were used. Moreover, the
fibers density and crystallinity were also determined.
Finally, the thermal properties were determined using
Thermogravimetric analysis (TGA).

EXPERIMENTAL RESULTS AND
DISCUSSIONS

The results showed that date palm midrib fibers are
composed of cellulosic vascular bundles attached
together using lignin. Figure 3 shows the microstructure
of PalmFil fibers. 4

Table 1summarizes the properties of PalmFil fibers.

Micro-Fibrils

Palm Frond Vascular Bundle

Figure 3. Microstructure of PalmFil fibers 4
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Table 1. Properties of PalmFil compared to other vegetable
fibers

p d Cellulose c E
(gem®) | (um) (%) | (MPa) | (GPa)
PalmFil | 1.32 239 69.3 452 21
Sisal 1.33 8-200 47.6-78 | 100-800 | 9.4-28
Jute 1.46 25-200 61-755 | 200-800 | 10-55
Flax 1.4 40 - 600 70-752 | 345-900 | 27 -80
Hemp 1.48 10 - 500 70-75.1 | 300-800 | 30-70

p: Density, d: Diameter, o: Tensile strength, E: Young’s modulus

CONCLUSIONS

The work in this research is the first successful
attempt to effectively extract long fibrillated fibers
form date palm midribs. The research succeeded in
extracting the fibers using a combined alkaline-
mechanical extraction process for the delignification
and fibrillation. PalmFil creates value out of the large
quantities of underutilized byproducts of the 140
million date palms, which are otherwise open field
burned. It expands the palette of natural fibers and
increases the biodiversity of fiber crops. Resulting in
larger, more sustainable, and economical supply,
which supports and encourages the industrial shift
back to natural fibers.
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AMACLAR

Doku miihendisligi alaninda yapilan ¢aligmalarda, kok
hiicrenin doniisecegi hiicre tipinin, bulundugu ortamin;
morfolojik ve kimyasal yapisindan etkilendiginin
kesfedilmesiyle, akilli biyomalzemelerin 6nemi giin
gectikce artmaktadir. Bu amagla, gercege yakin kemik
doku iskelesinin iiretilmesinde bioaktifseramik ve
biyoaktifcama ek olarak akilli biyomalzemelerin
kullanildig1 galismalara agirlik verilmektedir.?

GIiRiS

Doku miihendisliginde, farmokoloji, biyoloji, kimya ve
miihendislik  alanlarim1  kapsayan — multidisipliner
caligmalarin  yapilmaya  baglanmasiyla; mevcut

dokunun onarimina yardimct olma, hiicre ¢ogalmasini
destekleme gibi islevleri yerine getirilebilmektedir.®
Kemik doku ile ilgili yapilan ¢aligmalar incelendiginde;
iretilen doku iskelesi {izerinde kemik hiicrelerinin
tutunup, ¢ogalabilmesini tesvik edecek ideal mekanik
ve kimyasal 6zellikleri sahip biyopolimer ¢esitleri ve bu
malzemelerin kompozit yapidaki formiilizasyonlarina
agirlik  verildigi  gorilmektedir. Giliniimiizde 3D
boyutlu, steolitografi gibi {iretim tekniklerinin
gelismesiye biyolojik doku iskelesinin morfolojik
yapisina yakin doku iskeleleri iiretilebilmektedir.* Bu
sayede freeze drying metoduna ek olarak daha kontolli
bir sekilde gozenekli formda kemik doku iskeleleri
tiretilebilmektedir.’ Kemik dokusunun fizyolojik yapisi
incelendiginde osteoblast, osteosit denilen destek
hiicreleri ile osteoklast kemigin yeniden
sekillenmesinden sorumlu hiicrelerin cogalmasinda
kemik morfogenetik proteini (BMP-2) gibi biiyiime
faktori, doniistiiriicii bliyiime faktor B ailesi (TGF-B)
dnemli rol oynadig1 gdzlemlenmistir.>!° Hiicreler arasi
siyalizasyon mekanizmasini taklit edebilmek adina

akilli  biyomalzemelere olan ilgi giin gectikge
artmaktadir. '3
Akill1 biyomalzemeler kendi igerisinde siniflara

ayrilmaktadir, bunlar;

1-Akilli hidrojeller: fiziksel capraz bagli, kimyasal
capraz bagh

2-Akilli nanopartikiiller: Klik kimya,

3-Akilli biyoyiizeyler

4-Akilli nanofiberler

5-Akilli biyokonjugatlar

6- Sekil hafizali malzemeler®
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Fiziksel Capraz Bagh Akillh Hidrojeller

Iyonik etkilesimle gerceklesen fiziksel capraz
baglanmaya, canli hiicrenin enkapsiile edilmesinde ve
protein salimiminda siklikla tercihe edilen, kalsiyum
iyonlart ile c¢apraz baglanabilen, aljinat Ornek
verilebilmektedir.® Dehidrotermal ile fizikzel ¢apraz
baglanma yontemi, yiiksek sicaklik ve vakum altinda
gerceklestirilmektedir (Sekil 1. Bu ydntemin en
biiyilik avantaji malzememin safligini koruyarak viicut
icerisinde  gerceklesecek immiinolojik cevabin
azaltilmasma ve hiicresel aktivitenin artmasina
yardime1 olmaktadir.*®

o M ‘W: Dehydrothermal W\
+ TR W0 e ) i +Ho
e W Heat (160°C) Vacuum W\
Collagen with amino group Collagen with carboxylie group
DHT cross-linked Collagen
Sekil 1. Fiziksel c¢apraz bagli  hidrojelin

mekanizmast.®
Kimyasal Capraz Bagh Akilh Hidrojeller

Kemik dokunun yapisinda yiiksek oranda bulunan
kollajen yapinin, stabilizasyonunu saglamak amaciyla
karboksimid (EDS), 1,4-biitandiol diglisidil eter,
genipin, enzimatik (transglutaminaz) kimyasal capraz
baglayici ajanlar kullanilmaktadir.® Kimyasal ¢apraz
bagli jellerin sentezinde diisiik molekiil agirlikls
monomerlerin ¢apraz baglayict ajan kullanilarak
radikalik  polimerizasyon reaksiyona ile elde
edilmektedir.® Bifonksiyonel gapraz baglayici ajan
olan glutaraldehit, yapisindaki aldehit gruplariyla
lisin veya hidroksilisine bagli amin gruplar1 arasinda
kovalent bag olusumuna sebep olmaktadir (Sekil 2).

o M N
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Collagen Glutaraldehyde ¢
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Sekil 2.  Gulutaraldehitin baglanma

mekanizmasi.

capraz



KAYNAKLAR

l.Insal, B., Piskin, 1., 2017. “Kemik Dokusunun
Fizyolojisi”, Etlik Vet Mikrobiyal Dergisi, 28 (1), 28-
32.

2.Jacob, J., More N., Kalia K., Kapusetti G., 2018.
"Piezoeloctric smart biomaterials for bone and cartilage
tissue engineering”, Inflammation and Regeneration,
38,2,2-11.

3.Jiang, M., Liu, R., Alexander, K., 2020.
“Identification of osteogenic progenitor cell-targeted
peptides that augment bone formation”, Nature
communication, 11, 1-14.

4. Khan, F., Tanaka, M., 2017. "Designing Smart
Biomaterials for Tissue Engineering", Internatinal
Journal of Molecular Science, 19, 2-14.

5. Kowalski, P., Bhattacharya, C., Afewerki, S., Langer
R., 2018. "Smart Biomaterials: Recent Advances and
Futura Directions", Biomaterials Science and
Engineering, 4, 3809-3817.

6. Krishnakumar, G.S., Sampath, S., Muthusamy, S.,
John, M.A., 2018. "Importance of crosskinkling
strategies in designing smart biomaterials for bone
tissue engineering: A systematic review", Materials
Science & Engineering C, 96, 941-954.

7. Matassi, F., Nistri, L., Diana, C.P., Innocenti, M.,
2011, "New biomaterials for bor regeneration", Clinical
Cases in Mineral and Bone Metabolism, 8, 21-24.

8. Ohashi, N., 2014. Smart Biomaterials. Japan:
Springer

9.Almubarak, S., Nethercott, H., Freeberg, M.,
Beaudon, C., 2015. “Tissue engineering strategies for
promoting vascularized bone regeneration”, Bone, 83,
197-209.

10. Zambuzzi, W.F, Paulo G.C, Gutemberg G.A.,
Granjeiro J.M, 2011. "Intracellular Signal Transduction
as Factor in the Development of "Smart" Biomaterials
for Bone Tissue Engineering", Biotechnology and
Bioenginering, 108, 1246-1250.

1.
2.

ARMAN, Nazli (ORCID iD: 0000-0002-6529-608X)
ULCAY, Yusuf (ORCID iD: 0000-0001-6685-8278)

46



Development of a Stratified Dermis on a Chip

Platform for Drug Screening and Disease Modelling
KIZILKURTLU, Ahmet Akif!, YESILTAS , Gozde', OZTURK, Ayca Bal?, AKPEK, Ali!
' Gebze Technical University
2 Istinye University
aliakpek@gtu.edu.tr

PURPOSE

The purpose of the experiment was proving that skin-
on-a-chip systems can be new candidates of skin-based
disease modelling studies and drug discovery-screening
test instead of monolayer cell cultures, animal models,
and even human trials in the end.

INTRODUCTION

In current technology, both two-dimensional cell
cultures and animal models are being used as
fundamental subjects not only in disease modelling but
also in drug discovery processes®. In drug development,
potentially effective drug candidate is identified; lead
compounds are designed, modelled, developed, and
optimized via utilizing in silico techniques. After that,
preclinical testing is performed with compound
libraries in order to detect which of the library member
shows effectiveness against the specific target in
question. In disease modelling, target disease is
developed in vitro or in vivo. However, in two-
dimensional cell culture, the technique is mostly
insufficient in both disease modelling and drug
discovery processes’. Because, in disease modelling,
the target diseases are mostly present in three-
dimensional structures. Moreover, the system requires
vascular system in order to accurately mimic the origin
of the disease, which is impossible in two-dimensional
cell cultures. In drug discovery processes, it suffers
from nearly same reasons. On the other hands, animal
models are not suitable models in both disease
modelling and drug discovery test’. Since the show
different rates of absorption, distribution, metabolism,
and excretion in their system; the cost and space of
housing and feeding of this animal models are not to
mention. In addition, there are also two relatively new
techniques that are three-dimensional cell cultures and
bioprinting apart from previous ones. However, they
also suffer from vascularization system, which is
crucial for constant transaction of nutrition, oxygen,
and other trace molecules®. Therefore, today’s
technology needs more suitable and proper system in
order to achieve more precise and accurate approach
where microfluidic technology get involved into.
Organ-on-a-chip technology is the most advanced
multi-disciplinary scientific field that converges micro
engineering, techniques of mathematical modelling,

biology, biochemistry, physiology, medicine,
pharmacology fields to mimic living organs in terms
of cell-cell interactions, extracellular matrix and
extracellular environment, microarchitecture and
biochemical functions?. These microfluidic bioreactor
systems allow analyzing organ or multi organ
functions and interactions by using organ specific cell
cultures and microliters of mediums. Thus, the
systems make it possible to develop human organs in
in vitro models in terms of healthy or diseased ones,
investigate fundamental mechanisms of disease
etiology and organogenesis, which provide model
platform to drug efficiency, toxicity and discovery of
active ingredient of medications. Obviously, the
system is not only effective for implementations of
conventional medicine, but also a novel candidate for
personalized medicine. Because the systems can be
mimicking the specific organs in terms of
physiologically and biochemically, the desired
diagnosis or treatment studies can be conducted on
these systems!.

EXPERIMENTAL

Material

In this study, Polymethyl Methacrylate plates, 8 bolts
and 8 loafs, injection pipes, Mouse fibroblast cells
(3T3), plastic petri dishes, injectors (50 ml), syringe
pump (NE-1000) Sodium Alginate (E401), Gelatin
Methacrylate (prepared) were used.

Method

GelMA was obtained by using protocol. 3D tissue
scaffold was produced via mixing with sodium
alginate and Irgacure and printed in 3D Bioprinter.
Chip system was etched by using laser etching
machine and integrated via using bolts and loafs.
Mouse fibroblast cells were cultured on 3D scaffold
via using cell culture protocol.

EXPERIMENTAL RESULTS AND
DISCUSSIONS

The main objectives of this study were proof-of-
concept of the organs on a chip and making
comparison between two different scaffolds contents.
The organs on a chip platform was unique in terms of
utilized material, shape, size, and integration ability
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of its kind. The platform was developed as 10 layer that
were composed of 4 smooth layer, 3 reaction chambers
with inlet channels, and 3 reaction chambers with outlet
channels. In total, the chip has had 3 different reaction
chambers in it, which can mimic skin construction as
hypodermis, dermis, and epidermis. The layers have
been designed with bolts insertion. That was executed
in order to provide easy to integrate and disintegrate,
which offers easy and precise sterilization, interference
during the experiment, and additive modification on the
platform. The chip system has shown more stability in
the preservation of the scaffold as a whole and some
cells were observed on the surface of the PMMA chip.
Furthermore, continuous feeding has provided more
cell viability and colonization on organs on a chip
platform. The chip system showed more success
compared to Petri dish (Figure 1 and Figure 2, Figure 3,
and Figure 4).

(C)

Figure 1, The iniage of alive-death cells in the chip
system.
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Figure 2, The image of alive-death cells in the Petri
dish.
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Figure 3, The alive cell ratios in the scaffolds (Chip
system)
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Figure 4, The alive cell ratios in the scaffolds (Petri
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CONCLUSIONS

The chip system showed more stability compared to
Petri dish. Continuous medium feeding in the system
provided higher cell viability and proliferation
contrast to Petri dish. Some cells were observed as
alive on PMMA chip, yet most of the alive cells were
present on 3D tissue scaffold. The smallness of the
chip system, easy to integrate-disintegrate ability, and
three separate layers proved its success not only in cell
viability and proliferation but also in ease of handling.

SUGGESTIONF FOR FURTHER WORK

In case the further and more detailed optimizations
such as optimizing the cell chamber dimeter, width of
the inlet and outlet channels, tighter integration of
the layers and the flow rate of the medium from
injection pump are done, much more successful
organs on a chip platform may be realized. Then, the
chip will present a great promise to use as a platform
for drug delivery, drug toxicity, and drug effectivity
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testing instead of animal models, cosmetics toxicity
testing, disease modelling and most importantly
personal oriented disease modelling.
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PURPOSE

The aim of this study is to obtain customizable pressure
suits by using shape memory nitinol wires and coating
the textile surface with melt-blown thermoplacstic
polymers with the help of innovative engineering
solutions.

INTRODUCTION

In parallel with the development of technology, people's
living standards are also increasing. However, people's
expectations from textile products are also increasing.
Protection, performance and new functional features
are among the features demanded from textile products.
The most suitable material that we can integrate
electronic systems into the body is the clothes [1].
Thanks to its features such as high surface area,
uninterrupted communication capability and body
shape, it is possible for us to receive continuous and
accurate data [2].

Wearable technology is developed to find solutions to
different problems in different parts of the body.
Legwear is an important area of wearable technology.
In addition to the use of conductive wires, it is also
possible to use conductive polymers. It is possible to
use conductive wires or polymers covered with
insulating polymer without causing any harm to the
body. It can be said that the smart socks Owlet, a project
of Brigham Young University academic Jacob Colvin,
started a new era in the health sector. The product used
for babies enables monitoring of baby's values such as
heart rhythm and body temperature via smart phones

[3].

Legwear-related studies are generally the production of
clothes that create pressure by using elastic materials in
the foot and leg area. In the study of Lin et al., A study
was conducted on the pressure distribution in the
product using Laplace transformations to calculate the
contact pressure at different points of the leg [4].
Physical and mechanical properties of textile products
used in compression treatments for chronic venous
insufficiency were investigated. However, he reported
that there is still controversy as to whether compression
is the most appropriate solution for clinical applications
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[5]. In a study conducted on different age groups and
volunteer pilots, it was stated that they reached the
ideal treatment criteria [6]. Kline and colleagues
developed a product to investigate compression levels
under inflexible situations. The pressures obtained by
comparing the product obtained with the commercial
elastic socks were compared and it was observed that
similar values were obtained [7].

With the innovative product idea, a wearable product
with compression feature that can be used in different
parts of the body, especially legs and feet, can be
adjusted in the desired direction and at any time. The
textile surface of the product, which has a 3D spacer
knitted fabric structure, will be knitted with polyester
and elastane yarns and knitted with nitinol wires of
different thickness and density, and the edges will be
integrated into the thickness fabric, and the ends will
be melted. It is closed with ultrasonic sewing. Both
sides of the structure obtained will be covered with
melt-blown thermoplastic polyurethane fibers to
prevent the nitinol wire from being visible and to
protect it from external factors. Compaction
technology will be developed with the product
obtained.

DESIGN MATERIAL & METHOD

Material

It is foreseen to use 95% polyester and 5% elastane
yarns to obtain 3D spacer knitted fabric. The nitinol
wires to be placed between the 3D spacer knitted
fabric will be selected with a thickness of 0.10 mm.
Thermoplastic polyurethane (TPU) which has high
elasticity in all directions, good coastal rigidity given
modulus, high abrasion/chemical resistance, excellent
mechanical/elastic properties, low stress relaxation
and resistance, will be used for coating both sides of
the fabric.

Method

There are many studies on the use of nitinol wires in
different structures. Qu et al. reported a flexible fiber-
shaped Al-NaOCI galvanic battery for smart textile
applications [8]. In this work, the fiber-shaped
batteries could be integrated into smart textiles as
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power accessories to light up an LED, drive a wireless
mouse, and actuate a shape memory nitinol wire
attached to a textile screen at Figure 1.

The targeted user mass of the product is quite wide.
In pilots to balance the change in blood pressure at
high altitudes; For passengers traveling frequently

and for a long time; since it is very easy to put on and
take off, in patients with varicose veins; in healthy
people to regulate blood pressure at any time during
the day or when excessively immobile; in meeting the
daily massage needs of patients connected to the
immobile bed in case of venous insufficiency; can be
used in patients with deep vein thrombosis and in
similar situations.

Nitinol wire before heating

Ampererneter

" Cuwire —Al wire » Nitinol wire

)

With the realization of the idea of the product, people

[ITIIIIITL [TTTTTTIT) .
Amiperemeter [ g 8 0 O who have to use varicose socks can be worn and
o Flectiical diagram removed more easily and they can use a product

Currentindthe nitinol

whose pressure can be adjusted according to the
degree of the disease. It will also be an alternative to
similar products that can be worn on the arms or legs,
which have a pressure effect for blood circulation in
the body. It can also be used as a solution to the
regular circulation of blood in the limbs due to the
immobility that occurs in disability.

y A
..

Figure 3. Pressure clothings [10]

Figure 1: Nitinol wire in textile applications [8]

Another name for these wires called nitinol memory is
"Shape Memory Cables". Using a heat source, you can
give almost any shape you want. If you deform after
giving the wire the shape you want, it can return to its
original shape. This can also be called "shape memory
alloys". As soon as the areas of the wire under stress
reach the appropriate temperature, they can return to
their pre-set shape thanks to their "super elasticity"
ability [9]. It has a melting point of 1300 °C and a
density of 6.45 g/cm®. Especially the stent used in
vascular surgery is usually made of Nitinol as shown in
Figure 2 [9].

In order to examine the temperature increases and
shape changes of the nitinol wires to be placed
between the 3D spacer fabric under the given current,
the experiment setup in Figure 4 will be set up. The
purpose of the experiment is to observe the behavior
of the wire under the applied electric current. In this
experiment, elongation and shortening will occur due
to phase transformations in the nitinol wire structure
that will be heated by electric current. Therefore,
LVDT (Linear Variable Displacement Transducers)
to measure the displacement of the wire consists of
the force meter, thermocouple, power supply and data
collector, where this data is processed and stored [11].

Figure 2. Nitinol wire in stent
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Figure 4. Experimental system for the resistance test and the loading test [11]

Nitinol wires will be placed between this 3D spacer
fabric structure, and then the ends of the fabrics will be
bonded with ultrasonic bonding. This fabric has a
fabric structure that has the feature that nitinol wires
can be placed comfortably and has a stretch feature.
The part that touches the body will be obtained by
accumulating power supply, which is an insulating
polymer, on the 3D spacer knitted fabric by meltblown
method. Thanks to the fabric obtained, the electrical
current will be prevented from damaging the body.

Figure 5. Placing nitinol wire into 3D spacer knitted
fabric [12]

Nitinol wires are placed on the product in such a way
as to form a circuit in Figure 5. The resulting structure
is folded from end A to end B and stitched, resulting in
a closed tubular system. The device is developed so
that the two ends of the nitinol wire are inserted and
removed from the battery as shown. The top of this
device is also covered with a velcro adhesive device
and is visible only when the battery is attached.

By changing the thickness, frequency and placement
arrangement of the nitinol wires used in the product,
pressures of desired size, desired region, varying
according to the region can be obtained. Since the
product only needs electric current when it is worn, it
will not create any electric current, magnetic field and
energy need.

DESIGN RESULTS AND DISCUSSIONS

The product is worn on the arm and/or leg. The velcro
part is opened and the cable on the control panel is
attached to the product. According to the current /
pressure table in the user manual of the product, the
current can be adjusted according to the desired
pressure. Nitinol wire, heated by the current passing
through the circuit, shortened to its predetermined
lengths and creates pressure due to compression in the
product. After the desired pressure has been formed,
the control panel leaves the product and remains on the
limb for the specified time.

3D spacer knitted fabrics are a structure with binding
threads between the upper and lower layers and their
structures. After nitinol wires are placed between the
3D spacer knitted fabric, first of all, the edges of the
fabric will be melted with ultrasonic joining in order to
ensure that the wires are not visible, and the upper and
lower layers are combined. The polymer chosen is
suitable for this process as it is a thermoplastic
polymer. In addition, this selection is faster and more
economical than other joining processes such as
electrospinning, solution blowing etc. because melt-
blown system does not need the solvent for solving the
polymer.

After the nitinol wires are placed on the 3D spacer
knitted fabric, elastomer nonwoven surface will be
made in order to provide ease of use, to prevent the
electric current from being negatively affected by the
body and to be able to move easily with the flexibility
of the knitted fabric. TPU, which is an elastomer
material on 3D spacer knitted fabric, is deposited by
melt-blown method. The material will also have a
breathable feature by covering both surfaces with
fibers at nanoscale.

The development of technology causes changes in
every aspect of our lives. Especially, electronic
systems make our lives easier by placing them in the
products we use. Thanks to the electronic and smart
systems, the products we use not only have a single
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function feature, but they have more than one feature
or level. With this study, pressure gauge can be
adjusted with the use of nitinol wires, which can
change shape with temperature or electric current, so
that pressure socks used especially in the leg area can
not only be used with a single pressure value, but also
in increasing or decreasing levels of the disease. As an
innovative approach, ultrasonic joining and melt-
blown method, where nanofibre surfaces are obtained,
added value to the product.

NEXT TERM STUDIES

Research and especially applications on the use of
shape memory materials in textile products are planned
as next studies. Especially studies on the research and
application of shape memory and conductive polymers
will guide wearable technology.
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PURPOSE

In this study copper based metal organic framework
(Cu-BTC) is deposited on cotton fabrics by the layer by
layer method(LBL).The sensing activity to humidity
and NH3 gas was tested.

INTRODUCTION

Metal-organic frameworks (MOFs) which are prepared
in the form of one, two or three-dimensional networks
using inorganic salts and organic linkers have recently
gained considerable attention due to their large surface
areas and ability to bear various functionalities. Due to
these reasons, MOFs have a wide range of application
areas such as gas storage, adsorption/separation, and
catalysis. They could be prepared in some various
forms such as beads, pellets and thus, a low-pressure
drop and high performance could be obtained in the
industrial applications. The complete usage of the inner
surface of MOFs could be obtained by the deposition of
MOFs on suitable substrates rather than the
encapsulation of them decreases if encapsulated
(Kuesgens et al, 2009). Recently MOFs are deposited
on stainless steel fibers for the solid-phase
microextraction of volatile and harmful benzene
homologs (Kaskel et al. (2011) studied the
immobilization of Cu-BTC (MOF-199) in polymers
(polystyrene, polyvinylpyrrolidone, and
polyacrylonitrile) by electrospinning to obtain
composite fibers with MOF particles. Keskin and Sholl
(2010) also reported that the addition of particles to a
polymeric matrix represents an important method for
enhancing the performance of these polymeric
materials for potential applications in gas separation
processes .

The aim of this study is to synthesize Cu-BTC on cotton
fabric for sensing activities. In order to increase the
carboxylic groups of cotton fabric carboxymethylation
process is carried out.
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EXPERIMENTAL
3.1. Materials

All chemicals are analytical grades. Copper (II)
nitrate trihydrate (Cu(NO3)..2.5H,0), benzene-1,3,5-
tricarboxylic acid (BTC), Ethanol (EtOH), N-
dimethylformamide (DMF), sodium hydroxide
(NaOH) and sodium chloroacetate were obtained
from Emsure and Sigma Aldrich.

3.2. Methods: Cu-BTC Synthesis and Deposition On
Cotton Fabric

For deposition of Cu-BTC the surface of the
cotton fabric should be carboxymethylated to obtain
anchoring points on the surface. The procedure
proposed by Rubin et al. (2018) was used. Briefly the
cotton fabric was added into 100 ml EtOH:H»O (2:1)
and NaOH (15 wt%) mixture and then stirred for 30
min. After that, the cotton fabric was removed and
11.6 g sodium chloroacetate was added into the
solution. The cotton fabric was put into the solution
again and stirred for 1 h. The cotton fabric was
removed from the solution and immersed in H20 for
30 min. Then, it was washed with H2Oand EtOH,
respectively. The cotton fabric was firstly dried at the
room temperature and then it was dried in the oven for
1 hat 60 °C

After carboxymethylation step, Cu-BTC was
deposited according to Pinto et al. (2012) method.
Briefly 860 mg Cu(NO3)22.5H,0 was mixed in a 12
ml of DMF:EtOH:H20 (1:1:1) mixture and a piece of
cotton fabric were put into the mixture. After stirring
them for overnight 500 mg trimesic acid was
dissolved in DMF:EtOH:H,O (1:1:1) mixture and
added to the mixture dropwise and kept stirring for 24
h. The Cu-BTC deposited cotton fabric was dried in
air.

Cu-BTC deposition on the cotton fabric was
also carried out by layer-by-layer (LBL) method. In
the procedure, 1.078 g copper acetate was dissolved
in 15 mL H>O to obtain solution A. Then, to obtain
solution B, 631 mg of BTC was dissolved in 15 mL
of DMA,EtOH:H,O (1:1:1). The cotton fabric was



first immersed in solution A for 5 min and then it was
rinsed with water. The cotton fabric was immersed in
the solution B for 5 min and then it was rinsed with
water. This cycle was repeated for 5 times. After that,
the cotton fabric was washed with EtOH to remove
undeposited Cu-BTC particles. Finally, the cotton

fabric was put into the EtOH solution and sonicated.

3.3. Characterization Studies

The surface morphology and the framework vibration
of Cu-BTC deposited fabrics were analyzed via SEM
analysis (FEI QUANTA 250 FEG) and AT-IR analysis
in the wavenumber range of 6504000 cm' (Pelkin
Elmer—-UATR Two). The crystalline structures of all
samples were determined by X-ray diffractometer
(Philips X’Pert) with CuK radiation. The scattering
angle 20O was changed from 5° to 63° with a step length
of 0.002°.

EXPERIMENTAL RESULTS AND
DISCUSSIONS

The surface of the cotton fabric was successfully
covered also with Cu-BTC by third deposition method
for all cycle numbers (Figure 1). According to the
results, the optimum cycle number was chosen as 12 for
the deposition method since the uniform Cu-BTC
distribution and well-shaped Cu-BTC particles on the
surface of cotton fabric were obviously seen.

ATR-IR spectrums and XRD patterns of Cu-
BTC, raw cotton fabric and Cu-BTC deposited cotton
fabric by different deposition methods are presented in
Figure 2. The characteristic peaks of Cu-BTC, raw
cotton, carboxymethylated cotton, and Cu-BTC
deposited cotton specimens were observed at 728, 1371
and 1644 cm’!. As seen from XRD patterns, cotton has
a characteristic peak around 23°. Additionally, the place
of this peak was drifted due to the interaction between
the cotton surface and Cu-BTC.

After the deposition process, new peaks,
referred to the characteristic peaks of Cu-BTC, were
observed. The intensities of characteristic peaks of Cu-
BTC was observed weakly since Cu-BTC was
deposited on the cotton surface as a thin layer. Thus, it
could be said that the deposition process was
successfully achieved by the deposition method.

NH; sensing property of Cu-BTC deposited cotton
fabric (by first method) was investigated and the results
are shown in Figure 3.
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Figure 1. SEM images (1, 3, 5) and mapping
analysis (2, 4, 6) of Cu-BTC deposited on cotton
fabrics with 4, 8, 12 cycles, respectively.
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Figure 2. ATR-IR spectrums and XRD patterns of
Cu-BTC, raw cotton, fabric and Cu-BTC deposited
cotton fabric..

After NH3 exposure, Cu-BTC deposited cotton
fabrics show a color change and their color turned to
dark blue. Thus, they have NHj3 sensing property.

Figure 3. Color of raw cotton fabric(1), Cu-BTC
deposited cotton fabric (2) and NH; exposed Cu-BTC
deposited cotton fabric.

CONCLUSIONS

Cu-BTC was synthesized and deposited on the
cotton fiber. The deposition of Cu-BTC on cotton fabric
was successfully achieved for the deposition method
with different number of 12 cycle for the method were
chosen as optimum cycle numbers.
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SUGGESTION FOR FURTHER WORK

In future work, Cu-BTC deposited Cotton will be
used for sensing of NH3, H»S and H>O.
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PURPOSE

In this study, an aerogel made of electrochemically
exfoliated graphene and chitosan was decorated with
silver nanoparticles (AgNPs) for piezoresistive pressure
sensor applications.

INTRODUCTION

Flexible and skin-mountable sensors have attracted
tremendous attention due to its potential applications in
human health monitoring, artificial intelligence and
wearable electron devices. To detect slight pressure
changes, pressure sensors become more and more
essential. By conversing certain pressures to electrical
signals, pressure sensors can monitor some human
bodies’ indexes such as pulse and blood pressure, which
indicates health condition®. Also, being attached onto
clothes and even directly on skin, pressure sensors can
provide real-time data of body activities?. To realize the
goals, a flexible, ultralight and high response speed
pressure sensor, with abilities of monitoring pressure
changes in different regimes, are required.

However, traditional metallic and semiconducting
pressure sensors can only detect limited regimes with a
relative low sensitivity’. Nanoscale materials, on the
other hand, are considered as a leading solution for
wearable pressure sensors®. In the past few years,
pressure sensors with different nanoscale materials
have been reported, including metal/metal oxide
nanowires, conducting polymers, carbon nanotubes,
and large arrays of pressure-sensitive pixels®. Among
all, 3D-structured graphene, such as graphene aerogels,
with unique properties such as low density, high
electrical conductivity, porosity, and large surface
area®, are considered as a promising base material for
pressure sensors.

While due to the strong n—x stacking and van der Waals
interactions, graphene sheets tend to form irreversible
agglomerates instead of forming a sponge like
material’. The agglomeration significantly decreases
the surface area of graphene and has negative effect on
its mechanical properties. To solve the problem, many
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researchers introduced different materials to help
construct and strengthen the 3D structure, including
cellulose, PDMS, carbon nanotubes etc®.

Chitosan, as the production of the deacetylation of
chitin, which is one of the most abundant and
renewable natural polymers, becomes a rising star®.
Recent years, aerogels based on chitosan with
applications in energy storage, water treatment,
antibiotics and etc. are widely reported. Thanks to its
biocompatible and biodegradable, chitosan is a
considerable base for flexible and skin-mountable
pressure sensors®,

Herein, we report a novel flexible, pressure sensor
based on silver nanoparticles decorated graphene and
chitosan hybrid aerogels (AgNPs-GCA), which
achieves high sensitivities and ultrafast response.

EXPERIMENTAL

Material

Graphite sheets were obtained from Graphitestore,
Inc.(U.S.A)). Chitosan, glutaraldehyde and acetic acid
were purchased from Sigma-Aldrich (St. Louis, MO,
U.S.A)). AgNOs was acquired from Acros chemicals
(NJ, US.A).

Method

First, electrochemically exfoliation of graphite was
prepared in accordance with our previous paper®.The
graphene suspension was concentrated by filtration
before use. The graphene/chitosan (GCA) composite
were prepared by as-synthesized graphene suspension
with varying amount of chitosan (10mg/mL) to find
optimal composition (graphene: chitosan ; 1:1, 1:0.8,
1:0.6, 1:0.4, 1: 0.2). The GCA mixture was stirred for
1 h and followed by ultra-sonicating for 10 min. at
room temperature. Glutaraldehyde and acetic was
added into solution for crosslinking between graphene
and chitosan. The solution immediately turned into
hydrogel and after free-drying process, GCA aerogel
was formed. Using chemical reduction method,
AgNPs were formed onto the surface of GCA
composite. Briefly, GCA aerogel dipped into 100 ml

GUNASEKARAN, Sundaram (0000-0001-6553-1273)
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of AgNQ3, (100 mM) at room temperature for 30 min.,
Then, GCA aerogel was dipped into NaBH, for 10 min.
Following this, Samples was washed with DI water to
remove any remaining chemicals and unbonded
AgNPs. Finally, samples were dried at room
temperature for 24h.

EXPERIMENTAL RESULTS AND
DISCUSSIONS

AgNPs decorated GCA composite was synthesized as
shown in Figure 1. The amount of graphene has a great
influence on the shape and resilience of the aerogels,
which also determine the sensitivity and mechanical
properties of pressure sensors. It is also important to
note after determining optimal composition of GCA for
better mechanical properties, the electrical conductivity
was very low due to chitosan which effect the
sensitivity of pressure sensor. AgNPs was decorated to
increase the conductivity while keeping GCA
mechanically stable.

Chitosan Freeze-dry .
HAc & -

Y Glutaraldehyde
Concentrated

e

. GCA Hydrogels GCA Aerogels
Graphene =
AgNPs Decorated GCA @ Reduced by @ Dipping into AgNO;
Aerogels NaBH,

Figure 1.Synthesis scheme for AgNPs-GCA composite

After forming AgNPs-GCA, the composite materials
was characterized via XPS to confirm the presence of
metallic silver nanoparticles. XPS spectra of AgNPs-
GCA is shown in Figure 2.
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Figure 2. XPS spectra of AgNPs-GCA composite

AgNPs-GCA based piezoresistive pressure sensor was
assembled by connecting two copper sheets onto top
and bottom of the AgNPs-GCA. Then, as-assembled
device was tested for 200 g of standard weigh as shown
in Figure 3. The results shows that the sensor response
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the pressure very quickly and when the weight is
removed, it quickly returns to initial current.

current (A)
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Figure 3.Pressure-dependent current recorded at

200g

CONCLUSIONS

In this study, we report a novel approach to use
AgNPs decorated GCA composite in piezoresistive
pressure sensor which achieves ultrafast response.
Further studies are needed to investigate real-time
responses and sensitivities under various pressure.
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PURPOSE

In this study, it was aimed to investigate the electrical
resistance and electromagnetic shielding effectiveness
(EMSE) properties of barium titanate coated fabrics.
For the first time, the singly effect of barium titanate on
EMSE properties in fabric coating was investigated.

INTRODUCTION

Polymer coating on the textile material provides new
properties of the fabric. The chemical compositions of
polymer coatings are constantly developed and new
types of polymer additives are increasingly introduced.'
Most of the commercially available electromagnetic
shielding fabrics are produced by coating technologies
and have very homogeneous and closed structures thus
exhibiting extremely high electromagnetic shielding
capabilities.?

The perovskite structure of BaTiOj attracted significant
attention due to its exceptional dielectric, piezoelectric,
and electro-optic properties.>

There were some studies about -electromagnetic
shielding effectiveness and electrical properties of
barium titanate added textiles and composites in the
literature.*® These limited studies mostly focused on
barium titanate added composites and film structures.”
9

In this study, polyester fabrics were coated with nano-
sized barium titanate powder at 50 and 100 g/kg
concentration rates. Physical tests (thickness, mass per
unit area, add-on) and electrical measurements (surface
resistivity, electromagnetic shielding efficiency) were
performed and results were evaluated with related
standards.

EXPERIMENTAL

Material

Pre-treated 100% polyester woven fabric was used in
the experiments. Barium titanate (BaTiO3;) powder
which was supplied from Grafen Chemical Industries
Co. was used as filler material. Their properties were
given in Table 1.
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Table 1. Properties of fabric and barium titanate

Property Warp | Weft
Yarn Type Texturized
polyester

Fabric | Number of 30 13

yarns/cm

Fabric structure Plain weave

Morphology Spherical
Barium Average particle 100
titanate e (nm)

Density (g/cm?) 5.85

Purity (%) 99.9

Method

Polyester woven fabrics were coated at 50 and 100
g/kg concentration rates of nano-sized barium titanate
powder. Coatings were made according to knife over
roll principle. Samples were dried at 100°C for 10
minutes and they were fixed at 160°C for 3 minutes
on a laboratory type steamer (Rapid H-TS-3).
Thickness measurements of coated fabrics were made
according to TS 7128 EN ISO 5084 standard with
James Heal's R & B Cloth thickness tester. The
measurement of the fabric weights (g/m?) was carried
out in accordance with the TS 251 standard.

Surface resistance measurements of coated fabrics
were made according to ASTM D 257 standard with
Keithley 8009 Resistivity Test Fixture.

EMSE properties of coated fabrics were determined
according to the ASTM D4935-10 standards by using
a coaxial transmission line measurement technique in
the frequency range of 15-3000 MHz.

EXPERIMENTAL RESULTS AND
DISCUSSIONS

Thickness, mass per unit area and add-on results of
fabrics were shown in Table 2. As the concentration
of the filler (the ratio of the solid content in the paste)
increased, the thickness of the coating film also
increased. Similarly, as the barium titanate
concentration increased, the fabric mass per unit area
and add-on values increased.
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Table 2. Thickness, mass per unit area and add-on

results

Thickness M?SS per Add-on

Samples (mm) unit area (g/m?)
(g/m?) s

Uncoated
fabric 0.34 169 -
BT50 0.42 287.3 118.3
BT100 0.49 341.5 172.5

Surface resistivity and EMSE results of fabrics were
shown in Table 3. Surface resistivity values slightly
decreased according to uncoated fabric. However,
BT50 and BT100 coded fabrics had nearly same values.
When the EMSE results examined, barium titanate had
a positive effect on the shielding efficiency of coated
fabrics, especially in 100 g/kg concentration. SE value
increased by 22% from BT50 to BTI100 sample.
According to “The Functional Technical Textiles
Standard”'? SE values of the coated fabrics were "good"
at 15 MHz.

Table 3. Electrical resistance and EMSE results

Surface
Samples Resistivity EE/ISE (dB)
Q/sq) (f=15 MHz)
Uncoated 9.1x1010 2.94
fabric
BT50 2.1x10° 11.03
BT100 2.7x10° 14.06
CONCLUSIONS

This paper investigates electrical properties of nano
barium titanate coated polyester fabrics. Thickness,
mass per unit are (g/m?), surface resistivity and EMSE
measurements were performed.

According to uncoated fabric surface resistivity values
were decreased with barium titanate coating. Barium
titanate improved the EMSE properties of coated
fabrics. Shielding efficiency increased with increasing
barium titanate concentration.

SUGGESTIONF FOR FURTHER WORK
Electromagnetic shielding efficiency of barium titanate
coated fabrics was achieved in a limited frequency
range. Therefore, the combined use of barium titanate
and different conductive polymers will be studied in
future works.
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Superkapasitorler icin Grafen Esashh Nanokompozit Hidrojel
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AMACLAR
Esnek elektronikler giinlik hayatimizda giderek
yaygmlastigindan, giic kaynag i¢in  yiiksek

performansli, esnek kati hal siiperkapasitorlere olan
artan bir talep mevcuttur. Genis yiizey alani, yiiksek
elektriksel iletkenligi sebebi ile grafen hidrojel ve
aerojeller siiperkapasitor elektrodu olarak biiyiik ilgi
cekmektedir. Bu caligmada siiperkapasitor elektrodu
uygulamalar1 icin hidrotermal indirgeme yontemi ile
grafen ve grafen/PANI hidrojellerin gelistirilmesi
amaclanmistir.

GIRiS
Stiperkapasitorler sahip olduklart yiiksek enerji ve gii¢
yogunlugu sayesinde gii¢ ve enerji yogunlugu agisindan
konvansiyonel kapasitorler ile bataryalar arasindaki
boslugu dolduran enerji depolama teknolojileridir.
Karbon bazli malzemeler (aktif karbon, grafen, karbon
nanotiip, karbon nanolif vb.), iletken polimerler ve
metal oksitler siiperkapasitorlerde elektrot malzemesi
olarak kullanilmaktadir.
Son  zamanlarda, grafen esaslh ka1  hal
stiperkapasitorlerle ilgili yapilan ¢alismalarda yiiksek
spesifik kapasitans degerleri (118-204 F g') elde
edilmigtir'3. Bununla birlikte grafen levhalari biraraya
gelerek aglomere olma egilimi gdstermektedir bu da
kati hal elektrolitlerin elektrot malzemesinin tiim
yiizeylerinin kullanmasini engellemekte ve elektrotun
kapasitif performansinin daha diisik olmasina neden
olmaktadir. Bu zorluklar1 gidermek igin, farkli
yapilarda, ozellikle ii¢ boyutlu (3D) grafene dayali
makroyapilar biiyiik ilgi gérmiistiir *7. Cesitli 3B grafen
materyalleri arasinda grafen hidrojel ve aerojelleri
ozellikle dikkat ¢ekmektedir 315, Bu benzersiz grafen
jelleri, cok boyutlu elektron tasima ve hizli elektrolit
iyonlarinin difiizyonuna izin veren, yliksek spesifik
yiizey alanlarina sahip birbirine bagh goézenekli
gergevelerden olusur.
Karbon atomunun allotroplarindan bir tanesi olan
grafen, ¢ok iyi elektriksel, termal ve mekanik
ozelliklere sahip olmasi nedeniyle dikkatleri {izerine
ceken ve son yillarda, elektronik, enerji ve cevre
uygulamalar1 basta olmak iizere pek¢ok acidan
kullanim alani bulan tek atom inceligindeki bir
malzemedir ', Bu fiziksel, mekanik ve kimyasal
ozelliklerin birlesimi, grafene dayali materyalleri,
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elektrokimyasal enerji depolamasi ve siirdiiriilebilir
enerji iretimi, yani Li-ion piller, yakit hiicreleri,
stiperkapasitorler ve fotovoltaik ve giines pilleri i¢in
daha ilgi gekici hale getirmektedir 7. Son yillarda
stiperkapasitorlerle ilgili projelere ve c¢aligmalara
yapilan yatirnmin biyiikligi de siiperkapasitorlerin
giinlimiizdeki dnemini ortaya koymaktadir. Yapilan
caligmalarda siiperkapasitor iiretiminde
kullanilabilecek malzeme cesitleri sunularak metal
temelli stiperkapasitorlerin aksine gevreye zararli
madde ati§1 sunmayan yollar Onerilmektedir. Bu
noktada, iletken polimer kullanilarak
stiperkapasitorlerin gelistirilmesi son yillarda biiyiik
onem kazanmuistir.

Bu c¢alisma kapsaminda siiperkapasitorler igin
elektrot olarak kullanilma potansiyeli olan Grafen
Hidrojel, Grafen/Polianilin Hidrojel (Grafen/PANI
Hidrojel) iiretilmistir. Uretilen tiim hidrojellerin
liyofilizatér yardimi ile kurutma yapilarak 3 boyutlu
yapilarinin bozulmadan kurutulmasi saglanmis ve
morfolojik 6zellikleri incelenerek siiperkapasitor
elektrotu olarak potansiyel kullanimi tartisilmigtir

DENEYSEL

Malzeme

Grafit tozu (Fisher Chemical, UK), karbon nanotiip
(Aldrich, USA), HCI (Sigma-Aldrich, Austria) HoSO4
(%95-97, Sigma-Aldrich, Germany), H3POs (%85-
88, Sigma-Aldrich, Switzerland), HNOs3 (Sigma-

Aldrich, Germany) H>0, (%34.5-36.5, Sigma-
Aldrich,  Germany), Anilin  (Sigma-Aldrich,
Portugal), amonyum persiilfat (Sigma, Japan),

malzemeleri temin edilip ilave saflastirma islemi
yapilmadan kullanilmigtir

Yontem

Grafen Oksit Sentezi: Grafen oksitin {iretiminde
gelistirilmis Hummer’s metodu kullanilmustir'®. 1 gr
grafit tozu, H,SO4/H3PO4 (120 ml/13,33 ml) karigim
icerisine  eklenerek  manyetik  karigtirict  ile
karistirilmig ve lizerine 6 gr KMnOy ilave edilerek yag
banyosu igerisinde 50 °C’de 12-24 saat boyunca
reaksiyona birakilmistir. Reaksiyon sonunda karigim
150 ml buz banyosu iizerine dokiilerek iizerine 1 ml
%30’luk H»O; ilave edilmistir. Sonrasinda karigim
icerisindeki kat1 malzeme santrifiij ile ayrilip sirast ile
2 defa saf su, metanol, etanol, %37’lik HCI ile
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yikanmis sonrasinda ise pH 7’ye gelene kadar saf su ile
yitkanmaya devam edilmistir'®,

Grafen Hidrojel Uretim Siiresinin Optimizasyonu

[k olarak 2 mg/ml konsantrasyonundaki grafen oksit
solisyonu prop sonikator yardim ile sonike edildikten
sonra 3 farkli cam tiip icerisine 20’ser ml ilave edildi.
Sonrasinda  iizerlerine 2 M’lik askorbik asit
¢ozeltisinden 1’er ml ilave edildi. 3 tiip siras1 ile 2 saat,
6 saat ve 12 saat 180 °C de otoklav igerisinde bekletildi.
Sonrasinda elde edilen hidrojeller 1M’lik H>SO4
icerisinde konularak grafen hidrojel igerisindeki
safsikliklarin arindirilmasi saglandi.

B N

Sekil 1. Elde edilen grafen hidrojel resimleri.
Grafen/PANI Hidrojellerin Uretimi

1 M’lik HCI igerisinde 1,8825 mmol’liik 80 ml anilin
¢oOzeltisi hazirlanmig ve iiretilen hidrojeller ¢ozelti
icerisine daldirilmig ve anilinin  hidrojelin  i¢
gozeneklerine difiize etmesi icin 2 saat bekletilmistir.
Sonrasinda 20 ml 1M’Iik HCI igersindeki 1.6 mmol
APS buz banyosundaki hidrojel igerisine damlatilarak
¢Ozelti 24 saat bekletilmistir. Reaksiyon sonunda elde
edilen Grafen/PANI Hidrojeller sirasiyla 1 M’hik
H,SO4 ¢ozeltisi ve su igersinde bekletilerek
safsizliklarin uzaklastirlmasi saglanmugtir.

DENEYSEL SONUCLAR/TARTISMA

Sekil 2°de grafen oksit ve grafen hidrojelin FT-IR
spektrumlar1 goriilmektedir. Grafitin oksitlenmesi ile
elde edilen grafen oksitin FT-IR spektrumlarinda 3200
cm! frekansinda —OH piki, 1728 cm’de C=0
(karboksilik ~asit) piki goriilmektedir. Indirgeme
sonrasinda fonksiyonel gruplarin uzaklastirildig:
goriilmektedir. Bu da indirgeme igleminin basarili bir
sekilde gergeklestirildigini gostermektedir.

Elde edilen hidrojellerin gozeneklilik hesab1 asagidaki
ornekte gosterilmistir.

Vhidrojel = 1,370 ml;  dgrafen = 2,36 gr/ml =2360 mg/ml;
Mgrafen =29,07 mg

Vgrafen: mgrafen/ dgrafen

Vraten= (29,09 mg)/(2360 mg/ml)= 0,01235627 ml
grafen=12,32627 pl grafen

Vhidrojel: 1,370 ml=1370 p,l
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% Porozite = [(Vhidrojel- V grafen)/( Vhidroje) | ¥100= [ (1370
ul -12,32627 ul)/ 1370 ul]*100
% Porozite= % 99.10

Yapilan hesaplamalarda iretilen hidrojel
gozenekliliklerinin -~ %99 civarinda  oldugu
hesaplanmistir. Bu da  dretilen hidrojellerin

hacimlerinin 100 kat1 kadar su absorblayabildiklerini
gostermektedir.
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Sekil 2. Grafen oksit ve grafen hidrojel FT-IR
spektrumu.

Grafen hidrojellerin SEM goriintiileri Sekil 3’te
goriilmektedir. Cok yiiksek gozeneklilige sahip
hidrojellerin trretildigi tespit edilmistir.
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Sekil 3. Grafen Hidrojellerin SEM goriintiisii.

Sekil 4’te Grafen/PANI hidrojellerin SEM goriintiisii
goriilmektedir. Bu numunede daha yumusak
ylizeylerin oldugu ve polimerizasyon sonrasinda
gbzenekli yapinin korundugu goriilmektedir.
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GENEL SONUCLAR

Grafen, Grafen/PANI hidrojeller hidrotermal indirgeme
prosesi ile basarili bir sekilde tiretilmistir. Yapilan SEM
analizleri sonucunda hidrojellerin yaklasik %99 gibi
¢ok yiiksek bir gozeneklilige sahip oldugu goriilmiistiir.
Yapilan FT-IR analizlerinde grafitin basarili bir sekilde
okside edildigi, hidrotermal indirgeme prosesi
sonrasinda ise grafen oksitin basarili bir sekilde
indirgenerek grafene doniistiiriildiigii goriilmistiir. Elde
edilen ¢ok yiiksek gozeneklilige sahip bu hidrojellerin
genis yiizey alanina sahip olmanin 6nemli oldugu
stiperkapasitor elektrot uygulamalarda kullanilmak igin
6nemli bir potansiyele sahip oldugu goérillmiistiir.

SONRAKI DONEM CALISMALARI

Ileriki ¢alismalarda elde edilen hidrojellerin Sekil 5’teki
formda siiperkapasitor elektrotu olarak kullanimi
planlanmaktadir

_ Toplayici Elektrot

Hidrojel Elektrot <
Seperator

Hidrojel Elektrot
Toplayici Elektrot

Sekil 5. Siiperkapasitor Tasarimi
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Karbon ve Cam Elyafh Polikarbonat Polimerinin
Konvansiyonel ve Mikro G0Ozenekli Ydntemlerle

Kaliplanmasi

YILMAZ, Galip
Bayburt Universitesi Teknik Bilimler Meslek Y iiksekokulu
galipyilmaz@bayburt.edu.tr

AMACLAR

Bu caligmanin temel igerigini elektrostatik bosalma
(ESD) gtivenilir bir malzeme olan ve karbon tozu ilave
edilmis bir Polikarbonat (PC) termoplastiginin
enjeksiyonla kaliplanmasi olusturmaktadir.
Dayaniklilik igcin cam elyafida ilave edilmis bu
malzemenin  farkli  kaliplanma  kosullar1  ve
teknolojilerindeki performansini anlamak i¢in dogru
kalitede  iiriin  gelistirilmesi  temel  amagclari
olusturacaktir.

GIRIS

Diger mithendislik polimerlerine kiyasla Polikarbonat
(PC) temelli malzemeler 6zellikle mekanik dayanim
konusunda 6ne ¢ikmaktadirl. PC’nin 6zel bir kullanim
alan1 da elektronik malzeme iiretim tesisinde kullanilan
ekipmanlardir. Bu tip uygulamalarda aranan temel
performans o6zelliklerinden bir tanesi elektrostatik
bosalma (ESD) giivenilir bir malzeme olmasidir. Bu
sayede elektronik {iirlinlerin bozulmasina sebep olan
ESD olaymndan kaginilmig olunur?,

Bir malzemenin ESD givenilir olmasinin temel
parametrelerinden birisi o malzemenin bir miktar
elektrik iletkenligine sahip olmasidir. Ancak hemen
hemen bitin plastikler saf hallerinde guclu bir
yalitkanlik gosterdiklerinden, ESD agisindan giivenilir
degildir?.

Polimer temelli ESD glvenilir bir malzeme retmenin
en tipik yolu olan yiiksek oranda karbon tozu eklemek
ise genelde malzemenin mekanik 6zelliklerinden
feragat etmeyi gerektirir’. Bu nedenle cam elyafi
katarak bir dayanim elde edilmesi yoluna gidilmektedir.
PC, karbon tozu (CB) ve cam elyafindan (GF) olusan
bu tip malzemeler ise kaliplamada dogru {iretim
tekniklerinin kullanilmasi agisindan saf polimerlere
gore daha fazla hassasiyet gerektirmekte®.

Mikro gozenekli enjeksiyon kaliplanma teknigi (MIM)
koptikli ve diigiik agirlikli parca iiretmede kullanilan
ozel bir kaliplama teknolojisidir. Kopiik iiretimi icin
gerekli gaz, kimyasal eklentiler yerine dogrudan
stiperkritik akigkan (SCF) formunda erimis polimerin
icerisine basilir. Bu sayede oOzellikle bu c¢aligmada
kullanildig gibi yogun miktarda kat1 malzeme ile ytikli
polimerlerin kaliplanmasini kolaylastirabilir®.

DENEYSEL

Malzeme

Bu c¢alismada Lubrizol Advanced Materials
Sirketinden elde edilen Carbo-Rite B-980 ticari isimli
PC kullanildi. Bu polimer dayaniklilik i¢in cam elyafi
(GF) ve ESD performans icin karbon tozu (CP) ile
giiclendirilmis bir malzemedir.

Yontem

Granil formundaki malzeme kaliplama 6ncesi vakum
altinda 125 °C'de 5 saat kurutuldu. Tablo 1 numune
tirlerinin isleme parametrelerini gostermektedir. Bu
calismada 4 g¢esit numune tiirli kararlastirilmistir,
Ilaveten SCF igeren MIM numuneleri, Solid (Kati)
numunelere benzer islem  parametreleriyle
kaliplanmigtir. Diger iki numune igin isleme
parametreleri, daha iyi kopuk morfolojisi (Opt-Cell)
ve daha fazla agirlik kayb1 igin, Low-Weight (Diistik
Agirhik) Ozel olarak ayarlanmistir. Numuneler icin
parametre ayarlamasi  Okamoto’nun  caligmasi
referans almarak yapilmistir®,

Tablo 1. Enjeksiyon kaliplama parametreleri

Parametre Soli | MIM | Opt | Low
d Cell | Wht

Enjeksiyon hiza (cm®/s) | 30 | 30 | 50 | 40
Hacim (cm®) 21 | 21 | 21| 18
Utiileme basinc1 (MPa) | 80 | N/A |[N/A|N/A
Utiileme siiresi (s) 8 | N/A |N/A|N/A

Geri basing (MPa) 02| 50 |5.0]50
Malzeme sicaklik (°C) | 300 | 300 | 285 310
Kalip sicaklik (°C) 80 | 80 | 60 | 90
Soguma zamani (5) 20 | 20 | 20| 25
SCF (N) yuzdesi (%) |N/A| 0.50 |0.55|0.61
Nominal agirhik kayb1 (%) | N/A| 5 4 110

DENEYSEL SONUCLAR/TARTISMA

Sekil 1, dort numune grubunun, yani Solid, MIM,
Opt-Cell ve Low-Weight ortalama par¢a agirligini
gostermektedir. Utlileme/bekletme asamasinin iptali
ve gaz geniglemesinden dolayr kopUkli numuneler
katt numunelerden tutarh bir sekilde daha hafif elde
edilmistir. Hedeflenen agirlik azaltmalar1 sirasiyla
MIM igin % 5.1, Opt-Cell icin % 4.0 ve Low-Weight
numuneler icin % 11.4 olarak gerceklesmistir.
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Ortalama agirliklar kii¢iik standart sapmalari ile, Carbo-
Rite B-980'in agirlik azalmasinin kolayca ve tutarli bir
sekilde ayarlanabilecegini gostermektedir.
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Sekil 1. Numunelerin ortalama agirlik degerleri.

Sekil 2’de tim numunelerin sivi nitrojen altinda
kirtlmig  yiizeyinin SEM  goriintiileri  verilmistir.
Resimlerin sol tarafinda parca yiizeyi net bir sekilde
goriilebilmektedir. Akis yonil sayfa iginedir. Cam
elyaflar ve disar1 c¢ekilen elyaflardan gelen tipik
delikler, katt numunenin kirik yiizeyinde goriilebilir. Bu
fiber delikler, kopik numunelerindeki daha kigik
boyutlart ve derin boru sekilleriyle  kopik
kabarciklarindan  ayirt  edilebilir.  Low-Weight
numunenin resminde goriilen derin yariklar, kopiik
etkisiyle fazla agirlik kaybinda diizensiz bir yapinin
olusmasinda ve netice olarak disik mekanik
performans endiselerine yol agabilmektedir. Bir diger
yandan, olumlu bir sonug olarak Opt-Cell numunesinin
daha ince ve dlzenli bir kdpik morfolojisi olusturdugu
gorilebilir.

GENEL SONUCLAR

MIM yontemiyle karbon tozlar1 ve cam elyaflari ile bir
polikarbonat (PC) bilesigi olan Carbo-Rite B-980
kullanilarak geleneksel kat1 ve mikro hiicreli enjeksiyon
kaliplamas1 (MIM), farkli islem kosullar1 ve gaz
dozajlariyla basariyla gergeklestirildi. Carbo Rite B-
980'in olduk¢a homojen hiicre yapisi sergilediginden

fazla agirlik kaybi hedeflenmeyen durumlarda kopik
uygulamalari i¢in uygun bir malzeme oldugu
gosterildi.
23 ¥ sotid sample [

Sekil 2. Numunelerin SEM resimleri. Akis yonii
sayfa icine dogru. Parca yiizeyleri sol kenarda
tutulmustur.

SONRAKI DONEM CALISMALARI
Numunelerin  mekanik  ozellikleri ve ylzey
direnclerinin  6lgtilmesi gerekmektedir. Ozellikle
degisik kaliplama parametreleri ve koplkleme
kosullarinin bu degerlere etkisi arastirilmalidir.
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PURPOSE

In this study, the effect of carbon fiber content on the
mechanical and thermal properties of
polyethylene/carbon fiber composites was investigated.
For this purpose, composites containing carbon fiber
(CF) in different weight fractions (1%, 2.5%, 5%, 10%,
15%, 20%) were fabricated via extrusion compounding
and injection molding. Tensile test, 3-point bending
test, and impact test were performed to investigate the
mechanical properties of composites. Thermal
properties such as melting point and crystallinity of
samples were examined with DSC analysis. Fracture
surfaces of samples were observed using a scanning
electron microscope (SEM).

INTRODUCTION

Polymer matrix composites (PMC) are of interest for
many application areas such as automotive, aerospace,
electronic ~ systems, medical products, civil
construction, chemical industries, etc. due to their high
strength to weight ratio, good electrical insulation,
ability to transfer load, and easy processing. PMC is
formed by combining a more ductile matrix and harder
reinforcement material. Thus, the new combined
material can have superior mechanical properties
compared to individual materials .

Linear low-density polyethylene (LLDPE) is one of the
most important thermoplastics due to its low density,
good processability, and ability to produce
mechanically tough and flexible products for a wide
range of applications. However, poor mechanical
properties of LLDPE limit its usage 2.

Multi-walled carbon nanotubes (MWCNTs) are one of
the widely used reinforcement materials for PMC. Tang
et al. ? increased the tensile strength of high-density
polyethylene (HDPE) by 5.4%, 8.61%, and 12.92%
with the addition of 1%, 3%, and 5% MWCNT,
respectively. In another study, maleic anhydride was
grafted to MWCNT and the addition of 1.5 wt% PE-g-
MWCNTs to the polyethylene (PE) matrix increased
the tensile strength of PE by nearly 33% without a
decrease in percentage elongation value 4. Carbon black
and graphene are other important carbon-based
materials used as reinforcing materials in PMCs. The
use of graphene as reinforcement increases tensile
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strength, but this increment becomes even more
apparent when the surface modification or
functionalization is performed 3. Liu et al. ¢ observed
that when PE is reinforced with carbon black, tensile
strength increased while impact strength decreased.
Another reinforcement material used to increase the
strength of polyethylene is natural fibers. Joseph et al.
7 investigated the viscoelastic properties of short sisal
fiber reinforced low density (LDPE) composites. It
was found that 30 wt% randomly oriented fiber
composites had 60% more strength than pure LDPE.
Natural fibers are also used with other fillers such as
carbon fibers. Guo et al. improved the bending
strength of PE by nearly 23% with the addition of
carbon and pine cone fibers to the matrix 3.

To sum up, the strength of polyethylene can be
improved by using a variety of fillers in the form of a
particular or fiber. Carbon fibers are superior
reinforcement for polymer matrix due to their specific
properties such as light mass, high conductivity, high
strength °. However, there are a few studies on PE/CF
composites ''2, In this study, the carbon fiber ratio
was selected in a wide range (1-20 wt%) and
mechanical properties of PE/CF composites were
examined in detail by applying different tests.

EXPERIMENTAL

LLDPE granules with 17 MFI and 0.95 g/cm® density
(ASPUN™ 6834) and chopped carbon fibers (CF)
with 6-12 mm length were purchased from Dow
(USA) and Dow Aksa (Turkey), respectively. LLDPE
granules and SCFs were mixed using a twin-screw
extruder. When the carbon reinforcement amount has
been greater than 20 wt%, CF dispersed
heterogeneously inside the sample. For this reason,
the carbon fiber content in composite production was
limited to 20%. Obtained compounds were fed to the
injection molding machine. Samples were produced
as shown in Figure 1.

165 mm

70 mm

e e

Figure 1. Dog bone tensile test sample.

19 mm
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Melting points and melting enthalpies of samples were
determined using the Hitachi DSC7000x differential
scanning calorimeter (DSC) device.

Tensile test and 3-point bending test were conducted on
Shimadzu tensile testing machine and 600 kN Zwick
Roell at a crosshead speed of 5 mm/min and 2 mm/min,
respectively. A Charpy impact test was performed to
unnotched samples using a Zwick/Roell RKP 450
device. Fracture surfaces of samples were investigated
using Zeiss Ultra plus SEM after gold coating.

RESULTS AND DISCUSSIONS

DSC Results

DSC-Temperature curves of samples were seen in
Figure 2. It can be said that increasing carbon content
did not change to melting points of composites,
significantly. The melting points and crystallinity of all
samples were seen in Table 1. The melting point of pure
polyethylene is 126.5, while the melting points of
composites range from 127.9 to 126.3 in good
agreement with the findings of W. Thongruang et al 3.

DSC (a.u.)

—a)
——b)
—0)
——d)
e)

T L T T T T T T T b
100 110 120 130 140 150 160
Temperature (°C)

Figure 2. DSC-Temperature curves of a) PE, b) PE-
5CF, c) PE-10CF d) PE-15CF ¢) PE-20CF samples.

On the other hand, the crystallinity of LLDPE
composites decreased by up to 13% depending on the
carbon fiber ratio. This is because the friction between
fibers and polymer chains may hinder the mobility of
the macromolecular chain ',

Table 1. The melting points and crystallinity of

samples
Meltin Crystallinit

Sample | ot (05) ' (%) '

PE 126.5 73.2
PE-5CF 127.9 70.1
PE-10CF 127.8 67.8
PE-15CF 126.3 62.7
PE-20CF 126.1 60.5
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Tensile Test Results

Stress-strain curves of PE and PE/CF composites
were presented in Figure 3 and Figure 4. It can be said
that as the carbon fiber content of composites
increases, the strength of composites improves
significantly. The tensile strength of PE-5CF, PE-
15CF, PE-20CF samples are 26.65 MPa, 34.98 MPa,
40.58 MPa, respectively. Compared to pure PE, it was
observed that 160% enhancement in tensile strength
is achieved with the addition of 20 wt% CF. This can
be explained by that CF as fillers have higher stiffness
than the matrix so the presence of these fillers in the
matrix leads to enhance the tensile strength of
composites '°. Also, it might be attributed that while
PE matrix was subjected to stress at lower CF content,
it can only transfer stress to carbon fiber at higher CF
content '2,

25
—a)
—b)

204 c)
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Figure 3. Stress-strain curves of a) PE, b) PE-1CF, c¢)
PE-2.5CF.

The carbon fiber ratio improves the strength of
composites while reducing percent elongation. Thus,
it can be said that the ductility of composites
adversely affected by the carbon fiber ratio. This can
be attributed that the ductility of the HDPE matrix was
offset by the high stiffness of CF °.

Furthermore, composites exhibit a brittle fracture and
show nonlinear deformation at higher stresses. A
similar observation was reported for
polypropylene/CF composites 4.
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Figure 4. Stress-strain curves of a) PE, b) PE-5CF, c¢)
PE-10CF d) PE-15CF e) PE-20CF.

3-Point Bending Test and Impact Test Results

The flexural strength and impact strength of samples
with the change in carbon fiber contents were shown in
Figure 5 and Figure 6, respectively. It was observed that
the flexural strength of composites increases as the
carbon fiber weight fraction increases.

Flexural Strength (MPa)
HON W s N
© & & o 6 o o

o
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Figure 5. Flexural strength of samples with a change in
carbon fiber contents.

s
3
5
2
15
1
05 - -
0

PE PE-15CFs PE-2.55CFs PE-55CFs PE-105CFs PE-155CFs PE-205CFs

Energy (1)
N

Figure 6. Impact strength of samples with a change in
carbon fiber contents.

However, the impact strength of samples significantly
reduced depending on the carbon fiber ratio. This can
be explained by composites exhibit brittle behavior as
the carbon fiber/matrix ratio increases. The obtained
results are consistent with previous studies '°.
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After the impact test, fracture surfaces of composites
were investigated as shown in Figure 7. It was seen
that deep cavities were formed due to the pull-out of
carbon fibers. Thus, it can be said that there is poor
interfacial bonding between fibers and matrix.

‘ Flgure 7. SEM images of fracture surfaces of
samples, a) PE-5CF, b) PE-10CF c) PE-15CF d) PE-
20CF.

CONCLUSIONS

LLDPE/CF composites were produced employing the
extrusion compounding and injection molding
techniques. The results show that when the CF
content reached 20%, the tensile strength and flexural
strength of CF/LLDPE were improved by 160% and
250% compared to the pure LLDPE. However, the
impact strength of LLDPE decreased from 3.7+0.76 J
to 0.6+0.18 J with the addition of 20% carbon fiber.
On the other hand, the change in the amount of carbon
fiber has not led to a remarkable change in the melting
points of composites. Besides, the crystallinity of
LLDPE composites decreased depending on the
carbon fiber ratio. SEM images indicated that poor
interfacial bonding occurred between fibers and
matrix. To sum up, with CF reinforcement, the
mechanical properties of PE were improved, but this
improvement can be further enhanced if CF-PE
interfacial interaction is increased.

SUGGESTIONS FOR FURTHER WORK

Maleic anhydride will be grafted into the
polyethylene to improve the matrix-reinforcement
interface.
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PURPOSE

The effect of fiber orientation on tensile, impact
(Charpy), and drop weight impact (DWI) properties of
glass fiber reinforced epoxy composites was
investigated. The fracture surface analysis of test
samples was realized to understand the effect of load
type on the failure mode of composite samples.

INTRODUCTION

The attention to glass fiber reinforced plastics (GFRP)
is increasing day by day due to their unique properties
like high specific strength, and high toughness !2.
Because of its benefits, the GFRP market is expected to
grow at a 6.4% CAGR from 2017 to 2022. And the
market volume is expected to grow from USD 43.93
billion to USD 59.87 billion between 2017 and 2022 3.
The experience of GFRP and enhanced technology
makes them find a large application area in industry .
Understanding the failure mode in composite materials
is crucial for industrial applications to design composite
parts accordingly.

In this study, the tensile test was done to understand the
normal and shear behavior of composite samples. The
normal stress values were obtained according to ASTM
D3039 standard, while shear stress values were
obtained according to ASTM D3518. Then, the fracture
surface analysis was done after tensile and impact tests.
The failure mode of composite samples was discussed.

EXPERIMENTAL

Material

A 200 g/m? 2/2 twill woven glass fiber fabric obtained
from Omnis Kompozit LLC (Turkey) was used as a
reinforcement material. And DTE 1300 / DTS 1300
epoxy system of Duratek (Turkey) was used as a resin
for composite production.
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Reinforcing material

Release film Peel ply

Resin outlet
(vacuum)

Glass surface
Resin Porous membrane

Figure 1. The schematic illustration of VARTM
technique 5.

Method

The vacuum-assisted resin transfer molding
(VARTM) technique as shown in Figure 1 was used
for composite laminate production. For laminate 10
layers of glass fiber fabric were stacked and covered
with a vacuum bag. After that epoxy resin was
impregnated by using a vacuum pump. After curing
of the resin, test samples were cut via a waterjet
machine to obtain both 0/90 and -45/+45 fiber
orientation.

Figure 2. The composite les ) 0/90, b) -45/+45
fiber orientation.

EXPERIMENTAL RESULTS AND
DISCUSSIONS

The fiber orientation of composite samples is seen in
Figure 2. The tensile test was conducted according to
ASTM D3039 standard. The stress-strain curve of the
samples is shown in Figure 3. Results show that 0/90
sample has a maximum stress value nearly 412 MPa,
while it is 138 MPa for -45/+45 sample. If we look in
terms of elongation, the strain value is 0.72% and
4.28% for 0/90 and -45/+45 samples, respectively.
The peak force and extension at break are given in
Table 1.
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Figure 3. Stress-strain curves of 0/90, and -45/+45
samples.

Table 1. Tensile test results of composite samples.

Peak Ext. at Max. Max.
Samples Force Break Stress Strain
(kN) (mm) (N/mm?) (%)
0/90 20.6+0.59 | 1.840.11 | 412+12 | 0.72+0.04
-45/+45 | 6.9+0.38 | 10.7+1.1 13848 | 4.28+0.42

Figure 4 shows the fractured samples. The 0/90 sample
was broken perpendicular to force direction, while the -
45/+45 sample was broken nearly 45 °C in which glass
fibers show maximum strength.

Figure 4. Fractured samples after tensile test of a)
0/90, and b) -45/+45 samples.

The Charpy impact test results are given in Table 2.
According to the results, the total energy of -45/+45
sample is nearly 93% higher than the 0/90 sample. The
reason behind that is the fiber breakage mechanism. The
fibers of 0/90 samples are directly broken, while
delamination occurs for -45/+45 samples as seen in
Figure 5.
Table 2. Charpy impact test results of composite

samples.
Peak Force Break Total
Samples N) Energy Energy
Q) Q)
0/90 805.5+£31.8 1.21+£0.13 | 1.32+0.02
-45/+45 575.5£3.6 1.28+0.22 | 2.55+0.04

The microcracks come together and after a while
delamination occurs for composites. Here, during the
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impact test, the first delamination occurs, and then
sample failure occurs. So, the total impact energy of -
45/+45 sample is higher than the other one.
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Figure 5. Fractured samples after impact test of a)
0/90, and b) -45/+45 samples.

CONCLUSIONS

The fiber orientation has a significant effect on the
failure mode of composites. For the tensile test, the
fiber orientation described the stress type. The -
45/+45 sample showed the shear strength of the
sample while the 0/90 sample showed the normal
strength of the composite. Impact test results
indicated the failure mode. Delamination mode was
observed in -45/445 sample, while direct fiber
breakage was observed in the 0/90 sample. DWI
results will be presented during the symposium.

SUGGESTION FOR FURTHER WORK

To improve this study, dynamic mechanical analysis
(DMA) should be studied to see the storage modulus
and loss modulus of composite samples up to 150 °C
from room temperature.
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PURPOSE OF THE STUDY

For a long period of times, Petrochemical based
matrices (resin) have been used as the most preferred
matrix materials in most engineering and industrial
applications during fabrication of composite
structures. However an ever increasing and unlimited
demands of human being have been innovated a new
materials having similar application and equivalent
mechanical performance. Moreover, the growing of
environmental issue, increasing demand of new
materials, the evolution of new technology and
economic concerns have pushed researchers and
manufacturers to find out alternative bio based resin
materials to synthetic matrices. The basic aim of this
research work was focused on the investigation and
characterization of bio resin materials from granular of
acacia and boswellia gum for the fabrication of green
composite materials and enhancing their mechanical
properties for light weight structural applications.

1. Introduction

Polymer which are biological degraded as well as
compostable are categorized under a biopolymers
materials. Biopolymers are either natural or manmade
polymers. Generally, bio based polymers are obtained
from three major sources such as cellulose, synthetic
polymer and protein. The development and improving
of the properties and performance of renewable bio
polymers, especial in Dbio resin polymers
manufacturing sectors needs a lot of research works [1,
2, 3]. But in recently time, there are so many research
works were actively conducted to enhance the physic-
mechanical performance and increase the production
rate (massive production) of bio matrices with
reasonable costs as shown in Table 1. Renewable
matrices are manufactured by three major techniques:-

(i). by modifying natural existing resource like
cellulose, the starch materials are modified into
thermoplastic starch.

(i1). by polymerization of monomer obtained from bio
based polymers like PLA.

(iii). Bio polymers are produced by genetic
modification of plants or micro-organisms like PHA

Generally bio based matrices plays a very significant
benefits for the development of chemical industries
and gives a merits of minimization of global warming,
waste materials disposal, reduce fuel consumption and
additional income generate for poor people in
agricultural areas( waste materials are sold and used
as industrial raw materials[4,5,6].

Table 1. Classification of Renewable polymer
materials based on their Source

Manufactured | Source of Natural | Natural bio

Bio polymers | bio-polymer polymer
Grains of
proteins

Animal source Gelatin of

(Protein base) collagen
Casein of silk

Ec\égig ;) Lyvinyl Cellulose and
Poly amide Plant thel.r .

. derivatives
Polyvinyl source(Polysacchar chitins
alcohol ides) starches
Poly ester

Rubber
Polyethylene
. Cashew nut
oxide Another polymer S
liquid
sources L
Lignin
Manmade Poly(hydroxyl

sources(poly ester)  alkanoate)s

Source: (Mitra 2014)
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For this study two type of natural gums were used
which were obtained from Acacia and Boswellia tree.
Acacia Tortilis gum (called Girar gum in Ambharic) is
naturally extracted plant secretion gum obtained from
acacia tree under the leguminous families, which are
generally grown and native in Africa, especially in
Sudan and Ethiopia[5,6]. The trees are commonly
have size of 5 to 13 meter height, occasionally their
high might reaches to 18 and 21 meter in. shrub or
bush[6]. The chemical composition of acacia gums are
a mixture of different complex hetero-polysaccharides
compositions and size of constituents such as L-
arabinose, 1-3-galactopyranosyl and glucuronic acid
[6,7,8]. It contains around 97% of carbohydrate and
3% of protein [7,8]. Naturally, it has slightly acidic
properties [7,8]. The composition of acacia gum was
most is not affected by its climatic conditions,
agricultural activities, age of the tree and processing
like dying and spraying [6,7,8]. The gum is a viscous
polysaccharide (bio-polymer) material used as a
traditional binder and emulsifier agents by ancient
Egyptians before the 2nd millennium BC. [7,8].
Recently the gums are widely used in most industrial
application like Textile, Food and Cosmetic[7].

Boswellia or frankincense(called Etan gum in
Ambharic) is one the natural gum under Burseraceae
family, which are mostly used as an incense in regional
ceremony and traditional medical applications[6,7,8].
The gum is extracted from the boswellia tree, which is
grown in the dry region of most India and Africa,
Ethiopia, Sudan and Somalia [6,7]. Ethiopian
frankincense is one the most properly type of tropical
boswellia with aromatic nature. Boswellia has been
used from 11th century by Persian as traditional
medicine as antimicrobial materials. Acacia and
Boswellia natural gum were collected, cleaned,
prepared as bio-matrix and characterized. Viscometer
and FTIR characterizations were used to analyze bio
resin. SHIMADZU Strength Tester was used to
analyze the tensile strength of bio resin by fabricating
green composite materials.

2. MATERIALS AND METHODS
Granules of Acacia Tortilis and Boswellia were used

as raw material for the preparation of bio resin material
as shown in Figure la and 1b

Figure 1: (a) Granules of Acacia Tortilis (b) Granules of Boswellia Gum

Preparation of Acacia and Boswellia gum’s Bio
Matrices

In this research work, green based matrices were
prepared from the plant secretions gum of Acacia and
Boswellia tree. Since these bio gums were directly
used as a matrix materials for the manufacturing of
green composite structures, the characterization of
acacia and boswellia gums such as Moisture content
(Memmert, Modell 100-800, FAO 1990), solubility
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(T2070m-93, ASTM D1110-84), viscosity (ASTM D
4603), Molecular weight (Mark 1938, Houwink 1940)
and percentage of ash (ASTM D2584, D5630, ISO
3451) were a compulsory duties of this research work
based on the international standard. The bio resin used
for the fabrication of green composite structure was
prepared from Acacia Tortilis and Boswellia
Papyruses gums in Bursa Uludag University
laboratory. The bio matrices were prepared with 1:20
material to liquor ratio of natural gums at a



temperature of 70 & 2 °C for 1Hour as shown in Figure
2a and Figure 2b. The solution was continuously
agitated for 5 minutes by SCILOGEX-0S40-S mixer
with an interval of 20 minutes. Finally green
composite material was made by using bio resin

prepared from acacia and boswellia gum for tensile
strength test. SHIMADZU Strength Tester was used to
analyze the tensile strength of bio resin by fabricating
green composite materials.

Figure 2. Bio-resin prepared from natural gum :( a) Acacia (b) Boswellia

3. RESULTS AND DISCUSSIONS

3.1. Physical Properties of Bio resins

Bio resin prepared from plant have a promising
properties for the manufacturing of green composite
materials in light weight application. The general
properties of bio resin prepared from granules of
acacia and boswellia gums were summarized by Table
2.

Table 2. General Properties of Bio Resin obtained from Acacia and Boswellia Gum

Property Acacia Tortilis Boswellia Papyruses
Moisture (%) 8.6 14.2

Ash (%) 0.7 0.734

Viscosity (cP) 1450.4 1236.6

Molecular Weight 157,400 153,000

Solubility (%) 46.75 @ 60 Mint (Cold water) 32.3 @ 60 Mint (Cold water)

94.7 @ 60 Mint (Hot water)

56.5 @ 60 Mint (Hot water)
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3.2. Composition of Acacia and Boswellia Gum
(FTIR)

The FTIR spectra of acacia gum was shown in Figure
3. The graph revealed that, the O-H groups and the
sugar (galactose and rhamnose) are observed at
absorption band of 3300 cm’' and 2927 cm’!

respectively. The gums also shown the
aromatic(C=Cstretch), aliphatic and amino acids with
the wave length of 1300-1600 cm™. At the absorption
band of 1260 cm’, C-O stretching alcohol was
observed .

Absorbance (a.u.)

Acacia gum (Girar)

500 1000 1500

2000

2500 3000 3500 4000

Wave Number (cm™)

Figure 3. FTIR of Acacia Tortilis

The FTIR observation of Boswellia gum was revealed
that, O-H stretching and C=0 band was observed at
3440 cm! and 1650 cm™! respectively. Likewise, the
CH30 and CH3CO groups were observed at the peaks
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of 1730 cm™ and 1460 cm™' respectively. The presence
of ester group in bio gum was revealed at the peak of
1030 cm! as shown in Figure 4.
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Figure 4. FTIR of Boswellia

3.3. Tensile Strength of Bio Resin

The mechanical performance of green composite
materials are affected by the reinforcing materials such
as fiber shape, size, composition, distribution and
orientation as well as the mechanical properties of
used matrix materials, the interaction between
reinforcing fiber and matrix(nature of interphase) and
their manufacturing methods. In this study was

3000
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1500 | ///
1000 |
spo | /'//r

Force (N)

focused only the mechanical performance of bio resin
prepared from the granular of acacia and boswellia
gum. According to the test result, the tensile strength
of the fiber is not strong as synthetic matrix materials
as shown in Figure 5. But this bio resin material was
not used any hardening material during green
composite fabrications from enset fibers. So, in
addition to environmental advantage, this lab made bio
resin materials have been minimized the time and cost
of composite manufacturing.

4 ] 8

Elongation {%o)

Figure 5. Single layer Enset Fiber Fabric Reinforced Green Composite (8 Warps per sample)
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CONCLUSION

A natural gum, mostly, is any water-soluble or water-
swell able plant secret and microorganisms that have
the ability to form a viscosity or gelling to their
dispersions .Natural gum obtained from Acacia and
Boswellia is a colloidal polysaccharide that form
viscous bio resin when soaking in water and harden on
drying. These natural bio resins prepared from gums
would be used in different industrial sectors such as in
green composite, pharmacy, cosmetics, cloth
finishing, emollients, adhesives and stabilizer.

FURTHER WORK

Future aim of this research will focused on the effetely
utilizing bio resin materials obtained from tree as a
new alternative natural bio matrix materials for green
composite manufacturing by detail characterization of
their physico-mechanical properties, designing a
special preparation processing and manufacturing
methods of green composite by using this bio resin
matrices to reduce global warming by reducing the
consumption of petrochemical fibers.
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AMACLAR

Monolitik malzemelerin her birinin dogast geregi
onemli avantajlar1 ve sinirlayict yanlart bulunmaktadir.
Malzemelerin 6zelliklerini gelistirmek ve miimkiin
oldugunca simirlayici 6zelliklerini gidermek amaciyla
kompozit yaklasimryla yeni malzemelerin {iretilmesi en
sik basvurulan ¢o6ziimlerden biridir. Bu g¢aligmada
seramik  ve  polimer  malzemelerin  Snemli
avantajlarindan  birlikte istifade etmek amaciyla
alimina takviyeli epoksi matrisli kompozitlerin
iretilmesi  amaglanmistir.  Klasik  bir kompozit
yaklagimiyla aliimina tozlarmin epoksi icerisinde
dagitilmasiyla kompozit {iretimi yerine 0zglin bir
kompozit iiretim yaklasim gelistirilmistir. Ozellikle
yiiksek sertlik, asinma direnci ve basma mukavemeti
elde etmek amaciyla Oncelikle sol—jel yontemiyle
sodyum aljinat kullanilarak gekillendirilen aliimina
kiireler 1400°C’de iki saat siireyle atmosfer
kosullarinda sinterlenerek yiiksek oranda yogun
seramik kiireler elde edilmistir. Ardindan da elde edilen
aliimina kiireler ile epoksi matrisli kompozit tiretimi
gerceklestirilmistir.

GIRIS

Epoksi uzun yillardan beri ticari uygulamalarda yaygin
bir kullanima sahip polimer malzemelerden biri olup
1950 wyillarindaki ilk ticari uygulamalardan bu yana
cesitli yapistiricilar, dokiim bilesikleri, uzay—havacilik,
yapt malzemeleri ve karoser gibi ¢esitli miithendislik
uygulamalarinda kullanilmaktadir. [1, 2] Sahip oldugu
iyi kimyasal dayanim, miikemmel mekanik 6zellikler,
kolaylikla modifiye edilebilirlik 6zelligi epoksi
kullanimini g¢ekici hale getirirken, diisiik viskoziteli
yapist ve ucuculugu uygun kiir sicakliklari kadar
tretimi kolaylagtirmayr da saglamaktadir. [1, 3-9]
Epoksinin &zellikleri, aromatik gruplar iceren genis
monomer yelpazesi sayesinde yiiksek camsi gecis
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sicakligina sahip daha sert malzeme tasarimina imkan
saglamas1 ve alifatik gruplara sahip monomerlerin
sagladig1 elastomer yapilara sekillenebilir olmasidir.
[1] Monomerlerin kimyasal fonksiyonelitesi kadar
molekiil agirligi ve molekiil agirlik dagilimi da nihai
iiriin iizerinde 6zelliklerin daha iyi bir sekilde kontrol
edilebilmesi igin dnemli degiskenlerdir. Bu kimyasal
ozellikler ve proses edilme esnekligi epoksiyi
boyalar, koruyucu kaplamalar, yapistiricilar,
elektronik aletler ve kompozitleri igeren bir dizi
uygulamada 6n plana g¢ikarmaktadir. [1] Epoksi
recinelerin ¢cogu siki i boyutlu molekiiler ag yapida
olmas1 sebebiyle, kirilgan yapida ve ¢atlak
ilerlemesine kars1 zayif direng gostermektedir. [3]

Epoksi malzemeler uygulama alaninin isterlerine
bagl olarak genellikle silika, aliimina, mika ve talk
gibi ¢esitli seramik takviye malzemelerinin ilave
edilmesiyle modifiye edilmektedir. [10-17] Epoksiye
eklenen bu takviye edici ilaveler epoksinin kirilma
toklugunu [18, 19], elektrik ve 1s1 iletim dzelliklerini
gelistirmek [20, 21], recine sertligini [22], asinma
direncini [17] ve alev geciktirme o6zelligini
iyilestirmek [23] ve 1sil genlesme katsayisini
diisiirmek [24] gibi farkli amaglarla kullanilmaktadir.
Uretilen kompozit malzemeler havacilik, elektronik
ambalajlama ve restoratif saglik uygulamalar1 gibi
pek ¢ok frakli alanda kullanim imkanina sahiptir. [1,
3, 25, 26] Regine capraz baglanma yogunlugu,
takviye malzemenin tiirii, kullanilan takviyenin tane
boyut, boyut dagilimi ve miktar1 gibi degiskenler
kompozitin 1sil, elektrik ve mekanik o&zelliklerini
onemli derecede etkilemektedir. Seramik esasl
takviyeler genellikle kompozitin elastik modiiliiniin
artmasina ve 1sil genlesme katsayisinin diismesine
katki saglamaktadir. [3, 27]

Aliimina ileri oksit seramik malzemeler igerisinde
sahip oldugu yiiksek kimyasal kararlilik, yiiksek
sertlik ve aginma dayanimu, zehirli olmayis1 ve yiiksek
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sicaklik dayanimi gibi iistiin 6zellikleri nedeniyle en
yaygin kullanima sahip seramiklerden biridir. [28, 29]
Uygulama alani biyomalzemeden elektronik altliga,
zith uygulamalarindan filtre uygulamalarina, triboloji
uygulamalarindan kesici uglara ¢ok genis bir yelpazede
yer almaktadir. [28-32] Bu ¢aligma kapsaminda CC31
kaolen ilavesiyle yiiksek yogunluga sahip aliimina
esaslt kiireler iiretilmistir. Bu seramik kiirelerin epoksi
icerisine katilmasiyla geleneksel kompozit {iretim
yaklagimindan farkli bir sekilde yenilik¢i bir epoksi
kompozit tiretimi gerceklestirilmistir.

DENEYSEL

Malzeme
Bu ¢alismada aliimina, CC31 kaolen, aljinat ve epoksi
malzemeleri kullanilmistir.

Yontem

Saf su kullanilarak, %3 oraninda sodyum aljinat i¢eren
bir ¢ozelti magnetik karistirma yoluyla hazirlanmustir.
Aliimina, CC31 kaolen ve sodyum aljinat ¢ozeltisi
iceren bilesim eksenel degirmende &giitme islemine
tabi tutularak homojen bir bilesim hazirlanmigtir.
Aliimina kiire tiretiminde ¢apraz baglama basamaginda
kullanilmak iizere agirlik¢a %1 oraninda CaCl, igeren
bir ¢ozelti saf su kullanilarak, magnetik karistirma
yontemiyle hazirlanmigtir. Hazirlanan ¢amur bir siringa
ve peristaltik pompa yardimiyla ile CaCl, igeren ¢ozelti
icerisine  damlatilarak  tasarlanan kiire {iretimi
gerceklestirilmigtir. Hazirlanan kiireler 10°C/dakika
1sitma ve sogutma hizi uygulanarak 1400°C’de 2 saat
sireyle sinterlenmistir. Sinterleme sonrasi aliimina
seramik kiirelere ait temsili bir gorsel Sekil 1°de
sunulmaktadir. Kiiresel sekle sahip aliiminalarin
ortalama tane boyutu 2—3 mm’dir.

Sekil 1. Aliimina
makroskobik goriiniimii

kiirelerin ~ sinterleme  sonrasi
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Aliimina kiireler sinterleme sonrasinda toz haline
getirilerek faz analizi Bruker marka D8 model X—1gin1
kirmim (XRD) cihazi ile Cu—Ka radyasyonu
(A=1,5406A)  kullanilarak  gerceklestirilmistir.
Aliimina kiirelerin i¢yapist ise Carl Zeiss/Gemini 300
taramali elektron mikroskobu (SEM) kullanilarak
gergeklestirilmigtir.  SEM  analizi  kiirelerin  kirik
ylizeyinden gergeklestirilmistir.

Aliimina kiireler epoksi regine igerisine gomiilerek
basarili bir sekilde aliimina kiire takviyeli epoksi
kompozit {iiretimi gergeklestirilmistir. Calismanin
ilerleyen asamalarinda mekanik testlerin yani sira
diger test ve analizlerin de gerceklestirilmesi
hedeflenmektedir. Uretilen aliimina kiire takviyeli
epoksi numunelere ait temsili gorsel Sekil 2’de
sunulmaktadir. Goriildiigii iizere olduk¢a homojen ve
yiiksek seramik hacim kesrine sahip epoksi kompozit
iretimi basarili bir sekilde gerceklestirilmistir.

Sekil 2. Uretilen aliimina kﬁrle takviyeli epoksi
kompozite ait temsili makroskobik goriiniim

DENEYSEL SONUCLAR TARTISMA

Aliimina yiiksek ergime sicakligina (2050°C) sahip
bir seramik malzeme oldugu i¢in kati hal sinterleme
yontemiyle yogunlastirilabilmesi igin yiiksek sicaklik
ve/veya yiiksek basing uygulanmasi ya da nano metre
boyutunda tozlarla ¢calisilmasi gerekmektedir. Ttim bu
durumlarda da iiretim maliyeti artmaktadir. Bu
nedenle de gercgeklestirilen bu g¢alismada mikron
metre tane boyutuna sahip aliiminanin sinterlenmesini
kolaylastirmak amaciyla sisteme CC31 kaolen ilavesi
yapilmistir. Kaolen aliiminaya oranla oldukc¢a
ekonomik bir seramik olmasinin yanisira yiiksek
sicakliklarda millit fazimnin olugmasini saglayarak
mekanik o6zelliklerin  gelistirilmesine de katki
saglayabilecek bir malzemedir.

Sinterleme sonucunda elde edilen aliimina kiirelerin
kirkk  ylizey SEM  gortntileri  Sekil  3’°de



sunulmaktadir. Mikroyapilardan acikca gorildigi
iizere kullanilan kaolen ilavesi sayesinde aliimina
taneleri arasinda iyi bir baglanma saglanmis ve nispeten
yiiksek bir yogunlagsma oranina ulagilmistir.

Mag= 1.00KX  gn7= 5004V Signal A= SE2 Auto BC = Of
'm_’""' wD= 9.7 mm Scan Speed = 7

(@

Mag= 500KX  gnT= 500KV Signal A= SE2
Spm WD = 9.7 mm Scan Speed =7

)

Mag= 1000KX  gx7= 5004V Signal A= SE2

g WD= 9.7 mm Scan Speed = 7 AutoBe=8C ﬁ
(©)
Sekil 3. Aliimina seramik kiirelerin sinterleme sonrasi
(a) 1kX, (b) 5 kX ve (c) 10 kX biiyiitmedeki taramali
elektron mikroskobu goriintiileri.

Toz haline getirilen aliimina seramik kiirelerin XRD
ile faz analizi sonucunda yapida aliimina disinda bir
fazin bulunmadig tespit edilmistir (Sekil 4).
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Sekil 4. Aliimina seramik kiirelerin sinterleme
sonrast XRD ile faz analizi sonucu.

GENEL SONUCLAR

e Bu calismada sol-jel yontemi kullanilarak, 2-3
mm boyutlarinda aliimina kiireler bagarili bir
sekilde ve nispeten ekonomik bir yontem ile
iretilmistir.

e Bilesimde CC31 kaolen takviyesi kullanilarak
goreceli olarak diisiik bir sicaklikta (1400°C)
alimina kiireler nispeten yiiksek oranda
yogunlagma saglanacak sekilde sinterlenmistir.

o Uretilen aliimina kiirelerde faz bilesiminde sadece
aliminanin bulundugu belirlenmistir. Kaolenin
yiiksek sicakliklarda miillit fazini olusturdugu
bilinmektedir. Ancak bu ¢alismada miillit fazinin
varligi XRD ile tespit edilememistir. Bilesimde
diisik oranda kaolen kullanilmis olmasindan
dolay1 sinterleme siirecinde olusan/olusmasi
muhtemel olan miillit fazinin da diigiikk miktarda
olusmasi nedeniyle XRD ile belirlenememis
olabilecegi diisiiniilmektedir.

e Alimina kiire takviyeli epoksi kompozitler
basarili bir gekilde tiretilmistir. Seramik toz yerine
kiire kullanimiyla yiiksek seramik igerigine sahip
kompozitlerin  gelistirilebilecegi ve takviye



fazinin daha homojen bir sekilde dagitilabilecegi bu
calisma ile ortaya konulmustur.

SONRAKIi DONEM CALISMALARI

= Bu bildiride sunulan sonuglar gerceklestirilen ilk
deneysel caligmalara ait olup deneysel caligmalar
heniiz yeni baslatilmistir.

= Aliimina kiirelerin farkli bilesim, boyut ve yogunluk
oranlarinda iiretilmesiyle yeni kompozit serilerinin
iiretimi gergeklestirilecektir.

» Uretilen kompozitlerin mekanik, 1s11 ve yapisal
ozellikleri detayli olarak incelenecektir.

= Bdylece yeni bir yaklagimla gelistirilmis olan bu
kompozitlerin havacilik, savunma sanayisi ve
otomotiv endiistrisi gibi iilkemiz i¢in lokomotif
konumunda  olan  uygulamalarda  kullanim
potansiyelinin incelenmesi planlanmaktadir.
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PURPOSE

Thermoplastic polyurethane (TPU) nanofibers are used
in many biomedical applications such as wound
dressing, artificial vessel, cell cultivation etc. High
surface area and high porosity of nanofiber are highly
desired properties for biomedical applications such as
cell cultivation. In this study, as an alternative to 100%
TPU nanofibers, 75% thermoplastic polyurethane
(TPU)-25% polystyrene nanofiber (PS) was produced
and characterized by FTIR, SEM, pycnometer density
analysis, as well as BET surface area and % porosity
analyzes. It has been seen that BET surface area in
composite nanofibers increased from 0.12 cm?gr to
16.1 ¢cm? / gr and the pore volume increased from
0.00940 cm’/gr to 0.06823 cm’/gr and porosity
increased from 66% to 94.5% with the addition of PS
into TPU solution

Keywords: Thermoplastic polyurethane, polystyrene,
TPU/PS composite nanofiber, porosity, surface area

INTRODUCTION

Thermoplastic polyurethane (TPU) is a linear
segmented block copolymer composed of soft and hard
segments.  Thermoplastic ~ polyurethane is a
biocompatible and degradable synthetic polymer
required for biomedical applications because of its
excellent elastomechanical and biological properties.
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Apart from biodegradability, biocompatibility and
mechanical properties, porosity and specific surface
area are of great importance for biomedical
applications. Especially for cell cultivation, porosity
and optimal pore size for cell migration and high
surface area for cell attachment are essential factors
[1-2]. With this aim, differently from the current
literature reported, polystyrene was incorporated into
TPU solution and TPU/PS composite nanofibers with
increased surface area and porosity were produced,
which may have the potential to be used in biomedical
applications such as cell cultivation, etc. The obtained
composite nanofibers were characterized by FTIR,
SEM, density analysis, BET surface area and %
porosity analyzes.

EXPERIMENT

Material

Thermoplastic  polyurethane (TPU, Ravathane
R130A85, Ravago, Mw= 130 000g/mol),
polystyrene  (PS, Sabic, d:1.05g/cm®), N,N

dimethylformamide (DMF), tetrahydrofuran (THF)
were used to produce composite nanofibers.

Method

Electrospinning process

10 wt. % TPU (w/w) was dissolved in a 1:5 (w/w)
solution of THF/DMF and dispersed for 5 hours at 30



°C to prepare 100% TPU nanofibers. For the production
of TPU/PS composite nanofibers, 10 wt. % PS (w/w)
solution was prepared by dissolving PS in 1:5 (w/w)
THF/DMF solvent system. Obtained PS solution was
mixed with 10 wt. % TPU solution at a 1:3 ratio by
weight. Electrospining process was carried out at 10
kV, 2 ml/h feed rate and 15 cm tip-to-distance.

Characterization

The FTIR (Fourier Transform Infrared) spectroscopy
analysis of fibers was obtained with Nicolet iS10 FTIR
by using 400-4000 cm™' wavelength at a resolution of 4
cm’! at ambient temperature. SEM analysis was carried
out using Tescan Vega-3 scanning electron microscope.
Viscosities of 10 wt.% TPU, 10 wt.% PS and these two
solution mixtures (60% TPU solution + 40% PS
solution) were measured by Fungilab viscosimeter at
100 rpm using an R3 spindle. Density of fibers was
determined using Micromeritics™ AccuPyc II 1340
Pycnometer. Porosity of the fibers was calculated using
the related equation as reported by Deuber et. al 2016
[3]. BET analysis was performed by micromeritics -
tristar ii 3020 surface area and porosity analyser.

Results and Discussion

Viscosity measurement

Viscosity results are given in Table 1. As can be seen in
Table 1, the viscosities of 10% TPU and 10% PS
solutions are close to each other (partially PS is slightly
more viscose), and it was observed that the viscosity
decreases when these two solutions are mixed.

Table 1. Viscosities of the prepared solutions

Prepared solutions Viscosity (cP)
10%TPU (TPU/THF/DMF) | 7700-7769
(w/w) solution

10% PS (PS/THF) (w/w) | 7995-8004
solution

10% TPU (TPU/THE/DMF) | 980-1000
(w/w) + %10 PS (PS/THF)

(w/w) solution

Density measurement

As can be seen in Table 2, the density decreased from
1.27 to 1.26 gr/cm?® with presence of PS, due to its lower
density than TPU.

Table 2. Densities of the nanofibers

Sample Density (g/cm?)
Reference TPU nanofiber | 1.2724
TPU/PS nanofiber 1.2610
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FTIR characterization

FTIR spectra of the samples were shown in Figure 1
and Figure 2, respectively. In Figure 1 and Figure 2,
absorption bands at around 3330 cm-' (-N-H
stretching), 1529 cm™! (-N-H deformation), and 1700
cm-1 (-C=0) are attributed to the urethane structure.
In addition, the peaks at around 2900 cm’' may be
attributed to the asymmetric and symmetric stretching
vibrations of -CH bonds for both TPU and PS. The
absorption peak at 1451 cm™ are due to the stretching
vibration of the C— C bonds in the benzene ring of PS
[4-5].

Figure 1. FTIR spectra of TPU nanofibers
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Figure 2. FTIR spectra of TPU/PS nanofibers
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Morphological characterization

SEM images and nanofiber diameters are given in
Figure 3 and Table 3, respectively. The same amount
of TPU was used both in the reference (100% TPU
nanofiber) and in the TPU/PS composite nanofiber.
Although the solution of TPU/PS has lower viscosity,
the fiber diameter of TPU/PS nanofiber increased due
to the incorporation of PS (TPU reference was 378
nm, TPU/PS 820 nm), on the other hand, as can be
seen in SEM images, beads were formed due to the
presence of PS. These beads may be due to lower
viscosity effect when the PS is added into TPU
solution (Table 1).
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Figure 3. SEM images of produced nanofibers a) 100%
TPU reference nanofiber b) TPU/PS composite
nanofiber

Table 3. Nanofiber diameter

Sample Diameter (+Std Dev)
(nm)

100% TPU (reference) | 378 (0.11)

TPU/PS composite | 820 (£ 0.43)

nanofiber

BET Characterization

BET analysis results are shown in Table 4. As can be
seen from Table 4, with the incorporation of PS, the
surface area of the nanofiber and the pore volume
increased, which may be due to the beads seen in the
SEM images.

Table 4. BET results

Sample BET surface | Pore volume
area (m%/g) (cm®/g)

100%  TPU | 0.1205 0.00940

(reference)

TPU/PS 16.1 0.06823

composite

nanofiber

Porosity determination

Porosity was calculated using the method as reported by
Deuber et. al [3]. Porosity percentage was found to be
66% for 100% TPU reference fibers while 94.5% for
TPU/PS nanofibers.

Conclusion

In this study, as an alternative to 100% TPU nanofibers,
75% TPU-25% PS nanofiber was produced and
characterized by FTIR, pycnometer density analysis,
morphological analysis with SEM, as well as BET
surface area and % porosity analyzes. It has been seen
that although the viscosity decreased with the addition
of PS into TPU solution, TPU/PS composite nanofibers
have larger diameter due to the presence of PS. On the
other hand, beads formation was observed with the
addition of PS. BET surface area in composite
nanofibers increased from 0.12 cm?/gr to 16.1 cm? / gr
and the pore volume increased from 0.00940 cm®/gr to
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0.06823 cm’/gr with the addition of PS. Porosity
increased to 94.5% with the addition of PS, while the
porosity of 100% TPU nanofibers was around 66%.
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ABSTRACT: Insights Into Alginate-Acrylamide Tough Hydrogel Formation and
Bonding
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Hydrogels are a popular class of biomaterial that find use across a number of commercial
applications (e.g.; contact lenses, drug delivery, prophylactics). In recent years, zough hydrogels
have drawn interest due to their exceptional mechanical properties, e.g.; a simultaneous
exhibition of strength, toughness and resilience. These remarkable properties arise from an
interplay of numerous contributory chemical and physical bonding interactions. The
specific type of bonding contribution(s) impacts the resultant mechanical properties of the
gel. Therefore, it is desirable to explore and understand the mechanisms of cross-linking
interactions so as to tailor and improve the various physico-chemical properties to a
specific use, e.g.; for physiological load-bearing applications. This project explores the
interactions occurring in an alginate-acrylamide double network tough hydrogel, for a
dynamically forming gel, in a time-resolved manner. A myriad of complementary
techniques (e.g.; spectroscopic methods (Raman, FTIR, UV-vis, fluorescence) amongst
others), were used to explore the evolving system. In this work, we will provide preliminary
mechanistic insights and structure-property relationships of compositionally evolving
hydrogel structures. Results indicate different types of cross-linking phemonena are
tavoured at different stages of reaction. This foundational information will aid future work

into tough hydrogel formation, manipulation and broader application development.
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Food tray by using vacuum bagging technique
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PURPOSE

To develop a food tray by using a vacuum bagging
technique is to initiate low cost production at small
scale in villages.

INTRODUCTION

Natural fibre reinforced with composites have received
high consideration from researchers and industries to
develop eco-friendly products. Nowdays, the most
commonly used agricultural by-products or agricultural
waste materials as reinforcement includes most of the
cereal stalks, rice husks, bagasse, coconut fibres, corn
cobs, nutshells and other wastes might alleviate the
defined shortage'. Natural fibres such as coir fibres
(CF) and pineapple leaf fibres (PALF) are interesting
reinforcement in a composite system due to their
specific properties such as low density, lightweight and
non-abrasiveness during processing. In addition, they
are low cost, renewable, biodegradable and abundantly
available?.

Kenaf is also grown commonly in Malaysia as an
industrial crop, has attracted wide research interest and
has been used to develop eco-friendly materials for the
automobile industries, sports industries, food
packaging, and furniture® . Kenaf fiber (KF) reinforced
composites have come into the researchers’

focus in search of high-performance composites, due to
their better mechanical strength and thermal stability*.
Epoxy resin is synthetic polymer which is hazardous to
environment, but it is very difficult to remove it
completely but it can be reduced by using natural fibre
as reinforced material. By reinforcing natural fibres
usage of synthetic polymer can be reduced up to 50%.
This partially biodegradable tray can replace existing
kitchen utensils such as food tray, plates etc. and have
markets such as tray used in Hyper and Supermarket in
Malaysia.

The focus of this research is to develop cheap setup for
composite to boost up economy for local market by
providing a technique which can reduce up to 50%
usage of plastics.

EXPERIMENTAL

Material

Material used for reinforcement in this work is kenaf
fibre woven mat. In this reinforcement using 20g kenaf
fibre mat and 200g resin. The epoxy infusion resin
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needs to be mixed at a ratio of 100 parts resin to 50
parts hardener.

Method
A good quality mold is required for vacuum infusion.
The mold should be waxed which helps in removal of
product.

EXPERIMENTAL RESULTS AND
DISCUSSIONS

Selection of reinforcement materials is important with
each laminate, and also depend on the weave style of
mat that affect the flow rate, process revealed in figure
1. Kenaf mat was used as reinforced materials shown
in figure 2.

4 Bagging film

— Flow media

Peel-ply

) Kenaf woven

Vacuum Pump

-

Figure 1. Comparison of the cyrstallinity of PP and
PET fibres

Mat was cut according to require size of molding
while ensure to cut the fabric large enough that it can
extends beyond the all the edges and will possible to
trim extra part after infusion.

~Kenaf Woven

Figure 2. kenaf woven fibre with mold
Further, need a Peel-ply as a second layer of the
infusion and is a removable barrier that is peeled off
the finished part, leaving a relatively consistent
surface that is also ideal for bonding. Peel-ply made
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from nylon and the thickness is 0.85mm. Next step is
infusion mesh (also known as ‘flow media’) is used to
ensure that the resin can flow from the resin feed line
homogeneously.

Connect one end to polymer and other end of the
vacuum pump to one of the push fittings on the resin
trap. This process using vacuum pump model AST 92
and the flow specification is 6.5 cfm and ultimate
vacuum is 0.066mbar with 0.5 horsepower. In the
middle of the pump and mold there should be a resin
trapping bottle which can hold excess amount of resin.
After the process the mold need to be cure for 24 hrs
and then remove from the mold shown in figure 3.

Figure 3. natural fibre reinforced polymer composite
tray from vacuum bagging

CONCLUSIONS

This product has lower density with higher strength,
this product can be produced without having injection
molding. This product is presentable in market.

SUGGESTIONF FOR FURTHER WORK

There are several products can be produced by using
this technique, we just need variety of mould.

It can promote locally available natural fibre and can
help farmer to enter in market with products.
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PURPOSE

In these recent years, the advanced structural applications
are interested highly by using of natural fibers as a
reinforcement of polymer composites. The aim of this
study was the valorization and the
performance of petiole date palm fiber (PDPF) reinforced
venylester resin composite.

evaluation

In the first part, an
investigation on the morphology, dimension and thermal
stability of PDPFibre subjected to alkaline treatment (5%
of NaOH) for different immersing time (24h,48h and
72h) using SEM and thermogravimetric (TGA) analysis.
Next, four groups of hybrid composites (PDPF/Glass
fiber) were prepared using vacuum resin transfer molding
process (VRTM). Morphology, flexural properties and
dynamic mechanical analysis (DMA) test of hybrid
composites were carried out. The morphology of PDP
fiber analysis showed that the removing of impurities and
waxes is proportional with the treatment time, up to 48h
the fibers wall had broken gradually. Beside, the thermal
stability have known enhancement (by 50°C) after
alkaline treatment. After the fabrication of hybrid
composites, the SEM has shown good interfacial of
components especially between glass fiber/matrix. The
hybrid Composite HC03 has shown good properties as
compared to that HCO1 (improved by 70%). The results
reveal a good behavior of PDPF/GF composite
comparatively to other biocomposite in literature.

keywords : PDPF, resin transfer molding, thermal
stability, dynamic mechanical analysis

INTRODUCTION

Choice of sustainable material is a vital process in
construction and structural engineering. Metal,
ceramic and composite materials are widely materials
useful in many fields. Due to the easiness
manufacturing, lightweight, prices and performances
the composite materials take a big attention in
industry [1]. The employment of carbon fiber and
glass fiber are significantly higher owing to their
versatile behavior (mechanical and physical). In
contrast, these petrochemical fibers wused are
influences on the environment dramatically and
involves various health hazards.

Nowadays, many researches are working on using of
bio-friendly (lingo-cellulosic) materials as a
reinforcement of thermoset and thermoplastic
matrices [2-4]. Hemp, flax, jute and sisal fibers are
the natural fibers whose start already using in some
industry application, due to their less high mechanical
properties, low curing/hardening
temperature and as well as economical benefit of

low density,

industries [5]. Known as, the hydrophilic nature of
ecological fibers leads to poor adhesion with resins.
Therefore, the combination of both components gives
high water absorption and micro-cracking on
structure under variation of temperature. Interfacial
(fiber/matrix) plays an important role on the
composite performance, biological and chemical
processes are proposed to improve the surface of
natural fibers. V.Fiore et al [6] studied the effect of
alkali treatment on kenaf fiber reinforced epoxy
matrix. Using the scanning electronic microscopy
they found that treated fiber was enhanced after 48h
of treatment comparatively to untreated fibers.
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Beside, an improvement by 30% of flexural properties
using treated fiber comparatively to that untreated. Tolera
et al [7], investigated the effect of hydroxyl sodium
concentration effects on ensete fiber under tensile
loading, they found a limited proportionality between the
enhancement of surface morphology of fiber and
concentration of NaOH. Up to 5% of concentration the
tensile properties was decreased dramatically.

The low thermal stability of lingo-cellulosic fibers limit
some manufacturing processes, and limits the use of the
composite to low temperature application. The low
thermal stability increases the possibility of rigid
chemical component (cellulose), mostly the temperature
of decomposition is about 200°C.

In order to balance between good mechanical properties
and less impact environmental, various researchers have
tried to incorporate between natural fiber and synthetics
fibers (hybrid structure). Heitor Luiz et al [8],
investigated the mechanical properties of glass/curaua
composites. Flexural strength and modulus, impact
strength was proportional to the weight fraction of glass
fiber content. In addition, the Cole—Cole plots were
obtained and found to follow the same trend regardless
of the glass content, whereas peak height and peak width
at half-height were maximum for the all-glass composite.
Similar work on mechanical and dynamic mechanical
properties of sisal/glass hybrid composites reported
increase in storage and loss modulus with hybridization
of sisal/polyester with glass fiber [9].

In this work, the Petiole date palm fibers (PDPF) was
selected for production of novel composite materials, due
to their high availability as agro-waste, relatively
inexpensive, lightness and similar properties like other
natural fiber. research have studied the
reinforcing of thermoplastic and thermoset matrices by
palm fiber, no data have been reported for the thermal
and mechanical properties of PDPF/GF reinforced
vinylester matrix (VE) can be found. The aim of this
study was thermal and mechanical investigation on
treatment of PDP fiber and its composite. SEM,
Thermogravimetric (TGA) analysis and dynamic
mechanical analysis were carried out. Next, The PDPF
had treated using 5% of NaOH concentration for different
period (24h-27h) in room temperature.

several

EXPERIMENTAL
Material

- Date palm fibers (DPF)
Phoenix dactylifera or date palm tree is a closely
connected to human life. It is grown in arid and semi-
arid region of the world (north of Africa and Middle
East....etc). Algeria is in the first ranking of date palm
trees potential in Africa followed by Egypt. More
than 18 million trees are distributed on whole Algeria.
Every picking season, large quantities of date palm
wood parts (rachis, grapes, leaves and petiole) are
accumulated in agricultural land without exploration.
The fibers exanimate in this work were taken from
Biskra province in south of Algeria. The PDP fibers
were achieved after four steps, where in the beginning
we have immersed the petiole wood in water bath for
72h in room temperature (fig.1). After that period, the
petiole wood will be in soft stat and allow us to extract
the fibers easily by hand. To improve the surface
morphology of fibers, an alkali treatment of 5%
NaOH concentration for 48h was applied. Next, we
have washed the fibers using the distilled water until
the PH will be equal to 7.

a. b.
Figure 1. Date palm fibers preparation, a. PDPFiber
after extraction, b. PDPFiber after treatment

- Glass fiber and matrix
E-glass fiber roving tissue was obtained in roving
form from Dostkimya (Istanbul, Turkey). Its areal
density was 49 g/m?. Vinyl ester resin (Poliya 702),
methyl ethyl ketone peroxide (MEK-P) and cobalt
naphthenate 6% were choosed as matrix, where
bought from Dost Kimya Tuzla, Istanbul, Turkey.

- Composite preparation process
After washing the PDP fibers, the length fibers
dimension were taken between 60 and 120 mm to
prepare nonwoven (mat) of 600 g/m? as an areal
density. Four hybrid composite based on PDPF/glass
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woven fabric were prepared (HCO1, HC02, HC03 and
HCO04 table 1). Where, the glass fabric was adopted on
the top and the bottom of DPFibres.

Tablel. Configuration of hybrid composites

Hybrid PDP Fiber | Glass Fiber Matrix
Composite (wt %) (wt %) W%
HCO1 30 0 ”
HCO02 20 10 70
HCO3 10 ” =
HC04 0 20 ”

The vacuum resin transfer assistant (VARTM) process
was used for the preparation of composites hybrid. All
samples were fabricated over a cleaned glass plate.
Polyurethane release film was placed on the top of the
glass surface for easier removing of the final composite.
To ensure the resin flow across the samples and
established an even mold, two spiral pipes were then
placed on the top edges of top layer for inlet and outlet
resin, the first was connected to the resin bucket and the
other connect to vacuum pump. After, peel ply and
perforated film were added on the top surfaces of the
hybrid composite, respectively. In order to prepare the
resin mixture and injected inside, the infusion system was
working well. Samples were set to consolidate for 24
hours.
Methods

- Scanning electronic morphology
The morphology of treated and untreated fibers was
exanimate using scanning electronic microscope (SEM)
TESCAN VEGA3 located in Temag lab, Istanbul
technical university, Turkey. Where, the magnification
was used at (300x to 2Kx). The fibers were coated with
gold before subjecting it to SEM

- Thermogravimetric analysis
Thermogravimetric analysis was carried out using a
Mettler Toledo TGA/DSC 3+ star system under a
dynamic nitrogen atmosphere heating from room
temperature (25 °C) to 600°C at a heating rate of 10
°C/min. Weight changes of the fiber sample weighing
approximately 6 mg were measured.

- Dynamic mechanical analysis
DMA instrument (Hitachi, Japan) located in the
laboratory of «Thermal Analysis Laboratory and
Nanotechnology Laboratory» at Istanbul-Cerrahpasa
university was used to evaluate the properties of
hybrid composite specimens. The average typical
dimensions of the hybrid specimens were 50x10x (3-
0.5) mm?>. The tests were performed under isochronal
conditions at 1 Hz, and each sample was heated from
30 to +200 °C at a heating rate of 5 °C/min. Cole-Cole

curve was presented.
D I :
B
=
50 mm 3-0.5mm

Figure 3. Schematization of DMA samples

EXPERIMENTAL RESULTS AND
DISCUSSIONS

- Surface morphology analysis (SEM)

L LS N

T00x ] 50 m

10Kv 350x i 100pm 10k

700X  [e—] 50 pm 10Kv 20K =] 20um

c.
Figure 4. Scanning electronic morphologies of
DPFibers, a. Raw fiber, b. PDPF treated for 24h, c.
PDPF treated for 48h, d. PDPF treated for 72h.
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Sodium hydroxide (NaOH) treatment is an effective
method for improving fiber-matrix adhesion in natural
fiber composites. Figure 4 shows the micrographs (SEM)
of untreated and treated surface PDPF at a concentration
of 5% NaOH for different time immersing (24 h, 48 h and
72 h). This figure shows that the untreated fiber is clearly
covered with impurities and layers of wax (Fig. 4.a).
Many researches in literature have known similar
observation on other natural fibers surfaces [10]. In
comparison, the surface morphologies of treated fibers at
24h and 48h were improved significantly than those of
the untreated fibers. Beside, treatment for 24h showed
small quantities of waxes impurities attached to the core
fiber. Where, the treatment 48hours gave a rough surface
“the optimal results”.

Up to 48h treatment time, many holes have observed
appearing on the fiber core (partially destroys) due to
negative effects of NaOH.

- Thermogravimetric analysis (TGA/DTG)
The Thermogravimetric curve and its derivative obtained
for DP fiber allows us to investigate its thermal stability
which is an important factor limiting the use of natural
fibers as a reinforcement in some bio-composites [11].
The figure 5 illustrates 4 phases of decompositions of the
chemical constituents of the PDPFiber, from which it lost
92.44% of its initial mass.
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Figure 5. TGA/DTG curves of raw PDPFiber
The first loss of mass (9.76%) was observed between 30
and 115 ° C, which are attributed by several authors [12-
13] to the absorption of water in the fiber, which confirms
its hydrophilic character. Then, thermal stability is noted
up to about 170 ° C, no significant peak is observed in
the DTG curve, which is in good agreement with the

work of [14]. The second mass loss process, which
represents the initiation of the degradation of PDP
fibers, was observed between 200 ° C and 360 ° C.
This can be attributed to the thermal decomposition
of hemicelluloses and the glycosidic bonds of
cellulose [15]. The peak observed around 319.86 ° C
indicates the decomposition of cellulose I and a-
cellulose [16]. Similar peaks have been reported in
the literature for bamboo, hemp, jute and kenaf fibers
at 321, 308.2, 298.2 and 307.2 ° C, respectively. The
peak observed at 442.22 ° C is attributed to the
degradation of lignin. In addition, a residual mass or
a carbonization residue has been included in this last
phase. The end products of cellulose degradation

contain carbon residues and non-degraded fillers.
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Figure 6. TGA/DTG curves of treated and untreated
PDPFibres

The TG, DTG curves of the untreated and alkali
treated PDP fibers are illustrated in the figure 6. The
thermogravimetric data of the treated and untreated
fibers indicate that the sodium hydroxide elevates
their thermal stability, which results in the increase of
the temperature of the beginning of degradation and
the displacement of the mass losses at lower
temperatures particularly at cellulose degradation
(336°C,335°Cand 334°C for24 h,48 hand 72 h,
respectively). In comparison, it is observed that the
moisture content of the treated fibers has been
reduced due to the influence of NaOH on the
hydroxyl groups (less hydrophobic). In addition, it
was found that the temperature peak at 207.13 © C
disappeared for processed fibers due to the effect of
NaOH on hemicelluloses, thus more thermal stability
than that of untreated fiber (250 ° C).
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- Dynamic mechanical properties
e (Cole-Cole plot

Figure 7 shows Cole—Cole plot, where the loss modulus
(E””) data are plotted as a function of storage modulus
(E”) for all hybrid composites. The goal of these curves
is to indicate the homogeneity of the polymeric system
[8]. Semicircle diagram indicates that polymeric system
is homogeneous [17]. All the curves show an imperfect
semicircular shape. The purely homogeneous system
shows a perfect semicircular curve. Incorporation of PDP
fiber gives a broad curve, while hybrid composite shows
a narrow one. This shows that these hybrid composites
are not perfectly homogenous. It is seen that the nature,
amount, surface characteristics of the fibers, and type of
the fibers will affect the shape of the Cole-Cole plot,
thereby influencing the viscoelastic response.

10004 ——HCO1

T
o
2 100
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Figure 7. Cole-Cole plot

CONCLUSION

This work shows the possibility of using date palm fibre
as a reinforcement of thermoset composite. In the
begging, morphological and thermal analysis of PDPF
was made to evaluate its performance. Three treatments
at different time (24h, 48h and 72h) and under 5% of
NaOH concentration was carried out. 48h of treatment
was the optimum, where most of impurities and waxes
were removed. These results help to achieve a good
adhesion between fibre and matrix. Up to 48h we the
NaOH effect was start destroying the fibre core. The
influences of alkali treatment were clear also on the
thermal stability. Where, an improvement of 50° as

compared to raw PDPFibre. The VARTM process
was performed in order to obtain hybrid composites.
Dynamic mechanical analysis (Cole-Cole plot) leads
the authors to know that the quasi-homogeny of
hybrid composite prepared.
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AIM

The study aims to investigate the effect of nano-sized
additives doped to the polyamide-6 polymer, such as
expandable graphite and multi-layered graphene
produced from expandable graphite by a scalable and
cost-effective method liquid-phase exfoliation, on
thermal conductivity by using thermal analysis.

INTRODUCTION

The problem of unwanted heat accumulation caused by
the miniaturization of many materials such as electronic
devices and heat exchangers has made it necessary to
increase the work for the long-term operation of various
power and storage systems. Various new materials have
been developed to solve this problem and provide heat
management. Due to desirable properties such as easy
processing ability, softness and low density, cost
effectiveness,  thermally = conductive  polymer
composites play an important role in thermal
management. PA6 is a widely used engineering
thermoplastic in this field, however, it is poor in thermal
conductivity, which is below 0.5 W / mK like most
polymers, and its thermal conductivity needs to be
increased [1-2].

There are many strategies to increase the thermal
conductivity of polymers, but currently, the most
efficient and viable way is to add fillers with high
thermal conductivity into the polymer matrix. These
fillings can be classified as metallic, ceramic and
carbonaceous. However, adding fillers to polymers
cannot always provide a large increase in thermal
conductivity. This is because the filler type is not the
only factor affecting the conductivity increase. The
structure of the matrix is important in factors such as
the interface heat resistance, the distribution of fillers.
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In most filler materials, large filler load (30-60% by
weight) is required to achieve the higher thermal
conductivity of the composite, but when the filler load
increases by weight, the thermal conductivity
increases with a small slope, furthermore loading of
fillers in high quantities often causes lumping, which
means it not only prevents the expected increase in
thermal conductivity but also degrades the
mechanical properties of composites. For this reason,
carbonaceous materials with  two-dimensional
structure among these fillings have attracted great
attention with their superior thermal conductivity
because high conductivity values can be achieved
with less material usage compared to other additives
[3-5].

Graphene, which has a honeycomb-shaped
hexagonal mesh and two-dimensional crystal
structure, stands out as a filler element in composite
applications due to its extreme thermal conductivity
(approximately 5300 W m K) through excellent
mechanical and phonon transfer. Graphene-derived
fillers synthesized from graphite in recent years are
frequently used in polymer matrix composites, but
graphene types such as GO-RGO, in which toxic and
dangerous  chemicals such as  potassium
permanganate, hydrogen peroxide, hydrazine are used
during their synthesis, can severely damage the n-n
systems of polymers. Therefore, graphite
intercalation compounds, also known as expandable
graphite (EG), provide a possible source for
nanocomposite formation with polymers. The
exfoliation process of EG also facilitates the creation
of three-dimensional conductive paths that improve
the conductivity properties of EG-containing
composites by optimizing the filler distribution in the
polymer matrix. In addition, short-term sonication of
expandable graphite provides a simple, inexpensive
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and harmless method to separate graphene leaves [6-9].

In this study, PA6/EG and PA6/Multilayered graphene
(GNP) polymer composites were produced with low
additive ratios by using melt blending method with a
twin screw extruder and the effect of GNP filler content
on the thermo-mechanical properties of the produced
composites was investigated.

EXPERIMENTAL
Materials

The Polyamide 6 (GRILON TSZ 1) with a melting point
265°C, (1.12 g/cm?) was supplied by GRILON EMS,
Germany. Expandable graphite (GRAFEN-GIC, purity
> 99%, thickness 30 pm, diameter 300 pm) was
supplied by Grafen Chemical Industries Co., Turkey.
Acetone was supplied (99.9% purity) by Sigma-Aldrich
(MERCK), Germany.

Methods

Expandable graphite, called graphite intercalation
compound (GIC) was dried at 90 °C for 2 hours to
remove moisture. GIC was heated at 1000 °C to form
expanded graphite (EG), temperature rising caused the
rapid expansion of graphite layers and resulted in the
formation of EG flakes. Produced EG flakes were tip
sonicated and dispersed in acetone to produce
multilayer grapheme sheets then after filtering dried at
80 °C 24 hour.

Polyamide 6/expandable graphite and PA 6/ multilayer
graphene samples were prepared in different
compositions as percent 1 wt%, 3 wt%, 5 wt%, 10 wt%.
Additives were first mixed with the polymer in a
mechanical mixer. After mechanical stirring, it was fed
into a twin-screw micro-compounder (DSM Xplore,
The Netherlands), which was set at a temperature of 265
°C and a stirring speed of 100 rpm. The mixtures
blended into the melt for 2 minutes. The homogeneous
composition obtained was transferred to an injection
molding unit (DSM Explore, The Netherlands) at 265
°C and applied to a pressure of 8 bar to the appropriate
sample size molds were prepared.

Supra 40 (CARL ZEISS AG) and Witec Alpha300 Ryu-
Raman used to analyze the surface morphologies and
number of layers expandable graphite and fabricated
expanded graphite. The thermal behavior of the doped
polyamide molds was analyzed by a simultaneous
thermal analyzer (TGA Q500 and DSC Q2000, TA
Instruments, USA). Thermal conductivity (TC) of the
resulting nanocomposites was measured using a
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thermal analyzer developed by C-Therm TCi,
CTherm Technologies Ltd.

RESULTS AND DISCUSSION

zekU zBkU

Figure 1. SEM images of expandable and expanded
graphite

In Figure 1, 50 times magnified images of expandable
graphite and expanded graphite are given,
respectively. After 1000 °© C heat treatment, it can
seen that the intercalated acid molecules between the
graphite layers move away from the structure and
increase the distance between the graphene layers and
make them suitable for sonication process.

The thermal stability of the samples was investigated
with TG in nitrogen and the corresponding curves are
shown in Figure 2 and Figure 3 for graphite and
multilayer graphene, respectively. TGA curves
revealed that a one-step separation occurred for all
samples. As shown in Table 1, the results of 5 wt%
and 50 wt% mass loss temperatures showed that the
higher the doping ratio, the higher the temperature
degradation of the composite, thus increasing the
thermal stability.
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Figure 2. TGA curves of PA6/EG samples
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Figure 3. TGA curves of PA6/GNP samples

Table 1. Thermogravimetric analysis results of

composite samples

. Maximu
Sample Residue m Mass
at
Tws)  Twso) o Loss
500°C
Code (%) Temperat

’ ure (°C)
Pure PA 473,23 418,54 2,213 413,69
PA/GNP (%1) 479,19 432,53 2,079 415,81
PA/GNP (%3) 580,61 423,15 3,710 414,88
PA/GNP(%?5) 479,11 424,76 5,892 419,08
PA/GNP (%10) 600,00 435,17 8,234 43425
PA/EG (%1) 470,66 435,99 1,483 440,83
PA/EG (%3) 480,74 445,76 3,605 451,24
PA/EG (%)5) 485,56 445,76 4,468 452,81
PA/EG (%10) 600,00 449,23 9,032 455,38

Table 2 shows that thermal conductivity can be
increased for each additive ratio of composites, thanks
to the high thermal conductivity properties of EG and
GNP particles added to polyamide 6 in different
proportions. In addition to the 10% additive ratio, it is
seen that multilayer graphene sheets with the same
additive amounts provide higher thermal conductivity
increase. Due to the light structure of the GNP particles,
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it has been observed that as a result of excessive
volume use, 10% agglomeration occurs and the
connection between heat conduction paths is
weakened. However, compared to pure PA 6 polymer
with a thermal conductivity value 0f 0.25 W/ mK, an
increase in thermal conductivity of up to 104.8% and
65.8% was achieved for EG and GNP, respectively,
compared to other metallic and ceramic-based
additives.

Table 2. Thermal conductivity enhancement results
of composite samples

PAG/EG PA6/GNP
Particle Thermal Thermal
ratio (%) Conductivity Conductivity
(W.m".K) (W.m" K)
1 0.3625 0.4123
3 0.4107 0.4247
5 0.4257 0.4393
10 0.5735 0.4643

CONCLUSION

As a result, it has been observed that multi-layer
graphene structures can be synthesized from
expandable graphite with a scalable and cost-effective
method, and polymer composites with high thermal
stability and thermal conductivity can be obtained by
adding these EG and GNP particles with high thermal
conductivity values to PA 6 at different rates.

FUTURE WORK

The distribution of additives in the polypropylene
matrix will also be analyzed by scanning electron
microscopy. In addition, the effect of EG and GNP
additive rates on the mechanical properties of
composites will be examined.
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PURPOSE

This study aims to design a measurement system that
can objectively measure the total pore ratio of
lightweight nonwovens using image analysis
techniques. It is aimed that this system will come to the
fore with its practicality and rapid results compared to
existing pore measurement systems.

INTRODUCTION

Nonwovens consist of thin fibers and small air volumes
surrounding these fibers. In fact, they are fibrous
networks. Although they have complex fiber network
geometry, they consist only of fiber and air. The amount
of fiber and air is important because it affects many
properties of nonwovens such as mechanical, filtration
and acoustic performances!. In this study, a pore ratio
measurement system using image processing
techniques has been developed to obtain practical and
rapid results.

EXPERIMENTAL

Material

Tests were carried out using polyester nonwovens in
different weights produced by the spunbond technique.
Nine different spunbonded nonwovens with mass per
unit area values of 15, 20, 25, 30, 35, 40, 50, 60, and 70
g/m? were tested.

Method

Fabric mass per unit area was determined according to
ASTM D 3776-07 standard, where specimens of 100
cm? were taken from fabrics by a sample cutter and
weights were measured with an analytical balance.

Air permeability tests were performed in order to obtain
information about the porous structure of nonwovens.
The experiments were performed using an SDL Atlas
MO21A Air Permeability Test device as per ASMT D
737-04.

Developed Measurement Method

The images of the nonwoven surfaces of different
weights were taken from two different regions by using
a light microscope at 10x magnification. These images
were then transferred to the computer. A computer
program was written in MATLAB software in order to
calculate the ratio of the total pore area to the whole
fabric area on the fabric image (pore ratio). The pore
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ratios were calculated for each nonwoven fabric using
the developed computer program. The computer
program performs calculations using the image
processing techniques in the order given below:

- Nonwoven surface image is converted into grey
colour tones and then transformed into a numerical
matrix having values ranging from 0 to 255. Note that
a pixel with a value of 0 represents black, and a value
of 255 represents the white colour.

- Thresholding operation?, which is one of the well-
known image processing methods, is performed. The
new matrix is created by assigning the number of 0 in
place of numbers smaller than the threshold value and
the number of 1 in place of numbers higher than the
threshold value. After this operation binary image is
obtained (Figure 1).

Pl [y ol i P £ A8V, A
Figurel. Nonwoven image before and after the
thresholding operation

- Regions in the new matrix having the value of 0
represent pores, and regions containing the value of
1 represent fibers. Therefore, the number of pixels



with 0 value and the number of pixels with 1 value
are counted and recorded.

1

Figure 2. Detected pors are dep1cté in green color

- Finally, the ratio of the total pore area to the entire
fabric area on the image is calculated as the pore ratio.
EXPERIMENTAL RESULTS AND
DISCUSSIONS

The relationship between the calculated pore ratio and
mass per unit area values of the nonwovens is given in
Figure 3. Since there will be more fiber in the nonwoven
structure with the increase in weight, a decrease in the
pore ratio can be expected with the increase in the mass
per unit area. If Figure 3 is examined, a reduction in
pore ratio until a certain mass per unit area value (40
g/m?) is seen as expected, but after that, the decrease
stops.
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Figure 3. Pore ratio change depending on the mass per
unit area
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The air permeability results of the nonwovens at
different mass per unit area values were compared with
the calculated pore ratio values of these nonwovens.
Results are given in Figure 4. Again, as an expectation,
it can be predicted that more air volume will pass
through a more porous nonwoven structure. Therefore,
the pore ratio of the nonwoven fabric with higher air
permeability should be also higher.
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As can be seen in Figure 4, in general, it can be said
that the pore ratio increases with increasing air
permeability as expected. However, this trend of
increase is more pronounced in fabrics with high air
permeability. Note that nonwovens with high air
permeability are also lightweight structures. When the
correlation coefficient between the air permeability
and pore ratio results is examined, the correlation
coefficient reaches 0.99 for 40 g/m? and lighter
nonwoven structures.
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Figure 4. Air permeability and pore ratio values of
the nonwovens

CONCLUSIONS

A practical test method that measures the pore ratio of
nonwoven surfaces using image analysis techniques
has been developed. Especially for lightweight
structures, a high correlation coefficient value has
been obtained between air permeability and pore
ratio. Fast and practical method has been developed
that can be used to obtain information about the
porous structure of lightweight nonwovens.

SUGGESTION FOR FURTHER WORK
Accurate and robust pore size detection method using
image processing techniques can be very useful,
especially for the particle filtration applications.
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AMAC
Kornea diinyay1 algiladigimiz penceredir. Korneanin

gorevini etkin bir sekilde yerine getirme yeteginin
geligtirilmesi veya onarilmas: ilgi ¢eken galigmalar
arasinda yerini almaktadir. Kornea alaninda sentetik ve
dogal biyomalzemeler ilgi odagidir. Bu c¢aligmada
korneal biyomalzemeler ele alinmaktadir.

GIRIS

Biyomalzemeler; insan viicudundaki canli dokularin
islevlerini yerine getirmek ya da desteklemek amaciyla
kullanilan, siirekli olarak veya belirli araliklarla viicut
akigkanlariyla (6rnegin kan) temas eden dogal ya da
sentetik malzemelerdir !. Spesifik uygulamalara gore
biyomalzemeler icin tasarim ve se¢im parametreleri
degismekle birlikte biyomalzemelerden beklenen genel
dzellikler asagidaki gibidir 2

e  Mikemmel biyouyumluluk

e Toksik ya da kanserojen 6zellikte olmama

e  Mekanik ozelliklerin yeterliligi

e Viicutta meydana gelen reaksiyonlarin disinda
reaksiyonlara sebep olmama

e lyi fiziksel ve kimyasal dzellikler

e  Yiiksek korozyon direnci

Biyomedikal uygulamalarda yaygin olarak kullanilan
biyomalzemelerin malzeme tiirtine gore siniflary
metaller, seramikler, polimerler ve kompozitler olmak
iizere 4 ana baglik altinda incelenmektedir. Polimerler
biyomalzemeler alaninda siklikla karsimiza
ctkmaktadir. Lif, film, jel, nanopartikiil gibi farkl
sekillerde hazirlanabilme, dogal veya sentetik formda
olabilme, kolay sekillendirilebilme, komplike
pargalarin iiretilebilmesi, biyobozunurluk, esneklik gibi
cesitli avantajlari bulunmaktadir. Avantajlarimin yani
sira; zayilf mekanik dayanim, sivilari yapisina alarak

sisme, istenmeyen toksik  riinler (monomer,
antioksidan  gibi)  salgilayabilme, sterilizasyon
islemlerinden (otoklav, etilen oksit, radyasyon)

etkilenme, zamana bagli deformasyon ve degradasyon
gibi dezavantajlar1 da bulunmaktadir. Polimerik
biyomalzemelere ornek olarak; polilaktik asit,
poli(laktik asit-ko-glikolik asit), poliglikolik asit,
polimetilmetakrilat, poli(2-hidroksietil metakrilat)
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(PHEMA), kitin, kitosan, jelatin, kolajen
verilebilmektedir. Yumusak doku implantlarinda,
kalp-damar sistemlerinde, ameliyat ipliklerinde,

plastik cerrahi implantlarinda ve korneal alanlarda
polimerik  biyomalzemeler kullanilabilmektedir.
Korneal uygulamalarda  sentetik ve  dogal
biyomalzemeler ile yapilan basarili ¢alismalar 6ne
cikmaktadir 2,

Kornea, go6ziin dis tabakasinda yer almaktadir.
Seffaftir. Isigin kirildigr ana elemandir. Kornea
hastaliklar1 veya yaralanmalarina bagl olarak gérme
yetisinde azalma veya gorme kayiplart meydana
gelebilmektedir. Diinyanin algilandig1 pencere olan
korneanin, roliinii etkin bir sekilde yerine getirme
yetenegini gelistirmek veya onarmak ilgi c¢eken
calismalar arasindadir >4,

Korneal biyomalzeme implant tasarimi, dogal doku
tarafindan gergeklestirilen iglevin ayrintili bir sekilde

anlasiimasini gerektirmektedir. Korneanin
fonksiyonel rolii, ii¢ ana tasarim gereksinimi
icermektedir: koruma, seffaflik ve neredeyse

miikemmel bir optik arayiiziin olusumu. in vivo
olarak kullanilacak herhangi bir biyomateryal icin
dordiincii kosul ise biyouyumluluktur. Iyi bir in vivo
geemisi olan malzemeleri se¢cmek her zaman
onemlidir. Ayrica, bir implantin korneoskleral kabuga
entegre edilmesi gerektigi icin, besinci bir tasarim
endisesi ise entegrasyondur >,

Gozenekli polimerik hidrojellerin kornea stromasi
olarak kullanilabilmesi miimkiindiir. Hidrojeller
mekanik Ozellikleriyle dogal korneal stromaya
benzemekte, yiiksek oranlarda su icerebilmekte ve
hem  seffaf hem de  biyouyumlu  hale
getirilebilmektedirler 3.

Hidroksi etil metakrilat (HEMA) bazli polimerik
hidrojeller, su ve oksijeni geg¢iren biyouyumlu
malzemelerdir.  Yapisinda  bulunan  hidroksil
gruplarindan dolayr hidrofilik 6zelliktedir. HEMA
hidrojeller, Amerikan Gida ve flag Dairesi tarafindan
oftalmik uygulamalar i¢in onaylidir. HEMA
monomerinin polimerlesmesi sonucu elde edilen
PHEMA, sentetik bir biyopolimerdir. PHEMA
korneal alanlarda siklikla tercih edilmektedir.
Ozellikle kontakt lens tasarimlar1 i¢in mijkemmel bir
malzemedir >,
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Goz hastaliklarinda kisisellestirilmis tedaviler dnem
tagimaktadir. Kontakt lensler goz hastaliklariin tanisi
igin uygun bir ortam saglamaktadir. Wang vd.
calismalarinda kseroftalmi (kuru goz) ve glokom (goz
tansiyonu) teshisi icin PHEMA tabanli kontakt lensler
gelistirmislerdir.  Gelistirdikleri ~ kontakt lensler
kseroftalmi ve glokom teshislerinde kritik dnem tagiyan
nem ve basing degisikliklerini algilayabilmektedir.
Nem ve basing degisimleri ile kontakt lensler renk
degistirebilmektedir. Uretilen kontakt lesnlerin orijinal
rengi kirmizidir. Kseroftalmi simiile edici kosullar
altinda kontakt lenslerde kirmizidan maviye bir renk
degisimi  gozlenmektedir. Glokom simiile edici
kosullarda ise lenslerde kirmizidan parlak maviye bir
renk degisikligi gozlenmektedir. Gergeklestirilen bu
calisma oftalmik teshis alanindaki gelismelere katki
saglamaktadir 8.

GO0z hastaliklarinda, damla ve jel formunda kullanilan
ilaclarla goziin her boliimiine etkin ila¢ miktarlarinin
ulastirilmast saglanamamaktadir. Ercioglu, goziin arka
boliimlerine de ilacin tasinmasi ve kullanilan ilacin
biyoyararlaniminin arttirilmasi amaciyla ¢alismasinda
kontakt lensler tasarlamistir. Uretilen PHEMA kontakt
lenslerin yiizeyleri modifiye edilmistir. Yiizeylerin
modifiye edilmesi i¢in biyobozunur ve biyouyumlu
yapida olan kitosan ve hiyaluronik asit secilmistir.
Lenslere ayni anda iki ilag yiiklenerek farkli goz
hastaliklarinin (konjonktivit ve glokom hastaliklari)
ayn1 anda tedavisi gerceklestirilmistir. Gelistirdikleri
kontakt lensler ile ilacin kontrollii salinimini
saglamuslar ve biyoyararlanimini arttirmiglardir °.

Kontakt lense bagli komplikasyonlar sonucu kornea
enfeksiyonlar1 meydana gelebilmektedir. Bu nedenle
antibakteriyel kontakt lens tasarimlari Onemli bir
teknolojik alani temsil etmektedir. Rossos vd. yaptiklar1
calismada etkili antibakteriyel etkisi bulunan ve

formiili {[Ags(13-HMNA)4(u3-
MNA),)*[(EsNH)*]2(DMSO),-(H20)}  (AGMNA)
olan bilesigi PHEMA hidrojele dahil ederek

antibakteriyel bir malzeme tasarlamistir. Antibakteriyel
bilesik polimerizasyon agamasinda HEMA
monomerine dahil edilmistir. Uretilen malzemeler,
lensler iizerinde direncli olan  Pseudomonas
aeruginosa, Staphylococcus epidermidis ve
Staphylococcus aureus bakteri suslarina karsi tistiin
antibakteriyel etki  gOstermistir. Rossos  vd.
¢aligmalarinda, elde edilen malzemenin antibakteriyel
kontakt lenslerin hazirlanmasi ve gelistirilmesi i¢in iyi
bir aday olacagini gostermislerdir !°.

SONUC
Korneal biyomalzemeler, seffaflik, biyouyumluluk,
mukavemet gibi ¢coklu gereksinimleri ve okiiler yiizey
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tasarimlar1 nedeniyle zorlu bir alani olusturmaktadir

Korneanin

optik sistemdeki yerinin getirdigi

karmagik tasarim gereksinimlerinin kargilanabilmesi
icin korneal biyomalzemeler ile gergeklestirilen
arastirmalar devem etmektedir.
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AMACLAR

PVA’ll ipliklerin kullanimi ve sonrasindaki terbiye
prosediirinde olusacak maliyeti ortadan kaldirmak,
havlularda  hidrofilite, yumusaklik ve kopma
mukavemeti gibi Onemli performans &zelliklerini
arttirmak amaci ile ¢caligma kapsaminda tuse iyilestirme
calismalar i¢in, Ne 12/1 pamuk ipligi tizerine Ne 40/1
pamuk ipligi sarilarak farkli gramajlara sahip hav
ipliklerinin etkisinin incelenmesi amaglanmaktadir.
Ayrica literatiirden elde edilen bilgiler 1s1ginda kalict

bir yumusatma maddesinin  henliz  olmadig:
goriilmiistir. Bu ¢aligmada yikama sonrasinda
yumusakligin  kalict  olmasi i¢cin sarim  iplik
gelistirilecek, hidrofilite ve stiffness degerleri
incelenecektir.

GIRIS

Kumasin tusesi, hammadde 6zelliginin, kalinliginin,
yumusakliginin, drgiisiiniin ve kumasa uygulanan apre
islemlerinin  etkisi  nedeniyle @ kumasa  elle
dokundugumuz zaman algiladigimiz  duygudur.
Genellikle kumaslarin yumusak, dolgun, doékiimlii ve
diri olmalari istenir. AK’1n ¢alismasinda', kumaslarin
tusesi, basta kullanilan hammadde olmak iizere
kullanilan 6rgii, iplik cinsi, ipligin biikiimii ile dokuma
sirasindaki ¢6zgii ve atki sikliklart kadar, hatta daha ¢ok
apre islemlerine bagli olarak olusturuldugunu
belirtmistir. Son yillarda, havlu kumaglart daha
yumusak ve daha emici yapmak i¢in hav ipliklerinde
farkli biikiim tipleri gelistirilmistir. Diisiikk biikiim
havanin ve nemin/suyun ipligin igine girmesini saglar
ki bu durumun yumusakligi ve emiciligi arttirmasi,
yikamadan  sonra  cabuk  kuruma  saglamasi
beklenmektedir. Lazero yaptign caligmada®, bu tip
havlular; Low twist, Zero twist, standart twist olmak
iizere degisik sekillerde isimlendirilebilmektedir. Ring
iplik¢iliginde uzun veya kisa pamuk liflerinin karisimi
kullanilabilirken, low twist ve zero twist iplikler sadece
uzun  pamuk liflerinden  iretilme  oldugunu
belirtmislerdir. Zero twist iplik {iretiminde Oncelikle
ring iplik makinesinde biikiimlii iplik elde edilmekte,
daha sonra katli biikim makinesinde dokuma sirasinda
pamuk liflerini bir arada tutmayi saglamak icin
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polivinialkol (PVA) iplikle birlikte {izerindeki biikiim
yoniiniin tersi yoniinde biikiilmektedir. Ters yonde
biikiim islemi sonunda katli ipligin biikiimii agilmakta
ve ardindan dokuma isleminde hav ¢ozgiisii olarak
kullanilmaktadir. Havlunun dokunma isleminden
sonra PVA terbiye islemleri sirasinda ¢dziinmekte ve
geriye son derece diisik bikiimli bir iplik
kalmaktadir. Low twist iplikler, zero twist iplik
prosesine benzer sekilde veya 80 Ne veya 90 Ne gibi
¢ok ince ipliklerle sarilabilmektedir. Low twist
iplikler zero twist ipliklere gore daha yiiksek biikiime
sahiptirler. Zero twist ipliklerin tek dezavantaji,
liflerin birbirine tutunma 6zellikleri azaldig1 i¢in elyaf
tilylenmesi ve yolunmasidir. Bdylece zero twist
havlular normal havlular kadar mukavemete ve
onlarinki kadar kullanim Omriine sahip olmazlar.
Tikel’in calismasinda®, bu tarz ipliklerin segilmesi
durumunda havlularda yumusaklik ve hacimlilik i¢in
mukavemet diistisiiniin goze alindig
sOylenebilmektedir. Yilmaz ve Powel’in
galigmasinda?, havlu yumusaklidi igin gramaj ve
sikligina bagli olarak endiistride yaygin sekilde %100
pamuklu, Ne 20/1, 16/1 ve 12/1 numaralarda ve 240-
255 t/m biikiime sahip iplikler atki olarak tercih
edilmekte olduguinu belirtmislerdir.

Bu galismada, havlu kumaslarda tuse ve emiciligi
arttirict, PVA’l1 iplik kullaniminda maliyeti azaltici
ve kalict yumusaklik saglayici, tusesi daha iyi,
hidrofilitesi yiiksek tirtinler gelistirilmek i¢in gereken
arastirma caligmasi yapilmistir. S6z konusu PVA’l1
ipliklerin ~ kullanimi  ve  sonrasindaki terbiye
prosediiriinde olusacak maliyeti ortadan kaldirmak,
elimizde bulunan fazla iplikleri degerlendirmek,
havlularda hidrofilite, yumusaklik ve kopma
mukavemeti gibi 6nemli performans o&zelliklerini
arttirmak amactyla, Ne 12/1 pamuk ring ipligi iizerine
Ne 40/1 pamuk ring ipligi sarilarak farkli gramjlara
sahip hav ipliklerinin havlu kumagta hidrofilite ve
dokimliiligiine etkisi incelenmistir. Bu ipliklerden
dokunan havlular yikamaya tabi tutulmustur. Yikama
sonrast mikrocotton havlu ve standart havlularla
karsilatirilmistir.
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DENEYSEL

Malzeme

600 gr/m? Ne 12/1 pamuk ring iplik iizerine Ne 40/1
pamuk ring ipligi sarilt havlu kumas, 16/1 Mikrokotton
Havlu, 16/1 Standart Pamuklu Havlu kullanilmistir.

Yontem

Havlu kumaslar evsel yikama ile 5’er defa yikanip
kurutulmustur. Ayn1 gramaja sahip test numuneleri olan
sarim iplikli havlu, microcotton ve standart pamuklu
havlularin yikamali ve yikamasiz olarak stiffness, EN
14697:2005 (E) ve AATCC 79 hidrofilite degerleri

kargilagtirillmigtir.  Numuneler Tablo 1°deki gibi
isimlendirilmistir.
Tablo 1. Numune Isimlendirilmesi

SH Yikamasiz Standart Havlu

SYH 5 Yikamali1 Standart Havlu

MH Yikamasiz Microcotton Havlu

MYH 5 Yikamali Microcotton Havlu

SIH Yikamasiz Sarim Iplik Havlu

SIYH 5 Yikamal1 Sarim Iplik Havlu

DENEYSEL SONUCLAR/TARTISMA

Ayni gramajlara sahip, ayni iplik numaralarinda sarim
iplik havlu, microcotton ve standart pamuklu havlularin
yikamali ve yikamasiz olarak stiffness ve hidrofilite
degerleri karsilagtirlmistir.  Stifness Karsilastirma
sonucu sekil 1’ de verilmistir.

Stifness Test Sonucu

1000000 =~ 872958
8000.00 5975.67
4396.75

6000.00 37, 4
4000.00 2302.0 1496.1
2000.00 l

0.00 N N

P RE R

u stiffness top. ort.

Sekil 1. Havlu Kumaglarin Stiffness Test Sonuglari

Kumaslarin stiffness degerlerine ait bir minimum ister
bulunmamaktadir. Fakat en diisiik degeri icermesi
beklenmektedir.  Hidrofilite  sonuglarmin  grafik
karsilagtirmasi ise Sekil 2’de verilmistir.
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Su Emicilik Testleri

15
® Su Emicilik testi (AATC 79)sn
10 = Su emicilik testi (EN ISO 14697)
| ‘ ] j
O -1 J
SH SYH MH MYH SIH SIYH

Sekil 2. Havlu Kumaslarin Hidrofilite Test Sonuglari

EN 14697:2005 (E) —Tekstiller- Havlular ve Havlu

kumaglar i¢in Sartname ve Test Metodlar
sartnamesine  gore havlularin  hidrofilite testi
sonucunda batma siiresinin <15 sn olmasi
beklenmektedir. Yine AATCC 79 testine gore ise
damla absorpsiyon siiresinin <5 sn  olmasi
beklenmektedir.

GENEL SONUCLAR

Stiffness sonug grafigene gore ayni gramajlarda,
farkli yapilarda ve hav boylarina sahip havlu
iriinlerin yikamali ve yikamasiz Slglimlerinde 5
yikama sonrasinda ilk yumusak etkisinin kalmadigi,
tuse etkisini kaybettigi, microcotton havlularin bir-iki
yikamaya dayanikli tuse sergiledigi
gozlemlenmektedir. Sarim iplikli havlular ise diger
iki havluya gore yikama sonrasinda yumusaklik
etkisini stirdiirdiigii gézlemlenmistir. HidrofiliteTest
sonucunda, sadece normal havlularin degerleri sinirda
cikarken, diger numuneler her iki metotta da standart
degerlerin altinda ¢ikmustir. Fakat kendi igerisinde
degerlendirecek olursak yikama sonucunda havlular
yumusakligini kaybederken, su emicilik degerleri
yikanmamiglara gore diismiistiir. Boylece daha fazla
emici olurken, daha sert havlu haline gelmislerdir.

SONRAKI DONEM CALISMALARI

Bir sonraki asamada kumaslarin geri kalan
performans 6zellikleri incelecektir. Ayrica sarim iplik
biikiim ¢alismalar1 tekrarlanacak daha agik biikiim
denenecektir.
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AMACLAR

Bu calismada daha Onceki c¢alismalarda belirtilen
varsayimlardan hareketle, 6rme kumaglarin aginma
dayaniminin goriintii isleme teknikleri ile tahmin
edilmesi amag¢lanmustir.

GIiRiS

Tekstil malzemelerinin aginma davraniglart karmagik
bir yapidadir. Liflerin, ipliklerin, kumas yapisinin ve
uygulanan bitim islemlerin 6zellikleri asinma direncini
etkileyebilmektedir. Kumaslar, iplikler, goraplar ve
teknik tekstiller gibi ¢esitli tekstil mamullerinin aginma
davranislar1  farkli  yontemlerle oOlgiilebilmektedir.
Teknolojik gelismeler ve tekstil malzemelerinin
ozelliklerine yonelik artan talepler nedeniyle, bu
konuda yeni test teknikleri ve cihazlarimin gelistirilmesi
calismalar1 devam etmektedir '.

Daha oOnceki c¢alismalar incelendiginde, asinma
dayaniminin goriintii analizi ile incelenmesine dair
literatiirde sinirli  sayida c¢aligma bulunmaktadir.
Yapilan ¢aligmalarin biiyiik ¢ogunlugu dokuma kumasg
ve dokusuz vyiizeyler iizerine odaklanmuslardir 2.
Koltysheva etl. (2004) WiseTex yazilimim kullanarak
keten/pamuklu dokuma kumasglarin asinma direncini
tanimlamak i¢in geometrik modeller olusturmuslardir.
Kumaslarin aginmaya karst direncini degerlendirmek
ve asinma testinde gozlemlenen noktalar1 agiklamak
i¢in yararli bir arag olabilecegini belirtmislerdir 2. Balci
Kilig ve Okur (2019) yapilan arastirmada, 6rme kumas
yiizey 6zelliklerinin belirlenmesi i¢in goriintii analizine
dayanan optik temas indeksi (OCI) 6nerilmistir. Kumasg
yiizeyine istten sabit 151k vererek mikroskop
goriintiilerini almiglardir. Yapilan goriintii analizinde
OCl ile 15000 devir aginma sonrasi kiitle kaybi1 arasinda
yiiksek korelasyon bulmuslardir 7.

Bu calismada literatiirden farkli olarak, mikroskop
altinda alman o6rme kumas goriintileri MATLAB
yazilimi kullanilarak bolgesel olarak analiz edilmistir.
Goriintii isleme caligmalar: sonrasi goriintiideki kumasg
yiizeyin kapladigi toplam alan ile kullanilan &rme
kumaglarin  aginma dayanimlar1 arasindaki iligki
korelasyon analizi ile incelenmistir.

DENEYSEL

Malzeme

Calismada on iki farkli rib 6rme kumas tercih
edilmistir. Kumaslar ii¢ farkli iplik numarast ve
karistmindan olugmaktadir. Diiz 6rme makinesinde
yapilan ayni incelikteki {iretimler sirasinda iki farkli
iplik besleme kullanilmistir. Bu sekilde farkli
gramajlarda iiretilen kumasglara ait bilgiler Tablo 1°de
sunulmaktadir.

Tablo 1. Tercih edilen 6rme kumaslara ait bilgiler

Kumas | Iplik Kumas | iplik | Iplik
Tipi Besleme | Gramaji | No Karisim
Miktar1 | (g/m?) Orani
01 2 551 %100
02 3 (102 | el o
03 2 360 %100
04 3 | 693 Ne20 1 "o
05 2 404 %100
06 3 | 663 Ne30 1 "og
07 2 631 %50 CO
08 3 (131a | e gs0cv
09 2 367 %50 CO
10 3 656 Ne20 | /50 cv
11 2 174 %350
12 3 303 Ne28 PES
%50 CV
Yontem

Asmma dayanimi Ol¢iimleri TS EN ISO 12947-3
standardina gore ‘“Nu-Martindale Asinma Dayanimi
Test Cihazi”nda 9kPa agirliklarla yapilmistir. Asinma
islemi ii¢ tekrarli olarak tiim kumaglarda 15000 devir
uygulanmigtir. Asinma Oncesi ve sonrasi tarttm
alimarak olusan yiizde kiitle kaybi hesaplanmustir.
Asinma dayanimu testi 6ncesi ve sonrast kumaslarin
10x (10 kat) biiyilitme oraninda Novel NSZ 808 marka
stereomikroskop  kullanilarak RGB  formatinda
goriintiileri 1880x2590 piksel olarak alinmigtir. Tim
testler, 24 saat siireyle TS EN ISO 139'a gore

kondiisyonlanip  standart atmosfer kosullarinda
(20°C+2 sicaklik, %65+4 bagil nem)
gergeklestirilmistir.

Gorintl isleme ¢aligmalart icin MATLAB R2018a
paket programi kullanilmistir.  Goriintli  isleme
calismalarinda daha Onceki ¢alismalarda Onerilen
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adimlar tercih edilmistir °. Goriintii matrislerindeki
kumas yilizeyin kapladigi “toplam alan” piksellerin
ortalamalari ile aginma dayanimi sonrasi yiizde kiitle
kayiplart ortalama test sonuglar1 arasindaki ilisgki
Pearson bagmnti (korelasyon) analizi kullanilarak
istatistiki olarak incelenmistir. Bagmt: katsayisinin (r)
0,75 ve iizeri degeri c¢ok iyi derecede iligki oldugunu
ifade etmektedir '°. Sekil 1°de ¢alismada takip edilen
islem adimlar1 gosterilmektedir.

o

MATLAB yazilmna ti¢ Ug boyutln matrise sahip
boyuthn resim (RGB}) olan resim_ iki boyuth
yiiklenir matrislere doniigtiriilir
J

Gorimtilerdeki gariiltiyn Matrisler 0-1 arasmda

azaltmak lc‘lﬂ 2D median deger alacak sekilde
filttering temel filtreleme Resic i C
Sl el ‘double™ hale getirilir.
\ g\ 7

Histogram egitleme
tekmigi ile gorimti
biliitleme icin en uygun
esik degeri hesaplanir

Gorimtd bolitlemede
Otsu'nun global esikleme
algoritmas: kullamlir

L o
' Y
Gortmtideld kumag Feri lxgim:gﬁ;‘&f]:nﬂﬁ%]zg ]
o R || Vo o
e o !

Asmma dayantmi test
sonuglan ile aralarmdald
thiski korelasyon analizi

ile istatistiki olarak

mncelenir.

Sekil 1. Takip edilen goriintii isleme adimlar1

DENEYSEL SONUCLAR/TARTISMA

Sekil 2°de 6rnek olmasi agisindan ¢aligmada kullanilan
“09” nolu 6rme kumasa ait bir numunenin aginma
oncesi mikroskop altindaki goriintiisii verilmektedir.
Sekil 3’de ise ayni numunenin asinma sonrasl
goriintiisii yer almaktadir.

Sekil 2 ve Sekil 3 incelendiginde, yiizeyle en yakin
temas noktasi olan ilmek g¢ubuklarindaki, yiizeyden
heniiz ayrilmamis kopan iplikler ve aginmaya ugramis
bolgeler net olarak  goriilebilmektedir.  [lmek
stralarindaki durum igin ise, agindirici yiizey ile temasta
daha geride kaldiklar1 i¢cin bu bolgelerdeki kiitle

kayiplarmmin daha fazla asinma devri sonrasinda
gergeklesecegl sOylenebilir.
-

Sekil 2. Asinma dayanlml testi dncesi kumasm le
(10 kat) biiylitme oraninda mikroskobik goriintiisii

Sekil 3. Asmma dayan1m1 testi sonras1 kumasin 10x
(10 kat) biiylitme oraninda mikroskobik goriintiisii

Sekil 4’de aym1 numuneye ait asmma Oncesi
gOrlintiiniin  goriintii igleme adimlart sonrasindaki
gorseli verilmektedir.

Sekil 4. Asinma dayanlml testi oncesi mlkI'OSkOblk
goriintiiniin goriintli isleme adimlar1 sonrasindaki
gorseli

Tablo 2°de on iki farkli kumasa ait 1880x2590 piksel
olan gorsellerdeki goriintii  isleme g¢aligsmalart

1. TELLI, Abdurrahman (ORCID iD: 0000-0002-6720-9410)
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sonrasinda asindirici yiizey ile temas noktalar1 oldugu
varsayilan alanlarin (6rnegin Sekil 4’deki siyah olan
bolgeler) toplam piksel sayilart ve goriintiideki tiim alan
icerisindeki ortalama yiizdeleri verilmektedir. Ayrica
Tablo 2’de kumaslarin asinma sonrast yiizde kiitle
kayiplar1 gosterilmektedir.

Tablo 2. Goriintiideki toplam siyah piksel alanlarin
degerleri ve aginma sonrasi yiizde kiitle kayiplari

Toplam | Toplam Asmma Sonrasi kiitle
Alan Alan kayb1 (yiizde)

(piksel) | (yiizde) yoron

1 | 3024003 62,10 0,78

2 | 3897406 80,04 0,65

3 | 2443377 50,18 1,43

4 | 3563237 | 73,18 0,37

5 | 2588559 53,16 0,97

6 | 3425044 | 70,34 0,19

7 | 3166433 65,03 0,41

8 | 3880908 79,70 0,11

9 | 2216398 | 45,52 1,41

10 | 3408286 | 70,00 0,19

11 | 1640139 | 33,68 8,27

12 | 2017414 | 41,43 3,36

Kiitle kayiplar1 ile toplam alan arasindaki iliskiyi
gosteren korelasyon analizi sonuglari ise Tablo 3’de
sunulmaktadir.

Tablo 3. Korelasyon analizi sonuglari

incelenen Kumaslar ﬁ?‘%;:;lm )
Tiim Kumaslar

(1-12) -0,770
Sadece %100 Pamuk igeren

kumaslar -0,785
(1-6)

Iki iplik beslemeli %100 Pamuk

iceren kumaslar -0,870
(1,3,5)

Ug iplik beslemeli %100 Pamuk

iceren kumaglar 0,994
(2,4,6)

Iki iplik beslemeli tiim kumaslar

(1,3.5.7,9, 11) 0,840
Ug iplik beslemeli tiim kumaslar -0.920
(2,4,6,8,10,12) ’
Sadece %50 Pamuk / %50 Viskon

iceren kumaslar -0,966
(7,8,9,10)

Tim kumaslar ele alindiginda toplam alan ile yiizde
kiitle kaybi1 arasinda negatif yonlii giiclii bir korelasyon
bulunmaktadir (r=-0,770). Ancak bu sonug¢ daha 6nceki
caligmalarda  belirtilenlerinden aksi bir sonug

tagimaktadir. Gorilintiideki toplam alan arttikca
asindirict  yiizey ile temas noktalarmin artacag
varsayimiyla yiizde kiitle kayb1 oraniyla pozitif yonli
bir korelasyon bekleniyordu. Ayrica sadece %100
Pamuk igeren kumasglar ele alindiginda negatif yonlii
korelasyon degeri daha da artig gostermistir (r=-
0,785). iki iplik beslemeli %100 Pamuk iceren “1”,
“3” ve “5” nolu kumaslarda ise negatif yonli
korelasyon r=-870 degerine kadar ulagmigtir. Daha
kompakt bir yapiya sahip ii¢ iplik beslemeli %100
Pamuk igeren “2”, “4” ve “6” nolu kumaslarda
literatiire benzer sekilde pozitif yonlii elde edilen en
giiclii korelasyon gorilmiistiir (r=0,994). Ancak {i¢
iplik beslemeli tiim kumaslar hesaplamaya dahil
edildiginde % 100 Pamuk igerenlerden farkli olarak
negatif yonlii 6nemli seviyede gii¢lii bir korelasyon
bulunmustur (r=-0,920). Benzer sekilde iki iplik
beslemeli tim kumaslar hesaplamaya dahil
edildiginde de negatif yonlii giiclii bir korelasyon
tespit edilmistir (r=-0,840). Sadece %50 Pamuk / %50
Viskon iceren kumagslar kullanildiginda ise negatif
yonlii korelasyonlar arasinda en yiiksek deger elde
edilmistir (r=-0,966).

GENEL SONUCLAR

Calisma sonuglarina gore lif ve kumas yapisindan
bagimsiz olarak salt goriinti analizi ile asinma
direncinin tahmin edilmesinin miimkiin olmadigi
goriilmektedir. Tekstil malzemelerinin  aginma
dayanimu literatiirdeki bir¢ok c¢alismada belirtildigi
gibi lif ¢esidi, iplik numarasi, iplik biikiimi, karigim
orani, kumas yap1 ve Ozellikleri gibi birgok tekstil
iretim  faktorii  tarafindan  Onemli  oranda
degistirilebilmektedir. Daha 6nceki calismalarda yola
¢ikilan temas noktalarinin belirlenmesi ile aginma
dayanimini tahmin edilebilecegi diisiincesi kismen
dogru olsa da genelleme yapilamayacag agiktir.

SONRAKI DONEM CALISMALARI

Daha sonraki ¢alismalarda farkli ve yiiksek aginma
devirlerinde kumaslarin asinma davraniglart ve
egilimlerinin  goriinti  isleme  teknikleri ile
degerlendirilmesi 6nemli katkilar saglayabilir.
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AMACLAR

Sismik izolasyon uygulamasi iilkemizde son yillarda
olduk¢a yaygin bir bigimde kullanilan ve depremlerin
yikict  etkilerine karsi  yapisal/yapisal olmayan
(makine/teghizat) elemanlar1 koruyan bir teknolojidir.
Bu yontemde yap1 tabandan, yani deprem dalgalariin
yaptya aktarildig1 kaynaktan izole edilir ve boylece hem
yapisal hasarlar neredeyse sifirlanir hem de deprem
aninda hissedilen titresimler minimuma iner. Sismik
izolatorler, kullanildiklar1 yapilarda hem diisiik
genlikli-cok tekrarli hareketler (6rnegin tasiyici sitem
elemanlarinda dis ortam sicakligina bagli olusan diisiik
hizli uzama-kisalma hareketi) hem de yiiksek genlikli-
diistik tekrarli (orta-yiiksek hizli hareketler) sismik
etkiler altinda islevselligini kullanim 6mrii boyunca
korumalidir. Bu hareketlere maruz kalan stirtiinme
yiizeyli sismik izolatdriin (SY Si) siirtiinme katsayisi ve
asmma degerlerinin s6z konusu yapinin tasarim omrii
boyunca kabul edilebilir sinirlar i¢inde degisim
gostermesi  hedeflenir. Gegmis sismik izolasyon
uygulamalarinda  kullanilan SYSI’in  biiyiik  bir
cogunlugu teflon (PTFE) ve ¢elik ikilisi arasindaki
siirtinmeye dayanmaktadir. Ote yandan, malzeme
bilimindeki hizli ilerlemeye bagl olarak teflon-gelik
ikilisinin sundugu performansi saglayabilecek hatta
daha da gelistirecek yeni siirtiinme yiizeylerinin
gelistirilmesine yonelik calismalar hiz kazanmistir.
Malzeme Miihendisligi ve Ingaat Miihendisligi alaninda
yapilacak ortak ¢aligmalar sonucunda milli imkéanlarla
iiretilen, katma degeri yliksek ve iistiin performans
gosteren bir izolator birimi gelistirilmesine ihtiyag
duyulmaktadir. Bu  hedefin  gergeklestirilmesi
durumunda, su anda iilke olarak sismik izolator
kullaniminda en {ist siralarda oldugumuz da dikkate
alindiginda, insaat sektoriiniin kullanimina sunulacak
iistlin performansl kompozit malzemelerin
gelistirilmesiyle hem dis ticaret agigina neden olan
ithalatin azaltilmasi hem de alana iligskin “know-how”
edinilmesi saglanmis olacaktir.

GIRiS

Sismik izolasyon oOzellikle hastane gibi olasi yikici
depremlerden sonra bile iglevselligini yitirmemesi
gereken ve kesintisiz kullanimi hedeflenen yapilar i¢in
neredeyse alternatifi olmayan bir depreme dayanikli
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yapt tasarimi yontemidir. 2013 yilinda Saglik
Bakanligi’nin yaymnladigi bir genelge uyarinca
tilkemizde 1. ve 2. derece deprem bdlgelerinde
yapilacak 100 ve iizeri yatak kapasiteli hastanelerde
sismik  izolasyon uygulamast zorunlu hale
getirilmistir. Bu genelge ile birlikte ingaatlari hizla
artan sehir hastanelerinin neredeyse tamaminda
sismik izolatér birimleri kullanilmaktadir. Insaat:
tamamlanan ya da devam eden bu hastane binalarinda
yaygin olarak kullanilan izolator birimlerinden birisi
de SYSI dir. Bu izolatdr birimleri konkav bir yiizey
iizerinde sarkag tipi salinim hareketi yapan kayici ara
elemanlardan meydana gelmektedir. SYSI’nin temel
calisma prensibi temas eden iki yiizey arasindaki
stirtiinme esasli enerji sonimlemeye dayanir. Mevcut
durumda kullanilan bu izolatér birimlerindeki s6z
konusu siirtiinme ¢elik ve PTFE bazli iki yiizey
arasinda olusmaktadir. Bahsedilen SYSI birimleri
Sekil 1. de temsili olarak sunulmaktadir. Buna gore,
SYSI birimlerinden beklenen performans hedefleri,
diisey dogrultuda yiiksek rijitlik, yatay dogrultuda
yiikksek deplasman kapasitesi, yiiksek enerji
soniimleme kapasitesi, diigiik siirtiinme katsayisi ve
asinma miktaridir.

Ust Plaka

Kayici Ara
Yiizey

Alt Plaka

Sekil 1. SYSI birimi [1]

Ozellikle koprii ve viyadiiklerde kullamlan SYSI
birimleri i¢in zorlayict olan ve dis ortam
sicakligindaki degisime bagli kiigiik genlikli fakat ¢ok
tekrarli hareketler sonucu izolatér birimlerindeki
asinma ve silirtiinme 6zelliklerindeki olumsuz degisim
iyilestirmeye agik bir alandir.

Literatiirde SYSI birimleri icin siirtiinme katsayisiin
degisiminin incelendigi ilk ¢aligmalardan biri Tyler
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[2] tarafindan 1977 de gerceklestirilmistir. Calismada
PTFE-celik siirtiinme ylizeyinin ozellikleri orta ve
biiyiik siddetteki deprem hareketlerini yansitan
yikleme hizi ve ivmeleri altinda gergeklestirilen
deneylerle belirlenmigtir. Testlerde iki ¢elik plaka
arasina yerlestirilen teflon plaka tersinir tekrarlanir
yiikklere maruz birakilmistir. Yataydaki bu hareketin
plakaya etkiyen normal gerilmeye olan duyarliligini
belirleyebilmek adina diiseyde farkli seviyelerde basing
kuvveti uygulanmistir. Buna goére Tyler [2] tarafindan
dikkate alinan normal gerilme degerleri 10MPa ile
30MPa arasinda degisim gostermektedir. Yiikleme
hizinin etkisini yansitabilmek i¢in de testler hem yavas
(0.2 Hz frekans) hem de hizli (0.85 Hz frekans) olarak
tekrarlanmistir. Tyler [2] bu ¢alismasi sonucunda su
¢ikarimlarda bulunmustur: teflon-gelik arasindaki
sirtinme  katsayisi  yiikklemenin hizi ile artis
gostermistir, normal gerilme seviyesi arttikga siirtiinme
katsayisi azalmustir.

Constantinou vd. [3] tarafindan yiiriitilen benzer bir
calismada da PTFE-celik arasindaki siirtiinme
ozellikleri dinamik kosullar altinda tespit edilmistir. Bu
amacgla yapilan deneylerde degisken olarak secilen
parametreler normal gerilme seviyesi ve yiikleme
hizidir. Yazarlar bu arastirmada 1MPa ile 7MPa
arasinda degisen diisik normal gerilmeler altinda
calismislardir. Ote yandan, diger degisken olan
yiikleme hizinin degisim gosterdigi aralik ise 150 mm/s
— 800 mm/s arasindadir. Bu deneysel c¢alisma
neticesinde Constantinou vd. [3] tarafindan siralanan
sonuglardan bazilart su sekildedir: normal gerilme
seviyesindeki artis siirtinme katsayisinda disiise,
yiikleme hizindaki artis ise siirtiinme katsayisinda artiga
neden olmaktadir. Bunlara ek olarak, Constantinou vd.
[3] yirittikleri ¢alismadan elde edilen sonuglarin
sismik izolasyon uygulamalarinda gdzlenmeyen
derecede  diisiik normal  gerilmeler altinda
yiiriitiildiiglini belirtmislerdir.

Lomiento vd. [4] tarafindan yiiriitiilen ¢aligmada ise
PTFE-¢elik temas yiizeyinden olusan gergek boyutlarda
bir SYSI’e ait siirtiinme katsayisinin normal basing,
yikleme hizi ve dongii sayisina olan duyarliligt
deneysel olarak incelenmistir. Calismada, siirtinme
katsayisinin normal gerilmeye olan duyarliligimi
belirleyebilmek adina diiseyde farkli seviyelerde basing
kuvveti uygulanmistir. Buna gére Lomiento vd. [4]
tarafindan dikkate almman normal gerilme degerleri
15MPa (3263kN), 30MPa (6525kN) ve 60MPa
(13050kN) olarak belirlenmistir. Yiikleme hizinin
etkisini yansitabilmek icin testler 1.27 mm/s ve 200
mm/s arasinda degisen farkli biyiikliiklerde hiz
seviyeleri igin tekrarlanmistir. S6z konusu deney
protokolii maksimum deplasman seviyesi (200mm)
altinda bir ve iki adet ¢cevrimsel yiikleme olarak izolator
birimine uygulanmistir. Yazarlar, ¢alisma sonucunda
PTFE-celik  arasindaki  siirtinme  katsayisinin
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uygulanan yiikleme hiz1 ile yaklasik %25 oraninda
arttigini, normal gerilme seviyesi arttik¢a siirtiinme
katsayisinin - (n) 0.08 den 0.05 mertebelerine
azaldigint belirtmistir. Bununla birlikte izolator
biriminin maruz kaldigi dongili sayisinin artmasi
sonucu temas eden yiizeyler arasinda 1s1 artigina bagl
olarak stirtlinme katsayisinda azaldigini
vurgulamistir. Yazarlar tarafindan yiiriitiilen deneysel
calisma sonucunda siirtiinme katsayisinda gozlenen
degisim miktar1 normal basmcin p=15MPa-30MPa,
yatay yiikleme hizinin V=1.27mm/s-100mm/s oldugu
durumlar icin Sekil 2 ve 3.’te sunulmaktadir.
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Sekil 2. PTFE-gelik arasindaki siirtlinme katsayisinin
uygulanan eksenel yiike bagli degisimi a) P= 15 MPa
b) P=30 MPa [4]
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Sekil 3. PTFE-celik arasindaki siirtiinme katsayisinin
izolatore uygulanan yatay hareket hizina bagl degisimi

[4]

Yukarida bahsedilen literatiir ¢aligmalar1 teflon (PTFE)
bazli kayici ara yiizeye sahip SYSI birimlerinde
sirtinme katsayisinin degisen eksenel yiik, yatay
hareket hizi ve hareketin dongli sayisina olan
duyarliligini incelemislerdir. Elde edilen genel sonuglar
ise su sekildedir: i) SYSI davramgsim etkileyen en
onemli parametre statik-dinamik siirtiinme katsayisidir.
ii) Statik ve dinamik siirtinme katsayisi, normal
basinca, yiikleme hizina, teflonun celik ile temas eden
yiizeyinde olusan sicakliga ve hareketin dongii sayisina
duyarl bir davranis sergilemektedir. Yapilan ¢aligsmalar
normal basmcin artmasi ile siirtinme katsayisinin
azaldigin1 gostermektedir. Yiikleme hizi ise siirtiinme
katsayisinin artmasina, temas yiizeyindeki sicakliginin
artmasi ise siirtlinme katsayisinin azalmasina sebep
olmaktadir.

SYSI i¢in literatiirde var olan bir diger ¢alisma alan1 ise
PTFE esash kayici ara yiizeye muadil olabilecek yeni
kompozit malzemelerin gelistirilmesidir. Siirtiinme
katsayisi, ortalama %5 mertebelerinde olan PTFE igin
bu deger, yiiksek deplasman taleplerini karsilayan SY SI
birimlerinde deplasman miktarini kontrol edebilecek
siirlar icerisinde tutabilecek sekilde daha yiiksek
sirtinme katsayisina sahip (0rnegin; %8-10) ancak
asinmaya karsi direncli ve eksenel yiik kapasitesi
yiiksek olan yeni kompozit malzemelerin {iretilmesine
ihtiya¢ duyulmaktadir. Bu konu {izerinde Quaglini vd.
[5] tarafindan yapilan calismada farkli kompozit
malzemeler ic¢in siirtlinme katsayilariin  farkli
degiskenler altinda nasil degisim gdsterdigini
sunmustur. Bu amagcla yazarlar, oncelikle kendinden
yaglamali  iki  farkli  polimer = malzemenin
(Polietilentereftalat-PET,  Politetrafloroetilen-PTFE)
kii¢iik dlgekli (75mm) tribolojik testlerini farkli diisey
yik, yatay hiz ve ortam sicakliklar1 altinda
gerceklestirerek malzemelerin hem statik hem de
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dinamik siirtinme katsayilarni tayin etmislerdir.
Ardindan her iki malzeme icin de ger¢ek boyutlarda
birer SYSI prototip olarak iiretilmis ve deprem
etkilerini yansitacak deney protokolii altinda dinamik
testler gercgeklestirilmistir. Calisma sonucunda ise
hem kiiciik hem de biiyiik 6lgekli gergeklestirilen
deneyler sonucunda malzemelerin statik (ps) ve
dinamik (pg) strtinme katsayilarinda gozlemlenen
degisim incelenmistir. Yazarlar tarafindan elde edilen
sonugclar PEM ve PTFE bazli malzemeler igin
sirastyla Tablo 1. ve Tablo 2.‘de sunulmustur.

Tablo 1. PET esasli malzemeler icin ger¢eklestirilen
kiiciik ve biiyiik 6lgekli deneyler sonucu siirtiinme
katsayilarinin degisimi [5]

Condition  Characteristics Small -~ Large
Scale  Scale
Low (ps) 0.084 =
velocity (Ka) 0.066  0.055
(<1 mm/s)  Breakaway vs. (ua) 1.27 1.26
High (pa) 0.060  0.065
velocity Variation of friction -17.8 -13.6
(200 coefficient over -26.7 -26.7
mm/s) repeated cycles -31.7  -304

Tablo 2. PTFE esasli malzemeler icin gerceklestirilen
kiiciik ve biiytik 6lgekli deneyler sonucu siirtiinme
katsayilarinin degisimi [5]

Condition  Characteristics Small  Large
Scale Scale

Low (us) 0.061 =

velocity (pa) 0.051  0.042

(<1 mm/s)  Breakaway vs. (na) 1.2 1.5

High (1a) 0.124  0.108

velocity Variation of friction  -0.7 -19.9

(200 coefficient over -22.4 -28.6

mm/s) repeated cycles -354  -379

Barone vd. [6] ise izolatdr birimi siirtiinme

katsayisinin ve soniim oraninin, yiikleme hizina ve
normal basinca bagli degisimini poliamid (PA) ve
polietilen (PE) esash iki farkli malzemeden liretilmis
gercek boyutlardaki SYSI birimleri i¢in incelemistir.
Bu amagla farkli boyutlara sahip 60 farkli izolator
birimi dinamik yiiklemeler altinda test edilerek,
kullanilan malzeme &zelligine gdre izolator birimi
statik slirtinme katsayis1 (W), dinamik siirtiinme
katsay1s1 (lgyn) Ve soniim oraninin (§) dikkate alinan
parametrelere duyarliligi belirlenmistir. Buna gore,
PA esasli izolator birimlerinde statik siirtiinme
katsayist dinamik siirtiinme katsayisinin yaklasik
olarak 1.4-2 katina kadar degisim gostermektedir. PE
esasli malzemelerde ise bu oran %40 mertebelerine
ulasmaktadir. Bu sebeple, PA esash SYSI
birimlerinde tut-birak (breakaway effect, bkz Sekil 3)



etkisi ihmal edilmeyecek kadar 6nemli bir diizeydir. Bu
etki ise binalarda {st yapiya aktarilacak kuvvet
miktarinin artmasina sebep olmaktadir. Ote yandan,
Sekil 4. de dinamik siirtinme katsayisindaki degisim
her iki malzeme tiirii ve dikkate alinan parametreler i¢in
sunulmaktadir. Bu veriler 1s1ginda, dinamik siirtiinme
katsayisinin normal basinca bagli degisiminin PA esasli
malzemeler i¢in yaklasik £%20, PE esasli malzemeler
icin +%40 mertebelerine ulastig1 goriilmektedir.
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(b)
Sekil 4. Dinamik siirtinme katsayisinin normal basing
ve yiikleme hizina bagli degisimi a) PA, b) PE [6]

SYSI birimlerinde kullamlacak farkli kompozit
malzemelerin incelendigi c¢alismalara bakildiginda
kayict ara yiizeyde PTFE, PEM, PE, PA gibi ¢esitli
kompozit malzemeler kullanilabilmektedir. Ancak, her
bir malzemenin farkli ¢alisma kosullarinda performans
diizeyleri degiskenlik gostermektedir. Sismik izolator
tireticileri tarafindan yiiriitilen AR-GE ¢aligsmalar1 ile
SYSI birimleri igin kullamlacak yeni kompozit
malzemeler de iiretilmektedir. Ornegin; Maurer S6hne
firmasi tarafindan SYSI birimlerinde kullanilmak iizere
PTFE’e alternatif olarak MSM isimli yeni bir kompozit
malzeme gelistirilmistir. MSM UHMWP malzemesine
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¢esitli katki maddeleri eklenerek olusturulan ve
performans diizeyi PTFE’e kiyasla olduk¢a yiiksek
bir malzemedir [7]. Sekil 5 de Maurer Sohne
tarafindan iretilen MSM malzemesinin basing
dayanimi PTFE ile kiyaslamali olarak sunulmaktadir.
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Sekil 5. MSM ve PTFE kompozit malzemelerinin
basing dayanimlarinin karsilastirilmasi [7]

-50 -40

Sekil 6’da ise MSM kompozit malzemesine ait
stirtiinme katsayisinin malzemeye etkiyen eksenel
basinca bagli degisimi farkli dis ortam sicakliklar
altinda  gosterilmektedir. ~ Yapilan  ¢aligmalar
sonucunda MSM’nin diisik dis ortam sicakliginda
PTFE’ye gore eksenel dayaniminin daha yiiksek
oldugu, siirtiinme katsayisinin ise daha diisiik oldugu
belirtilmektedir [8].

©
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«

Contact Pressure in N,/mm2

Sekil 6. MSM kompozit malzemesine ait siirtiinme
katsayisinin eksenel yiik ve dig ortam sicakligina
bagl degisimi [8]

Yapilan literatiir arastirmasindan da anlasilacag: gibi,
sirtinme  esasli sismik izolatér birimlerinde
kullanilan siirtiinme ara yiizii genellikle teflon bazlh
kompozit malzeme ve celik ikilisine dayanmaktadir.
Ancak, slirtiinme ve aginma 6zellikleri agisindan daha
iistlin performans sergileyen siirtiinme yiizeylerinin
gelistirilebilmesi i¢in yapilan ¢aligmalar her gegen
giin artig gostermektedir. Kiigiik 0&lgekli kupon
numuneler iizerinde yapilan malzeme deneyleri
ardindan biiyiik 6lgekli prototip numuneler tizerinde



test edilmekte ve gelistirilen SYSI birimlerinin ihtiyag
duyulan 6zellikleri sagladigi dogrulanmaktadir.

Sismik izolatdrlerin hem iretim hem de prototip
deneylerini  gerceklestirebilen diinyada az sayida
laboratuvar bulunmaktadir. Bunlardan bir tanesi de
Eskisehir Teknik  Universitesi’nde  faaliyetlerini
sirdiren ~ESQUAKE  Sismik  Izolator — Test
Laboratuvarr’dir. Uretilen izolatorlerin olasi biiyiik bir
deprem anindaki dinamik kosullar altinda nasil degigim
gosterdigini belirlemek i¢in hazirlanan numuneler
farkli yiikleme kosullar1 (eksenel basing, yatay hareket
hizi, ¢cevrim sayisi) altinda test edilmekte ve izolatore
ait yatay rijitlik degeri, siirtinme katsayisi, enerji

soniimleme  kapasitesi gibi mekanik  6zellikler
belirlenmektedir. Sekil 7°de ESQUAKE  Sismik
Izolatér  Test Laboratuvari'nda  bulunan  test

diizeneginin gorseli paylasilmaktadir. Test cihazinin
yatay ve disey dogrultulardaki yiik kapasiteleri
sirastyla 200 ton ve 2000 ton’dur. Yatay dogrultudaki
maksimum yiikleme hizi ise 1000 mm/s’dir. Test
cihazinin gerceklestirebildigi maksimum deplasman
miktar1 ise £600mm dir.

Sekil 7. ESQUAKE Sismik Izolator Test Laboratuvart.

Sekil 8. de ise ESQUAKE’te gerceklestirilen tipik bir
SYSI birimi i¢in iiretim testi sonucu elde edilen kuvvet-
deplasman egrisi temsili olarak gosterilmektedir.
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Sekil 8. SYSI birimleri i¢in iiretim testi sonucu elde
edilen kuvvet-deplasman egrisi.
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SONUCLAR

Deprem tehlikesi yiiksek olan cografyalarda oldugu
gibi ililkemizde de sismik izolasyon uygulamasi hizla
yayginlasmaktadir. insaatlarda kullanilan siirtiinmeli
sismik izolatorlerin enerji soniimleme ozelliklerini
belirleyen kompozit malzemelerin temini izolatdr
iireticisi yerli dahi olsa yurt digindan yapilmaktadir.
Bu c¢alismada oOzetlenen 6zelliklerde kompozit
malzemelerin gelistirilmesi ve {iretilmesi iilkemiz
adina 6nemli bir bilgi birikiminin elde edilmesine yol
acacaktir. Boylece hem dis ticaret agigi azaltilmig
olacak hem de malzeme bilimi agisindan Snemli
adimlar atilmig olacaktir. Bu amagla insaat
miihendisleri ve malzeme bilimi alaninda faaliyet
gosteren ulusal firmalarimizin yapacagi isbirlikleri
biiyiik 6nem tagimaktadir.
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AMACLAR
Calismanin amaci ¢evrim siliresini  ve ¢evrim
basamaklarini inceleyerek sekil verilen {irliniin

akiskanliginin arttirilarak kaliptan daha iyi ¢ikmasini
saglamaktir.

Enjeksiyon 1silarinin ve kalip 1silarmin diisiilerek iiriin
basiminin  denenmesi ve bu sebeple yasanan
problemlere ¢oziim bularak daha yiiksek ergiyik akisa
sahip polimerler elde etmek hedeflenmektedir.
Yapilacak bu gelistirmeler ile enjeksiyon ile kaliplama
isleminde daha kisa siirelerde iiretim yapilarak iiretim
hacminin arttiritlmasi saglanacak ve eksik dolum gibi
enjeksiyon problemlerinin ¢6ziimii olusturulacaktir.

GIRIS

Her gecen gilin iretime olan ihtiyag artmaktadir.
Mevcut teknolojiyi kullanarak ve iiretim hattt sayisint
arttirarak  bu artan iretim ihtiyacim1 kargilamak
miimkiin  olacaktir. Buna karsilik verimliligin
arttirtlarak yeni yatirimlara gerek olmadan sahip
olunan ekipman ve iiretim araglarini kullanarak artan
ihtiyaclar1 karsilayacak akilc1 ¢ozlimler aranmaktadir.
Enjeksiyon kaliplama ile iiretim yonteminde birim
zamanda Uretim miktar1 ¢evrim  siresi ile
belirlenmektedir.

Cevrim siiresi ve g¢evrim basamaklar1 incelendiginde
bu siirecin biiyiik bolimiiniin ergiyik malzemenin
sogutularak nihai seklinin verilmesinin oldugu
goriilmektedir. Bu sebeple en uzun siire olan soguma
zamaninin diisliriilmesi ihtiyaci dogmaktadir.
Enjeksiyon 1silarinin ve kalip 1silarinin disiiriilmesi
malzemenin ergiyik haldeki sicakligi ve kaliptan
¢ikarma sicakligi arasindaki farki diistirmektedir. Bu
da dogrudan sogutma zamanini kisaltmaktadir.

Diisiik sicakliktaki enjeksiyon islemi kalibin eksik
dolmasi gibi problemlere sebebiyet verebilmektedir.
Bu problem karsisinda ise ergiyik akisi daha yiiksek
olan malzemelere gereksinimi dogurmaktadir.
Poliamidler kullanim alanma
polimerlerdir.

1935 yilinda DuPont’da Wallace Carothers tarafindan
kesfinin ardindan ilk olarak dis firgalarinini1 yapimau ile
baslayan uygulama alani ilk ger¢ek basarisini bayan
¢oraplar1 yapimi ile gerceklestirdi.

Ardindan savasta c¢adir, parasiit, iplik yapmmu ile
uygulama alanlari gesitlenmeye devam etti’.
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Gilinlimiizde tekstil {iriinlerinin yanisira otomotiv
sektoriinde de yaygin bir sekilde kullanilmaktadirlar.
Cesitli  sektorlerde  kullanilan  malzemelerin
degistirilerek  yerine plastiklerin  kullanilmaya
baglanmasi, polimerler kompozitlerine olan ilgiyi
arttirmaya baglamaktadir. Otomotiv, havacilik ve
daha bircok endiistri yiiksek performansa sahip
kompozitleri  iiriinlerinde  kullanmay1  talep
etmektedir?.

Poliamid 6 ve poliamid 6.6 polimerleri yiiksek
dayanimlari, asinmaya karst dieng gostermeleri,
kimyasallara karsi dayanikli olmalar1 sebebiyle
endiistriyel uygulamalarda katkilandirilarak yeni
ozellik kazandirlip iriin gesitliliginin artmasina
olanak saglamaktadir®,

Yiiksek akigkanlik ozelligine sahip poliamid 6 ve
poliamid 6.6 bilesikleri akiskanlik artis1 ile birlikte
mekanik 6zelliklerini koruyabilmektedir.

Yiizey kalitesinin iyilesmesi, kisa enjeksiyon
stireleri, diigik kalip sicakligi iirlinlerin proses
edilebilirligini kolaylastirmaktadir.

DENEYSEL

Malzeme

Bu ¢alismada poliamid 6 ve poliamid 6.6 polimerleri
kullanilmustir.

Poliamid 6 polimerinin 30 ve 50 camelyafli
kombinasyonlar1 denenmistir.

Poliamid 6.6 polimerine sadece 30 camelyafli katkisi
eklenerek ¢aligsmalar siirdiirtilmiistiir.

Yontem

Poliamid 6 ve Poliamid 6.6 malzemeleri ekstriizyon
yontemi  ile  farkli  camelyaf oranlarinda
katkilandirildi.

Akigkanlik farkimi gérmek igin spiral flow baskilart
enjeksiyon yontemi ile alindi.

DENEYSEL SONUCLAR/TARTISMA

Poliamid 6 30 ve 50 cam elyaf katkili malzemelerin
mekanik oOzellikleri akigkanlhigr arttirtlan iiriin ile
kiyaslandiginda degerlerin degismedigi Sekil 1 ve
Sekil 2 de goriilmektedir.
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Tensile Strength (MPa)
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Sekil 1. PA6 GF50 ve akiskanligi arttirilmig PA6
GF50’nin ¢ekme dayaniminin kargilastirmast

1ZOD IMPACT NOTCHED (kJ/m?)

14
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EPLAMID 6 GFR 30 BK EPLAMID 6 SPRINT GFR 30
BK

Sekil 2. PA6 GF30 ve akigkanlig arttirilmis PA6
GF30’un izod darbe dayaniminin karsilagtirilmast

Poliamid 6.6 30 cam elyaf katkili malzemesinin de
akiskanligin artis1 sonucu mekanik 6zelliklerinin
degismedigi Sekil 3 ve Sekil 4’te goziikmektedir.
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Sekil 3. PA6.6 GF30 ve akiskanligr arttirilmis PA6.6
GF30’nin ¢ekme dayaniminin karsilastirmasi

IZOD IMPACT NOTCHED (kJ/m?)
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Sekil 4. PA6.6 GF30 ve akigkanligi arttirilmis PA6.6
GF30’un izod darbe dayaniminin karsilagtiriimasi

GENEL SONUCLAR

Yapilan denemeler sonucu enjeksiyon ve kaliplama
isleminin daha kisa siirede yapilmasi, iretim
hacminin arttirilmasina  ve eksik dolum gibi
enjeksiyon problemlerinin ¢dziimiine olanak sagladi.
Gelistirilen akigskanlig1 yiiksek malzemeler standart
malzemeler ile karsilastirildiginda  yogunluk
degerinde degisim gozlenmektedir. Cekme testi
sonucunda en fazla 10% degisim ve darbe dayanimi
testi sonucunda 20% diisiis hedefi yapilan ¢aligmalar
sonucu kargilanmustir.

Camelyaf katkili poliamid malzemeleri ile
kiyaslanan yeni gelistirilen malzemelerin spiral flow
sonuglart poliamid 6 50 camelyafli malzemesinde
86% oraninda akigkanlk artisi  saglandigini
gostermektedir.

Poliamid 6.6 30 camelyafli malzmesinde ise 80%
oraninda akiskanlikta iyilestirme saglamistir.

SONRAKI DONEM CALISMALARI

Poliamid 6 ve poliamid 6.6 polimerlerinin katki
oranlarin1  ¢esitlendirerek, mekanik 6zelliklerinin
korundugu ve ergiyik akiskanliginin arttirildigi yeni
malzemeler elde etme c¢alismalarimiz  devam
etmektedir.

Akigkanligin artmasi giizel bir yiizeye olanak verdigi
icin, ¢aligmalarin renkli malzemeler ile de deneme
calismalar1 yapilmaktadir.
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Hava Tekstiire Yontemi ile Uretilmis Melanj Ipliklerin Renk
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AMACLAR

Bu caligmada; iki farkli renkteki ipligin hava tekstiire
yontemi ile tekstiire edilip katlandiginda ortaya
cikardigr efektin renk transferi yontemi ile gorsel
olarak tahminlenerek numune iiretim maliyetinden
tasarruf edilmesi amaglanmustir.

GIRIS

Hava tekstiire (AJT) prosesi sentetik multi-filament
ipliklerin 6zel oalrak tasarlanmis stipersonik hava
jetleri yardimi ile kendi igleri arasinda karistirilip
hacimlendirilmesini amaglayan bir tutum kazandirma
islemidir.[1] Bu islem farkli renkte ipliklere birlikte
uygulandiginda bir araya gelirken karigsan iplik
filamentleri melanj efektler ortaya ¢ikarmaktadir. [2]

Farkli renklerde ipliklerin hava tekstiire ile biraraya
getirilmesinden ortaya ¢ikacak melanj ipliklerden bir
kartela olusturulmaya calisildiginda sinirisiz alternatif
ortaya ¢ikmaktadir. Bu alternatifler igerisinden sadece
secilmis olanlar bile misteriye sunulmak tizere
numune dl¢eginde iiretildiginde, isletmeler i¢in zaman
ve maliyet kayb1 ortaya ¢ikarmaktadir.

Goriintli isleme algoritmalari;; 2000’lerin bilgisayar
teknolojierinde yasanan yazilimsal ve donanimsal
gelismelerin getirdigi 6nemli kazanimlardan biridir.
Dijital goriintii isleme teknikleri ile gorintiiler
iizerindeki hasarlarin giderilmesi, goriintiiye ¢esitli
filtreler uygulanmasi, montajlar ve diizenlemeler
yapilmasi gibi manipiilasyonlarin gerceklestirilmesi
miimkiindiir.[3]

Goriintiilerin manipiile edilme sekillerinden biri de
renk transferidir. Bu teknikte referans bir goriintiiden
alinan renk degerlerinin hedef bir goriintiiye orjinallik
hissini kaybetmeden transfer edilmesini
hedeflemektedir. Renk transferi i¢in gelistirimis ¢esitli
algoritmalar bulunmaktadir. [4] Bu algoritmalar
genellikle c¢esitli yazilim dilleri icin kiitiiphanelere
doniistiiriilmekte yazilim gelistiricilerinin daha kolay
ve hizli kullanimi i¢in imkan saglanmaktadir. Bunun
yaninda tekil uygulamalr igin paket programlar olarak
da kullanicilara sunulabilmektedir.[4], [5]

Deneysel ¢aligmalar i¢in programlama dillerinin
kullanimi, hem algoritmalarin irdelenebilmesi hem de
gelistirilebilirligin miimkiin kilinmasi agisindan tercih
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sebebi olmaktadir. Laboratuvar caligmalarinda
programlama  dilleri arasinda agirlikli  olarak
MATLAB kullanilmakta ancak bu dilin sahip oldugu
bir takim dezavantajlar sebebiyle goriintii isleme
alaninda kullanimi tercih edilmemektedir. Yerine,
hem Ogrenilmesinin kolay olmasi hem esnek
kullanimlar;, hem de kiitiiphane uyumluluklari
sebebi ile C++, C, Java, Visual Basic, Python gibi
programlama dilleri tercih edilmektedir. [5]

Bu calismada da Python programalama dili tercih
edilmis, Pyhon goriintii isleme kiitiiphanesi olan PIL
ve acik kaynakli goriintii isleme kiitiiphanesi olan
OpenCV  birlikte kullamlmistir. [6], [7] Renk
transferi kiitiiphanesi olarak Reinhard vd., 2001
yilinda yaptiklar1 bir resmin renk karakteristilerine
ait istatistiksel verilerin hedef bagka bir resme
uyglanmasini  saglayan algoritmadan derlenmis
Python kiitiiphanesi kullanilmigtir.[8]

DENEYSEL

Malzeme

Kaynak goriinti olarak kullanilmak ve yazilim
vasitasiyla {retilmig gorlintiiller ile kiyaslama
yapmak lzere asagidaki Ozelliklerde iplikler
kullanilmigtir.

Tablo 1. Melanj iplik bilesen 6zellikleri

Numune No | Renk (L*a*b) dTex/Fl

Num1-10 L:36,84/a:-38,25/:2,92 | 167/48

Num2-18 L:28,80/a:0,56/b:-1,38 167/48

Num3-13 L:61,55/a:5,40/b:18;68 | 167/48

Num4-04 L:35,02/a:39,78/b:18:31 | 167/48

Tablo 2. Melanj iplik 6zellikleri
Numune No | Bilesenl Bilsen2 dTex/Fl
Melanjl Num1l Num2 334/96
Melanj2 Num3 Num4 334/96

b

Sk

Sekil 1. Melanj ipliklere ait 6rme goriintiileri




Yontem

Melanjl kodlu AJT melanj iplikten o6rtilmiis kumas
gortntiileri kaynak olarak belirlenmis, Tablol de
Num3-13 ve Num4-04 olarak belirtilmis olan Melan;j2
kodlu numunenin renk degerleri hedef gorsele transfer
edilmistir. Elde edilen goriintiiler gercek goriintiiler ile
gorsel olarak kiyaslanmistir.

DENEYSEL SONUCLAR/TARTISMA

Sekil 2. Melanj1 kodlu iplikten oriilmiis kumas
(kaynak goriintii)

-ﬂ

Sekil 3. Kaynak goriintiiye transfer edilen hedef
renkler. (hedef goriintii)

Sekil 4. Yazilim tarafindan tiretilmis géntl'i
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Sekil 5. Melan;j2 kodlu iplikten 6riilmiis kumasin
gergek goriintiisii

Yazilim tarafindan Melanjl kodlu iplikten Oriilmiis
kumaglara belirlenen renkler transfer edildiginde
elde edilen goriintiiniin; Melanj2 kodu iplikten
orilmiis kumas gorseli ile yiiksek derecede benzerlik
gosterdigi tespit edilmistir.

GENEL SONUCLAR

Iplik iiretimlerinde renk degerlendirmelerinin sahip
oldugu onem ozellikle kumas fireticileri tarafinda
hassasiyet yaratmaktadir. Birden fazla renge sahip
iplik biraraya getirilip melanj efekte sahip iplikler
elde edildiginde herbir bilesenin rengi ayr1 dneme
sahip olmaktadir. Nihai goriintliniin belirlenmesi igin
numune ierimler gerceklestirilmekte bu tretimler

sonucunda zaman ve maliyet kayb1 ortaya
¢ikmaktadir.
Dijital gorintiilerin ¢esitli tekniklerle  manipiile

edilemsi neticesinde, numune iiretim sonucu ortaya
¢ikacak iplik ve kumaslarin goriintiilerinin elde
edilmesi miimkiin kilinmaktadir. Bu tekniklerin
kullanilmas1 zaman ve maliyet anlaminda tasarruflar
saglarken tasarim yoninden yeni gelismelerin
oniiniin agilmasina imkan saglamaktadir.

Caligmada uygulanan algoritma ve tekniklerin
kumas {reticileri tarafindan kabul gormesi ve
envanterlerin  dijital ortamlara taginmasinin bu
tekniklerin daha etkili kullanilmasinin oniinii acacagi
asikardir.

SONRAKI DONEM CALISMALARI

Hava tekstiire yontemi ile elde edilen melanj
ipliklere uygulanmis olan teknigin, diger yontemlerle
iiretien renkli ipliklere de uygulanmasi ve uygulanan
teknigin yapay zeka uygulamalar ile desteklenmesi
hedeflenmektedir.
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