16™ INTERNATIONAL THE RECENT
PROGRESS SYMPOSIUM ON TEXTILE
TECHNOLOGY AND CHEMISTRY

May4™ 5" 6"2017-BURSA /TURKEY

16.ULUSLARARASI TEKSTIL
TEKNOLOJISI VE KIMYASINDAKI
SON GELISMELER SEMPOZYUMU

4 -5 -6 Mayis 2017-BURSA



Yaymci/ Publisher : TMMOB Kimya Miihendisleri Odasi Bursa Subesi ve

TMMOB Tekstil Miihendisleri Odas1 Bursa Subesi
UCTEA Chamber of Chemical Engineers - Bursa Branch
UCTEA Chamber of Textile Engineers - Bursa Branch

Editorler / Editors : Dilek KUT, Funda GOKSEL

Basim / Printed by : Star Ajans Ltd. Sti. Alaaddin Bey Mah. 634. Sk. Ayaz Plaza
Niliifer - Bursa / Turkey
Kopya Sayisi / Number of copies : 500

Her hakki saklidir. Bu kitaptaki bildirilerin igerikleri ile ilgili biitiin sorumluluk

yazarlara aittir. Editorler, Organizasyon Komitesi ve diger tiim kurullar i¢in baglayici

nitelik tagimazlar.

Bu kitabin tamami veya bir kism1 Kimya Miihendisleri Odas1 ve Tekstil Miihendisleri Odasi’nin yazilt
izni olmadan elektronik, mekanik, fotokopi veya baska herhangi bir kayit sistemi ile cogaltilamaz ve
yayimlanamaz.

Editor’s Note:

All the contribution presented in this publication have been reviewed and approved by the International
Scientific Committee. The editors and 16N International the Recent Progress Symposium on Textile
Technology and Chemistry Symposium organizing committee are not responsible for any materials
contained in the papers. All the rights belong to authors.

After this Book of Proceedings 16t International the Recent Progress Symposium on Textile
Technology and Chemistry Symposium has been published, the authors and other persons/institutions
wishing to publish reference or in some manner use the papers published here, are kindly requested to
explicitly identify prior publication in the book of proceedings of 16t International the Recent
Progress Symposium on Textile Technology and Chemistry including the ISBN number and

page numbers concerned.

“16. Uluslararas: Tekstil Teknolojisi ve Kimyasindaki Son Geligmeler Sempozyumu’”
4-5-6 Mayis 2017 Bursa

“16 ™ International the Recent Progress Symposium on Textile
Technology and Chemistry”
4th _ sth _ gth pNay 2017 Bursa

Publisher Contact Adress :

Bursa Akademik Odalar Birligi Yerleskisi (BAOB)
Odunluk Mah. Akademi Cad. No:8 A/4 Blok Kat: 2 Niliifer / BURSA

Phone : +90 224 451 66 82
Fax  :490224 451 65 82

E-mail:bursa@kmo.org.tr
www.tekstilsempozyumu.org

ISBN : 978 - 605 - 01 - 1022 - 7



TMMOB Kimya Miihendisleri Odas1 Bursa Subesi ve

TMMOB Tekstil Miihendisleri Odas1 Bursa Subesi

tarafindan 4 - 5 - 6 Mayis 2017 tarihlerinde diizenlenen

“16. Uluslararasi Tekstil Teknolojisi ve Kimyasindaki Son Gelismeler Sempozyumu”

notlarindan derlenmistir

TMMOB
Kimya Miihendisleri Odasi1 Bursa Subesi Yonetim Kurulu
ve
TMMOB

Tekstil Miihendisleri Odasi Bursa Subesi Yonetim Kurulu

Tasarim ve Baski

N

aisan
reklamé&tanitim
Konakradi Sk. Petek Isham
No:3/4 Osmangazi / BURSA
Tel. 0224 221 17 94
nisanposta@gmail.com




TMMOB
KIMYA MUHENDISLERI ODASI
BURSA SUBESI YONETIM KURULU

TMMOB
TEKSTIL MUHENDISLERI ODASI
BURSA SUBESI YONETIM KURULU

BASKAN Ali ULUSAHIN BASKAN Fiisun Tan EKREN

II. BASKAN Rengin DEMIROZ II. BASKAN Istikbal GUNDOGDU

SEKRETER UYE  Erkan Tekin MUTLU SEKRETER UYE Hakan TURBIL

SAYMAN Yalgin GEMICI SAYMAN Ahmet GUMUS

UYE Hale Nur OYMAK UYE Yasemin KAVUSTURAN

UYE Melih GUZEL UYE Sibel OZCAN

UYE Ayhan CAKMAK UYE Selcan Zeren ANDIC
YURUTME KURULU

AKCA, Ali (Kimya Miihendisi)

KUT, Dilek (Tekstil Miih. Prof. Dr)
DOVEN, Gokge (Kimya Miihendisi)
TURBOL, Hakan (Tekstil Miihendisi)
AKLEMAN, Erkan (Kimya Miihendisi)
ATAKCI, Osman (Ogrenci Uye)
COMERT, Dilan (Ogrenci Uye)
AYBEY, Yelda (Sekretarya)
ULUDERE Selin (Sekretarya)

GILER Gamze (Sekretarya)

DUZENLEME KURULU

Prof. Dr. Dilek KUT

Prof. Dr. Sule ALTUN

Prof. Dr. Binnaz KAPLANGIRAY
Prof. Dr. Recep EREN

Yiik. Miih. Funda GOKSEL

TMMOB Kimya Miihendisleri Odas1
Tekstil Komisyonu Bagkani

TMMOB Tekstil Miihendisleri Odas1
TMMOB Kimya Miihendisleri Odas1
TMMOB Tekstil Miihendisleri Odas1
TMMOB Kimya Miihendisleri Odasi
TMMOB Kimya Miihendisleri Odas1
TMMOB Tekstil Miihendisleri Odas1
TMMOB Kimya Miihendisleri Odasi
TMMOB Tekstil Miihendisleri Odast
TMMOB Kimya Miihendisleri Odas1



BiLiM KURULU

AKCAKOCA KUMBASAR, Perrin
AKSIT, Aysun

ALTUN, Sule

ANIS, Pervin

BECERIR, Behget

BLAGA, Mirela

BONET ARACIL, Maria Angeles
BOLUKBASI, Ufuk

COPUR, Mehmet

DURAN, Kerim

EKE BAYRAMOGLU, Elif Eser
EREN, Hiiseyin Aksel

EREN, Recep

GOKSEL, Funda

GUCER, Seref

GURSOY, Nevin Cigdem
HERZBERG, Osnat
KADIRGAN, Neset

KANIK, Mehmet
KAPLANGIRAY, Binnaz
KADIOGLU, Hiiseyin

KHAN, Saad

KORLU, Aysegiil

KUT, Dilek

MANUEL MENESES GUIMARAES, Luis
MARMARALI Arzu
MENCELOGLU, Yusuf
MISHRA, Rajesh

OKUR, Ayse

OCAL, Niiket

ONER, Erhan

OZDOGAN, Esen

OZTURK, Nese

PAUL, Roshan

Ege University, Turkey

Dokuz Eyliil University, Turkey
Bursa Technical University, Turkey
Uludag University, Turkey

Uludag University, Turkey

Technical University of lasi, Romania
Polytechnic University of Valencia, Spain
Middle East Technical University, Turkey
Bursa Technical University, Turkey
Ege University, Turkey

Ege University, Turkey

Uludag University, Turkey

Uludag University, Turkey

Tiibitak Butal

Uludag University, Turkey

Istanbul Technical University, Turkey
Maryland University, USA

Marmara University, Turkey

Uludag University, Turkey

Uludag University, Turkey

Ege University, Turkey

NC State University, USA

Ege University, Turkey

Uludag University, Turkey

University of Minho, Portugal

Ege University, Turkey

Sabanci University, Turkey

Technical University of Liberec, Czech Republic

Dokuz Eyliil University, Turkey
Yildiz Technical University, Turkey
Marmara University, Turkey

Ege University, Turkey

Osmangazi University, Turkey

University of Beira Interior, Portugal



BiLiM KURULU

SARIISIK, Merih Dokuz Eyliil University, Turkey
SAYED, Usha Institue of Chemical Technology, Mumbai
SPONZA, Delya Dokuz Eyliil University, Turkey

TASKIN, Cagatan
ULCAY, Yusuf
VOLMAIJEH VALH, Julija
YILDIZ, Ufuk
AKBULUT, Ekrem
ALTAY, Kasim
BAYRAM, Kerim
CAGAN, Rasim
DEGIRMENCI, Biilent
GOK, Ozcan
GULDOGAN, Giiven
GUNDOGAN, Seda
MANER, Semi
MECIT, Diren
SARAC, Mustafa
SAVAS, Fikri
SEVIM, Emrah
SEZEN, Mutlu
SENER, Mehmet
TEKIN, Alp
TURKUN, Erol
YAPRAK, Nejat
YENI, Omer

YILDIRIM, Rafet

Uludag University, Turkey
Uludag University, Turkey

University of Maribor, Slovenia

Kocaeli University, Turkey
Sanayi/Industry
Sanayi/Industry
Sanayi/Industry
Sanayi/Industry
Sanayi/Industry
Sanayi/Industry
Sanayi/Industry
Sanayi/Industry
Sanayi/Industry
Sanayi/Industry
Sanayi/Industry
Sanayi/Industry
Sanayi/Industry
Sanayi/Industry
Sanayi/Industry
Sanayi/Industry
Sanayi/Industry
Sanayi/Industry
Sanayi/Industry

Sanayi/Industry



ONSOZ

Higbir tilke tekstil sanayisinden vazgegmezken diisiikk ve orta teknolojili bir sektor olarak goriilen
tekstil tiretimi icine konan teknoloji, performans, tasarim gibi degerlerle kendini yeniden iireterek
katma degerini yiikseltiyor ve uygulama alanlarini savunma ve medikal gibi ¢ok sofistike alanlara
kadar genisletiyor. Diinya tekstil ticaretinden aldigi yaklasik 4% paymi daha ¢ok konvansiyonel
alanlarda gerceklestiren iilkemiz cagin getirdigi bir yol ayriminda bulunuyor. Bu pay1 korumak ve
biiylitmek ancak pazarin ve ¢agin talep ettigi tirlinleri tasarlayarak tireterek ve bunlarin igindeki katma
degeri arttirarak miimkdin.

Bu tarz trtinlerin tretilebilmesine olanak verecek iklimin yaratilmasi igin devletge bir ¢ok sektorde
oldugu gibi tekstilde desteklenen ar-ge ve tasarim merkezleri olugturma ¢abalari devam ederken heniiz
bunlardan amaca doniik anlamli bir sonug elde edilmis degil.

Ulusal bir hedef olarak kabul edilen ancak ger¢eklesmesi tekstil alaninda su anda miimkiin goziikmey-
en 2023 hedefleri gergevesinde yapilan swot analizinde artan ¢evreci talep ve uygulamalar tehdit
olarak gortiliirken enerjiden sonra ¢evreyi en ¢ok kirleten ikinci tiretim alan1 olarak tekstil bu hakli ve
etik talepten en cok etkilenecek sektor olarak one ¢ikiyor.

Gelisen, degisen ve artik ¢oklu amaglart gerceklestirmeye doniik siirekli geliserek evrilen tiiketici
istekleri, bireyselligin dayattig1 farklilasma talebi, artan refahla birlikte sadece gelenekselle sinirli
kalmayan, kamunun bireyin rahat konfor ve giivenligini zorunlu kilan yasa ve yasaklari; doganin
acimasizca yok edilmesine ve geri doniilemez noktaya gelen ¢evre kirliligi ve kiiresel 1sinma, sektoriin
geleneksel liretim metotlartyla yola devam etmesini imkansiz kiliyor.

14. ve 15. sempozyumlarin ana konusu olarak belirledigimiz siirdiiriilebilirlik varlik miicadelesi
anlaminda ¢6ziilmesi artik ¢ok daha dnemli bir sorun haline geldi. Bu baglamda iilkemiz agisindan
yarattig1 istihdam ve katma degerle vazgecilmez olan Tekstil Sektoriiniin bu acimasiz rekabet iginde
ayakta kalmasini saglamak, yeni teknolojiler, iirlinler gelistirebilmesini saglamak cabasina katki
koymak amaciyla 32 yildir diizenli olarak TMMOB Kimya Miihendisleri Odasinca diizenlenen Tekstil
Teknolojisi ve Kimyasindaki Son Gelismeler Sempozyumu son 6 yildir TMMOB Tekstil Miihendisleri
Odas’nin da katilimiyla “ Tiirkiye de Tekstil Sektoriiniin Gelecegi” ana temasiyla Uluslararasi
katilimli olarak diizenlenerek bilimsel c¢aligmalara ve sanayi iginden uygulamalara bir platform
olusturmaya calistlmistir. Yapilacak olan “ Tiirkiye de Teknik Tekstil Uretimi ve Ekonomisi” ve
“Tekstil Siirmeli.. Ne Pahasina? “ konulu 2 panelde farkli talepleri olabilen sektor paydaglarmnin
tartigarak sektoriin ve tilkenin ortak faydasi igin gorlis ve Onerilerini bir sonug bildirgesi potasinda
birlestirebilmeleri hedeflenmistir.
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The Effect of The Solvent Type on The Electrospinning of
Polyvinylidene Fluoride (PVDF) Nanofibers

Polivinilidin Flortr (PVDF) Nano Liflerin Elektro Lif
Cekiminde Coziicii Tipinin Etkisi
F Cengiz Callioglu ' and H Devecioglu'

Stileyman Demirel University, Engineering Faculty, Textile Engineering Department, Isparta, TURKEY
fundacengiz@sdu.edu.tr

ABSTRACT

In this study, optimization of suitable solvent type and mixture to obtain uniform PVDF nanofibers
was achieved. PVDF polymer concentration is 15 wt % for all solutions and various solvent types
(Acetone, Dimethylformamide (DMF), Dimethylsulfoxide (DMSO), N,N-Dimethylacetamide
(DMAC)) and solvent mixture ratios (1/1 DMF/Acetone, 1/3 DMAC/Acetone etc.) were used for the
nanofiber production. All solutions were prepared under the same conditions (stirring time,
temperature). Firstly, optimum process parameters of needle electrospinning were determined to
obtain uniform PVDF nanofibers. According to the optimization studies of process parameters; 13 kV
voltage, 15 cm distance between the electrodes and 0.150 ml/h solution feed rate were applied for all
solutions. Then fiber morphology was analyzed using scanning electron microscope (SEM) and fiber
diameter and diameter uniformity values were calculated. The effects of solvent type on the
spinnability and fiber morphology were determined. According to the results, DMSO is not suitable
solvent for PVDF nanofiber production because, it was not possible to produce nanofibrous surface
using PVDF/DMSO solution, while acetone, DMF, DMAC solvents are suitable. Pure acetone is also
not suitable for PVDF nanofiber production, because only beads occured not fibers. Therefore it is
possible to say for PVDF/acetone; electrospraying was achieved instead of electrospinning. Also, fiber
stickness occurred from PVDF/DMAC solution. For the production of PVDF nanofibrous surface, the
best solvent mixture is DMF/Acetone. As the acetone concentration increases in solution, it was
observed that shorter and finer jet during the electrospinning process.

OZET

Bu calismada, tiniform PVDF nano lifler elde etmek i¢in uygun ¢oziicii tipi ve karisimi optimizasyonu
gergeklestirilmistir. Tiim g¢ozeltiler igin PVDF polimer konsantrasyonu % 15 ’dir ve nano lif {iretimi
icin farkli ¢o6ziicli tipleri (Aseton, dimetilformamid (DMF), dimetilsiilfoksit (DMSO), N,N-
dimetilasetamid (DMAC)) ve ¢oziicii karisim oranlar1 (1/1 DMF/aseton, 1/3 DMAC/aseton vb.)
kullanilmistir. Tiim ¢ozeltiler aym kosullarda (¢ozelti karistirma stiresi, sicaklik) hazirlanmistir.
Oncelikle iiniform PVDF nano lifler elde edebilmek igin igneli elektro lif ¢gekiminde optimum proses
parametreleri belirlenmistir. Proses parametreleri optimizasyon ¢aligmalarina gore tiim ¢ozeltiler igin;
voltaj 13 kV, elektrotlar arast mesafe 15 cm ve c¢ozelti besleme hizi 0.150 ml/saat olarak
uygulanmistir. Daha sonra taramali electron mikroskobu (SEM) ile lif morfolojisi analiz edilmistir ve
lif ¢ap1 ve cap iiniformitesi degerleri hesaplanmistir. Coziicii tipinin egrilebilirlik ve lif morfolojisi
tizerindeki etkileri belirlenmistir. Sonuglara gore; PVDF nano lif iiretimi i¢in aseton, DMF, DMAC
¢oziiciileri uygun iken DMSO uygun bir ¢oziicii degildir, ¢iinkii PVDF/DMSO ¢dzeltisinden nano lifli
ylizey Uretimi gerceklestirilememistir. PVDF nano lif iiretimi i¢in sadece aseton ¢oziiciisii de uygun



degildir ¢linku lif degil sadece boncuk olusmusturDolayisi ile PVDF/aseton ¢ozeltisi icin elektro lif
cekimi yerine elektro puskirme islemi gercekesmistir denilebilir. Ayrica PVDF/DMAC ¢ozeltisinden
elde edilen lifte yapiskanlik olusmustur. PVDF nano lifli ylzey Uretimi i ¢in en iyi ¢6ziicl karigimi
DMF/Aseton’ dur. Cozeltideki aseton konsantrasyonu arttik¢aelektro lif cekim prosesi boyunca daha
kisa ve daha ince ¢6zelti jeti gdzlenmistir.

INTRODUCTION

Poly(vinylidene fluoride) (PVDF) polymer have many superior properties such as piezoelectric,
biocompatibility, filtration, high chemical resistance, mechanical properties etc [6, 7, 9]. That's why it
was focused on PVDF (Kynar 761) nanofibrous surface production by electrospinning in this study.

It is well known from the literature that solvent type and quality are very important to spinnability of
nanofibers by electrospinning [5]. In this study, optimization of the best solvent type and mixture to
obtain uniform nanofibers was achieved. In literature there are many studies about PVDF nanofibers
with different solvents. Marton et al studied that PVDF nanofiber production using different
acetone/DMF solvent ratios. They also used trifluoroacetic acid as a solvent and indicated that this
solvent has a negligible impact on the bead formation [8]. In another study, Chanunpanich et al was
determined optimum solvent mixture as a DMAC/acetone (3/7) [3]. And Sharma et al studied
tetrafluoroethylene solvent to obtain core-shell PVDF nanofibers [10]. In this study, DMF, DMSO,
DMAC, acetone and various solvent mixtures were used as a solvent.

EXPERIMENTAL
Material and Method

Polyvinylidene Fluoride (PVDF) (Kynar 761, Arkema) was used as a polymer, various solvents such
as acetone, dimethylformamide (DMF), dimethylsulfoxide (DMSO), N,N-dimethylacetamide
(DMAC) and various solvent mixture ratios (50/50 DMF/acetone, 25/75 DMAC/acetone etc) were
used. PVDF polymer concentration is 15 wt % for all solutions. Thirteen different PVDF samples
were prepared, as shown in Table 1.

Table 1. PVDF solution properties

PVDF sample = PVDF Concentration (wt %) Solvent Type (wt %)
Al 15 DMF
A2 15 DMF/acetone (1/1)
A3 15 DMF/acetone (1/3)
A4 15 DMF/acetone (3/1)
Bl 15 DMSO
B2 15 DMSO/acetone (1/1)
B3 15 DMSO/acetone (1/3)
B4 15 DMSOYacetone (3/1)
Cl 15 DMAC
C2 15 DMAC/acetone (1/1)
C3 15 DMAC/acetone (1/3)
C4 15 DMAC/acetone (3/1)

D1 15 Acetone



Firstly, all solutions were prepared under the same conditions (room temperature, stirring time, etc.).
Then, PVDF solutions were electrospun via needle electrospinning to obtain uniform and hydrophobic
nanofibrous layers (Figure 1).
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Figure 1. a) Schematic diagram of needle electrospinning method [2]
The same process parameters of electrospinning were used during experiments (Table 2).

Table 2. Process parameters of the electrospinning

Voltage (kV) Distance between the electroddgm) Solution feed rate (ml/h)
13 15 0.150

PVDF nanofibers were collected on aluminium sheet. Pictures of the microstructure of the nanofibers
were taken by scanning electron microscopy (SEM) under 1.000x and 15.000x magnification. From
the SEM pictures, average fiber diameter (nm) and diameter uniformity were determined with the aid
of LUCIA software. Average fiber diameter was calculated using 100 different diameter values for
each sample. The fiber diameter uniformity coefficient was calculated using the number and weight
average calculations method. The number average has been used as an arithmetic mean in
mathematical science, and the method which was used to calculate the uniformity coefficient has the
same principle as the molar mass distribution in macromolecular chemistry [1]. Both of these values
were calculated using equations 1 and 2 given below:

d; = fiber diameter
n; = fiber number

A N n.d, (number average) (1
X n,
Knd

A, M ————— (weight average) (2)
X n.d

i

The fiber diameter uniformity coefficient (FDUC) was determined using equation 3; the optimum
value should be very close to 1 for uniform fibers [1].
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FDUC = —
A
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Lastly fiber diameter histograms were created using Minitab Statistical Program.

RESULTS and DISCUSSION

In this study, DMF, DMAC, DMSO and acetone were used as a solvent to electrospinning of PVDF
nanofibers. Fiber diameter and diameter uniformity values are given in Table 3 for all solutions.

Table 3. All results of PVDF nano fiber properties.

PVDF Average Fiber Fiber Diameter
Sample Diameter (nm) Uniformity
Al 238,40 1,97555

A2 490,7 1,25738

A3 2854 1,45710

A4 278,3 1,29884

B1 Non-spinnable Non-spinnable
B2 Non-spinnable Non-spinnable
B3 Non-spinnable Non-spinnable
B4 Non-spinnable Non-spinnable
Cl 178,3 1,58375

C2 527,2 1,32253

C3 508.8 1,50298

C4 2897 1,36278

D1 Only Beads Only Beads

According to the experimental results, DMSO is not suitable solvent for PVDF (Sample B1-4). It
wasn't possible to spin PVDF nanofibers with DMSO solvent. Using DMF and DMAC solvents,
nanofibers could be produced while only beads obtained with acetone (Figure 2). Using only acetone
as a solvent, electrospraying could be achieved not electrospinning [4].

SR
100 wt % DMF

100 wt % DMAC

Figure 2. SEM pictures of PVDF nanofibers with various solvent types



Then different rate of solvents were used to obtain smooth PVDF nanofibers. In Figure 3, SEM
pictures of nanofibers for A1, A2, A3 and A4 samples are given.

A3: DMF/acetone (1/3) Ad4: DMF/acetone (3/1)

Figure 3. SEM pictures of PVDF nanofibers for A samples

Generally high fiber density and uniform nanofibers were produced using DMF and DMF/acetone
mixture.

SEM pictures of nanofibers for C1, C2, C3 and C4 samples are shown in Figure 4. It is clearly to see
that sticky PVDF nanofibers were produced using DMAC and DMAC/acetone mixture solvent. As the
acetone concentration increases (sample C3) stickiness decreases and uniformity of nanofibers
increases.



C3: DMAC/acetone (1/3) C4: DMAC/acetone (3/1)
Figure 4. SEM pictures of PVDF nanofibers for C samples.

Lastly fiber diameter histograms were obtained using MiniTab Statistical Program (Figure 5-7).

The lowest average fiber diameter is 178 nm which was obtained from PVDF/DMAC (C1) solution
however fiber stickness is high at nanofibrous web (Figure 4, C1) that means low diameter uniformity.
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CONCLUSIONS

In this research, various solvent types and solvent mixtures were used to spin PVDF nanofibers by
electrospinning. PVDF nanofibers could be obtained using pure DMF and DMAC while couldn’t with
pure DMSO and acetone solvents. From the SEM pictures, it was observed that stickness was occurred
between nanofibers obtained from PVDF/DMAC solution. This stickness decreases with acetone
addition in DMAC. It was not possible to produce nanofibers using PVDF/DMSO solution. Therefore
DMSO is not suitable solvent for PVDF nanofiber production. Electrospraying was achieved using
PVDF/acetone solution and only beads were observed from the SEM pictures not fibers. During the
spinning process, it was observed that jet length and diameter decreases as the acetone solvent
concentration increases in solution. It is possible to say that the best solvent mixture is DMF/Acetone
for the production of PVDF nanofibrous surface.

ACKNOWLEDGMENTS
This study was supported by the grant of Tubitak 2209 A Project. Also thanks to Huilya Kesici Guler
for her helps.

REFERENCES

[1] Cengiz F and Jirsak O, Fibers and Polymers 2009, 10(2), 177-184.

[2] Cengiz F and Jirsak O, Journal of Textiles and Engineer 2013, 20(90), 1-16.

[3] Chanunpanich N, Lee B and Byun H, Macromolecular Research 2008, 16(3), 212-217.

[4] Costa L M M, Bretas R E S, Gregorio R, Materials Sciences and Applications 2010, 1, 247.

[5] Cozza E S, Monticelli O, Marsano E and Cebe P, Polymer International 2013, 62(1), doi
10.1002/pi.4314

[6] Hwang K, Kwon B and Byun H, Journal of Membrane Science 2011, 378, 111.

[7] Lee B O, Woo W J, Park, H S, Hahm, H S, Wu J P and Kim M S, Journal of Materials Science
2002, 37, 1839.

[8] Marton A W, Honors Research Projects 2015, 135.

[9] Yalcinkaya F, Yalcinkaya B, Pazourek A, Mullerova J, Stuchlik M and Maryska J, International
Journal of Polymer Science 2016, 1.

[10] Sharma T, Naik S, Langevine J, Gill B and Zhang J X J, IEEE Transactions on Biomedical
Engineering 2015, 62(1), 188-195.

Corresponding author:

Funda CENGIZ CALLIOGLU

Suleyman Demirel University, Engineering Faculty, Textile Engineering Department, Isparta.
E-mail: fundacengiz@sdu.edu.tr

Presentation options to indicate

1. Oral presentation

2. Technical Textiles (Teknik/Akilli Tekstille r)



Adsorption of SO, on metal-doped graphene oxide fibers

OzgeAlptoga', NurayUcar’, Nilgiin K Yavuz’ and AysenOnen'

'Istanbul Technical University, Department of Polymer Science and Technology, Istanbul, Turkey
*Istanbul Technical University, Department of Textile Engineering, Istanbul, Turkey.

*Istanbul Technical University, Institute of Energy, Istanbul, Turkey.

E-mail: ozgealptoga@hotmail.com

ABSTRACT

Fossil fuel combustion and other industrial activities cause the emission of sulfur dioxide (SO,) gas.
SO, is an air pollutant gas and a very toxic for human health. Hence, cleaning of this harmful gas is an
important issue. Here we report the investigation of sulfur dioxide capture by way of graphene oxide
(GO) fibers containing activated carbon (AC) and metal salt .Due to the layered structure and the
functional groups on the GO surface, it is thought to be a good adsorbent. It is also aimed to increase
the adsorption capacity by producing graphene oxide (GO) fibers containing activated carbon (AC)
and metal salt. GO dispersion was first obtained with Hummers’ method from graphite, and wet
spinning process wasused to produce GO fibers. These fibers were subjected to SO, gas adsorption
test. Scanning Electron Microscopy (SEM), Fourier Transform Infrared Spectroscopy (FTIR), X-Ray
Diffraction (XRD) analyses were performed on the fibres.

INTRODUCTION

Sulfur dioxide (SO,) is a poisonous gas with destructive effects on nature (lake, forest, sea), people,
buildings and materials with the acid rains it creates [12] and worse, it is one of the air pollutants [11].
Therefore, removal of SO, remains under investigation. Activated carbon (AC), activated carbon
fibers [14], metal oxides [9], [3], porous adsorbents as zeolite [8], [15], metal organic framework
(MOFs) [13] and graphite based materials [10], [1], [12], [11] are considered as appropriate materials
for SO, adsorption applications [10]. In this paper, SO, adsorption of graphene oxide fibers and AC
and manganese (II) chloride (MnCl,) additions were investigated based on SEM, XRD, FTIR
analyzes.

EXPERIMENTAL
Materials and Methods

Experimental steps consist in obtaining graphene oxide dispersion from graphite by Hummers’ method
[5], fiber production from dispersion by coagulation, and attachment of AC and metal salts. The fibers
were then brought into disk form and subjected to SO, adsorption.

Graphene oxide production

Briefly, graphite, sodium nitrate (NaNO;), sulfuric acid (H,SO,) materials were mixed together
accompanied with ice bath. Potassium permanganate (KMnQO,) was added by controlling temperature.
Stirring, heating and cooling processes were carried out, then distilled water was added. Suspension
was resettled for 5 days. After then, suspension was mixed with hydrogen peroxide (H,O,) and after
24 hours, graphitic oxide is obtained by centrifugation with hydrogen chloride (HCI) and distilled
water until pH-5. After mechanical homogenization step, the resulting material is called graphene
oxide (GO) dispersion.

Activated carbon addition

Activated carbon was added as percentage by weight of GO in the dispersion. In this study, fiber
samples with 1 wt % activated carbon were produced and SO, adsorption test was applied to disk

forms. After the activated carbon addition, mechanical homogenization is used to disperse the
nanoparticles homogeneously.



Production of GO fibers

To produce fibers, wet spinning method was used. So, fibers were extruded directly into a liquid bath.
In this work, triple coagulation baths were used to obtain fibers without filler which is called as
reference fibers. The baths were prepared mentioned in Table 1. The fibers were passed through these
baths respectively and waited in each bath for a while.

Table 1.Coagulation baths and contents

Coagulation bath Content

First bath 30 ml ethanol+70 ml water+5 % wt. CaCl,
Second bath 40 ml ethanol+60 ml water

Third bath 50 ml ethanol+50 ml water

Production of GO fibers with metal salt (MnCl,)

Manganese (II) chloride tetrahydrate (MnCl,.4H,0) was added to third bath (1% weight of the total
bath). Fibers were feed to first bath and then second bath and finally third bath containing MnCl,.

Characterization

The morphology and the microstructure of samples were observed by Scanning Electron Microscopy
(QUANTA FEG 200). FTIR (Fourier Transform Infrared Spectroscopy) spectra were recorded by
using Perkin Elmer FT-IR C99089. X-Ray Diffraction patterns were obtained with PW3040
diffractometer using Cu Ka radiation (A=1.5405 A).

RESULTS and DISCUSSION

Figure 1 shows SEM images of samples. There is a smoother structure in the reference specimen. On
the contrary, while the AC particles entering the structure in the activated carbon doped specimen,
particles cause voids in the structure. For MnCl, doped sample, it was observed that MnCl, contributed
to swelling.
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Figure 1. SEM images of the prepared samples, (a) reference sample, (b) AC doped sample, (c)
MnCl, doped sample
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Figure 2.FTIR spectra of samples, (a) reference sample, (b) AC doped sample, (c) MnCl, doped
sample

In FTIR spectra (Figure 2), O-H bond stretching in the hydroxyl group peaks appear as the broad peak
between 3000- 3700 cm™', the peaks about 2900 cm™ and 2880 cm™ belong to the stretching vibrations
of symmetric and antisymmetric CH,, respectively. The weak peak at 1700 cm™ is attributed to the C =
O bond stretching of the carbonyl and carboxyl groups. The peaks at 1615 cm™, 1366 cm™ and 1045
cm are attributed to C=C bonds of aromatic structures, C-OH stretching bonds and C-O-C stretching
bonds of epoxy groups, respectively. Very small vibrations at 976 cm™ show the other epoxy, ether
and peroxide groups on GO surface [6], [7], [4]. Unlike the GO fiber; in spectra of AC doped sample,
an increase in peaks from 1000 cm™ to 1300 cm™ was observed, with the peaks belonging to the C-H
bond stretching and bending of the sample structure. In addition, due to the lack of O-H bonds, a broad
peak reduction of 3000-3500 cm™ was observed. These bonds are thought to be reformed by activated
carbon bonds. MnCl, doping did not cause any significant peak change. Also from XRD analyzes, GO
peaks are noticed at (2 Theta: 10°) [2] for reference sample. For AC doped sample, XRD peak is
observed at 25-27° [16].

Table 2.S0, adsorption capacities

Sample SO, adsorption capacity
(mg SO,/1 g sample)

Referencefiber 3209
Fiber with AC 561.27
Fiber with MnCl, 188.06

Consequently, AC doped sample has higher SO, adsorption capacity then reference and MnCl, doped
sample. Because of high surface area, porous structure of AC, graphene fiber with AC has showed
highest adsorption capacity. Attachment of MnCl, to graphene fiber surface decreased adsorption
capacity of reference fiber.

CONCLUSIONS

The MnCl, addition was carried out in the bath while the AC addition was made into the GO
dispersion. AC doped fibers have the highest adsorption capacity. But, MnCl, caused a decrease of
adsorption capacity.
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OZET

Biyouyumlu ve biyobozunur 6zelliklere sahip olan polikaprolakton (PCL), cerrahi amacli {iretilen
ipliklerde, ilag salinim sistemi gibi biyolojik alanlar ve kolay sekillenebilir olmalar1 sebebiyle naylon
katkili malzemelerin icinde ve ambalajlamada kullanilmaktadir. Biyouyumlu ve biyobozunur
ozelliklere sahip olan ve saf polikaprolaktonun yaninda farkli oranlarda DKB-TCP ilave edilerek
elektro-egirme yontemi ile kompozit malzeme iiretimi i¢in kullanilmistir. Konsantrasyon degerlerinin
nanolif morfolojisi tlizerindeki etkisi incelenmistir. Molekiiler agirligi 80.000 g/mol olan saf PCL
polimeri ile bu polimerlere farkli konsantrasyon degerlerinde DKB-TCP katilmistir.  Sollisyonun
viskozite, elektriksel iletkenlik ve yogunluk testleri yapilmustir. Uretilen biyoseramik tozlarmnin ve
nanoliflerin, DTA, XRD, FTIR, MTT ve SEM analizleri ile karakterizasyon ¢aligmalar1 yapilmistir.
Olusan nanoliflerin lif boyutlar1 hesaplanmistir. Lif 6zellikleri ve malzeme o6zellikleri arasindaki
baglant1 saptanmistir. Elde edilen yiizeyler ve parametrelere bagl olarak uygun polimer ¢ozeltisine
ulastimistir. En uygun konsantrasyon %6 Polikaprolakton-%8 DKB-TCP ¢dzeltisi olarak belirlenmistir
Anahtar Kelimeler: Biyouyumlu, biyobozunur, polikaprolakton, biyoseramik, deniz kaynakli beta-
trikalsiyum fosfat(DKB-TCP), nanolif.

Electrospun marine sourced eta-tricalcium phosphate and
polycaprolactone composite nanofibers for renewable textile
applications

ABSTRACT

Polycaprolactone (PCL), which has both biological and biodegradable properties, is used in nylon-
added materials and in packaging because of the biological fields such as drug release system, and
easily formable in surgical threads. It has biodegradable and biodegradable properties and besides
polycaprolactone besides MSB-TCP, it is used for the production of composite material by electro-
bending method. The effect of concentration values on the nanofiber morphology was investigated.
PCK polymer with a molecular weight of 80,000 g/mol and MSB-TCP at different concentration
values were added to these polymers. The viscosity, electrical conductivity and density of the solution
were tested. Characterization studies of bioceramic powders and nanofibers produced by DTA, XRD,
FTIR, MTT and SEM analyzes were performed. The fiber sizes of the resulting nanofibers were
calculated. The link between fiber properties and material properties has been determined. The
polymer solution has been reached. The best fit rate was determined as 6% polycaprolactone-8%
MSB-TCP solution.



Keywords: Biocompatible, biodegradable, polycaprolactone, bioceramic, marine sourced beta-
tricalcium phosphate (MSB-TCP), nanofiber.

GIRiS

Biyomalzemeler nakil edilen doku ile dogrudan temas halinde oldugundan, biyolojik acidan dogal
dokuyla tam bir uyum icinde olmasi1 gerekmektedir. Bu amagla dogal ve sentetik yapili
biyomalzemeler elde edilebilmektedir. Dogal yollarla elde edilen seramik biyomalzemeler implant-
doku ara yilizeyinde baglanma gerceklestirebilmektedirler. Ayrica doku ile biyolojik uyumun
saglanmas1 i¢in seramik malzemeler, implant malzemelerin kaplanmasinda kullanim firsati
bulabilmektedir. Miihendislik teknolojilerinin stirekli ele alinan konularindan biyomalzemeler
biyoteknoloji uygulamalarmnin ciddi bir boliimiinii olusturmaktadir. Uretilen biyomalzemelerin toksik
etki yaratmamasi, kimyasal acidan kararli olmasi, biyouyumlu olmasi, yeterli seviyede mekanik
dayanima sahip olmast beklenilen Ozelliklerdendir. Seramik, metalik, polimerik ve kompozit
malzemeler genel olarak biyomalzeme olarak kullanilmaktadir. Biyolojik alanlarda kullanimlarina
ornek olarak ila¢ salim sistemleri, doku ve organ nakilleri ve ortopedik uygulamalar verilebilmektedir.
Biyomalzemelerin  farkli uygulamalarda kullanilmas1 ve giderek kullanim alanlarinin
yayginlagsmasinda en dnemli etkenlerden birisi de bu malzemelerin dogal yollardan saf dis1 birakmak
ve boylelikle giliniimiizdeki en Onemli sorunlarin 6nde gelenlerinden c¢evre kirliligi ve atik
problemlerine ¢6ziim yolu saglayabilmesidir [1].

Polikaprolakton poliester ailesinden olan polimerlerin tam tersine enzimatik ve mikrobiyal ortamda
bozunma gosterebilmektedir [2]. Ancak polikaprolakton’un biyobozunurlugu uzun ve kisa bir stirecte
gerceklesmektedir. PCL tek basina, baska bir polimerle karistirilarak kullanilabilmektedir. Doku
miihendisligi uygulamalarindan, tip ve medikal araglarin iiretiminden tekstil sanayine, yapistiricilardan
boyalara kullanimina kadar ¢ok genis bir uygulama hacmine sahiptir [3]. Polikaprolakton zincirinin
yapisal olarak goriiniimii Sekil 1.”de gosterilmektedir.
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Sekil 1.: Polikaprolakton zincirinin yapisal goriiniimii [4].

Kemigin ana bilesenlerinden biri olan kalsiyum fosfatin alfa ve beta formlar1 mevcuttur. Siit ve
peynir iiretiminde gida katki maddesi olarak, kaya ve kemiklerde tuz olarak bulunmaktadir. Genelde
porselen ve dis tedavi iriinlerinde kullanilir. CaCO; daha sik kullanilmasina ragmen tri kalsiyum
fosfat tibbi olarak antasid veya kalsiyum yedegi olarak goérev yapar. Trikalsiyum fosfat, yiiksek bir
biyolojik degere sahiptir. Trikalsiyum fosfat, fosfor ve kalsiyum saglayicisidir. Dogal esasli kalsiyum
fosfatlar, bir¢ok faydali elementi (Na, Fe, Mg vb.) de icermektedir. B-TCP standart fazi ortalama 1sis1
1125°C’, a-TCP ise 1430 °C’dir. Dogada Morocco, Israil, Filipin, Misir ve Rusya’da ve kiiciik
miktarlarda diger iilkelerde de kaya olarak bulunur. Dogal formu tamamen saf degildir. igyapisinda
kum, kire¢ gibi farkli bilesenler barindirir. Bu bilesenler genel yapiyr degistirebilir. Normalde
bilesimi P,Os’dir ve fosfat kayasi agirlikca %30 - %40 oraninda P,0Os i¢cermektedirler. Trikalsiyum
fosfat, bircok alanda kullanildig1 gibi, parlatma ve dental tozlar, porselenler, ¢dmlekgilik, emaye
kaplama, seker suruplarinin berraklastirilmasi, tekstil iirlinleri gibi kullanim alanlarinda da
kullanilmaktadir [5].

Bu ¢alisma, elektro-egirme yontemiyle PCL / DKB-TCP nanoliflerinin iiretilmesi amac¢lamaktadir.
Bu sebeple, elektro-egirme yontemi hem nano hem de mikro 6l¢ekli iskele tiretimini saglayan basit,
etkili ve diisiik maliyetli bir tekniktir. Bu teknik sonucu olarak son iiriinler nanoteknolojinin sundugu
avantajlar ile gelistirilebilecektir.



DENEYSEL KISIM

Kullanilan Malzemeler

Kalsiyum fosfat biyoseramikleri elde etmek icin ise Lettered olive deniz kabuklari Istanbul
Eminoéniindeki deniz {iriinleri satisi yapan bir marketten satin alinmistir. Orto-fosforik asit (% 85
reaktifli safliga sahip) Merck'ten satin alindi. Toplayici tabaka olarak yagl kagit kullanilmistir. 80.000
g/mol molekiil agirlikli Polikaprolakton (PCL) (% 97 saflikta Sigma-Aldrich/Tiirkiye) kullanilmistir.
Polimerleri ¢6zmek i¢in Molekiil agirligi 73.29 g/mol Dimetilformamit (DMF-HCON(OHj3),) (Sigma-
Aldrich/Tiirkiye), Molekill agirligr 119.38 g/mol Kloroform (CHCI;)(Sigma-Aldrich/Tiirkiye),
Molekiil agirligi 32.04 g/mol Metanol (CH3;0H) (Sigma-Aldrich/Tiirkiye) gibi organik ¢dziiciiler
kullanilmistirElektrospinning basamaginda, farkli boyutta cam siringalar (Inyekta, istanbul, Tiirkiye)
kullanilmastir.

Yontem
p -TCP Toz Uretimi

Lettered olive deniz kabuklari ¢esme suyunda yikanmadan Once yirmi dakika ultrasonik banyoda
sterilizasyon islemi uygulandi. Sterilizasyon islemi sonrasi deniz kabuklar1 fir¢a ile ¢esme suyunda
yikanarak temizlenmistir. Lettered olive deniz kabuklari (Deniz Kabuklar1i Resim 1.’de) seramik
havanda doviilerek toz haline getirildi. Toz 6rnekler, 100 pm’lik tel elekten elenerek standart toz
formuna doniistiiriildii. Toz 6rneklerindeki CaCO; miktarini tespit etmek amactyla kabugumuza DTA
(Setaram Labsys) cihazi ile azot gazi altinda 5 °C/dk. 1sitma hizi ile analiz islemi 550 °C sicakliga
kadar gergeklestirildi (DTA grafigi Sekil 2.’de). N, akis hiz1 40 ml / dakika idi ve deneyler boyunca
sabit tutuldu. DTA grafigince belirlenen CaCOj; miktarina gére ornek icin gerekli ortofosforik miktari
hacimce hesapland1 ve stokiyometrik molar oran Trikalsiyum fosfat i¢in Ca/P = 1.5 olarak tespit
edilmistir. Cozelti karigimi 80 °C’ye 1sitict ayarina getirildi ve karigim esnasinda damla damla
ortofosforik asit ¢ozeltisi eklendi. Ornekler 80 °C’de 70 MHz giicte 100 dk karistirildi. Cozelti
reaksiyonu, oda sicakliginda gergeklestirildi. 18 saat siireyle 100 °C’de bekletildi. Kurutulan ¢okelti
toplanarak hava almayacak sekilde petri kaplanira konuldu. Hazirlanan numunelerin havada
sinterlenmesi islemi 1600 °C kapasiteli tiip firinda (Naberherm; Tirkiye) gergeklestirilmistir. Aliimina
krozelere serilerek sinterlenmek tizere firina yerlestirilmiglerdir. 850 °C’de sinterleme islemi
uygulanmustir.

Resim 1.Lettered olive deniz kabuklar:
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Sekil 2.Lettered olive deniz kabuguna ait DTA analiz grafigi

Elektro-Egirme Yontemi ile Biyokompozit Uretimi

PCL, farkli konsantrasyonlarda Kloroform / Metanol (agirlikca% 60:40) coziiciiler ile ¢oziilmiistiir.
Coziinme islemini hizlandirmak i¢in manyetik karistirict (WiseStir, MSH-20A, Deutschland)
kullanildi. DKB-TCP, secilen soliisyonlara ilave edildi ve manyetik karigtirma iglemi 30 °C'de 1 saat
gerceklestirildi. Saf PCL ve PCL/DKB-TCP harmanlama c¢ozeltileri dort farkli konsantrasyonda
hazirlanmis ve numuneler Tablo 1'de elektro-egirme soliisyonlar1 ve parametre degerleri ile birlikte
gosterilmistir. Elektro-egirme cihazinin kamera goriintiisii ve elektro-egirme siireci Sekil 3'de
gosterilmektedir.
Tablo 1.Elektro-Egirme Soliiyonlar1 ve Parametre Degerleri

Numuneler Bilegim Parametre
Polikaprolakton Deniz Kaynakli Voltaj Debi
(PCL) B-Trikalsiyum kV) (ml/hr)
(wt.%) fosfat
(DKB-TCP)
sl %6 - 14.6 0.7
s2 %6 %1 16.8 0.7
s3 %6 %S5 19.2 0.7
s4 %6 %8 22.5 0.7
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Sekil 3. Elektro-egirme cihazinin kamera goriintiisii (a) ve doner kollektor (b), diizenlenmis gii¢
kaynagi (c), dijital siringa pompasi (d) ile sematik tasarim [6].



Partikiil ve Biyokompozitlerin Karakterizasyon Calismalar:

DKB-TCP tozunun kristalografik fazlari, CuKa radyasyonlu bir Panalytical X'Pert-Pro kirmimolger
(A = 0.15418 nm) kullanilarak belirlendi. Veriler, 2° aralikta 10° ila 120° arasinda, Tarama hiz1 1.5° /
dk dir. Xrd grafikleri Origin 8 yazilim programiyla ¢izilmistir. Isil analiz, DSC-DTA-TG cihaz1 (TA
SDTQ600 Protherm) azot gazi kullanilarak gerceklestirilmistir. Analizler 25 - 900 °© C sicaklik
araliginda yapilmistir. Homojen yogunluk dlger cihazi (PCE-LS, Istanbul) icin hazirlanmis WTW
elektriksel iletkenlik (Cond 3110) Brookfield viskozite (DV-E Viskometre) viskometre marka
coziimleri ile Slgiilmistlir. 30 rpm s21 tipi saftta (is mili) donen viskozimetreli dl¢iimler kullanildi.
Yogunluk 6l¢tim Olclimleri piknometre ile oda sicakliginda yapildi Fonksiyonel gruplarin varligi,
Fourier transform infrared spektroskopi (Perkin Elmer Spektrum 100, Amerika) kullanilarak tespit
edildi KBr pellet teknigi kullanilarak 600-3600 cm’ bolgesi iizerinden elde edilen FT-IR
spektrograferidir. Spektrometrenin ¢oziiniirligii 4 ecm’ dir. Elemental kompozisyonu olan
sentezlenmis DKB-TCP tozunun ve biyokompozitlerin yiizey morfolojisi ve mikroyapisal 6zellikleri
incelenmis ve Taramali Elektron Mikroskobu (SEM) (Zeiss Evo LS10. Germany) ile degerlendirilmistir.
Partikiil ve nanoliflerin boyutlar1 Image J(2011) yazilim programi ile hesaplandi. Fotometrik okuma
570 nm, ornekler ISO 10993-12"ye gdre 72 saat eliisyon yapilmistir. MTT canlilik testi ISO 10993-5¢
gore yapilmig 6rnekler hiicrelerle 24 saat etkilestirilmistir. Pozitif kontrol olarak fenol ¢ozeltisi, negatif
kontrol olarak sadece medium kullanilmistir. Biyokompozitlerin mekanik 6zellikleri, oda sicakliginda
(23 ° C) ayarlanmis ile 5 mm'/dak. hizdaki ¢ekme mukavemeti (INSTRON 4411, Massachusetts,
ABD) ile ayarland1. Uretilen liflerin kalinliklar, dijital mikrometre (795.1 MEXFL-25, Starrett, ABD)
ile belirlendi.

SONUCLAR VE TARTISMA

Biyoseramik ve nanolif numunelerine uygulanan XRD, FTIR, SEM ve Cekme Olgiimleri ile
karakterize edildi. Ayrica tim numunelere Biyokompozitlerin MTT sitotoksite testi uygulanarak hiicre
ortamindaki uyumlulugununu tespit etmek amaciyla yapild:.

XRD Analizi

850 °C'de sinterlenmis ana fazlar hidroksiapatit (JCPDS kart numaras1 98-004-9808), B-
TCP(whitlockit) (JCPDS kart numarast 98-000-2071) ve portlandit (JCPDS kart numarast 98-004-
6335) olarak siralanmustir. Sekil 4.’de 450 °C ve 850 °C’deki tozun xrd grafigi yer almaktadir.-TCP
biyouyumlu ve biyobozunur olmalari nedeniyle korteks ve slingerimsi kemik defekti tedavisinde
kullanilabilmektedir. En 1iyi biyoseramik malzeme, ideal olarak, HA ve B-TCP'nin iki fazh
malzemelerinden olusmalidir. Bifazik biyomalzemelerde, 3-TCP rezorbe edilebilir ve biyobozunur
bilesendir. Genellikle emilebilir biyoseramikler ¢ok aktif olarak kabul edilirler ve bu nedenle yeni
olusan kemigin daha hizli olusumunu tesvik eder. Ote yandan, HA miikemmel bir biyouyumluluk ve
biyoaktivite sunar. Portlandit, dogal olarak olusan kalsiyum hidroksit (Ca (OH) ,) ile nadir bulunan bir
oksit mineralidir. Kemik mineral fazi ile benzerligi nedeniyle onlarca y1l 6nce biyomedikal seramik
icin belirgin bir secim olarak kullanilmistir [7]. X-1s11 analizinin bulgulari, {iretilen tozlarin HA ve
TCP'den olusan bifazik malzeme oldugunu ortaya koymaktadir. Bilindigi gibi, en iyi biyoseramik
malzemelerin ideal olarak iki fazli HA ve B-TCP malzemelerinden olugmasi gerekir. Genellikle
emilebilir biyoseramikler ¢ok aktif olarak kabul edilirler ve bu nedenle yeni olusan kemigin daha hizl
olusumunu uyarirlar. Ote yandan, HA miikemmel bir biyouyumluluk ve biyoaktivite sunar.



& Hydrosyapaite
= Whitlockite

vMonotite ¢ ; Tricalcium Bis{phosphate(V))-Super-alphz

wPortlandite 7, Trical cium Bis(phosphate(V)-Alpha Ht

* kS

LLM{EJQJJ @d 4 Ein&hﬂfft ﬁiﬁﬁﬁ&gxﬁt;

850 °C 4h sinter

Intensity(a.u.)

* Voo ¢
o0 ayo¥e M¥Tet mge sow 4000 0 Y vy v
|50 °C 4h sinter
T — I R — T T T T — T
10 20 30 40 50 80 70 80 90 100 10 120
20(degree)

Sekil 4. 450 °C ve 850 "C’deki tozun xrd grafigi

Fiziksel Test

Onceden hazirlanmis ¢ozelti viskozitesi, iletkenlik ve yogunluk degerlerinin elektro atiglar1 Tablo 2'de
verilmektedir. Cozeltilerin viskozite ve iletkenlik degerleri, ¢6zeltide kullanilan polimerlerin cinsine
ve miktarina bagli olarak degismektedir. Cozelti viskozitesi, lif inceligi ve 6zellikleri iizerinde 6nemli
rol oynamaktadir. Diisiik viskozitelerde siirekli lif {iretimi miimkiin olmazken, yiiksek viskozitelere
cikildiginda jet olusumunun giiclestigi belirlenmistir. Kullanilan polimer ¢esidine gore ideal viskozite
degerleri farkliliklar gostermektedir. Simdiye dek yapilan arastirmalarda 1-215 poise araliginda
viskoziteye sahip birbirinden farkli ¢cozeltilerle elektro-egirme iiretimi basarryla gergeklestirilebilmistir
[8]. Elektro-egirme islemi, elektrottan alinan elektrik yiikiiniin polimer ¢dzeltisine aktarilmasiyla
nanolif eldesi prensibine gore gerceklestigi icin, kullanilan ¢dzeltinin bu isleme yanit verecek 6l¢iide
iletken oOzellige sahip olmasi gerekmektedir. Bu 06zellik, polimer maddenin uygun ¢oziicli ile
coziilmesi sonucu ortaya ¢ikan iyonize gruplardan faydalanilarak elde edilmektedir. Bununla birlikte,
iletkenligin azalmasi, elektrik kuvvetleri altinda jetin yeterince uzayamamasina ve dolayisiyla
diizensiz liflerin ve boncuk hatasinin meydana gelmesine neden olmaktadir [9].

Hayati ve arkadaslari, yiiksek iletkenlige sahip ¢ozeltilerin, elektro-egirme islemi esnasinda uygulanan
siddetli elektriksel alan i¢inde ¢ok fazla kararsizlik gosterdigini ve bu durumun daha ince liflerin
iiretilmesine olanak sagladigini saptamislardir. Genel olarak en ince nanolifler, iletkenligin yiikseldigi
durumlarda elde edilmektedir [10]. Calismalarimizda elde ettigimiz viskozite ve iletkenlik degerleri,
ayn1 elektriksel alanda farkli iki ¢Ozeltinin basarili bir sekilde elektro-egirmeye tabi tutulabilmesini
miimkiin kilmistir.

Elektriksel iletkenlik ile standart sapmanin ¢ap degerine orani arasindaki iliski de ters orantilidir.
Buradan ¢ikarilacak sonug ile sézkonusu ¢ozeltiler ve onlardan iiretilen lifler i¢in elektriksel iletkenlik
artis gosterdikce lif ¢apindaki incelmenin yam sira elde edilen liflerin cap degerleri arasindaki
homojenligin de artt1g1 sdylenebilir.

Table 2. Soliiyon bilesimlerine ait fiziksel test degerleri

Soliisyon Elektriksel Vizkosite Yogunluk
Bilesimleri Tletkenlik (uS/m) (Pa.s) (kg/m3)
(s1) 0.3 15.469 1.2633
(s2) 0.6 45.987 1.3408
(s3) 0.3 85.234 1.4569
(s4) 0.4 112.350 1.6008




FTIR Analizi.

Biyokompozit drnekleri FT-IR spektrumu Sekil 5'de gosterilmektedir. Sentezlenen Hidroksiapatit,
Beta-TCP, Portlandit ve bu sentezlenen yapilara ilave elde edilen biyokompozit Polikaprolakton (PCL)
FTIR spektrumundaki en karakteristik kimyasal gruplar PO,>, OH", CO; >, HPO,* ve B-TCP iyonlar
ve PCL dir. PO,” iyon grubu icin karakteristik bolge 1030-1100 cm™'de yogun IR emme bantlar:
olusturur;OH iyon grubu, 800-900 cm™“de bantlar olusturur; COz > grubu, 725 ile 880 cm™ arasindaki
zayif tepeleri ve 1390 ile 1470 cm™ arasinda daha yogun pikler olusturur[11]; HPO, > iyon grubu, ~
875 c¢m’' de bantlar olusturur[12,13,14];-TCP iyon grubu 947- 1120 cm™ de bantlar
olusturur[11];PCL i¢in karakteristik bolge 1160-2942 cm” bu aralikta gliclii IR emme bantlari
olusturur[15]. Uygulanan yontemin ve sicakligin doruklarin olusumunda etkili oldugu goézlenmistir.

Allotropik yapilar nedeniyle benzer tepe noktalar1 olusturur.
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Sekil 5. PCL ve PCL/DKp -TCP kompoztilerin ftir grafigi ~ Sekil 6. Polikaprolakton FTIR

spektrumu[15]
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Sekil 7. MTT sitotoksite grafigi



850 °C numunesinde MTT testi, tiim numunelerin kontrolle karsilastirildiginda higbir sitotoksik
etki gostermemektedir. Hiicre yasayabilirligi, 450 °C'de sinterlenmis, inceltilmemis ve negatif
kontroliinkinden onemli derecede yiiksektir. Bu veriler sonucunda, biyouyumluluk testleri, elde
edilen biyolojik seramiklerin iskele malzemeleri igin iyi bir aday olabilecegini ve daha ileri doku
mihendisligi ve tekstil uygulamalar1 i¢in kullanilabilecektir.Sekil 7.’de MTT sitotoksite grafigi
verilmektedir.

SEM Analizi
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Sekil 8.PCL ve PCL/DKBeta-TCP kompozitlerin SEM goriintiileri

SEM goriintiileri numunelerin morfolojisini gdsterdi ve tiim numunelerde nanokompozit fiber
yapilanmasi olusturuldu. Fiberlerin boyutlari1 20 nm ila 120 nm arasindadir.Sekil 8.’de Kompozitlere
ait SEM goriintiileri yer almaktadir. Konsantrasyon degeri arttikca lifler dahada incelerek diizenli hale
gecmektedirler. Fiber yapilanmast en diizglin %6 PCL-%8 DKPB-TCP kompozitinde meydana
gelmistir.

Mekanik Test

1x5 cm uzunlugunda kesilen numunelere, her numuneye ii¢ kez tekrarli olarak yapilan ve bu ¢ikan
degerlerin aritmetik ortalamalari ile cekme mukavemetleri belirlenmistir, Tablo 3.’de gosterilmektedir.

Tablo 3.Numunelerin Cekme Testi Sonug¢lari

Numuneler Maksimum Cekme
(MPa)
S1 %6PCL 45.350
S2 %6PCL-%1DKB-TCP 78.900
S3 %6PCL-%5DKB-TCP 92.517
S4 %6PCL-%8DKp-TCP 121.686




SONUCLAR

DKB-TCP’yi PCL ile kullanmak, biyolojik olarak uyumlulugu, biyolojik bozunabilirligi ve lifli
malzemelerin mekanik mukavemetini saglamak icin ¢ok dnem arz etmektedir. PCL iskeleleri, en
uygun solvent kombinasyonu oldugu bulunmus olan kloroform / metanol (agirlikca% 75:25)
cozeltilerinden imal edilmistir. Sonu¢ olarak PCL/DKB-TCP kompozit nanolif malzemelerin
karakteristik Ozellikleri nedeniyle doku mihendisligi ve tekstil uygulamalar1 i¢in umut verici bir
malzeme 0zelligi ortaya ¢ikmaktadir. PCL/DKB-TCP kompozit liflerin mekanik test sonuglarina gore
en yiiksek test degeri 121.686 MPa olarak belirlenmistir. SEM goriintiilerinde de goriildiigii iizere
ylizey alanin artmasiyla birlikte lif yapisinin inceldigi, polikaprolakton liflerinin incelerek DKB-TCP
biyoseramik tozlari ile kompakt yapi olusturdugu SEM goériintiileri ile desteklenmistir. Ayrica
konsantrasyon degeri arttikca aglomerasyon miktar1 azalmistir. Cozelti viskozitesinin yiksek,
iletkenligin ise dlstk oldugu %6PCL/% 8DKB-TCP karisimindan elektro-egirme yontemiyle elde edilen
liflerin inceliklerinin, dlusuk viskozite ve yiksek iletkenlige sahip olan diger PCL/ DKB-TCP c¢ozelti
karisiminlarindan elde edilen liflere gére daha az oldugu bulunmustur. %6PCL/% 8DKB-TCP
karisimindan elde edilen nanolif yapinin hem makine hem de malzeme eni yoniindeki mukavemet ve
uzama degerleri, diger Konsantrasyonlardaki PCL/DKB-TCP elde edilen liflere gére daha iyi sonuglar
vermigstir. Dolayisiyla mukavemetli malzemeler elde edildiginden basta tekstil uygulamalar1 olmak
iizere ¢esitli alanlarda kullanim imkani1 bulabilecektir.

TESEKKUR

Bu calisma TEKF.16.05 Proje kodu ile Firat Universitesi Bilimsel Arastirmalar Proje Birimi (FUBAP)
tarafindan destek gormiistiir. Malzeme {iretimi ve karakterizasyon ¢aligsmalarinda yardimer olan ArelPOTKAM
Poje ekibine, Tetra firmasina, Uzman Laboratuvar ¢alisanlarina, Istanbul Teknik Universitesi, YTU MERKLAB,

Marmara Universitesi, Kastamonu Universitesi, YTU BITUAM ve Istanbul Universitesine yardimlarindan 8tiirii
tesekkiir ederim.

KAYNAKLAR

[1]Bedri TE, Synthesis of miktoarm star polymers via combination of controlled polymerization
systems, Doktora Tezi, [.T.U. Fen Bilimleri Enstitiisii 2006, Istanbul.

[2]Albertsson A C, Varma, [ K , Recent developments in ring openingpolymerization of lactones for
biomedical applications,Biomacromolecules 2003, 4, 1466-1486.

[3] Hutmacher D W, Woodruff M A, The return of a forgotten polymerpolycaprolactonein the 21st
century, Progress in Polymer Science 2010,35, 1217-1256.

[4]http://biotechnologia.pl/kosmetologia/artykuly/polikaprolakton-w-kosmetologii, 12685
[5]Kaya Y, Insan Anatomisi ve Kinesyoloji. Marmara Iletisim Basin Yayin 2003, Istanbul.

[6]http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1516-14392011000300006
[7] Barbanti S H, Duek E A R, Zavaglia C A C, Polimeros 15 2005, 13-21.
[8]Doshi J and Reneker D H, Electrospinning process and applications of electrospun fibers. Journal

of Electrostatics 1995, 35, 151-156.

[9]Erdem R, Nanolif bazli yara ortiisii yiizeyi gelistirilmesi. Doktora Tezi, Marmara Universitesi Fen

Bilimleri Enstitiisii 2013, Istanbul, 174.



