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FORWORD
For every country, scientific activities are important and covering each and
all of them internationally. These activities provide more vivid scientific
environment, more common benefits and opens up a new dimension to
innovations.

For this reason, one of the most important subjects in recent years is
polymeric composites and technologically every field has brought
innovations and found great uses. At our country there has been studied on
this subject for about 25 years as well.

Scientific and applied studies in this field provided a more beneficial
environment with the scientific meetings (Symposium, panel, workshop
etc.). Because of the exchange of information and the related sectors getting
together provided more useful and creative composites and will continue to
do so in the future.

For the first time in 2006, an event was organized in the form of
symposiums, exhibitions and workshops in Izmir with the support and the
contributions of the relevant institutions in our country. Up to today, these
activities as two international and one national symposiums have been
continued to carry out, once at every two years.

Even though the position of the countries may be difficult under certain
conditions, the scientific activities are indispensable. For the same reason, in
spite of facing a few difficulties such activities have been carried out
continuously in our country. This year our colleagues who are participating
from abroad, in spite of having some difficulties did their best to come and
attend our symposium, this is giving us a great strength. We hope that these
challenges do not limit the scientific field.

Two important areas (defense industry and renewable energy) included as
needed for the discussions in this year's activity, each of which will be of
great benefit because of the large application areas. At each events, the
workshops were organized as per participants' requests.

As participants we all hope, the expected and desired benefits of the subjects
such as sharing the scientific and technological information, monitoring the
innovations, discussing the topics and efficiency of the workshops, in a good
environment can be provided.

As the field of polymer composite is known and developed both in the world
and in our country with increasing interest in the scientific and sectoral
areas, because of the variety of the environmental problems and the
economic positions some difficulties are arising and with the correct
solutions evolving to a healthier development.
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The effectiveness of these activities, with the presence of the relevant parties
and as well as with the debates and the common sense, will be of great
benefit. In order to carry out the workshop with the proposed applications
the necessary studies have been implemented. For this purpose, the
specialists from the industry, universities and abroad will provide the
institutional and experimental contributions. For this workshop, we would
like to thank Herkim and Kosse Composite, for the identification of the
subject and for the preparation of the practical workshop together with those
concerned.

After these events, the documents of participation will be given to the
symposiums and workshop participants. Symposium book will cover all the
abstracts of the presentations and the full manuscripts will be published in
our website.

Oral presentations will be held in eleven sessions, including the symposium,
in parallel with the next sessions on November 3, 2017. The workshop will
take place at 3" and 4™ of November 2017. Most of the participants are
valuable experts within our country. However in spite of all the difficulties,
those who were coming from abroad as invited participants or applicants,
will added to the value of this activity. We would like to thank all of the
participants for their valuable contributions.

One of the biggest challenges in the realization of the scientific activities is
the need for support. For this reason, we would like to thank all the
organizations and persons who are supportive. Our main sponsorship in this
year's event is PETKIM, the largest and most qualified chemical
organization in our country. We would like to thank Mr. Hasan Omer from
HERKIM POLYMER CHEMISTRY INDUSTRY INC. for his suggestions
and support from the start, and the institutions 1IZMIR METROPOLITAN
MUNICIPALITY , AEGEAN REGION CHAMBER OF INDUSTRY |,
IZMIR CHAMBER OF COMMERCE , ISTANBUL CHEMICAL AND
CHEMICAL PRODUCTS EXPORTERS’ ASSOCIATIONS , AEGEAN
EXPORTERS’ ASSOCIATIONS , TURKISH COMPOSITE
MANUFACTURERS ASSOCIATION, PETKIM PETROCHEMICALS
HOLDING INC.(MAIN SPONSOR), HERKIM POLYMER CHEMISTRY
INDUSTRY INC. (SPECIAL SPONSOR), BOYTEK RESINS,
GELCOATS, PIGMENT PASTES, KOSSE COMPOSITE MARKETING ,
LITERATUR  CHEMICALS, POLUTEK POLYESTER AND
POLYURATHANE LIMITED COMPANY, TILA COMPOSITE AGENCY
LIMITED COMPANY, OCSiAl, SISECAM INDUSTRY INC., AKKIM
CONSTRUCTION CHEMICALS INC. for their contributions.
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We would also like to thank the members of the board of directors of the
Chamber of Chemical Engineers, the secretariat who prepared the activity
with their hard work, the personnel of the chamber, all our members and all
of the organizations and institutions.

UCTEA Chamber of Chemical Engineers

Symposium Executive and Organizing Committee
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ONSOZ

Bilimsel etkinlikler her {ilke i¢in dnemli oldugu gibi uluslararasi diizeyde
tiim iilkeleri kapsamaktadir ve bilimsel ortami daha canli daha ortak yarar
saglayan, yeniliklere ufuk agan bir nitelik kazandirmaktadr.

Bu nedenle, son yillann 6nemli ugrast konularindan biri de polimerik
kompozitlerdir ve teknolojik olarak her alanda yenilikler getirmis ve biiyiik
kullanim alanlar1 bulmustur. Bizim iilkemizde de yaklasik 25 yildir
caligsmalar yapilmaktadir.

Bu alamin bilimsel ve uygulamalara yonelik c¢alismalari, bilimsel
toplantilarla da (Sempozyum, panel, calistay vb.) daha yararl bir ortamu,
bilgi aligverisini ve malzemeyi olusturan kesimler ve alanlar bir araya
gelerek daha yararli kompozitlerin olusmasini saglamis ve saglamaktadir.

2006'da izmir’de ilk kez sempozyum, sergi ve ¢alistaylar biciminde bir
etkinlik yapilmus, iilkemizdeki ilgili kuruluslarin destegi ve katkilar ile
gerceklesmis ve glinlimiize kadar iki yilda bir olmak iizere ilki ulusal
digerleri uluslarasi olarak devam etmektedir.

Ulkelerin konumu kimi sartlarda zorlansa da bilimsel etkinliklerin yapilmast
vazgecilmez nitelik tagimaktadir. Bu nedenle, bizim iilkemizde de bazi
zorluklar yasansa da bu tiir etkinlikler stirmektedir. Bu yil, yurt dist
katiliminda meslektaglarimizin kimi sorunlar olsa da gelmeye g¢alismalari
bizlere biiyiik giic vermektedir. Umariz bu tiir zorluklar bilimsel alami
kisitlamaz.

Uygulama alammin ¢ok genis olmasi biiyilk yarar saglamis bu yil ki
etkinligimizde de gereksinim duyulan 6nemli iki alan (savunma sanayi ve
yenilenebilir enerji) tartismaya uygun gorilmiistir. Her etkinlikte
katilimcilarn isteklerine yonelik ¢alistaylar da diizenlenmistir.

Umariz katilimcilar olarak hepimiz iyi bir ortamda bilimsel ve teknolojik
bilgi paylasimi, yeniliklerin izlenmesi, konularnn tartisilmasi ve calistayin
verimliligi beklenilen ve istenilen yarar1 saglayabilir. Polimerik kompozit
alant bilindigi gibi diinyada ve tilkemizde bilimsel ve sektorel olarak giderek
artan ilgi ile calisitlip gelisirken 6zellikle c¢evresel sorunlar ve ekonomik
konumlarin degisken olmalann sonucu zorluklar ortaya cikarmakta ve
bunlarin dogru ¢oziimleri ile daha saglikli bir gelismeye evrilmektedir.

Bu etkinliklerin ortak akil ve tartigsmalarla, ilgili kesimlerin varliginda, daha
iyiye ulagmada yaran biiyiikk olacaktir. Calistayin uygulamali bi¢imde
gerceklesmesi Onerilerine yonelik caligmalar yapilmigtir. Bu amag igin
sanayiden, Universitelerimizden ve yurtdisindan uzmanlasmis degerli
elemanlar kuramsal ve deneysel katki vereceklerdir. Bu ¢alistay da konuyu
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saptayarak  uygulamali  bicimde c¢alistay1 ilgililerle  hazirlayarak
gerceklestiren Herkim ve Kosse Kompozit’e ¢ok tesekkiir ederiz.

Bu etkinlikler sonrasi sempozyum ve c¢alistay katilimcilarina katilim
belgeleri verilecektir. Sempozyum ve ¢alistayda sunulan bildiri 6zetleri 6zet
kitapgiginda  toplanmig, tam metinler odamuzin web sitesinde
yayinlanacaktir.

Sozlii sunumlar 3 Kasim 6gleden sonraki oturumlar paralel olmak iizere
(Sempozyum) 11 oturum da toplanmustir. Calistay ise 3 ve 4 Kasim olarak
gerceklesecektir. Katilimcilarnn ¢ogu yurticinden degerli uzmanlardir. Ancak
yurtdigindan tiim zorluklara karsin gerek cagrili gerek basvuru ile gelenler
bu etkinlie deger katacaklardir. Tiim sunum yapan katki veren
katilimecilarimiza ¢ok tesekkiir ederiz.

Bilimsel etkinliklerin gergeklestirilmesinde en biiyiik zorluklardan biri de,
gereksinim duyulan destegin bulunmasidir. Bu nedenle, destek vermeyi
esirgemeyen tiim kurulus ve kisilere tesekkiir ederiz. Bu yil ki etkinligimizde
ana sponsorlugu iilkemizin en biiyiik ve nitelikli kimya kurulusu olan
PETKiM’dir. Bu etkinligin ilk baslatilmasinda konunun 6nemini dikkat
cekerek fikir veren, katkilarim tiim etkinlikler sirasinda esirgemeyen 6zel
sponsor Herkim (Saymn Hasan Omer) aymi sekilde bu etkinliklerin

stirdiiriilmesine katkilariyla saglayan [ZMIR BUYUKSEHIR BELEDIYESI, EGE
BOLGESI SANAYI ODASI, IZMIR TICARET ODASI, ISTANBUL KIMYEVI
MADDELER ve MAMULLERI [HRACATCILARI BIRLIGI EGE I[HRACATCI

BIRLIKLERI, KOMPOZIT SANAYICILERI DERNEGI, PETKIM PETROKIMYA
HOLDING A.S. (ANA SPONSOR), HERKIM POLIMER KIMYA SANAYI VE
TICARET A.S. (OZEL SPONSOR), BOYTEK RECINE BOYA VE KIMYA SAN. TIC.
A.S.,, KOSSE KOMPOZIT MUHENDISLIK VE PAZARLAMA LTD. STI,
LITERATUR KIMYA, AKKIM YAPI KIMYASALLARI SAN. VE TIC. A.S., TILA
KOMPOZIT TEMSILCILIK IC VE DIS TIC. LTD.STL., OCSiAl, SISECAM SANAYII
A.S., POLUTEK POLYESTER VE POLIURETAN LTD.STI'ya tesekkiir ederiz.

Ayrica bu etkinligin gergeklesmesinde KMO Yonetimi ve koordinatdr olarak
gorevi tistlenen Ege Bolge Subesi Yonetim Kurulu'na emegi ile gece giindiiz
calisan sekreterya gorevini yiirliten meslektaglarimiza, oda calisanlarimiza
ve destek veren tiim tiyelerimize kurum ve kuruluglarimiza tesekkiir ederiz.

Saygilanmizla,

TMMOB Kimya Miihendisleri Odasi

Sempozyum Yiiriitme ve Diizenleme Kurulu
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EXECUTIVE COMMITTEE/ YURUTME KURULU

Giirel NISLI, Prof.Dr.

UCTEA Chamber of Chemical
Engineers / TMMOB Kimya
Miihendisleri Odast

UCTEA Chamber of Chemical

Saadet CAGLIN Engineers / TMMOB Kimya
Miihendisleri Odast
. . - Kosse Composite Marketing/ Kosse
Ibrahim KOSE Kompozit Ltd. Sti
) Turkish Composite Manufacturers
Ismail Hakki HACIALIOGLU Association / Kompozit Sanayicileri

Dernegi

Cengiz ALTAN, Prof.Dr.

University of Oklahoma / Oklahoma
Universitesi

Metin TANOGLU, Prof.Dr.

Izmir Institute of Technology / [zmir
Yiiksek Teknoloji Enstitiisii

M. Ozgiir SEYDIBEYOGLU, Dog.Dr.

Katip Celebi University / Katip Celebi
Universitesi

SECRETERIAT / SEKRETERYA

-- = UCTEA Chamber of Chemical Engineers /
Cansu KOROGLU TMMOB Kimya Miihendisleri Odasi
Gizem GULSEV Ié(éssgt?omposne Marketing/ Kosse Kompozit

INVITED SPEAKERS / CAGRILI KONUSMACILAR

Aref CEVAHIR, Dr.

SISECAM Industry Inc./ SISECAM Sanayii A.S.

Aysun DOGANGUN
AKIN

TAI-Tiirk Havacilik ve Uzay Sanayii A.S. / Turkish
Aerospace Industries, Inc.

Cengiz ALTAN, Prof. Dr.

Oklahoma University / Oklahoma Universitesi

Cenk SEVIM, Dr.

Aero Wind Industry Inc. / Aero Riizgar Endiistrisi

A.S.
Ef(l;rfl%yan HATTUM, University of Saxion / Saxion Universitesi-Hollanda
. Baris Defence Industry Inc. / Baris Savunma
Fikret SENEL Endustrisi A.S.
Gokgce DARA Roketsan Company Inc./ Roketsan A.S.
Yal¢in YILMAZKAYA Kale Aerospace Inc. / Kale Havacilik A.S.
Levend PARNAS, TED University / TED Universitesi
Prof.Dr.
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M. Ozgiir

SEYDIBEYOGLU, Katip Celebi University / Katip Celebi Universitesi
Dog¢.Dr.

gz};git KARAHAN, Uludag University / Uludag Universitesi

Metin TANOGLU, Izmir Institute of Technology / Izmir Yiiksek
Prof.Dr. Teknoloji Enstitiisti

Nurseli UYANIK Prof.Dr.

Istanbul Technical University/ Istanbul Teknik
Universitesi

Siddik ICLI, Prof. Dr.

Ege University / Ege Universitesi

Prasad POTLURI, Prof.
Dr.

University of Manchester / Manchester Universitesi

Steven NUTT, Prof. Dr.

University of Southern California / Southern
California Universitesi

Ugur AKYILDIZ SPM Composite Industry Inc. / SPM Kompozit A.S.
Yusuf MENCELOGLU, Sabanct University-Kordsa Global Inc. / Sabanc
Prof. Dr Universitesi-Kordsa Global A.S.

ORGANIZING COMMITTEE/ DUZENLEME KURULU

Ali Birtan ERDOGAN

Ece Paint and Chemical Industry / Ece Boya ve
Kimya Sanayi A.S.

Ali UGURLU, Dr.

UCTEA Chamber of Chemical Engineers /
TMMOB Kimya Miihendisleri Odasi

Alper KALAYCI

Enercon Aero Wind Industry / Enerkon Aero
Riizgar Endiistrisi A.S.

Arzu Yalgin MELIKOGLU

UCTEA Chamber of Chemical Engineers /
TMMOB Kimya Miihendisleri Odast

UCTEA Chamber of Chemical Engineers /

Babiir YAZICIOGLU TMMOB Kimya Miihendisleri Odast
Burcu Karaca UGURAL Ege University / Ege Universitesi
Celal SONMEZ Sénmez Holding Company / Sonmez Holding
Cengiz KOCAGIL Aegeap Region Chamber of Industry / Ege Bolgesi
Sanayi Odast
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Cihan KUYRUK Biiyiiksehir Belediyesi
Deniz KORKMAZ, Dr. Kordsa Global Inc. / Kordsa Global A.S.
Emre TEZGOREN Tezcom Company / Tezkom Kompozit A.S.
Erdem YUCEL Fibrosan Company / Fibrosan A.S.

Erkan ERSOZ, Dr.

Ege University / Ege Universitesi

Fikret SENEL, Yiik. Miih.

Baris Defence Industry Inc. / Baris Savunma
Endustrisi A.S.

Funda TIHMINLIOGLU,
Prof. Dr.

Izmir Institute of Technology / Izmir Yiiksek
Teknoloji Enstitiisii
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Hiiseyin DAGLAR Daglar Chemicals Company / Daglar Kimya Ltd.Sti.
. . - UCTEA Chamber of Chemical Engineers /

Ibrahim AKYUREK TMMOB Kimya Miihendisleri Odast
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Ismail DARCAN Boytek Resins Company Inc. / Boytek Regine A.S.
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Levend PARNAS, Prof.Dr.

TED University / TED Universitesi
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UCTEA Chamber of Textile Engineers / TMMOB
Tekstil Miihendisleri Odast

Mehmet KARAHAN, Prof.
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Odasi
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FIBER REINFORCED THERMOPLASTIC POLYMERS WITH
SUPERIOR PROPERTIES (LFT)

YUKSEK PERFORMANSLI ELYAF TAKVIYELIi TERMOPLASTIK
POLIMERLER (LFT)

Dr. AREF CEVAHIR

Atmospheric Coating Technologies Management, Tiirkiye Sise ve Cam
Fabrikalar: A,S.
Science &Technology Center
Cumhuriyet Mah. Sisecam Yolu Sokak, No.2 41400 Gebze-Kocaeli Turkey
ajavaherian@sisecam.com
Phone: +90-850-2060463

Abstract

Fiber reinforced composite materials have been used since 1930s in the form
of short fiber strands. Incorporation of fibers with higher mechanical
strength, employing better polymer matrices and the use of reinforcing
agents have been increasingly used to produce composite materials with
superior performance characteristics.

Increasing the amount of fibers loaded into the composite system is one
possible route towards better composite materials. However, improvements
that can be attained this way are curbed by various side effects. These
include; inhomogeneities in the distribution of filaments, increased viscosity
of the dough (melt) and potential damages to the metal assemblies of the
manufacturing equipment due to increased friction.

Starting from 1980s, the composites industry circumvented this problem by
using longer fibers. This strategy allows up to 50% fiber loading rates which
were unattainble before. Long fiber composites hold genuine potential to
replace metals in various structural applications, most notably in defense and
automotive industries.

In this review, the state of the art techniques for long fiber thermoplastic
composites (LFT) production are discussed in a comprehensive and
comperative manner. Forecasts for future production trends and market
evolution until 2020 are discussed based on the existing market research
data.

Keywords: glass fiber, long fiber, thermoplastics, composites
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Ozet

Elyaf filamentler ile giiclendirilmis polimerik kompozitlerin iiretimi 1930’ i
yillarda kisa filamentlerin kullanilmasi ile baslamistr. Kompozit
malzemelerin  mekanik Ozelliklerinin  arttrilmast amaci ile yiiksek
mukavemet sahibi elyaflarin kullanimi, gelismis polimerik matrislerin se¢imi
ve giiclendirme ajanlarmm eklenmesi gibi yollar giderek daha sik bagvurulan
yontemler olarak ortaya ¢ikmustir.

Yiiksek performans eldesine yonelik calismalarda daha fazla miktar elyaf
yiiklenmesi alternatif yontemlerden biridir. BOyle bir strateji ile elde
edilebilecek iyilestirmeler asir1 elyaf yiliklemesinin sonucu ortaya ¢ikan bazi
yan etkiler sebebi ile smirlidir. Bunlar arasimda filamentlerin inhomojen
olarak dagilimi, polimerik eriyikte istenmeyen viskozite artiglar1 ve artan
stirtlinmelerin yol agmasi muhtemel iiretim donanmmi hasarlar sayilabilir.

1980’1i yillardan itibaren, kompozit endiistrisi kisa filamentlerin yol ac¢ti1
bu sorunlar1 uzun elyaf igeren polimerik kompozitleri gelistirip pazara
sunarak asmay1 basarmustir. Uzun elyafli kompozitler daha 6nce kisa elyaf
filamentler ile miimkin olmayan ve %350’ye varan mertebede elyaf
yiklemelerine izin vermektedir. Geliskin ozellikleri ile bu yeni nesil
malzemeler otomotiv ve savunma sanayisi basta olmak iizere bir¢ok alanda
metallerin yerini alabilecek gergekei alternatifler olarak ortaya ¢ikmaktadir.

Bu derleme ¢ahgmasinda oncelikle uzun elyaf filament icerikli termoplastik
kompozitlerin (LFT) iiretimindeki giincel teknikler detayli bir bigimde ve
karsilastrmali olarak tartisilmaktadrr. Ikinci kisimda ise, mevcut pazar
arastrmalar1 15181nda, LFT malzemelerin iiretimi i¢cin yakin gelecege (2020
yilna kadar) doniik 6ngoriiler ve sektorel egilimler irdelenmektedir.

Anahtar Kelimeler: Cam elyaf, uzun elyaf, termoplastik, kompozit
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Summary

The global wind energy market has shown steady growth and as of the end
of 2016 it has reached 486.749 MW installed power. In 2016, global wind
energy market grew by 12%. By the end of 2016, a new wind power plant of
23,328 MW was established in China and China's share in the global wind
energy market was 42.7% in the new installation capacity. The second
largest market growth in the wind energy market has occurred in the US, and
at the end of 2016, it received a share of around 15% from the newly
established wind power plants in the US at 8,203 MW. By the end of 2016, a
12,490 MW wind power plant was taken over by the European Union (EU)
countries and 22% of the newly established wind power plants on a global
scale. In addition, by the end of 2016, a cumulative 168,690 MW wind
power plant is located in China, 153,730 MW in EU countries and 82,184
MW in the United States. Wind power plants established in China, the EU
and the USA account for about 83% of the global cumulative installed
power.

Turkey has very rich wind energy potential which is estimated to be at
48,000 MW applicable potential and this value can be assumed second
biggest onshore wind energy potential in Europe after Spain. 38,000 MW of
this potential is defined as onshore potential; rest of them is defined offshore
potential. Turkish wind energy market is also grown stable between 2005-
2016 periods with global market. With this development, cumulative
installed wind power of Turkey reached to 6,106 MW and 861 MW wind
farm projects are under construction. Additionally, 20,000 MW installed
wind power is defined as strategic target for Turkey.

In the wind energy industry, polymeric composite wind turbine blades are
one of the key production segments. Over the last 5 years, annual installed
wind energy is close to 50,000 MW worldwide. If we choose a wind turbine
at 2 MW power. We can reach the assumption that around 25,000 wind
turbines are installed on a global scale each year. 25,000 wind turbines mean
75,000 turbine rotor blades. The average weight of 75,000 rotor blades is
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around 600,000 tons. According to this acceptance, 600,000 tons of
composite wind turbine rotor blades are produced annually. This means that
69 tons of wind turbine wings are produced on a global scale per hour.

Today technological developments of wind turbines carry out to meet
demand of global wind energy market. With these developments, wind
turbine size and nominal power production capacity increase year by year.
Nowadays huge wind turbines which have 7,5-8 MW nominal powers can be
produced and installed. For usage of these huge machines, rotor blade length
should be reached to between 60 and 65 m. This scale wind turbine rotor
blades expose on enormous dynamic loads. In that reason, material design
and selection are critical application parameters for optimizing of these
dynamic loads on rotor blade structure.

Nowadays polymeric composite structures are preferred for MW scale rotor
blade production. There are many advantages of polymeric composite
structures according to other conventional materials such as high rigidity
values, corrosion resistance, optimum mechanical strength values, high
fatigue strength values, high strength/weight ratio, low maintenance cost,
production flexibility.

Epoxy resin and E-glass woven fabrics are most preferred materials as
polymer matrix and reinforced materials for MW scale rotor blades. Rotor
blades approximately consist of 70% reinforced materials and 30% polymer
matrix. High tensile strength and breaking elongation, high material
stiffness, and light weight are most important mechanical process parameters
for rotor blade production

Generally epoxy and amine hardener systems are preferred for big scale
rotor blade production. The most important advantages of epoxy system are
that dimensional stability and low volumetric shrinkage value (1-3%) after
curing and according to other thermoset resin systems

Commonly woven fabrics which are produced E-glass are used as reinforced
materials for MW scale wind turbine rotor blade production. This type of
reinforced materials have better cost/strength ratio. Woven type is one of the
critical parameter for rotor blade production. Because mechanical strength of
glass fabrics is limited by the woven type. In that reason woven glass fabrics
are selected and used according to load distribution on the rotor blade.

In many rotor blades production systems, sandwich structures are used for
proving the homogenous load distribution and high bending strength on rotor
blades. Especially PVVC foam, balsa wood and PET foam are preferred for
these aims. Bending load is one of important parameter for rotor blades.
With usage of sandwich structures on rotor blade production, in spite of
rotor blade weights increase approximately 3%, bending strength of rotor
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blade increase 3.5 times according to reference structure which does not
contain any sandwich structure.

In general vacuum infusion technique is preferred for MW scale rotor blade
production after 2000’s. The basic principle of this production technique is
that transferring of polymer matrix is made by pressure difference between
inside and outside of component mold, ensuring homogeneous polymer
matrix distribution in the mold, and performing the necessary curing process.
With vacuum infusion technique, quality fluctuation was prevented and high
strength products can be produced. Polyurethane based gel coat and paints
are used for rotor blade surface coating after infusion and gluing process.
Manuel or robotic spray system can be used for coating application. There
are two main goals for using coating application; one of them is that
protection of composite structure against the environmental effects such as
UV, rain etc., other one is that optimization of air friction.

In this presentation, global and Turkish wind energy market and the MW
class wind turbine blade will be explained with the main lines.

Keywords: Wind energy, wind turbine, composite rotor blades

Ozet

Global riizgar enerjisi pazari istikrarli bir biiylime gostermis ve 2016 yil
sonu itibariyle 486.749 MW kurulu giice ulasmistr. 2016 yilinda kiiresel
rlizgar enerjisi piyasast % 12 biliylimiistlir. 2016 yil sonu itibariyle Cin’de
23.328 MW yeni riizgar enerjisi santrali kurulmustur ve Cin'in global riizgar
enerjisi pazarmdaki payi yeni kurulum kapasitesinde % 42.7 olarak
gerceklesmistir. Riizgar enerjisi sektoriinde kiiresel Olgekte ikinci biiyiik
pazar biiyiimesi ABD'de gerceklesmistir ve 2016 yi1l sonunda ABD'de global
Olcekte yeni kurulan riizgar enerji santrallerinden 8.203 MW ile % 15
civarinda pay almistir. 2016 y1l sonu itibariyle Avrupa Birligi (AB) iilkeleri
tarafindan 12.490 MW riizgar enerji santrali devre almmis ve global dlgcekte
yeni kurulan riizgar enerji santrallerinden %22 pay almistir. Ayrica 2016 y1l
sonu itibariyle kiimiilatif olarak 168.690 MW riizgar enerjisi santrali Cin’de,
153.730 MW  AB ikelerinde ve 82.184 MW ise ABD’de kurulu
bulunmaktadir. tarafindan kurulmustur. Cin, AB ve ABD’de kurulu bulunan
rlizgar enerji santralleri global kiimiilatif kurulu giiclin yaklasik % 83’nii
olusturmaktadir.

Tiirkiye’de 48.000 MW uygulanabilir potansiyele sahip oldugu tahmin
edilen zengin riizgar enerjisi potansiyeline sahip bolgeler bulunmaktadr ve
Tiirkiye, Ispanya'dan sonra Avrupa'da ki ikinci en biiyiik karasal riizgar
enerjisi potansiyeline sahip lilke olarak kabul edilebilir. Bu potansiyelin
38.000 MW'1 kara potansiyeli olarak tanmlanmaktadr, geri kalani ise
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deniziistii potansiyeldir. Tiirkiye riizgar enerjisi pazar1 2005-2016 donemleri
arasinda kiiresel pazarda oldugu gibi istikrarli bir biiyiime gostermistir. Bu
gelisme ile 2016 yil sonu itibariyle Tiirkiye'nin kurulu kiimiilatif riizgar giicii
6.106 MW'a ulagmustir ve 861 MW'lik riizgar enerjisi santrali projesi ingaat
halindedir. Buna ek olarak, 20.000 MW kurulu riizgar enerjisi Tiirkiye i¢cin
stratejik hedef olarak tanimlanmustr.

Riizgar enerjisi endiistrisinde, polimerik kompozit riizgar tiirbin kanatlari
kilit tiretim bolimlerinden biridir. Son 5 yilda, yillik kurulu riizgar enerjisi
tlim diinyada 50.000 MW'a yakindir. Eger 2 MW giiclinde bir riizgar tiirbini
segersek. Her yil 25.000 civarinda riizgar tiirbinin kiiresel 6lgekte kuruldugu
varsaymma ulasabilirz. 25.000 riizgar tiirbini 75.000 tiirbin kanadi anlamina
gelmektedir. 75.000 rotor bigagmm ortalma agrlig1 yaklasik 600.000 ton
civarindadr. Bu kabule gore her yil 600.000 ton kompozit riizgar tiirbini
rotor kanadi liretilmektedir. Bu saat bagma kiiresel Olgekte 69 ton riizgar
tiirbin kanad tiretildigi anlamma gelmektedir.

Giinlimiizde riizgar tiirbinlerinin teknolojik gelismeler ile riizgar tiirbini
biiyiikliigii ve nominal gii¢ tiretim kapasitesi her y1l artmaktadir. Giinlimiizde
75-8 MW'luk nominal giice sahip olan biyiikk riizgar tiirbinleri
tiretilebilmektedir. Bu riizgar tiirbinlerinin kullanimi i¢in, tiirbin kanat
uzunlugunun uzunluguna 60 ile 65 m arasnda olmasi gerekmektedir. Bu
Olcekteki riizgar tiirbini kanatlar1 ¢ok biiylik dinamik yiiklere maruz
kalmaktadir. Bu nedenle, malzeme tasarmu ve se¢imi, tiirbin kanatlar1 yapisi
tizerindeki bu dinamik yiiklerin optimize edilmesi i¢in kritik uygulama
parametreleridir.

Giiniimiizde polimerik kompozit yapilar, MW &lgekli rotor bigag iiretimi
i¢in tercih edilmektedir. Yiiksek rijitlik degerleri, korozyon direnci, optimum
mekanik mukavemet degerleri, yliksek yorulma mukavemet degerleri,
yiiksek mukavemet / agrlik orani, diisiik bakim maliyeti, liretim esnekligi
gibi diger klasik malzemelere gore polimerik kompozit yapilarm pek ¢ok
avantaji vardr.

Epoksi re¢ine ve E-cam dokuma kumaslar, MW 6l¢cekli rotor kanatlari i¢in
polimer matrisi ve takviye malzemesi olarak en c¢ok tercih edilen
malzemelerdir. Riizgar tlirbin  kanatlarmin  yaklasik% 70 takviye
malzemelerden ve % 30 polimer matristen olusmaktadr. Yiiksek gerilme
mukavemeti ve kopma uzamasi, yliksek malzeme sertligi ve hafifligi, riizgar
tiirbin kanad iiretimi i¢in en 6nemli mekanik islem parametreleridir

Genellikle epoksi ve amin sertlestirici sistemler biiyiik 6lcekli rotor bigagi
tiretimi icin tercih edilir. Epoksi sisteminin en Onemli avantajlary,
sertlestikten sonra ve diger termoset regine sistemlerine gére boyutsal
kararhlik ve diisikk hacimsel ¢ekme degeri (% 1-3) olmasidr.
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E-cam’dan iiretilen dokuma kumasglar MW olgeginde riizgar tiirbini rotor
kanadi iiretimi i¢in takviyeli malzemesi olarak kullanilmaktadr. Bu tiir
takviyeli malzemeler daha iyi maliyet / mukavemet oranma sahiptir.
Dokuma tipi, riizgar tlirbin kanadi {iretimi i¢in kritik parametrelerden biridir.
Ciinkii cam kumasglarm mekanik giicii dokuma tipi ile smirhidir. Bu nedenle
dokunmus cam kumasi secimi riizgar tiirbin kanadi iizerindeki yiik
dagihmma gore yapilr.

Riizgar tlirbin kanad1 tiretiminde, homojen yiik dagilimi ve yiiksek biikiilme
mukavemeti i¢cin sandvi¢ yapilar kullanilir. Bu amagclar i¢in 6zellikle PVC
kopiik, balsa agaci ve PET kopiik tercih edilir. Egilme yiikii, riizgar tiirbin
kanatlar1 i¢in 6nemli parametrelerden biridir. Riizgar tiirbin kanat {iretiminde
sandvi¢ yapilarm kullanilmasiyla, kanat agrliklarinda yaklasik% 3 oranmnda
bir artiy olmasmna kargsm kanat egilme mukavemeti, sandvi¢ yapismi
icermeyen referans yapiya gore 3,5 kat artmaktadr.

Genel olarak 2000'li yillardan sonra MW olgekli riizgar tiirbin kanadi
iretimi i¢in vakum inflizyon teknigi tercih edilmektedir. Bu iiretim
teknigindeki temel prensip basing farkli yaratilarak polimer matrisin kalip
disindan kalp i¢ine transfer edilmesi ve kalip i¢inde homejen dagilimimm
saglanmas1 ve gerekli kiirleme islemenin yapilmasidr. Vakum inflizyon
teknigi ile kalite dalgalanmalar1 dnlenmis ve yiiksek mukavemetli tiriinler
iretilebilmektedir. Poliiiretan esash jel kot ve boyalar, inflizyon ve
yapistrma igleminden sonra riizgar tiirbin kanadi yilizey kaplamasi i¢in
kullanilir.Kaplama uygulamasi i¢in iki ana hedef vardmr; Bunlardan biri
kompozit yapinin UV, yagmur vb.¢evre etkilerine karsi korunmasi, digeri ise
hava siirtlinmesinin optimize edilmesidir.

Bu sunumda, global ve Tiirkiye’deki riizgar enerjisi pazart ve MW smifi
rlizgar tiirbin kanat {iretimi ana hatlari ile agiklanacaktir.

Anahtar Sozciikler: Riizgar enerjisi, riizgar tiirbini, kompozit riizgar tiirbin
kanatlari,
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Abstract
Thermoplastic composites (TPCs) see an increasing interest in industrial
applications, partially replacing metals, partially replacing thermoset
composite solutions. This is mainly due to their beneficial stiffness/ strength-
to-weight ratio, improved impact, chemical and fatigue resistance, low
maintenance and recyclability. Many applications are already found in the
aerospace and automotive industry, with significant growth predicted for the
next decades [1].

However, some major hurdles exists for further penetration in other markets,
namely: cost reduction, process automation and the availability of
economically feasible recycling processes. The research group of
Lightweight Structures (Saxion University of Applied Sciences — The
Netherlands), focusses on industrial research on thermoplastic composites on
the above topics.

A cost-effective alternative to advanced thermoplastic composites fibre tape
placement system has been developed. It resembles a 3D-printer capable of
depositing continuous fibre reinforced TPC tapes in almost any 2, 2.5 and
3D shape. These preforms are subsequently used as a structural inserts in
conventional thermoplastic processes, with only minor alterations to the
processes, offering increased properties to plastic products at only minor
cost increases [2]. The process is being integrated in a fully automated
(thermoplastic) production cell, including preheating, (robot-)handling,
moulding and demoulding. Finally a low shear process has been developed
that allows for reprocessing of long fibre thermoplastic, without significant
fibre breakage and thus preserving overall properties. The process has been
applied to the recycling of thermoplastic composite aerospace production
waste into new, functional aerospace parts, as well as the upcycling of
plastic waste [3]. Finally, thermoplastic composites have been prepared from
recycled plastics and effectively used in making structural components in
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above processes, thus offering further cost savings for a new potential for
upcycling of plastic waste.

Keywords: Thermoplastic Composites, Recycling, Costs, Long Fibre
Thermoplastics, Compression Moulding, Low Shear Mixing
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AN OVERVIEW OF ADVANCED COMPOSITE APPLICATIONS IN
THE TURKISH DEFENSE INDUSTRY BASED ON AN EXAMPLE
PROJECT: OPPORTUNITIES AND THREATS

SAVUNMA SANAYIINDE iLERi KOMPOZIT UYGULAMALARINA
ORNEK BiR PROJE UZERINDEN GENEL BiR BAKIS:
FIRSATLAR VE TEHDITLER
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Baris Savunma Endiistrisi A.S., Ankara
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Abstract

The oldest known application of composite materials that are used for
thousands of years, extending to ancient Egypt and Mesopotamia, the
engineered composites used today are much newer and have been used
increasingly since the second half of the last century. At the beginning of the
1930s, the invention of (Glass) fibers that are one of the two main
components used in the production of composite materials is an important
step in the use and spread of composites. Composite materials that are
applied to a lot of fields since more than 100 years, allow making designs
that meet the needs especially for less in weight but high in performance also
with the help of the developments in material technologies. Advanced
composites were applied in the aerospace and defense industries owing to
the superior properties.

The European STINGER Joint Production Project that took place between
1989 and 1998 is a long-standing production project realized under the
leadership of Germany with partners from many European countries
including Turkey. Barig Savunma Endiistrisi A.S. (BARIS) participated as a
subcontractor of the German firm Dornier and produced two critical sub-
components.

Our domestic firms involved in this co-production project set up
infrastructure at their premises that meets NATO production requirements
while fulfilling the project. Similar projects have been realized on national
level in order to effectively use the infrastructures established and enhanced.

One of these projects is Pedestal Mounted STINGER, Low Altitude Air
Defense System project. In this project, BARIS realized the production of
Coolant Reservoir Assembly that can bare Coolant Gas (Argon or Nitrogen)
under high pressure, in 2004-2006, design, test and production
infrastructures were established for this purpose. With the successful product
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and line qualification, BARIS has been approved as a subcontractor of
Raytheon. Currently, this critical subsystem is exported to the US.

In this paper, starting from the R&D phase supported by the Undersecretariat
for Defense Industries of the Ministry of Defense, chronologically, the
project work has been described in terms of changes on the balance of
demands and supplies in the current projects. Positive and negative aspects
of those changes, in which the conjuncture is very effective, are evaluated
and opportunities and threats arising from the current situation are put
forward. Suggestions have been presented for the solid growth in the sector.

Ozet

Binlerce yildr kullanilan kompozit malzemelerin bilinen en eski
uygulamalar1 antik Misrr ve Mezepotamya’ya kadar uzanmakla birlikte,
glinimiizde kullanilan miihendislik kompozitleri ¢ok daha yeni olup
gectigimiz ylizyillinm ikinci yarisindan itibaren artan oranda kullanilmaya
baslanmistr. Kompozitlerin kullanimmda ve yaygmlasmasinda iiretimde
kullanilan iki ana bilesenden (Cam) elyafin 1930’11 yillarm hemen basmnda
kesfedilmesi onemli yer tutmaktadw. 100 yili askn bir siiredir bir ¢ok
alanda uygulanan kompozitler, malzeme teknolojilerindeki geligimlerin de
yardimi ile 6zellikle hafif ama yiiksek performans ihtiyacmi karsilayacak
tasarimlarmn yapilabilmesine imkan vermektedir. ileri kompozitler bu {istiin
oOzellikleri ile havacilik ve savunma sanayiinde uygulanmustir.

1989-1998 yillar1 arasinda siiren Avrupa STINGER Ortak Uretim Projesi,
Almanya liderliginde bircok Avrupa iilkesi ile birlikte Tiirkiye’nin de
katildig1 uzun soluklu bir iiretim projesidir. Barig Savunma Endiistrisi A.S.
(BARIS) bu projede o zamanki adi ile Alman DORNIER firmasmm alt
yiiklenicisi olarak gorev almis ve iki kritik alt par¢ay: liretmistir.

Bu ortak iretim projesinde yer alan yerli firmalarimiz, proje gereklerini
yerine getiritken NATO {iretim sartlarmi1 karsilayan altyapilar1 kendi
tesislerinde kurmuglardir. Projenin tamamlanmasmin ardindan kurulan ve
gelistirilen altyapilarm ulusal projelerde etkin olarak kullanilmasi i¢in benzer
konularda yeni projeler hayata gegirilmistir.

Bu projelerden bir tanesi Kaideye Monte STINGER Alcak Irtifa Hava
Savunma Sistemi projesidir. BARIS, bu projede yiiksek basmg¢ altnda
Sogutucu Gazi (Argon veya Azot) depolanmasma imkan veren gaz tanki
komplesinin iiretimini, 2004-2006 yillarinda gerceklestirmis ve bu amacla
gerekli tasarm, test ve tiretim altyapilar1 kurulmus, basari ile gergeklestirilen
iirlin ve hat kalifikasyonu ile birlikte Fiize Sistem Ureticisi Raytheon
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firmasmm onayh alt yiiklenicisi olunmustur. Halen bu kritik alt sistem
ABD’ye ihrag edilmektedir.

Bu bildiride, bu projenin MSB Savunma Sanayii Miistesarligi tarafindan
desteklenen ARGE safhasmdan baglayarak, kronolojik olarak proje
calismalarinda yapilanlar, giniimiiz sartlarnda, ihtiyac ve arz dengelerindeki
benzer projelerde yasanan degisimlere de degmilerek, anlatilmistir.
Konjonktiiriin ¢ok etkili oldugu bu degisimin olumlu ve olumsuz yanlar
degerlendirilerek, mevcut durumdan kaynakli firsatlar ve tehditler ortaya
konulmustur. Sektorde saghkli biiylimenin elde edilebilmesi icin 6neriler
sunulmustur.
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POLYMER COMPOSITES IN DEFENSE APPLICATIONS

B. Gok¢e DARA, PhD Materials Science

Roketsan Missiles Inc. Ankara, Turkey

Polymer composites with their apparent advantages on classical engineering
materials proved themselves in defense applications as structural materials
of choice in the last 30 years. Generally speaking they include a polymeric
matrix phase which contains a secondary phase generally in the form of
fibers. With confidence in them established and environmental problems
solved by the help of re-cycling and careful material selection; the future of
polymer composites lies in making them multi-functional. Lighter, stronger
and durable polymer composites are now receiving more functions as being
conducting, self-healing or stealthy. All these are possible with the
application of nano materials in the form of either additives or coatings with
special manufacturing techniques. Defense applications push the limits of
mulkti-functional polymer composites to the edge to maximize their
utilization in advanced systems.

In this roundup, utilization of polymeric composites in rocket, missile and
ballistic protection applications will be presented together with their future
potential.

13



5™ INTERNATIONAL POLYMERIC COMPOSITES SYMPOSIUM AND WORKSHOPS
V. ULUSLARARASI POLIMERIK KOMPOZITLER SEMPOZYUMU VE CALISTAYLARI

ADVANCED COMPOSITE STRUCTURES: TODAY AND THEIR
FUTURE

Dr. Levend Parnas,
TED University
Abstract

Advanced composites as the materials of our century presents tremendous
number of opportunities in terms of properties and potential for new
developments. The manufacturing world has been undergoing a paradigm
shift these days in terms of materials use mainly driven by the optimum use
of natural resources, especially energy. Lighter materials with higher
performances and encompassing various intrinsic properties have been
replacing conventional materials in a speedier fashion. Aerospace,
automotive, energy are some examples of such intrusion. Their introduction
in places for replacing the conventional ones actually presents prospects
going beyond the efficient use of energy. Advanced composites and
especially polymer based composites among this class of new materials
come with a package of opportunities and challenges. This presentation
presents firstly expectations for and driving factors behind the demand for
these materials. Challenges, and difficulties in terms of materials themselves,
designing with them, manufacturing related issues, testing problems are
some of the topics which are addressed in this presentation. The future
expectations and promising areas of developments are also tackled here. The
anticipations from and associated problems with the association of new
technologies including nanotechnology and electronics into the composite
materials technology is also discussed.
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USE OF NANOTECHNOLOGY IN FIBER REINFORCED
COMPOSITES FOR ENERGY APPLICATIONS
Dr. M.Ozgiir Seydibeyoglu
[zmir Katip Celebi University, Materials Science and Engineering

seydibey@gmail.com

Abstract

The fiber reinforced composites attracts attention for the last 50 years and
with the development of nanotechnology, fiber reinforced composites have
been further improved with superior mechanical properties, thermal
properties, electrical and thermal conduction besides many other functional
properties. We have been working on different fiber composites including
natural fiber, carbon fiber, and basalt fiber. We have been working on
nanoparticles including nanocellulose, graphene, and carbon nanotube to
improve the properties of the fiber composites. We will summarize all the
findings and we will demonstrate potential applications in the energy
industry especially renewable energy providing more environment friendly

solutions.
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3-BOYUTLU DOKUMA KARBON EPOKSIi VE CAM EPOKSI
KOMPOZIT MALZEMELERDE STATIK VE DINAMIK CEKME
DAVRANISININ TESPIiTI

Mehmet Karahan®, Nevin Karahan'
Uludag Universitesi Teknik Bilimler M.y.o. Gériikle-bursa

Ozet

Bu c¢alsmada ti¢ boyutlu kivrimsiz dokuma cam ve karbon-epoksi
kompozitlerin statik ve dinamik ¢ekme yiiklemesi altinda hasar ve yorulma
ozellikleri tespit edilmistir. Her iki numune i¢in de sonsuz yorulma yiik
seviyesi tespit edilmistir. Yorulma yiiklemesi altinda kompozit malzeme
icinde hasarm z-ipliklerinin atki iplikleri ile kesistikleri kisimlarda basladigi
ve buradan yayildigi anlasiimistr. Uc boyutlu dokuma yapida z-iplikleri
iplik katmanlarmi bir arada tuttugu i¢in, klasik iki boyutlu kompozitlerde
meydana gelen delaminasyon hasarlari meydana gelmemistir. Bu durum
kompozit malzeme modiili ve yiik tasima kapasitesinin iki boyutlu klasik
kompozitlere goére daha iistiin ve siirdiiriilebilir oldugunu goéstermektedir.

Anahtar Kelimeler:3-boyutlu dokuma, Yorulma 6mrii, Hasar
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POLIMERIK KOMPOZITLERIN SAVUNMA SANAYil
UYGULAMARINA YONELIK ARASTIRMA ORNEKLERI

Prof. Dr. Metin TANOGLU
Izmir Yiiksek Teknoloji Enstitiisii, Makina Miih. Bokimii 35430, {zmir

metintanoglu@iyte.edu.tr

OZET

Polimer matrisli  kompozitler; ozellikle savunma ve  havacilik
uygulamalarinda, otomotiv, ulasim ve yap1 sektoriinde, gemi ve denizcilik
sistemleri ve platformlari, basta riizgar tirbiinleri olmak iizere enerji
sistemlerinde olmak iizere hemen hemen tiim endiistriyel uygulamalarda
kullanm alan1 bulmaktadr. Bu malzemelerin giderek artan oranda
uygulama bulmasinda en 6nemli faktor hafifligi, yiliksek spesifik mekanik ve
yorulma performansi, korozif ortamlara karsi dayanimlari, darbe ve enerji
absorblama kapasiteleri, fonksiyonel ozellikler gosterebilmeleri, tasarima
yatkmhk ve liretim esnekligi ve ¢esitligi swralanabilir.

Kompozitlerin savunma sanayi uygulamalar1 i¢in: zrhli askeri ve VIP
araglari, personel koruyucu viicut zirhlar1 ve helmetler, denizalt1 aksamlars,
deniz araclari, radar komponetleri v.b. pek ¢ok 6rnek swralanabilmektedir.
Gelecegin savunma uygulamalari i¢in, askeri ve sivil zirhli araglarn ve zirhli
yelek, kask gibi personel viicut koruyucu zirh malzemelerinin agliklarmm
azaltimasma biiyiik ihtiya¢ vardir. Zirh malzemelerinin ge¢misten gelecege
olan gelisim egilimi incelendiginde, ¢elik ve titanyum benzeri konvesiyonel
malzemelerin  yiiksek yogunluklarindan dolayr bulunduklart  zrhl
sistemlerin  manevra kabiliyetini azalttiklar1  gériilecektir.  Gelecek
uygulamalar i¢in, balistik dayanimdan ve Omiirden kaybetmeksizin, zirh
sisteminin agwligini hafifletebilmek icin yeni malzeme ve malzeme
kombinasyonlarma ihtiya¢ vardw. Polimer/seramik esash hibrid sistemler,
aramid ve UHMWPE benzeri malzemeler hafif zirh malzeme gelisiminde
yiiksek potansiyel gdstermektedir.

Blast (patlama) yiikleri kargisinda monolitik metal levhalarm ve son yillarda
kompozit ve hafif malzemelerin davranis1 6nemli arastrma konusu
olmustur. Kompozit sandvig yapilar diisik agrliklari, yiliksek egilme
momenti v.b. 6zellikleri nedeni ile hava ve uzay araclan ile, zirh sistemlerde
uygulamalara sahiptir. Diisiik agirliklar1 ve enerji emebilme 6zelligi gésteren
yeni nesil fiber-metal lamina sistemleri (FML) havacilik, uzay ve savunma
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uygulamalarinda yiiksek kullanim potansiyeline sahiptir Termoset esash
FML’lerin milkkemmel yorulma ve darbe dayammi yaninda daha uzun
stirecler gerektiren proses teknolojileri ve diigiik tabakalar arasi kirilma
toklugu degerleri bir takim dezavantajlar da getirmektedir. Bunlar
kargilamak i¢in termoplastik esash FML’lerde gelistirimistir.

Radar sogurucu kompozitler bir bagka savunma sanayi uygulama 6rnegidir.
Radar sistemleri tarafindan ugak, roket, helikopter, gemi ve tank gibi hava,
deniz ve kara platformlarinm tespitinin engellenebilmesi i¢in platformun
kesiti yada ylizeyi radar sogurucu malzemelerden olusturulabilmektedir.
Ozellikle hava, deniz ve kara platformlarmin radar kesit alanmm (RKA)
azaltilmasmda tiim olas1 radar tarama sistemi tehdidine karsi kullanilacak
radar sogurucu malzemenin ¢ok genis bir frekans bandinda sogurma
yapabilmesi gerekmektedir.

Bu sunumda, kompozit malzemelerinin savunma sanayi ve havacilik
uygulamalarma yonelik olarak ger¢eklestirdigimiz calhgmalara oOrnekler
sunulacaktir.

Cahgmalarmizda, elyaf takviyeli termoset ve termoplastik kompozit yapilar
ve metalik levhalardan olusan FML zrh sistemleri geligtirilmistir. Farkli
yiizey modifikasyon teknikleriyle entegre edilen aluminyum Al ve
polipropilen/cam elyaf kompozit FML sistemleri bu yapilara o6rnektir.
Kompozit sistemlerinin farkli alansal yogunluklarda patlama etkisine karsi
performanslar1 6zel olarak tasarlanan test sistemleri ve patlatma testiyle
Olciilmiistiir. Patlama etkisiyle olusan sok dalgalarma karsi gelistirilen
sandvi¢ sistemlerin yiiksek oranda enerji emebildikleri saptanmistr. Patlama
testleri sonrasi malzemelerde olusan hasar modlar1 incelenmistir. Ilave
olarak, sandvic malzemelerin patlama yiikii altindaki davraniglarmm
anlasilmasi i¢cin simiile edilmis patlama testi yardimi ile quasi-statik sandvig
panel analizi dinamik patlama yiiklemeleriyle iliskilendirilmistir.

Cahgmamizda, hafif zirh malzemesi olarak uygulanabilecek polimer/seramik
hibrid kompozit yapilar gelistirilmis ve bu yapilarin balistik performansi test
edilmistir. Yiiksek yogunluk ve sertlige sahip seramikler, belli bir hiz ve
enerji ile zwrh yiizeyine carpacak tehdidin deforme edilmesi ve
penetrasyonunun en aza indirilmesi gérevini {istlenmistir. Dinamik yilikleme
srasnda, kompozit mikroyapismda olusan ¢esitli mikro kirilma
mekanizmalari ile tehdidin sahip oldugu kinetik enerjinin 6nemli bir kismi
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absorbe edildigi gozlemlenmistir. Personel koruyucu zwh sistemleri i¢cin
aramid ve UHMWPE esash yapilar denenmis ve balistik performansi test
edilmistir.

Kompozit yapilarin laminalar arast kirilma toklugu ve delaminasyon
direncinin artrilabilmesi icin elyaf kumaslar1 ylizeyine elektro-egirme
yontemi ile iirettigimiz nanometrik ¢apa sahip elyaflar kaplanmistir. Nano
elyaflarm mevcut oldugu interleaved kompozitlerin laminalar arasi kirilma
toklugunda Onemli artislarm gergeklestigi gozlemlenmistir.

Radar absorlayan kompozit yapilarm gelistirilmesi i¢in manyetik ve
dielektrik 6zellige sahip sogurucu dolgular elyaf takviyeli kompozit yapilara
entegre edilmistir. Hem yapisal performansa sahip hemde sogurma ozelligi
iceren kompozitlerin sogurma davranigit belli frekans bandi araliginda
incelenmistir.

Bir diger ornekte, kompozit esash basingl hafif kaplar (tank) ve silidirik
tasarlanmasi, optimizasyonu, modellenmesi ve tretiminin
gerceklestirilmesine yonelik cahsmalar siirdiiriilmektedir. Yiiksek basmca
dayanikli kompozit yapmin davranisinin sonlu elemanlar teknigi ile analiz
edilmesi ve stokastik yontemler ile yeni yaklagimlara dayali olarak optimize
edilmesi, filament sarma teknolojileri ve 6zgiin yontemler ile sarilarak bu
yapilarm tretilmesi, gelistirilecek kompozit malzeme i¢cin mekanik, termal,
termo-mekanik ve patlatma, sizdrmazlik, testleri siirdiiriilmektedir.

Anahtar Kelimeler: Kompozit malzemeler, savunma sanayi uygulamalri,
zrrh sistemleri, FML (fiber-metal lamina sistemler), radar absorblayan
malzemeler, sandwich yapilar, basingh kaplar, termoplastik kompozitler
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INVESTIGATION OF THE PROPERTIES OF POLYSTYRENE
NANOCOMPOSITES CONTAINING STYRENE-MALEIC
ANHYDRIDE-MODIFIED HALLOYSITE/SEPIOLITE

STIREN-MALEIK ANHIDRIT ILE MODIFIiYE EDILMIS
HALLOYSIT/SEPIYOLIT iCEREN POLISTIREN
NANOKOMPOZITLERIN OZELLIKLERININ iINCELENMESI

Prof. Dr. Nurseli UYANIK, Refik ARAT

Istanbul Technical University, Faculty of Science and Letter, Department of
Chemistry, 34469 Maslak/Istanbul, uyanik@ itu.edu.tr

Istanbul Kultur University, Faculty of Engineering, Bakirkoy/Istanbul,
r.arat@iku.edu.tr

Aim

In this study, the surfaces of naturally abundant inorganic nanoclays, namely
halloysite nanotubes (HNT) and sepiolite (SEP), were modified with
styrene-maleic anhydride copolymers (SMA) to provide compatibility and to
improve dispersibility of these nanoclays in polystyrene (PS) matrix. Four
commercial SMA having different molecular weights and different
styrene/maleic anhydride molar ratios were used in the surface modification.
Modified nanoclays were first characterized and then nanocomposite
samples containing 5, 10 and 15 wt-% nanoclay were prepared by loading
the nanoclay into PS matrix via a twin-screw microcompounder. Finally, the
structural, thermal, mechanical and morphological properties of the PS
nanocomposites were investigated.

Materials and Method

PS was used as polymeric matrix to prepare the nanocomposites. Natural and
inorganic nanoclays, HNT and SEP, were used as used nanofillers. The
commercial names, molecular weights, and styrene/maleic anhydride molar
ratios of the four surface modifier agents are given in Table 1. p-toluene
sulfonic acid (PTSA) was used as catalyst in the surface modification
reactions.

20


mailto:uyanik@itu.edu.tr
mailto:r.arat@iku.edu.tr

5™ INTERNATIONAL POLYMERIC COMPOSITES SYMPOSIUM AND WORKSHOPS
V. ULUSLARARASI POLIMERIK KOMPOZITLER SEMPOZYUMU VE CALISTAYLARI

Table 1. Commercial names, molecular weights and styrene/maleic
anhydride molar ratios of the four SMAs.

. Molecular weight Styrene/maleic
Commercial name

(g/mol) anhydride molar ratio
SMA-1000 5500 11
SMA-EF40 10500 41
SMA XIRAN SZ26120 120000 2.67:1
SMA XIRAN SZ15170 170000 5331

Surface modification of nanoclays: 5 g of SMA was dissolved in THF
solution via reflux and then 5 g of nanoclay was added to the solution
(weight ratio of nanoclay/SMA is 1:1). PTSA catalyst (about 4 wt-%) was
added to the reaction flask and the reaction was carried out in nitrogen
atmosphere for 24 hours. After the reaction completed, the liquid mixture in
the flask was centrifuged at 10000 rpm for 10 min to separate the modified
nanoclay from the mixture. The modified nanoclay was washed again with
THF to remove unreacted SMA and this was repeated three times. Finally,
the precipitate was transferred to a Petri dish and dried in oven at 60°C
overnight.

PS/Nanoclay composites preparation: PS composites containing 5, 10, and
15 wt-% unmodified and modified nanoclay were prepared by loading the
nanoclay into PS matrix via a twin-screw microcompounder at 120 rpm
rotational speed for 2 min at 200°C.

Discussion

In the first step, the structural and thermal analysis results showed that the
nanoclay surfaces were successfully modified with SMAs. SMA-1000,
having the lowest molecular weight and styrene/maleic anhydride molar
ratio, was observed to be the most effective modifying agent in covering
nanoclay surfaces. The results of morphological and thermal analysis of
composites exhibited that the dispersion of nanoclays were improved and
their thermal stabilities were increased due to surface modification; but no
appreciable change was observed on the mechanical properties of
nanocomposites.

Keywords: Polystyrene, Halloysite nanotubes, Sepiolite, Styrene-maleic
anhydride copolymer, PS/Nanoclay composites.

Acknowledgement: Authors wish to thank to Eczacibasi ESAN for
supplying HNT.
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Amag

Bu ¢ahsmada, dogada bol miktarda bulunan norganik yapidaki halloysit
(HNT) ve sepiyolit (SEP) nanokillerinin yiizeyleri, bu nanokillerin polistiren
(PS) matrisle uyumlu hale gelmesini saglamak ve polimer matris i¢inde
karigabilirligini artrmak amaciyla, stiren-maleik anhidrit kopolimeri (SMA)
ile modifiye edilmistir. Nanokillerin yiizey modifikasyonunda ticari olarak
piyasada satilan, molekiil agrliklar1 ve stiren-maleik anhidrit mol oranlar
birbirinden farkli 4 ¢esit SMA kullaniimistr. Modifiye edilen nanokiller
once karakterize edilmis, sonra da agirlikca %5, 10 ve 15 oranlarmda PS
matrise katilarak ¢ift vidali ekstriiderde nanokompozit iretiminde
kullaniimistir. Hazirlanan PS nanokompozitlerin yapisal, termal, mekanik ve
morfolojik ozellikleri incelenmistir.

Malzemeler ve Yontem

Nanokompozitin elde edilisinde polimerik matris olarak polistiren
kullaniimistir. Dogal, inorganik yapili ve hidrofilik 6zellikteki halloysit
nanotiip (HNT) ve sepiyolit (SEP) mnanokilleri, nanodolgu olarak
kullanilmistr. Yiizey modifikasyonunda kullanilan dort farklih SMA’nm
ticari adlar1, molekiil agrliklar: ve stiren/maleik anhidrit mol oranlar1 Tablo
I’de verilmistir. Yiizey modifikasyon reaksiyonunda katalizér olarak p-
toluen siilfonik asit (PTSA) kullanimistir.

Tablo 1. Modifikasyonda kullanilan SMA’larm ticari adlari, molekiil
agrrhiklar ve stiren/maleik anhidrit mol oranlari.

Ticari adi Molekiil agirhg (g/mol) irtlllrﬁcrl]l{i??nlsikoram
SMA-1000 5500 11

SMA-EF40 10500 41

SMA XIRAN SZ26120 120000 2.67:1

SMA XIRAN S§Z15170 170000 5.33:1

Nanokillerin yiizey modifikasyonu. 5 g SMA THF i¢inde refliikks edilerek
¢oziindii ve ¢ozeltiye 5 g nanokil (Nanokil/SMA agrlik orani 1:1) katild
Reaksiyon, kaba reaktiflerin toplam agrligmm %4’ kadar PTSA katalizorii
katilarak azot atmosferinde 24 saat boyunca siirdiiriildii. Bu siire sonunda
reaksiyon tamamlandi ve karisim, modifiye edilmis nanokili aymrmak i¢in
10000 rpm hizda, 10 dak siireyle santrifiijlendi. Cokelti, reaksiyona
girmemis SMA nin uzaklastiriimasi i¢in iic kez daha THF ile yikandi Petri
kabma alnan ¢okelti 60°C etiivde bir gece bekletilerek kurutuldu.
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PS/Nanokil kompozit iiretimi. Agrlkca %S5, %10 ve %15 oranlarmda
modifiye ve saf nanokil iceren PS kompozitler, ¢ift vidali ekstriiderde
200°C’de 2 dak siireyle 120 rpm hizda karistirilarak hazirland.

Tartisma

Ik basamak yiizey modifikasyonu icin yapilan yapisal ve termal analiz
sonuglari, nanokillerin farkli SMA 6rnekleriyle basarili bir sekilde modifiye
edildigini gostermistir. Molekiil agrhgi ve stiren/maleik anhidrit orani en
diisiik olan SMA-1000, nanokil yiizeye en yiiksek oranda baglanan modifiye
ajan1 olmustur. Nanokompozit iiretiminde ise yapilan morfolojik ve termal
analizler, modifikasyon sayesinde nanokillerin PS matriste dagilimlarmm
tyilestigini ve nanokompozitlerin termal kararhligmimn arttigmi gostermistir.
PS nanokompozitlerin mekanik 6zelliklerinde ise belirgin bir degisim
gozlenmemistir.

Anahtar kelimeler: Polistiren, Halloysit nanotiip, Sepiyolit, Stiren-maleik
anhidrit kopolimeri, PS/Nanokil kompozitler.

Tesekkiir: Calismada HNT nanokilini temin eden Eczacibasi ESAN’a
tesekkiir ederiz.
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CONDUCTIVE POLYMERS AT ORGANIC PHOTO-
ELECTRONICS: OPV, OLED, OFET

Prof. Dr. Siddik iCLi

EGE UNIVERSITESI

Organic Photo-Electronic technologies of OPV (Organic Photo Voltaic),
OLED (Organic LED lamp) and OFET (Organic Field Effect Transistor) are
now the basis of novel advances at colored mobile phones, colored
televisions-TVs.

Basic mechanism of OPV is the conversion of light emission into electricity.
OLED works in a reverse mechanism, creates light with a minimal electrical
current, also OFET acts as an effective transistor even under micro-currents.
Initial OPV-OLED-OFET were based on monomer conductive molecules.
But now conductive polymers of poly ethylene and derivative type
molecules are preferred for stability and wide range of applkication
advantages. In reality, these novel technology is an opening to simulation of
organic life miracle on our Earth, which is based on Photosynthesis. All
living species, that contain polymeric skins (including human beings),
become conductive matters under solar irradiation. As a result application of
poly ethylene and similar conductive polymers are now serious tools on
novel advances of electronic tools.

24



5™ INTERNATIONAL POLYMERIC COMPOSITES SYMPOSIUM AND WORKSHOPS
V. ULUSLARARASI POLIMERIK KOMPOZITLER SEMPOZYUMU VE CALISTAYLARI

DEVELOPMENT OF HYDROXYL TERMINATED POLYETHER
BASED COMPOSITE ROCKET PROPELLANT FOR INSENSITIVE
MUNITION APPLICATIONS AND ITS CHARACTERIZATION

DUYARSIZ MUHIMMAT UYGULAMALARI ICIN HIDROKSI
SONLU POLIETER BAZLI KOMPOZIT ROKET YAKITI
GELISTIRILMESI VE KARAKTERIZASYONU

Haci ESIYOK®, Prof. Dr. Ukii YILMAZER®

@ Roketsan A.S., Yakit ve Patlayic1 Teknolojileri Miudiirkigi, 06780,
Ankara, hesiyok@roketsan.com.tr

® ODTU, Kimya Miih. Bol, 06800, Ankara, yilmazer@ metu.edu.tr

Abstract

The aim of the present study is the development of a new generation
hydroxyl terminated polyether (HTPE) based composite rocket propellant
and its characterization in terms of mechanical, ballistic and thermal
properties. HTPE binders are developed and used in certain composite
rocket propellant formulations as less sensitive alternatives to hydroxyl
terminated polybutadiene (HTPB) which is the most common polymer used
in propellant formulations. It is claimed that HTPE propellants give a less
severe response than HTPB propellants in Insensitive Munition (IM) tests. In
the first part of this study, HTPE based networks were synthesized to
investigate the structure-property relationships in segmented polyurethane
structures. They were prepared by hand mixing and applying vacuum for
degassing of the resulting mixtures. After curing at constant temperature, the
mixtures were characterized in terms of mechanical (Uniaxial tensile test,
hardness test), structural (Swelling test, X-ray diffraction) and thermal
(Differential scanning calorimeter (DSC), thermal gravimetric analysis
(TGA), vacuum stability) properties. In the second part, the propellant
samples were prepared by incorporating energetic components such as
oxidizer, energetic plasticizer, burning rate catalyst to HTPE based
elastomers in a 1-pint size vertical mixer. Ballistic characterization of
propellant samples were made by strand burner tests. They were also
characterized by DSC, TGA, and vacuum stability tester for thermal
properties. The third part of this study was focused on the manufacturing and
characterization of the candidate HTPE based propellant in larger scale. It
was characterized again in terms of the mechanical, ballistic and thermal
properties. Results showed that the propellant that was developed has good
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mechanical and ballistic properties with well characterized thermal
properties. These features indicate that it can be a good alternative for
tactical missile systems, which are especially used in naval platforms.

Keywords: HTPE, composite rocket propellant, insensitive munition,
propellant characterization

Ozet

Bu ¢ahgmanin amaci, yeni nesil hidroksi sonlu polieter (HTPE) bazh
kompozit roket yakit1 gelistirilmesi ve mekanik, balistik ve termal 6zellikler
acisindan karakterizasyonudur. HTPE baglayict malzemesi, hidroksi sonlu
polibiitadien (HTPB) baglayicisina gore daha az duyarl bir alternatif olarak
gelistirilmis  olup belli kompozit roket yakit formiilasyonlarnda
kullanilmaktadir. Duyarsiz mithimmat testlerinde, HTPE yakitlarmin, HTP B
yakitlarma oranla daha az hassasiyette sonuclar verdigi iddia edilmektedir.
Cahgmanm ilk asamasmda, HTPE bazh ags1 yapilar sentezlendi ve pargah
poliliretan yapilarda yapr-Ozellik iligkileri arastirildi. Ags1 yapilar el
karigmmlariyla hazirland1 ve vakum uygulayarak son karigimlar elde edildi.
Sabit sicaklikta olgunlasmadan sonra, mekanik (tek eksenli ¢ekme testi,
sertlik testi), yapisal (sisme testi, X-13mi1 sagilimi) ve termal (DSC, TGA,
vakum kararlilik) 6zellikleri agismdan karakterize edildi. Ikinci asamada,
yakit numuneleri, oksitleyici, enerjik plastiklestirici, yanma hiz1 katalizorii,
gibi enerjik bilesenlerin HTPE bazli elastomer yapilara 1-pint Slceginde
dikey karstiricida eklenmesiyle hazrrlandi Yakit numunelerinin balistik
karakterizasyonu telli briilor testi ile yapildi Termal 6zellikleri DSC, TGA
ve vakum kararlilik testleriyle karakterize edildi Calismanm {icilincii
asamasi, biiylik dlcekte HTPE bazli aday bir yakit formiilasyonunun iiretim
ve karakterizasyonu {izerine yogunlasti. Yakitm mekanik, balistik ve termal
Ozellikleri karakterize edildi. Sonuglar gelistirilen yakitm iyi termal,
mekanik ve balistik 6zelliklerde oldugunu gosterdi. Bu 6zellikler, HTPE
bazli yakitin 6zellikle deniz platformlarnda kullanilan taktik fiize sistemleri
i¢in 1yi bir alternatif oldugunu gostermektedir.

Anahtar Sozciikler: HTPE, kompozit roket yakiti, duyarsiz mithimmat,
yakit karakterizasyonu
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ADVANCE MATERIALS IN AEROSPACE & DEFENCE
INDUSTRIES AND ITS APPLICATIONS

HAVACILIK VE SAVUNMA SANAYINDE iLERi MALZEMELER
VE UYGULAMALARI

Yalcin Yilmazkaya
Senior Consultant - Kale Group Companies
Secretary General - ACA

Abstract

Advance materials including Polymeric Composites with their important
characteristics such as their ultra high strength, resistance to very high
temperatures as well as being lightweight structures are key elements that
will change the future of defense and aerospace industries.

Global competition in Aerospace and Defense industries forces countries to
foster Research & Development (R&D) in developing future advanced
materials using new technologies, inspiration by the nature (biomimicry) as
well as advance manufacturing techniques for their rapid industrialization.

In recent years, major aircraft manufacturers like Boeing (B-787) and Airbus
(A350 XWB) are keen on using advance composites and they are good
examples of how this inspirational blend of science and nature in composites
represent another significant evolution to conceive and manufacture the
future platforms. The combination of these advantages result in lower
operating costs, fuel burn and C02 emissions when compared with previous
generation aircraft. Other prominent manufacturers are also following the
same route.

In our analysis, global trends in aerospace and defense industries utilizing
composite materials will be presented as well as market information will be
shared with the audience.

In addition, some of the usage of new advance materials and composites will
be discussed. A best practice in Applied University, Advance Research
Center and Industry cooperation challenge in Germany will also be
presented.
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POLYURETHANE-UREA/SILICA NANOCOMPOSITES:
DYNAMICS, INTERFACES AND STRUCTURE-PROPERTY
BEHAVIOR

Oguzhan Oguz*® and Yusuf Z. Menceloglu**”

*Faculty of Engineering and Natural Sciences, Materials Science and Nano
Engineering, Sabanci University, 34956, Orhanli, Tuzla, Istanbul, Turkey
®Sabanci University Integrated Manufacturing Technologies Research and
Application Center & Composite Technologies Center of Excellence,
Teknopark Istanbul, 34906 Pendik, Istanbul, Turkey
*Corresponding Author: yusufm@sabanciuniv.edu

Abstract

Poly(ethylene oxide) (PEO) based polyurethaneurea-silica nanocomposites
were prepared by solution blending and characterized by Infrared
Spectroscopy (FTIR), Scanning Electron Microscopy (SEM), Small/Wide—
Angle X-ray Scattering (SAXS/WAXS), Differential Scanning Calorimetry
(DSC), Dielectric Relaxation Spectroscopy (DRS) and tensile testing. The
colloidal silica nanoparticles with an average size of 50 nm were synthesized
by modified Stéber method in isopropanol. Silica particles were incorporated
into three cycloaliphatic polyurethaneurea copolymers (PUs) based on PEO
oligomers with molecular weights of 2000, 4600 and 8000 g/mol. Hard
segment content of PUs was constant at 30% by weight. Silica content of the
PU nanocomposites varied between 1 to 20% by weight. Molecular
dynamics in the rigid amorphous fraction (RAF) of the polymer bound at the
interfaces with nanoparticles in polymer nanocomposites were examined. To
achieve, the ‘3-phase-model’ for semi-crystalline polymers, where the
polymer matrix consists of the crystalline fraction (CF), the mobile
amorphous fraction (MAF) and the RAF, was followed. While the
amorphous polymer bound by crystallites is completely rigid, neither
contributing to the glass transition, nor displaying molecular dynamics, the
amorphous polymer bound at the interfaces with filler displays decelerated
dynamics, as compared to the bulk polymer. The dynamic glass transition of
the RAF in PU-silica nanocomposites was also demonstrated. Results mainly
suggest a plausible explanation for the discrepancy between Tg values
obtained by DSC and DRS in the literature. It is demonstrated that, in Tg
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values, DRS takes the bound polymer into account, whereas DSC does not.
In addition, key parameters like filler distribution, interactions, interfaces,
and their effects on the mechanical properties of the final materials were also
investigated. Briefly, elastic modulus and tensile strengths of PU copolymers
gradually increased with increasing amount of the silica filler. Elongation at
break values gradually decreased in PEO-2000 based PU copolymer with
increasing silica content, whereas no notable change was observed in PUs
based on PEO-4600 and PEO-8000. Enhancement in tensile properties of
the materials was mainly attributed to the homogeneous distribution of silica
filler in polymer matrices and strong polymer—filler interactions.
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DEFENSE INDUSTRY
SAVUNMA SANAYI
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DEVELOPING NEW LIGHTWEIGHTED PLASTIC AND STEEL
ALLOY (HYBRID) TOW HOOK FOR AN AUTOMOBILE

BIR OTOMOBIL iCiN GELISTIiRILEN HAFIFLETILMIS
PLASTIK-CELIK ALASIMLI (HiBRIiT) CEKI KANCASI

Alican KILICASLAN, Ayca KUCUKOGLU, ismail ARSLAN
Tiirk Otomobil Fabrikas: A.S, ARGE, Istanbul Cad. No: 574 16369/Bursa
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ismail.arslan@tofas.com.tr

Abstract

In our fast-paced-world, especially for our current decade, automobile
producers have already turned their faces to new materials and production
solutions because of environmental and ecological irregularities and forces.
To take under control of fuel consumptions and carbon emissions, it
becomes necessary to produce more light weighted and environmentalist
automobile. On the other hand, it requires without structural, security and
comfort lack to respond customers ‘wishes. With this approach, a typical
steel alloy tow hook is converted to hybrid; these are glass fiber reinforced
thermoplastic and steel alloy. Because of that; aiming to reduce weight of
component on a large scale.

In this study, an automobile still on production line, has been selected.
Without any structural or geometrical modifications on automobile body,
chassis or trim parts. Hybrid (steel allow and glass fiber reinforced
thermoplastic) tow hook is re-designed and light weighted according to
sustain of structural stiffness, durability, geometrical and vehicle
homologations. New required design volumes are generated by topology
optimization to reach stiffness constraints as same as totally steel alloy tow
hook. After re-design work, hybrid tow hook is analyzed under specified
loads and boundary conditions using Finite Element Method. In spite of
weight reduction and material changing, it is clearly seen that structural
requirements still keep their performance if it compares to steel alloy tow
hook.

Keywords: Tow Hook, Thermoplastics, Glass Fiber, Composite
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Ozet

Hizla geligen diinyamizda, 6zellikle son on yilda otomobil {ireticileri ¢evre
ve ekolojik diizensizlikler ve baskilar sebebiyle yeni malzeme ve iiretim
metotlarma yonelmiglerdir. Yakit tiiketimi ve karbon emisyon gazi
sahnmmini1 kontrol altina almak i¢in, daha hafif ve ¢evreci araglarin iiretmek
gerekli hale gelmistir. Diger agidan, yapisal, giivenlik ve konfor kaybi
olmadan, miisterilerin beklentilerinin karsilanmasi1 gerekmektedir. Bu
yaklagmla, bir tipik ¢elik alagim malzemeden ¢eki kancasi, hibrit malzeme
kullanimi ile cam elyaf takviyeli termoplastik ve celik alasim olacak sekilde
doniistiiriimiistiir. Bu sebeple, iiriin agirhg1 azaltilmas1 amaglanmstir.

Bu c¢ahsmada, halihazirda iiretim hattmda olan bir otomobil segilmistir.
Govde, sasi ve ya trim parcalarmda herhangi bir yapisal ve geometrik
degisiklik yapmadan, yapisal dayanim, omiir, geometrik ve homologasyon
gereklilikleri saglanacak sekilde hibrit ¢eki kancasi yeniden tasarlanmis,
agrhg1 azaltimistr. Gerekli tasarim hacimleri topoloji optimizasyonu ile
tamamen celik alasim ceki kancasma ait direngenlik kisitlamalarima gére
belirlenmistir. Yeniden modelleme c¢alismasi sonrasi hibrit ¢eki kancasi
Sonlu Elemanlar Metodu kullanilarak gerekli yiik ve smir kosullar1 altmda
analiz edilmigtir. Agrlik azaltimi ve malzeme degisikligi ¢ahgmasina
ragmen, ¢elik alagim ¢eki kancasiile benzer performansi géstermektedir.

Anahtar Kelimeler: CekiKancasi, Termoplastik, Cam Elyafi, Kompozit
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STACKING SEQUENCES DESIGN OF COMPOSITE HYDROGEN
STORAGE TANKS USING OPTIMIZATION ALGORITHMS

KOMPOZIT HIDROJEN DEPOLAMA TANKLARINDA ACI
DIZILIMLERININ OPTIiMiZASYON ALGORITMALARI
KULLANILARAK TASARLANMASI
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Keywords: pressurized gas storage tanks, optimum design, first-ply failure
theory, classical lamination theory

Aim ofthe Study

Pressurized gas storage tanks are used in certain industries which require to
store more gas (i.e. hydrogen) in a tank. Recently, hydrogen has been a type
of fuel for electrical vehicles (i.e. fuel cell vehicles). In mobile applications,
defense and aero-space industry, composite storage tanks; Type Il (metal
liner), Type IV (polymer liner) and Type V (without liner), having higher
strength and lightweight have been preferred to store hydrogen.

Type 111 storage tanks are built by composites as the main reinforcement part
and inner metal liner which is called mold of the tank. Type Il pressured
storage tanks can be designed to have desired mechanical performance and
lightweight similar to Type IV and Type V but with lower cost and ease of
manufacturing.

Recently, Type 111 storage tanks have been studied by some researchers. The
main objectives for these studies are generally increasing the overall
stiffness to provide higher failure pressures while decreasing the required
weight of the storage tank without decreasing its strength.

In this study, maximization of burst pressure of a cylindrical Type 111 storage
tank is aimed. In this regard, the present study has been organized to obtain
optimum stacking sequences of the tank by optimization algorithms for
maximum burst pressure considering first ply failure as constraint. Classical
lamination theory (CLT) is used to generate the objective function necessary
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for optimization. Results obtained by optimization algorithms have been
compared in the aspect of mechanical performance and CPU time.

Material Selection and Methodology

Aluminum liner (6 series T6 heat treated) and laminated carbon fiber/epoxy
composite have been selected as materials of Type 11 storage tank designs in
the present study. The liner is assumed to be isotropic and homogeneous; the
carbon /epoxy composite are considered as transversely isotropic.

Three cylindrical Type Il storage tank designs with different number of
layers have been studied. In composite designs, direct search method;
Nelder-Mead (NM) and stochastic optimization method; Differential
Evolution (DE) have been used. In order to predict the damage evolution and
burst pressure of the tank, Tsai-Wu, Tsai-Hill, Maximum Stress and Hashin
failure theories have been used.

Results and Discussion

In this study, the optimum stacking sequences of composite part giving
maximum burst pressure have been investigated.

Comparison of the different type of storage tanks has showed that the
maximum burst pressure of Type Il storage tank obtained by Tsai-Wu
failure criterion has been increased by 20%, 15% and 12% in 8-layered, 12-
layered and 16-layered designs, respectively compared to composite tank
without liner (Type V).

Differential Evolution and Nelder Mead algorithm are used in design and
optimization of Type Il tanks. A comparison study is also performed with
selected designs. The results indicate that optimal fiber angle orientations
obtained by using Differential Evolution have provided higher burst
pressures compared to Nelder Mead, however requires more CPU time.

ACKNOWLEDGEMENT
This study was prepared within the scope of TUBITAK PROJECT 215M182

Anahtar Kelimeler: kompozit basingli gaz depolama tanklari, optimum
dizayn, ilk tabaka hasar teorisi, klasik laminasyon teorisi

Cahis manin Amaci

Basm¢h gaz depolama tanklari hidrojen gibi gazlarm tasmmasi ve
kullanilmas1 esnasinda tercih edilmektedir. Mobil uygulamalarda (hidrojen
yakit hiicresi ile cahsan araglar ve otobiisler), hava-uzay ve savunma
sanayiinde, mukavemet ve hafifligi birlikte sunan Tip III (metal i¢ gémlek),
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Tip IV (polimer i¢ gomlek) ve Tip V (i¢ gomleksiz) kompozit depolama
tanklar1 tercih edilmektedir.

Tip III basinglt hidrojen depolama tanklari, temel takviye bolimii olarak
kompozit ve tank kalibmi olugturan metal i¢ gémlekten meydana gelir. Tip
III depolama tanklari, yiiksek mukavemet ve hafiflige sahip olarak
tasarlanabilirken, diger kompozit depolama tank tiplerine gére daha diisiik
maliyet ve liretim kolayhg1 ile iiretilebilmektedir.

Literatiire bakildiginda, Tip III depolama tanklari, bazi arastrmacilar
tarafindan hem teorik hem de deneysel yontemlerle, agirlik azaltma ve
patlama basmcmi arttrma yoniinden incelendigi goriilmektedir.

Bu c¢ahsmada, oncelikle, gelistirilen bilgisayar kodu literatiirden
faydalanarak dogrulanmistrr. Akabinde, Tip III ve Tip V depolama tanklar
mekanik  performans ve agrlklar1  yoniinden karsilagtrilmistir.
Optimizasyon bolimiinde, optimizasyon algoritmalar1 kullanilarak silindirik
Tip IIT depolama tank dizaynlarmin optimum ag¢1 oryantasyonu bulunmustur.
Optimizasyon algoritmalari, elde edilen sonuglara bakilarak, optimal
dizaynlarm sundugu mekanik performanslar ve sonu¢ verme hizlar
bakimindan karsilastirimistir.

Malzeme Secimi ve Metodoloji

Yapilan calymada Tip III depolama tanklarmin malzemesi olarak,
aliminyum ic gdmlek (6 serisi T6 1s1l iglemden gegmis) ve karbon
fiber/epoksi kompozit se¢ilmistir. i¢ gémlegin izotropik ve homojen oldugu,
karbon/epoksi kompozitin ¢aprazizotropik oldugu kabul edimektedir.
Cahgmada, farkli sayida tabaka iceren ii¢ adet silindirik Tip III depolama
tanki tasarmi incelenmistir. Kompozit depolama tank dizaynlari, direkt
arama metodu; Nelder-Mead (NM) ve stokastik optimizasyon methodu;
Diferansiyel Evrim (DE), kullanilarak yapilmistwr. Hasar ilerlemesi ve
patlama basmglarmim tespiti i¢in Tsai-Wu, Tsai-Hill, Maksimum Stres ve
Hashin kiriima  kriterleri kullanimistir.

Sonuclar ve Irdelemeler

Bu calismada, silindirik Tip III kompozit depolama tanki i¢in maksimum
patlama basmcmi saglayan optimum ag¢1 dizilimleri arastrilmistir.
Optimizasyon oOncesinde, Tip III ve Tip V depolama tanklarmmn
kargilastrma sonuglarma bakilarak, Tsai-Wu kirilma kriterine gore 8, 12 ve
16 tabakalh Tip IIl tank dizaynlarma ait patlatma basmglar, Tip V
tiirevlerine gore swrastyla %20, %15 ve %12 daha fazla olmustur.
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Tip II depolama tanklarmin dizayn ve optimizasyonu i¢cin Diferansiyel
Evrim ve Nelder Mead algoritmalart kullanilmstir. Elde edilen optimal
tasarmlar i¢in karsilagtrma yapilmistir. Bu sonug larin gosterdigine gore DE
ile elde edilen optimum tasarmmlarm NM ile elde edilen optimum dizaynlara
gore daha yiiksek patlatma basinci sagladigi goriilmiistiir. Fakat, DE ile elde
edilen tasarmlar daha fazla bilgisayar islem siiresi gerektirmistir.

TESEKKUR
Bu ¢alisma 215M182 No'lu TUBITAK PROJESI kapsammnda hazrlanmustir.
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DEVELOPMENT of COMPOSITE ARMOR PLATES by
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ABSTRACT

Nowadays development of the defense systems have become more
prominent due to the public security requirements and increasing security
threats. At this point, innovative approaches are needed to significantly
reduce the weight of the armor systems and thus improve the mobility and
transportability of these systems while obtaining efficient strength,
reasonable cost and ease of mass production. The recent studies which were
conducted for this purpose reveal that composite and composite/ceramic
based systems seem to be more effective compared to the conventional
armor systems due to the parameters like weight reduction, lower cost etc..
Because of their promise of meeting these requirements, the eyes of the
defense world have begun to focus on the development of composite
material systems.

The aim of this study is to develop the aforementioned features of the
composite systems for both military and civil defense industrial uses and to
present it primarily to the service of Turkish Defense Industry with domestic
production. Developed materials can be used in militray and civilian area
armored vehicles like military personnel carriers, money transportation for
banks, armored civilian vehicles, tanks, he licopters, war ships..etc. They also
can be evaluated in the production of human life protection systems like,
personnel protection (armored vests and barriers) and military and civilian
facilities (guard cabins, police stations, airport platforms, etc. ) to reduce the
casualties.

For these reasons, the pultrusion process has been used in our study because
of its efficiency in producing composite materials as a mass. Pultrusion is a
continuous process which allows the production of constant cross sectional
structures having tailored material properties and therefore enables the high
quality mass production.
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Composite panels consisting of multiaxial glass fabric, Polyurethane (PUR)
or Unsaturated Polyester (UP) systems produced in 10-15-20 mm
thicknesses are obtained by pultrusion process. Ballistic tests were carried
out according to Vs, (FSP, fragment simulating projectile) and National
Institute of Justice (NIJ) standards and the effects of plate thickness on
ballistic performance of composites were investigated. Additionally,
Ballistic protective level of multiaxial E-Glass fabric/Alumina (AlOs)
ceramic hybrid composite system were measured. Also, the flexural bending
strength analysis and energy damping values of the 10 mm thick Unsaturated
Polyester and Polyurethane based panels by Izod method were determined.

According to the obtained measurements, Vs, test results of unsaturated
polyester based panels having 10-15-20 mm thicknesses against FSP threats
were measured as 564.6, 971.8 and >1009 m/s. Vsovalue of Polyurethane
based panel were detected as 566.8 m/s against FSP threat. It has also been
determined that unsaturated polyester based panels have NIJ II-NIJ 1A
levels of ballistic protection with a partial penetration. Hybrid composite
system containing Alumina ceramics was observed to provide protection at
NIJ 1l level. The flexural bending strengths, flexural modulus and
compression strengths of 10 mm UP and PUR panels were measured as
326.9 MPa, 18.27 GPa, 251.65 MPa and 517.30 MPa, 17.50 GPa, 316.40
MPa; respectively. Also, their energy absorbing values were measured for
these UP and PUR systems as 202.76 kj/m? and 337.56 kj/m®. Polyurethane
based system has superior mechanical properties than polyester ones owing
to the more stiff nature of the resin.
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OZET

Giinlimiizde giderek artan giivenlik tehditlerine kars1 savunma sistemlerinin
ve dolayis1 ile kompozit zirh sistemlerinin gelistirilmesi 6nem kazanmigtir.
Bu amagla son yillarda yapilan ¢alismalarda, kompozit ve kompozit/seramik
esash sistemlerin agirlik azaltimi, diigiik maliyet v.b. unsurlarmdan dolay1
savunma sanayisinin duydugu ihtiyacglar1 karsilamada geleneksel zrh
sistemlerine gére daha etkili oldugu goriilmektedir. Bu ¢alismanm amaci da,
kompozit sistemlerin bahsedilen Ozelliklerinin gerek askeri gerek sivil
savunma sanayii kullanimlar i¢in etkin bir sekilde gelistirilmesi ve yerli
iretim ile Oncelikli olarak Tirk Savunma Sanayisi’'nin hizmetine
sunulmasidir.
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Bu sebeple yiiriittiigiimiiz caligmada, seri olarak kompozit malzeme iiretimi
gerceklestirmekte etkinliginden dolay1 pultriizyon prosesi kullanilmistir. 10-
15-20 mm kalnliklarda {iretilmis multiaksiyel cam kumas, Politiretan (PUR)
ve doymamig polyester (DP) sistemlerinden olusan kompozit paneller
pultriizyon prosesi ile elde edilmistir. Vs (FSP, fragment simulating
projectile) ve National Institute of Justice (NIJ) standardma gore balistik
testler gerceklestirilmis, levha kalmhigmm kompozitlerin  balistik
performansma etkileri incelenmistir. {lave olarak, multiaksiyel E-cam kumas
/Alumina seramik hibrit kompozit sisteminin balistik dayanimi 6l¢iilm{istiir.
Ayrica, 10 mm kalinliktaki doymamis polyester ve poliiiretan igerikli
levhalarin egilme mukavemet analizleri ile enerji soniimleme degerleri [zod
yontemi ile belirlenmistir.

Elde edilen sonuglara gore, doymamis polyester igerikli 10-15-20 mm
levhalarin FSP tehdidi karsismda Vs test sonuglary, 564.6, 971.8 ve >1009
m/s olarak Olcllmiistiir. Poliiiretan ile tretilen levhanin FSP tehdidi
karsisinda ise 566.8 m/s limitinde Vs, degeri gostermistir. Yine Doymamis
Polyester igerikli levhalarin NI1J II-NIJ IIIA seviyesinde balistik dayamima
sahip oldugu, panellerde kismi penetrasyon gerceklestigi Olciilmiistir.
Alumina seramik iceren hibrit kompozit sisteminin ise NIJ III seviyesinde
koruma sagladig1 gozlemlenmistir. 10 mm kalinliktaki levhalarm egilme
mukavemeti, egilme modiili ve basma mukavemeti doymamis polyester
levha i¢cin swrasiyla 326.9 MPa, 18.27 GPa, 251.65 MPa, poliliretan levha
icin ise 517.30 MPa, 17.50 GPa, 316.40 MPa olarak belirlenmistir. DP ve
PUR kompozitlerin 1zod enerji absorblama degerleri ise yine sirasiyla
202.76 kj/m’ ve 337.56 kj/m® olarak Slgiilmiistiir.

TESEKKUR

TUBITAK’a TEYDEB 1507 Progranmu altmda 7160896 no’lu proje
kapsammnda verdigi destekten dolay1 tesekkiir ederiz.
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FILAMENTS SPUN FROM THERMOTROPIC POLYESTERS
TERMOTROPIK POLYESTERLERDEN CEKILEN FILAMENTLER
A. Bedii Erdemir
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Mutlukent, 1920. Cad, Beykoy Sitesi, Temmuz Sk, no 4/31, Cankaya, 06810
Ankara.
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Abstract

Use of strong and stiff reinforcement elements that are chemically and
thermally stable, unaffected by water, uv radiation, etc. at correct geometry
with suitable binders are major key factors for the formation of successful
composites. These prerequisites are met to varying degees by synthetic
filaments like aromatic polyamides (Aramids) and carbon fibres which are
reffered to as high strength and high modulus (HSHM) filaments.

Success of aramids is a direct result of high molecular anisotropy along the
fibre axis easily achieved by their lyotropic liquid crystalline behaviour.
Nearly all of the molecules in the filament crossection are load bearing
elements. Carbon fibres also owe their success to their molecular structure
which consists of axially oriented turbo stratified layers of graphite sheets
held by Van Der Waal forces. Another form consists of axial micro tubes
configured by graphite like organisation on tubular surfaces along the fibre
axis. Either route gives tremendous rise to its tensile properties.

However, these HSHM fibres gets destroyed when bent around small radii.
It limits their utilisation to stiff composite articles. Carbon fibres additionally
suffer from premature rupture when subjected to even small torsional
deformations.

Rubber matrix reinforcement that may be needed in a variety of demanding
applications is not possible with these otherwise very highly sucessful
materials. The task is currently met by conventional flexible filaments with
aliphatic origin. Aliphatic molecular morphology permits only few load
bearing chains across the fibre axis due to whic they are mechanically poor
performers They also suffer from high degree of shrinkage at elevated
service temperatures. There exists a need to a high performing flexible
filament that will not rupture when flexed or torsioned or shrink at service
temperatures. Aramids are not very dependable if used in wet environments,
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composites reinforced by them needs to be protected against effects of water
and humidity.

Aromatic polyesters are themotropic liquid crystalline counterparts of
aramids. They are synthesized and converted to filaments with relative ease
and are naturally impervious to wet conditions which increased the interest
in them. However, it turned out that they also suffer from premature rupture
when flexed as well as being comparatively somewhat poor tensile
performers.  Further more, heat treatment needed to improve their
mechanical performance is too long to permit commercial production easily.

Thermotropic homo-polyesters due to their planar rigid rod like molecular
geometry crystallise into near perfect crystallites that melt at temperatures
well above their thermal stability limit. To rendrer them processable
molecular regularity is disrupted by the intoduction of various molecular
forms at random. Consequently the crystallite perfection and hence the
melting temperature is lowered for processability. However, the mechanical
performance is also lowered!

To solve the problems assciated with HSHM filaments new macromolecule
design philosophies and new process aproaches are needed.

One approach envisaged may open the gate to processing thermotropic
polyesters into filaments with flawless molecular orientation oblivating the
need for lengthly heat treatment while another approach may allow a flexible
filament to be produced in exchange for some acceptable loss in mechanical
performance.

Some pioneering studies showed that thermotropic random co-polyesters
lend themse Ives to processing manupulations leading to selective formation
of liquid and/or solid domains with interesting properties that may open new
processing horizons. Polymer alloys, insitu composites, pico fillers and
novel processing techniques may be explored for further improvements.

Ozet: Kimyasal ve termal kararhlig: yiiksek, saglam ve sert giiclendirme
elemanlarmin dogru geometride uygun baglayicilar ile birlestiriimeleri
basarili timlesik yapilar icin esas anahtar unsurlardir. Bu 6n sartlar, yiiksek
kopma kuvveti ve yiksek elastik modil (YKKYEM) ozelliklerine atif
yapilan aromatik poliamid (Aramids) ve karbon lifleri tarafindan belirli
Olciilerde karsilanabilmektedir.

Aramidlerin bagarisi liyotropik sivi kristal 6zellikleri sayesinde kolayca
olusan lif uzun ekseni dogrultusunda yiiksek molekiiler yonlenmelerinin
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sonucudur. Lif kesitinde bulunan neredeyse tiim molekiiller yiik tasilar.
Karbon lifleri de basarilarmi lif ekseni yoniinde karigik katmanlar seklinde
organize olmus Van Der Waal kuvvetleri ile bir arada tutulan grafit
yiizeylere bor¢ludurlar. Bir baska karbon lif yapisi, grafit benzeri yiizeyi
olan mikro tiiplerin lif uzun ekseni boyunda yonlenmesi seklindedir. Her iki
yapt karbon liflerinin tansiyon altinda mekanik 6zelliklerinin ¢ok yiiksek
diizeyde olusmasm saglamaktadir.

Bunlarla beraber YKKYEM lifler kiigiik ¢cap etrafina sarildiklarnda tahrip
olduklar1 i¢in esneklik gerektirmeyen tiimlesik yapilarm gii¢lendirilmesinde
kullanilabilmektedirler. Ayrica, karbon liflerinin burulma dayanimi yoktur
ve Aramidler de nemli kosullarda giivenilir degillerdir, gii¢lendirdikleri
tiimlesik yapilarm nem etkilerinden korunmalar1 gerekir. Kauguk matriksli
timlesik  yapilarm  esneklik ve yiksek mukavemet gerektiren
uygulamalarinda YKKYEM lifleri takdire sayan mekanik performanslarmna
ragmen yukarida anilan olumsuzluklarindan dolay1 kullanilamamaktadirlar.
Bu gorev halihazirda esnek davranig gosterebilen alifatik orijinli
konvansiyonel lifler tarafindan olabildigi 6lgiide karsilanmaktadir. Alifatik
molekiiler morfoloji sonucu lif kesitinde sadece birkac yiik tastyan zincir
buluindugundan mekanik performanslar1 ¢ok diisiiktiir.  Ayrica yiiksek
hizmet sicakliklarinda lif boyunun ¢ekme sonucunda kisalmasi sorunu da
vardr. Esnek tiimlesik yapilarm insasmda yiiksek mukavemetli,
biikiildiigiinde tahrip olmayan ve hizmet sicakliklarmda ¢ekmeyecek
filamanlara ihtiya¢ duyulmaktadir.

Aromatik polyesterler, Aramidlerin liyotropik davraniginmn kargiligi olarak
termotropik svi kristal 6zellik taswlar. Nispeten kolay sentezlenirler ve
kolayca filamana gevrilirler. Nemden ve sudan etkilenmemeleri de onlara
olan ilgiyi artrmistrr. Ne var ki onlar da esnetilmeleri sonucunda benzer
sekilde tahrip olurlar. Ayrica mekanik performanslarinn da daha diisiik
oldugu ortaya cikmistwr. Daha da koétiisli, mekanik performanslarmm
artrtilmast igin gerekli 1s1l islemin ¢ok uzun silirmesi ticari amagla
iiretilebiimelerinin de 6niinii kesmektedir.

Diizlemsel ve kati ¢ubuk gibi formlarindan dolay1 termotropik homo-
polyesterler molekiilleri miikemmele yakin kristal olusturduklarindan ergime
dereceleri termal bozulma sicakligmm ¢ok iistiindedir. Proses edilebilir
kilinmalar1 i¢in molekiiler diizgiinliikleri ¢esitli farkliliklar iceren molekiiler
formlarm zincir boyunca rastgele bulundurulmalari neticesinde azaltilmistir.
Bu sayede kristal miikemmeliyeti ve ona bagh olan ergime sicaklig1 diiserek
termal bozulma sicakligmin altma inmistir. Ancak ayni oranda mekanik
performanslart da diigmiistiir.
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YKKYEM liflere ait anilan problemlerin ¢6ziilmesi icin yeni makromolekiil
tasarmm felsefesine ve yeni proses yontemlerinin gelistirilmesine ihtiyac
vardr. Ongoriilen bir yaklasim termotropik polyesterlerin = kusursuz
molekiiler yonlenmesinin 6niinii acarak uzun 1s1l iglem ihtiyacini ortadan
kaldwrabilir. Bir baska yaklagim ise, esnek davranis gosterebilen aromatik
esash filamanlarm iiretimini kabul edilebilir mekanik performans kayiplar
ile miimkiin kilabilir. Oncii ¢alsmalar, termotropik polyesterlerin yeni
ufuklar acabilecek enteresan 6zelliklere havi sivi ve kati bolgelerin segilerek
olusmast ile neticelenen proses manipiilasyonlarma izin verdigini
gostermistir. Performans liflerinde ilave iyilestirme arayislari i¢in polimer
alagimlari, kendi i¢cinde tiimlesik yapi olusumu, piko dolgulara ve yeni
proses yontemlerine bas vurulmasi s6z konusudur.
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VULCANIZATION

LIGNININ NITRIL KAUCUK VULKANIZASYONUNDA KOAJAN
OLARAK DEGERLENDIRILMESI
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Campus, 41380, Kocaeli, Turkey
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Aim

Lignin is a natural polymer derived from renewable resources. It has great
potential as a reinforcing material in polymeric materials; because it is non-
toxic, inexpensive, available in large amounts as a waste from cellulose
production. Lignin has a resin-like structure and it is able to accompany
vulcanization reaction by affecting the network structure of rubber matrix.
Due to its high resistance to aggressive agents,acrylonitrile butadiene rubber
(nitrile rubber, NBR) is a widely used rubber matrix for manufacturing
special purpose industrial rubber products. Besides, NBR has relatively low
green strength and mechanical properties as well as poor aging resistance.
Improving its overall properties is an important issue for academy and also
industry. In this study, possible co-agent effect of lignin in nitrile rubber
vulcanization has been evaluated in terms of rheological and dynamic
properties. Cure kinetics of lignin-assisted NBR vulcanization was also
investigated by using a non-linear cure kinetic model.

Mate rial-Method

Commercial code of NBR was KNM 40M and was purchased from Elkim
Kauguk, Turkey. Lignin was kindly obtained from Zonguldak Caycuma
OYKA A.S. as raw and with 76% dry content. Carbon black (HAF N330)
and aromatic oil (Petrol Ofisi, PO SK-10) was used in compounding step
reinforcing filler and process oil, respectively. The other compounding
ingredients were commercially used chemicals in rubber and tyre industries.

Rubber compounds were prepared in a banbury mixer and laboratory two-
roll mill, subsequently. Rheological properties were measured from their
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respective cure curves, which were obtained by using a moving die
rheometer (MDR, Alpha MDR 2000R). Cure curves were processed to get
listed time-torque data for calculating kinetic parameters. Dynamic
measurements were performed by using a rubber process analyzer (RPA,
Montech RPA 3000) for determining G’ values for different oscillation
frequencies, which are used to estimate before and after cure crosslink
densities according to Pawlowski’s model. Besides, strain sweep
measurements were evaluated to understand Payne effect for lignin
containing compounds.

Discussion and Recommendations

Lignin has a significant effect on acceleration reaction of curatives during
vulcanization reaction. Amount of both physical and chemical crosslinks
increased when lignin was used a co-agent with sulphur vulcanization
system. Howeer, it was concluded from Payne test results that, dispersion
of lignin should be improved for providing superior lignin effect Besides,
rheological and dynamic properties coincide with reaction Kinetic
parameters, which were calculated by using a nonlinear vulcanization Kinetic
model.

Keywords: Crosslink density, Cure kinetics, Lignin, Nitrile rubber

Amag

Lignin, yenilenebilir kaynaklardan elde edilen dogal bir polimerdir. Toksik
olmamasi, ucuzlugu ve selilloz iretiminde atik olarak g¢ikmasi nedeniyle
kolay ve bol bulunuyor olmasi nedenleriyle polimerik malzemelerde takviye
edici malzeme olarak kullanimi ilgi ¢ekmektedir. Lignin, re¢ine benzeri bir
yapiya sahiptir ve kauguk matrisinin ag yapismi etkileyerek vulkanizasyon
tepkimesine eslik edebilir.

Akrilonitril biitadien kaugugu (nitril kaugcuk, NBR), agresif maddelere karsi
yiiksek dayanikliigindan dolayi, 6zel amagh endiistriyel kauguk iiriinleri
iretmek i¢in yaygin olarak kullanilan bir kauguk tipidir. Bununla birlikte
NBR’nin ¢ig dayanimi géreceli olarak disiiktiir; mekanik 6zellikleri ve 1s1l
yaglanma direnci zayiftr. Biitiiniiyle bakildiginda, nitril kaugugun
ozelliklerinin gelistirilmesi akademi ve endiistri i¢in 6nemli bir konudur. Bu
calismada, nitril kaucuk vulkanizasyonunda ligninin olas1 ko-ajan etkisi,
reolojik ve dinamik Ozelliklerin Olgiimii yoluyla arastrilmistr. Lignin
varliginda gergeklestirilen NBR vulkanizasyonunun reaksiyon kinetigi
dogrusal olmayan bir vulkanizasyon kinetik modeli kullanilarak
degerlendirilmistir.
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Material-Yonte m

Hamur hazirlamada kullanilan nitril kaugugun ticari kodu KNM 40M’dir ve
Elkim Kauguk firmasmdan satm almmistw. Lignin, Zonguldak Caycuma
OYKA Kagt Ambalaj Sanayi ve Ticaret A.S. tesislerinden % 76 kuru
madde iceriginde ham olarak temin edilmistir. Takviye edici dolgu maddesi
ve proses yagl olarak srasiyla HAF N330 karbon karasi ve Petrol Ofisi
firmasmm PO SK-10 kodlu aromatik yag kullanilmistr.

Kauguk karigimlar1 6nce Banbury tipi dahili bir karistiric1, daha sonra ise iki
silindirli bir laboratuar mili kullanilarak hazirlanmistr. Reolojik 6zellikler,
hareketli kalip reometresi (MDR, Alpha MDR 2000R) kullanilarak elde
edilen vulkanizasyon egrilerinden belirlenmistir. Vulkanizasyon egrileri,
kinetik parametrelerin hesaplanmasi i¢in listelenen zaman-tork verilerinin
elde edilmesi icin islenmisti. Dinamik Olciimler, Pawlowski modeline
dayanan vulkanizasyon dncesi ve sonrasi ¢apraz bag yogunluklarmm tahmin
edilmesinde kullanilan farkli salinim frekanslarmdaki G’ degerlerinin
belirlenmesi i¢cin, kaucuk proses analizorii (RPA, Montech RPA 3000)
kullanilarak ger¢eklestirilmistir. Bunun yani sira, lignin igeren bilesiklerde
Payne etkisini anlamak i¢in gerinim tarama Slglimleri degerlendirilmistir.

On Degerlendirmeler

Reolojik ozelliklerin degerlendirilmesiyle, lignini, kiikiirtli vulkanizasyon
sisteminde hizlandiric1 reaksiyonlarmi 6nemli 6l¢iide etkiledigi goriimuistiir.
Hamur dinamik 6lgiimleri, kiikiirt varhigmmda ligninin ko-ajan olarak gorev
yaptigmi, hem fiziksel hem de kimyasal caprazbaglarm miktarini artirdigmi
gostermistir. Bununla birlikte, lignin hamur i¢inde dagilimmin iyilestirilmesi
ile etkinliginin artabilecegi de diisliniilmektedir. Reaksiyon kinetigi
cahsmalarmdan elde edilen bulgular, reolojik ve dinamik 6zelliklerinden
elde edilen sonuglar1 destekler niteliktedir.

Anahtar kelimeler: Caprazbag yogunlugu, Lignin, Nitril kauguk (NBR),
Vulkanizasyon kinetigi
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YENILEBILiR FiLM URETIMIi
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Objective: In this study the objective is to produce biodegradable, eco-
friendly and renewable packaging out of food production waste, in order to
help reduce pollution caused by plastic based food packaging waste made
from fossil fuels. Our aim was to produce edible film from the pectin
obtained from orange pomace waste. Orange pomace is the waste of fruit
juice processing which is 50% of the weight of the raw material.

Materials and Method Firstly, orange pomace was maintained from
DIMES Fruit Juice Ind. Trade. Corp., and it was dried until 11% moisture
content gain at 50° C oven, dried product was grounded and pectin was
extracted. Extraction was performed by placing 1g dried powder in 30 ml
distilled water and stirred for 60 minutes at 60° C using a magnetic stirrer.
The extract was then filtered through quantitative filter paper before 96%
ethanol was added at a ratio of 2 volumes and left at 4° C for 24 hours for the
pectin floating. The characteristics of the pectin we obtained were
ascertained with regard to FTIR spectra, color values (L*, a’, b’), pectin
recovery (%) and degree of esterification. In the second step of the study, we
used the solvent casting method to produce 40 um thick renewable film. As
plasticizers we used polyethylene glycol (PEG), oleic acid and glycerol and
we observed their effects on the mechanical characteristics of biofilm.

Preliminary Assessments Pectin recovery from waste orange pomace was
23.75%=+1.39. Esterification of the pectin was 79% which is high-methoxyl
pectin. We observed that pectin obtained from waste orange pomace is not
compatible with and does not dissolve in oleic acid and glycerol, both of
which are used as plasticizers in the production of renewable film made of
pectin. It was determined that PEG is an appropriate plasticizer for this type
of production and is partially effective in the mechanical development of the
material.

Key words: waste orange pomace, pectin, edible film production.
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Amag: Bu cahsmada; fosil yakitlardan elde edilen, plastik esash gida
ambalaj atiklarmin yarattig1 ¢evre kirliliginin azaltilmasma katki saglamak
amaciyla, gida iiretim atiklarmdan biyobozunur, ¢evre dostu ve yenilebilir
ambalaj malzemelerinin {iretilmesi hedeflenmistir. Bu kapsamda meyve suyu
isleme tesisi atig1 olan ve hammadde agirliginmn yaklasik %50’sini olugturan
portakal posasmdan, pektin eldesi ve bu pektinden yenilebilir film {iretimi
amaclanmustir.

Materyal-Metot: Calismanm ilk asamasmda DIMES Meyve Suyu San.
Tic. A.S’den tedarik edilen atik portakal posasi, 50° C’de %11 nem igerigine
kadar kurutularak, o6giitiilmiis ve sonrasmda elde edilen toz tiriinden pektin
ekstraksiyonu gerceklestirilmistir. Pektin ekstraksiyonu i¢in 1g toz iiriin 30
ml destile suda, 60° C’de 60 dk manyetik karistiricida siirekli karistrilmistir,
Elde edilen ekstrakt kantitatif filtre kagidindan gecirilip siiziildiikten sonra
lizerine 2 hacim oraninda %96’lik etanol eklenerek 4°C’de 24 saat siireyle
bekletilerek pektinin yilizmesi saglanmistir. Atk portakal posasindan elde
edilen pektinin karakteristik 6zelliklerinin belirlenmesi amaciyla FTIR
(Fourier Doniigiimlii Infrared Spektrofotometre) spektrumlari, renk degerleri
(L", &', b), pektin verimi (%) ve esterlesme derecesi incelenmistir.
Caliymanm ikinci asamasmda atik portakal posasindan elde edilen pektinden
¢oOziicli dokiim teknigi ile 40 pm kalmhgmda  yenilebilir film tiretimi
gerceklestirimistir. Pektinden yenilebilir film iiretiminde, polietilen glikol
(PEG), oleik asit ve gliserol plastiklestirici olarak kullanilmis ve biyofilmin
mekaniksel ozellikleri {izerine etkisi incelenmistir.

On Degerlendirmeler: Gergeklestirilen ¢alismada atik portakal posasmdan
%23,75 + 1,39 verimle pektin elde edilmistir. Elde edilen pektinin
esterlesme derecesi %79 olarak yiiksek metoksilli pektin oldugu
belirlenmistir. Atik portakal posasindan elde edilen pektinden yenilebilir
film iretiminde plastiklestirici olarak kullanilan oleik asit ve gliseroliin
pektin ile uyumlu olmadigi, ¢oziinmedigi gozlenmistir. Atik portakal
posasmdan elde edilen pektinden yenilebilir ambalaj malzemelerinin
iretiminde plastiklestirici olarak PEG kullanimmm uygun oldugu ve
malzemenin mekaniksel dzelliklerinin gelistirilmesinde kismen etkili oldugu
belirlenmistir.

Anahtar Kelimeler: Atk portakal posasi, pektin, yenilebilir film
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CHARACTERIZATION OF POLYURETHANE/NANOCELLULOSE
FIBER NANOCOMPOSITES: MECHANICAL PROPERTIES

POLIURETHAN /NANOSELUL_QZ FiBER
NANOKOMPOZITLERIN MEKANIK OZELLIiKLERININ
KARAKTERIZASYONU
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ekinci_aysun@hotmail.com

Abstract

Novel polyurethanes is prepared by reacting vegetable oil based polyol and
diisocyanates such as coating, foams, adhesives or elastomers. Our objective
was to development of vegetable oil-based polyurethane/nanocellulose fiber
(NCF) bionanocomposite films. The differences in mechanical properties of
polyurethane bionanocomposites resulted from different crosslinking
densities and composition of fatty acids.

Objective

Bio-based polymers have many advantages such as biodegradable
renewability and low cost compared to conventional petroleum based
polymers. In this work considers the preparation of a novel
polyurethane/nanocellulose fiber bionanocomposites which is derived from
from renewable raw materials and characterize them in terms of mechanical
properties.

Material and Method

Vegetable oil based polyols were prepared from linseed oil, corn oil, canola
oil and sesame oil. The characterization of vegetable oil based polyols
invastegated by Fourier transform infrared spectroscopy (FTIR) and nuclear
magnetic resonance (NMR) spectroscopy techniques. Polyurethane/NCF
bionanocomposites were prepared via in situ free radical polymerization
reaction. Mechanical characterization of polyurethane/NCF nanocomposites
were analyzed the effect of type of polyols based on linseed oil, corn oil,
canola oil and sesame oil.

Results and Discussion

The differences in vegetable oil based polyurethane/NCF nanocomposites
structures reflected differences in the composition of fatty acids. In order to
obtain high mechanical performance with optimum NCF concentration, the
effect of type of polyol were investigated by tensile tests. It was concluded
that the crosslinking densities increased with increasing hydroxyl (-OH)
numbers of the polyols, which contributed to an increase in Young’s
modulus and tensile strength.
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Ozet

Bitkisel yag esaslh poliol ve diizosiyanatin reaksiyonu sonucunda kaplama,
kopiik, elastomer ve yapistirict olarak yeni poliliretan kaplamalar elde
edilmektedir. Poliliretan/nanoseliiloz fiber (NCF) biyonanokompozitlerin
hazirlanmasi amaglanmistir. Poliliretanlarm 6zellikleri yag asidinin bilesimi
ve farklh c¢apraz bag yogunlugu ile poliliretan/nanoseliiloz fiber
biyonanokompozitlerin mekanik 6zellikleri degismektedir.

Amag

Biyoesasli  polimerler,  gelencksel  petrol  esaslh  polimerlerle
karsilastirildigimda yenilenebilirlik, biyobozunurluk ve diisiik maliyet gibi
birgok avantaja sahiptirler. Bu ¢aligmada, yenilenebilir kaynaklardan
poliiiretan/nanoseliiloz ~ fiber biyonanokompozitlerin  hazirlanmasi  ve
hazirlanan biyonanokompozitlerin mekanik 6zellikler agismdan karakterize
edilmesi diisiiniilmektedir.

Materyal ve Yontem

Keten tohumu yagi, kanola yagi, susam yagi ve misir yagi esash polioller
hazirlanmigtir. Fourier transform infrared spektroskopi (FTIR) ve niikleer
manyetik rezonans (NMR) spektroskopi teknikleri kullanilarak bitkisel yag
esasli polioller karakterize edilmistir. Poliiiretan/nanoseliiloz  fiber
biyonanokompozitler in situ serbest radikalik polimerizasyon yoluyla
hazirlanmigtr. Keten tohumu yagi, kanola yagi, susam yagi ve misr yagi
esasli poliollerin nanokompozitlerin mekanik 6zellikler iizerindeki etkileri
incelenmistir.

On Degerlendirmeler

Yag asitlerinin bilesimi bitkisel yag esash politliretan/NCF nanokompozitler
tizerinde  yapisal farklhihklar ortaya  koymustur.Optimum  NCF
konsantrasyonunda yiiksek mekanik 6zellikler elde edebilmek icin ¢ekme
testi ile poliol tiiriiniin etkisi incelenmistir. Mekanik test sonuglarma gore,
hidroksil (-OH) grup sayisi ve ¢apraz bag yogunlugunun artmasi ile birlikte
Y oung modiil ve ¢cekme dayanmmi artmaktadir.

Anahtar kelimeler: Poliiiretan, seliiloz, nanofiber, nanokompozit

Tesekkiir: TUBITAK 114M828 nolu proje kapsaminda desteklenmistir.
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ANTIOXIDANT EFFECT OF HENNA FOR VARIOUS SULPHUR
CURING SYSTEMS

KINANIN FARKLI KUKURTLU VULKANiIiZASYON
SISTEMLERINDEKI ANTIOKSIDAN ETKIiSi

Begiim Kurtoglul, Sehriban (")ncell, Bagdagiil Karaaéacl'z*,
Murat Sen®

'Department of Chemical Engineering, Kocaeli University, Umuttepe
Campus, 41380, Kocaeli, Turkey
’Department of Chemistry, Hacettepe University, Beytepe Campus, 06080,
Ankara, Turkey

bgmkrtgl@gmail.com; oncel.sehriban@gmail.com;
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Aim

Natural Rubber (NR) has been used in lots of applications which require
high flexibility and good mechanical properties. However, poor resistance
against to ozone and oxygen is a drawback for NR. Oxidative aging of NR
leads to the deterioration in the physical and mechanical properties. Using
various antioxidants during compounding is common way to improve the
aging resistance and so service life of NR. In rubber and tire industries, the
most widespread used antioxidants are phenolic and amine based synthetic
antioxidants and 2,24-trimethyl-1,2-dihydroquinoline (TMQ). However,
synthetic antioxidants cause some environmental problems during their
production processes; like the other rubber compounding ingredients,
antioxidants tend to be replaced by natural alternatives. In this study, henna
has been evaluated as a natural antioxidant in NR based rubber compounds
for efficient, semi-efficient, and conventional vulcanization systems.

Material-Method

Natural rubber (SVR20) was purchased from Elkim Kauguk, Turkey. Henna
was obtained from domestic market with 4.67% humidity. Carbon black
(HAF N660) and naphtenic oil (Petroyag Octopus N821) was used in
compounding step as reinforcing filler and process oil, respectively. The
other compounding ingredients were commercially used chemicals in rubber
and tyre industries.

2 L capacity of a laboratory type internal mixer and two-roll mill were used
subsequently for preparing the rubber compound formulations, which were
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designed by replacing traditional antioxidants with henna. Performance of
henna was evaluated in terms of rheological, mechanical and aging
properties of henna containing compounds. Aging properties were also
investigated for short and long term thermal aging experiments. Temperature
scanning stress relaxation (TSSR) tests were performed for understanding
the relation between antioxidant type and vulcanization system by means of
crosslink density and relaxation behaviour of the materials.

Discussion and Recommendations

It has been concluded that, henna can be used as an alternative antioxidant
for semi-EV wulcanization of natural rubber matrix, compansating little
deterorations in mechanical properties. Short and long term performances of
henna were also found to be related to vulcanization system. This variation
has been attributed to crosslink stability for different vulcanization systems.

Keywords: Aging, Antioxidant, Henna, Natural Rubber
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Amag

Dogal kauguk (NR), yiksek elastikiyet ve iyi mekanik Ozelliklerin
beklendigi ¢cok sayida uygulamada vazgecilmez bir hammaddedir. Bununla
brlikte, diisiik oksijen ve ozon dayanimi, dogal kaugugun kullanimmi
smirlayan en onemli eksikligidir. Dogal kaugugun oksidatif yaslanmasi,
zaman i¢inde fiziksel ve mekanik Ozelliklerinin bozulmasmna, malzemenin
kullanildig1 noktada performansmi kaybetmesine neden olur. Dogal
kaucugun kullanim Omriiniin  hamur hazirlama asamasinda ¢esitli
antioksidan maddelerin eklenmesi yoluyla artirilmast en yaygm yontemdir.
Kauguk esya ve arag lastigi sektorlerinde bu amagla en ¢ok kullanilan
antioksidanlar fenolik ve amin bazli sentetik antioksidanlar ve 2,2.4-
trimetill-1,2-dihidrokinolindir =~ (TMQ).  Bununla  birlikte  sentetik
antioksidanlar, iretimleri swrasmda bazi ¢evresel problemlere neden
olmaktadirlar ve bu nedenle dogal alternatifleri ile degistirilmeleri iizerine
cok sayida cahgma yapilmaktadr. Bu ¢alismada, dogal bir antioksidan olan
kimanm dogal kauguktaki antioksidan etkisi, etkin (EV), yarr-etkin (semi-
EV) ve konvansiyonel (CV) vulkanizasyon sistemleri i¢in karsilagtrmali
olarak incelenmigtir.

Materyal-Yontem

Kauguk matris olarak kullanilan dogal kaucuk (SVR20), Elkim Kauguk
firmasindan satmn alinmistir. %4,67 nem iceren kina, aktardan temin edilerek
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dogrudan kullanilmistir. Takviye edici dolgu maddesi ve proses yagi olarak
srrastyla karbon karasi (HAF N660) ve Petroyag firmasmdan Octopus N821
ticari kodu ile satm alman naftenik yag kullaniimigtr. Diger hamur
bilesenleri kauguk ve lastik sektorinde yaygm olarak kullanilan ticari
kimyasallardir.

Kauguk karigimlar1 6nce Banbury tipi dahili bir karistirici, daha sonra ise iki
silindirli bir laboratuar mili kullanilarak hazirlanmistir. Kina igeren hamurlar
reolojik, mekanik ve yaslanma ozellikleri agisindan degerlendirilmistir.
Yaslandirma ¢aligmalari kisa ve uzun dénem olmak {izere iki ayr1 durum i¢in
gergeklestirilmigtir. Ayrica sicakhk taramah gerilme-durulma (TSSR)
testleri ile antioksidan tipi ve pisirme sisteminin degerlendirilmesinde
malzemenin  ¢aprazbag yogunlugu ve durulma davraniglarmdan

yararlanimigtir.

On Degerlendirmeler

Kimna, yarretkin vulkanizasyon sistemi ile pisirilen dogal kauguk esash
malzemelerde basarili bir alternatif antioksidan olarak kullanilabilmistir.
Malzemenin kisa ve uzun dénem yaslanma davranislarn {izerinde pisirme
sisteminin oldukca etkili oldugu goriilmiistiir. Bu etki, farkli vulkanizasyon
sistemleri i¢cin ¢aprazbag kararihigmnda gergeklesen degiskenlige
baglanmustr.

Anahtar kelimeler: Antioksidan, Dogal kauguk, Kmna, Yaslanma
Tesekkiir:

Kocaeli Universitesi BAP Birimi’'ne, konferansa katimak iizere sagladig
finansal destek i¢cin tesekkiir ederiz.
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DESIGN AND ANALYSIS OF FILAMENT WOUND COMPOSITE
PRESSURE VESSELS FOR HYDROGEN STORAGE
APPLICATIONS
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TANKIN TASARIMI VE ANALIZI
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AIM

The aim of this study is to optimize the design of Type-lIl composite
overwrapped vessels operating under an internal pressure using ANSYS
Workbench with the ACP module.

MATERIAL/METHOD
Carbon fiber/epoxy overwrapped pressure vessel (Type 11, aluminum liner)
with geodesic dome ends is shown in Figure 1.

Dome section Cylindrical section Dome section
(Helical layers) (Helical and hoop layers) (Helical layers)
A

Titanium
fittings

L=1257.15 mm

I |
Figure 1. Cross-sectional view of composite pressure vessel.

Netting analysis was used to determine the angle and thickness of the
composite layers. The VVon Mises stress criterion was used for the aluminum
liner. The fiber failure criterion was used to predict the burst pressure. The
MOGA method (Multi-Objective Genetic Algorithm) was utilized to obtain
the optimum helical angles of the pressure vessel.
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RESULTS AND DISCUSSION

Figure 2a shows the mesh structure of the vessel (137,260 elements and
211,743 nodes). Calculated fiber failure index of composite pressure vessel
was shown in Figure 2b.

(a) (b)
Figure 2. (a) 3-D finite element model of composite pressure vessel and (b)
calculated fiber failure index of composite pressure vessel (€ x=0.2141)

After optimization, the burst pressure of the pressure vessel was increased
about 15%. The results showed that MOGA method is robust and effective
to optimize the winding angles for improving the structural safety of the
composite pressure vessel.
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Anahtar kelimeler: basngl tank, kompozit, sonlu elemanlar analizi,
optimizasyon

AMAC

Bu ¢ahgmada, Tip-III sargili kompozit basm¢li tankm ANSYS Workbench
yazihmi kullamlarak optimizasyonu yapilmugtir.

MATERYAL/YONTEM

Aliminyum astarl karbon fiber/epoksi sargili kompozit kompozit tankm
geometrisi Sekil 1’de gosterilmigtir.
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Dome section Cylindrical section Dome section
(Helical layers) (Helical and hoop layers) (Helical layers)
A

Titanium ' .

fittings

|

1~1257.15 mm !

$ekﬂ 1. Kompozit tankin kesit gérﬁntﬁslii

Ag analizi kullanilarak kompozit tabaka kalnliklart belirlenmistir.
Aliminyum astar i¢in hasar baslangic1 plastik akmanm bagladigi an olarak
kabul edilmistir. Kompozit katmanm hasar durumu ise fiber kopmasi olarak
ele almmigtir. Optimum helisel sarim agilarinin belirlenmesi i¢in ¢ok amagh
genetik algoritma (MOGA) metodu kullanimistir.

ON DEGERLENDIRMELER

Sekil 2’de kompozit tankin sonlu elemanlar modeli gosterilmistir (137,260
eleman ve 211,743 diigiim noktas1). Analiz sonucunda elde edilen fiber hasar
indeks degerleri Sekil 3’de gosterilmistir.

(@ (b)

Sekil 2. (a) Kompozit tankm sonlu elemanlar modeli (b) kompozit tank
boyunca fiber hasar indeksi dagilimi (€ axs=0.2141)

Optimizasyon isleminden sonra kompozit tankin patlama basmcinda
yaklasik %15’1lik bir artis elde edilmistir. Sonuglar, MOGA yo6nteminin
tankin yapisal giivenligi acismdan helisel sarm agilarmm optimizasyonunda
verimli bir sekilde kullamlabilecegini gostermistir.

TESEKKUR

Bu calisma Tiirkiye Bilimsel ve Teknik Arastrmalar Kurumu (TUBITAK)
tarafindan desteklenmektedir (Proje No: 215M182). Yazarlar TUBITAK
1003 program destegi i¢in tesekkiir eder.
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INVESTIGATION INTO EFFECT OF WEIGHT PERCENTAGE OF
PEG ON HYDROXYAPATITE/PEG COMPOSITE COATED ON
AZ91 MG ALLOY

AZ91 MG ALASIMI UZERINE YAPILAN HiDROKSIAPATIT/PEG
KOMPOZIT KAPLAMALARA AGIRLIKCA YUZDE PEG
MIiKTARININ ETKIiSi
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ABSTRACT

Objective

Biomedical alloys which are used today such as Ti alloys and stainless steels
have high density and fracture toughness. Moreover these alloys give stress-
shielding effect because of their high fracture toughness compared with
bone, and they require additional surgery most of the time. AZ91 Mg alloys
do not cause of these problems. They have low density, lightness and easy
procesability. But unfortunately, AZ91 Mg alloy is not stable in human body
alone. AZ91 Mg alloy should be improved if it is used as a stable implant.
These possible improvements are surface treatments, functional coatings and
several reinforcements.

Hydroxyapatite (Ca;o(PO4)sOH,, HA) which forms inorganic structure of
natural bone, usually is used for promote cell growth in biomedical
applications. HA is logical coating for biomedical applications because of
their biocompatibility and similarities to bone. However due to sol-gel
method disadvantages, HA layers are not adequate to totally protect
corrosion alone. Crack-free coating is an essential property for this method.
Thermal expansion mismatch between coating and substrate cause cracks
when sintering process of coating layer. This work aims at a crack-free
coating on surface. For this purpose, well known synthetic polymer
Polyethylene Glycol (PEG) is used as reinforcement.

In this paper, AZ91 Mg alloy is coated with HA/PEG by sol-gel and dip
coating method. Parameters are determined according to weight percentage
of PEG. Surface morphology and coating thickness are analyzed by scanning
electron microscope (SEM) and the phase structure is investigated by X-ray
diffraction (XRD).
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Material - Method

AZ91 Mg alloys powders were pressed with unidirectional hot press.
Produced AZ91 Mg plates were cut, mechanically ground and clean. For HA
solution preparation, calcium tetra hydrate (Ca(NOs),.4H,0) and phosphorus
penta oxide (P,Os) which provide Ca and P are used. They were solubilized
in ethanol and mixed. For PEG solutions preparation, 0,05g, 0,1g and 0,29
PEG were solubilized in 10 ml distilled water different beakers. After that 10
ml HA solution was added into each one of PEG solution beaker Prepared
AZ91 Mg alloy samples were dipped into solutions. Then they were pulled
out at the same speed after keeping them in solution during 5 s. After first
dip they were aged 3 h at room temperature and dried at 45° C during 21 h.
This cycle was applied 2 more times. After completion of coating they were
sintered at 300° C with 5°C/min heating rate.

Pre Assessment

According to obtained datas, solutions did not cause formation of cracks on
the surface of samples. Thicknesses of layers on the surface varies between
0,2 um and 1 pm. However, according to EDS and XRD results, it is seen
that the obtained layer is not HA. The layer formed on the surface could be
the MgO layer. Probable reason the formation of this MgO layer is distilled
water which used for preparing the solutions. HA precipitates on the surface
of this formed layer were emerged. As a result, it was thought that the
formed layer could not be sufficient to allow the AZ91 Mg alloy to remain
stable in the human body.

Keywords: Sol-Gel method, Hydroxyapatite, PEG, AZ91 Mg alloy

OZET

Amag

Giiniimiizde kullanilan Ti alagimlart ve paslanmaz celikler gibi
biyomalzemeler, yiiksek yogunluga ve kirilma tokluguna sahiptir. Dahasi, bu
alagimlar kirilma tokluklarinm kemige kiyasla daha yiiksek olmas1 sebebiyle
gerilim bariyer etkisine neden olurlar ve bu da ¢ogu zaman ek cerrahi
miidahaleler gerektirir. AZ91 Mg alagimi bu tiir problemlere neden olmaz.
Diisiik yogunluga ve agrliga sahiptir ve kolayca sekillendirilebilir. Fakat
AZ91 Mg alagimi insan viicudunda yalniz bagma stabil kalamaz. AZ91 Mg
alagimi eger kalict bir implant olarak kullanilmak isteniyorsa gelistirilmesi
gerekmektedir. Bu muhtemel gelistirmeler yilizey islemleri, fonksiyonel
kaplamalar ve ¢esitli takviyelerdir.

Dogal kemik yapisinn inorganik yapismi olusturan hidroksiapatit
(Caio(PO4)OH,, HA), biyomedikal uygulamalarda genellikle hiicre
biiylimesini tesvik etmek amaci ile kullanilir. Biyouyumlulugu ve kemige
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benzerligi nedeni ile biyomedikal uygulamalarmda kaplama malzemesi
olarak kullanim i¢in uygundur. Fakat sol-jel metodunun dezavantajlarmdan
dolay1 HA tabakas1 yalniz bagma korozyon korumasi i¢in yeterli degildir. Bu
metotta catlaksiz kaplama iiretmek Onemli bir sorundur. Kaplama
tabakasmin sinterlenmesi swrasinda, kaplama tabakasi ve althik arasindaki
termal genlesme farkliliklar1 ortaya ¢ikar. Bu ¢ahgma catlaksiz bir kaplama
eldesini amaglamaktadr. Bu amagla iyi bilinen sentetik polimer polietilen
glikol (PEQG) takviye elemamn olarak kullamlmistir.

Bu calsmada AZ91 Mg alasimi, sol-jel ve daldrmali kaplama metodu
kullanilarak HA/PEG ile kaplanacaktir. Parametreler agrlik¢a yiizde PEG
miktar1 degistirilerek belirlenmistir. Yiizey morfolojisi ve kaplama
kalmliklar1 taramali elektron mikroskobu (SEM) ile ve faz yapilar1 ise X-
ism1 kirmimi (XRD) ile analiz edilmistir.

Materyal-Yontem

AZ91 Mg alagmm tozlar1 tek yonlii preste sicak preslenmistir. Uretilen AZ91
Mg numunesi kesilmis, mekanik olarak zmparalanmis ve numune yiizeyleri
temizlenmistir. HA soliisyon hazirligi i¢in Ca ve P onciileri olarak, kalsiyum
tetra hidrat (Ca(NO;),.4H,0) ve fosfor penta oksit (P,Os). Bu 6nciiler etanol
icinde ¢oOziindiirilmiis ve birbiri ile karigtirilmistr. PEG soliisyonlar1 igin
0,05¢g, 0,1g and 0,2g PEG, i¢lerinde 10ml distile su bulunan farkli beherler
icinde ¢oziindiiriiimistiir. Daha sonra iizerlerine 10 ml HA eklenmistir.
Hazirlanan AZ91 Mg alasim numuneleri soliisyonlar i¢ine daldirilmig 5s
coOzelti iginde tutulduktan sonra ayni hizla geri ¢ekilmistir. Numuneler, ilk
daldrmadan sonra 3 saat oda sicakliginda yaslandriimis ve 21 saat 45°C’de
kurutulmustur. Bu dongii 2 kez daha tekrarlanmistir. Daha sonra kaplanmig
numuneler 5°C/dk 1istma hizi ile sitilan frmda 300° C sicaklikta
sinterlenmistir.

On Degerlendirmeler

Elde edilen verilere gore, soliisyonlar numunenin kaplama ylizeyinde ¢atlak
olusumuna neden olmamistir. Yiizeydeki tabakalarm kalmnligi 0,2 um ve 1
pm arasinda degismektedir. Fakat EDS ve XRD sonuglarina gore yiizeyde
olusan tabakanmn HA olmadig1 goriilmiistiir. Yiizeyde olusan tabaka MgO
olabili, MgO olusumunun muhtemel sebebi solisyon hazirlanirken
kullanilan distile su olabilir. Bu olugan tabakamn tizerinde ¢okelmis halde
HA bulunmaktadr. Sonu¢ olarak, olusan tabakanin AZ91 Mg alasimmi
viicut icinde stabil tutmak i¢cin yeterli olmadig1 diisiiniilmiistiir.

Anahtar kelimeler: Sol-jel metodu, Hidroksiapatit, PEG, AZ91 Mg alagim
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MOLDING FROM POLYMER-BASED COMPOSITES AND ITS
APPLICATION TO PRODUCT DESIGN
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ABSTRACT

Introduction: The importance of composite materials in engineering
applications is rapidly increasing, and their areas of usage in the industry are
gradually becoming widespread.

Aim: In this study, it has been aimed to prepare a mold by using the hand
lay-up method which is one of the composite material manufacturing
methods and then to carry out the manufacturing of a composite product
(mirror frame) by means of casting in this mold.

Materials and Methods: At the beginning of the study, the mold model to
be casted was 3 dimensionally (3D) prepared in SolidWorks which is a
computer-aided design program (CAD). The design was reduced to the
repeating smallest unit and rendered two dimensional with the help of a
program called Pepakura Designer and manufacturing drawings were
created. A model of the piece to be manufactured was created by means of
printing the manufacturing drawings on cardboard, cutting and attaching
them. Prior to the composite molding stage, the model was covered with
tape, and wax, which would perform the mold release duty, was applied.
Accelerator at the rate of 0.1 % (cobalt salt) and hardener (diluted methyl
ethyl ketone peroxide at the rate of 30%) were added to the mixture. The
mixture was stirred until it became homogeneous and left for drying after its
application on the surface of the model a few times. Following the drying
process, a second mixture consisting of polyester and glass fiber was
prepared for the purpose of applying on the exterior surface of the mold and
cement was added to the mixture in order to increase the viscosity and
reduce the cost of the mixture. The prepared mixture was processed on the
last layer of the mold with the help of a brush, and the final shape of the
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casting mold prepared from composite material was given. After the mold
had dried complete ly, the model prepared from cardboard was removed from
the mold, the flaws and gaps on the mold were straightened with paste. The
leveling of the mold was performed with emery, and the mold was rendered
ready for manufacturing. The mixture of polyester and marble powder was
poured into the mold to the separation surfaces of which mold release was
applied, and it was left for drying. The dried model was removed from the
mold and casting processes were repeated until all the line of the mirror
frame was formed. After the casting processes of the whole frame had been
completed, the pieces were assembled by using glue, and the manufacturing
of the product was completed by carrying out the coloring process.

Pre-Assessments: In the pre-assessments performed after the study, it was
observed that the mold prepared by means of the hand lay-up method was
applicable and that the processes carried out with the mold were repeatable.

Results: It is predicted that in the future, for the products which are not mass
produced or of which prototypes will be made, this kind of molds prepared
from the composite material will be intensely used.

Conclusions: Together with the development of the composite mold sector,
it is considered that the weight of molds will decrease, correspondingly mold
costs will considerably decrease and that the areas of usage will become
widespread.

OZET

Giris: Kompozit malzemelerin mithendislik uygulamalarmdaki énemi hizl
bir sekilde artmakta ve endiistrideki kullanim alanlann gittikge
yaygmlagmaktadir.

Amag: Bu caligmada; kompozit malzeme iiretim yontemlerinden olan elle
yatrma yontemi kullanilarak bir kalip hazirlanmasi ve daha sonra bu kalipta
dokiim yapmak suretiyle bir kompozit iiriiniin (ayna ¢ercevesi) liretiminin
gerceklestirilmesi amaglanmistir.

Materyal-Yontem: Calsmanin baslangicinda; dokiim yapilacak kalip
modeli bilgisayar destekli tasarim (CAD) programu olan SolidWorks’ te 3
boyutlu (3D) olarak hazwrlanmistr. Tasarim tekrar eden en kiiclik birime
indirgenerek Pepakura Designer isimli program yardimiyla iki boyutlu (2D)
hale getirilmis ve imalat resimleri olusturulmustur. imalat resimleri mukavva
tizerine ¢ikt1 almip, kesilmek ve yapistirilmak suretiyle iiretilecek parganmn
bir modeli olusturulmustur. Kompozit kalip olusturma asamasma gegmeden
once, modelin {izeri bantla kaplanmis ve kalp aywric1 gérevi gorecek olan
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vaks siirlilmiistiir. Karigima % 0,1 orannda hizlandiric1 (kobalt tuzu) ve
sertlestirici (%30 orannda seyreltilmis metil etil keton peroksit) ilave
edilmistir. Karigim homojen oluncaya kadar karigtirilmis ve model yiizeyine
bir ka¢ kez uygulanarak kurumaya brakilmistir. Kurutma igleminden kalip
dis ylizeyine uygulanmak amaciyla polyester ve cam elyaftan olusan ikinci
bir karisim hazrlanmis ve karisimm viskozitesini arttwrmak, maliyeti
diistirmek amaciyla karisima ¢imento ilave edilmistir. Hazrlanan karigim
firca yardimiyla kalibin son katma islenmis ve kompozit malzemeden
hazirlanan dokiim kalibinin son sekli verilmistir. Kalip tamamen kuruduktan
sonra mukavvadan hazrlanan model kaliptan ¢ikartilmis, kalip lizerindeki
hatalar ve bosluklar macun ile diizeltilmistir. Zimpara ile kalibm tesviyesi
gerceklestirilerek iiretime hazir hale getirilmistir. Ayrm yiizeylerine kalip
ayrict uygulanan kaliba polyester ve mermer tozu karigimi dokiilmiis ve
kurumaya brakilmistr. Kuruyan model kaliptan c¢ikartilmis ve ayna
gergevesinin tiim hatt1 olusuncaya kadar dokiim islemleri tekrar edilmistir.
Tim ¢ercevenin dokiim iglemi tamamlandiktan sonra parcalar yapistiric
kullanilarak birlestirilmis ve renklendirme islemi yapilarak iiriiniin tiretimi
tamamlanmustir.

On Degerlendirme: Calisma sonrasi yapilan on degerlendirmelerde; elle
yatrma yontemi kullanilarak hazirlanan kalibm kullanilabilir oldugu ve
kahpla yapilan islemlerin tekrarlanabilir oldugu goriilmiistiir.

Bulgular: Gelecekte seri iiretim olmayan ya da prototipi yapilacak iiriinler
icin kompozit malzemelerden hazirlanan bu tiir kaliplarm yogun bir sekilde
kullanilacagi tahmin edilmektedir.

Sonu¢: Kompozit kalip sektoriiniin gelismesiyle birlikte, kalip agirliklarmm
diisecegi, buna baglh olarak kalip maliyetlerinin biiyiik oranda azalacag ve
kullanim alanlarmmn yaygmlasacag diistiniilmektedir.
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ANTISTATIC ZINC OXIDE /POLYETHYLENE COMPOSITES
ANTISTATIK CINKOOKSIT /POLIETILEN KOMPOZITLER
Cagatay DIRIK, Ismail GURELER, Filiz Ozmih¢1 Omiirlii, Devrim Balkése
Izmir Institute of Technology Department of Chemical Engineering
Urla Izmir Turkey

filizozmihci@gmail.com, devrimbalkose@gmail.com

Aim

The electrostatic charging of polyethylene can be prevented by adding
conductive additives. One of these additives is zinc oxide (ZnO). In the
present study the effects of surface modification of nano ZnO powder that
was used to improve the electrical conductivity and mechanical property of
the polyethylene on properties of composites was aimed to be investigated.

M ate rials-method

ZnO was modified by mixing with aminopropyltriethoxisilane (AMPTES)
ve polyethylene glycol 4000 (PEG 4000) in aqueous ethanol solutions and
then drying. Different amounts ( 5-20%) of modified and unmodified zinc
oxide powders and polyethylene were mixed using a Haake Rheomixer at 50
rpm for 10 minutes at 160 °C. The mixtures were pressed to 15x15x0.1 cm
sheets in Carver Hot press at 160°C under 6800 kg load with a 10 min hold.
The electrical conductivity and stress-strain properties of the sheets were
measured.

Preliminary results

The electrical conductivity of the sheets prepared in Carver hot press
increased with the volume fraction of unmodified ZnO. However the
conductivities of sheets made from modified ZnO were lower than that of
the composites from unmodified ZnO. Modifed ZnO particles did not create
a sufficiently conductive path in polyethylene. However their conductivity
was lower than that pure polyethylen. The tensile strength of the composite
decreased with increasing of ZnO volume fraction Surface modification of
composites enhanced the tensile strength of the composites but did not affect
their elongation at break. Composites from ZnO modified with PEG 4000
had lower modulus of elasticity than that of composite from unmodified
ZnO. Composite made with 1% AMTES modified composite had higher
modulus of elasticity indicating better interfacial adhesion.
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Amag

Polietilenin statik elektrikle yiiklenmesi i¢cine iletken katkilar kattilarak
onlenebilir. Bu katkilardan biri de ¢inkooksit (ZnO) dur. Bu g¢alismada
polietilenin elektrik iletkenligini ve mekanik 6zelliklerini gelistirmek i¢in
katilan nano ZnO tozunun yilizey modifikasyonunun kompozit 6zelliklerine
etkisinin arastirilmasi amaglanmugtir.

Mate ryal-yontem

ZnO aminopropiltrietoksisilan (AMPTES) ve polietilen glikol 4000 (PEG
4000) in etil alkoliin sulu ¢ozeltilerinde karistirilarak bekletilip kurutularak
ile modifiye edilmistir. Farkli oranlarda (% 5-20) degistirilmemis veya
degistirilmis ¢inko oksit ve polietilen karisimi Haake Rheomixer’de 160 °C
50 devir/dak 10 dakika karistrilmis ve karisimlardan Carver Sicak presde
160°C de ve 6800 kg yiik altinda 15x15x0.1 cm boyutunda levhalar elde
edilmistir. Levhalarm elektirrik iletkenligi ve germe-uzama o6zellikleri
Olctilmiistiir.

On degerlendirmeler

Levhalarn elektrik iletkenligi degistirilmemis ZnO hacim orani ile artmistir.
Modifiye ZnO iceren filmlerin iletkenligi degistirilmemis ¢inko oksit iceren
filmlerden diisiik bulunmustur. Modifiye ¢inko oksit taneciklerinin polictilen
icinde yeteri kadar iletken bir yol yaratmadig1 anlasilmistr. Kompozitlerin
cekme dayanimi ZnO hacim oran1 arttikca azalmistwr. Cinko oksitin yiizey
modifikasyonu ile daha yiliksek ¢ekme gerilimi elde edilmis ama kopma
uzamasinda bir degisiklik olmamistwr. PEG 4000 ile modifiye edilmis
kompozitlerin esneklik moduliiniin degistirlmemis ¢inko oksit iceren
kompozitten daha kiigiik oldugu bulunmustur. %1 AMTES iceren
kompozitlerin elastik modulu ara yiizeyde iyi bir yapigmayi isaret edecek
sekilde daha yiiksek bulunmustur.

Anahtar kelimeler: static elektrik, ¢inko oksit, polictilen

65



5™ INTERNATIONAL POLYMERIC COMPOSITES SYMPOSIUM AND WORKSHOPS
V. ULUSLARARASI POLIMERIK KOMPOZITLER SEMPOZYUMU VE CALISTAYLARI

EFFECTS OF PROCCESSING PARAMETERS AND MATERIAL
COMPOSITION ON THE PROPERTIES OF PP COMPOUNDS

PROSES PARAMETRELERI VE MALZEME
KOMPOZISYONLARININ PP BIiLESIKLERIN OZELLIKLERINE
ETKILERI

Elif Ozgen'?, M. Reza Nofar™*
1: Istanbul Technical University, Material Science and Enginnering
Department, Ayazaga Campus, Sariyer/Istanbul, Turkey
2: Farplas Oto Yedek Pargalari Iml Ith. Ve Thr. A.S., TOSB 3. Cadde 41480
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Aim:

In recent years, increasing environmental sensitivity, low CO2 emission
targets and economic concerns such as fuel economy have pushed
automotive manufacturers to produce lighter vehicles. In this context, being
lighter and cheaper than metal have increased the usage areas of polymer
materials in automotive industry day by day. Polyolefins such as
polypropylene and polyethylene have a significant share among automotive
polymers due to their strong mechanical properties, easy processability and
low density. Polyolefins generally have low physical, mechanical and
thermal properties when used without additives. Moreover, they are
relatively not inexpensive. Due to these reasons, by raw material producers,
polyolefins are mostly produced with cheaper additives which also improve
their physical, mechanical and thermal properties. The recent increasing
trend amongst polyolefin material manufacturers is the production of less
dense materials with the same physical, mechanical and thermal properties at
lower add-on rates. It has crutial importance to know the effect of different
process parameters or different additives on the final product in order to
transfer these materials from the laboratory environment to the industrial
applications.

For this reason, in this study it has been investigated whether the same
characteristics can be achieved with low talc content or with nanoclay
additive instead of high-talc-doped polypropylene-based raw materials that
are used now in serial productions of some big-size exterior trim parts such
as bumpers, spoilers and trunk pannels.

Material and Method:

A kind of polypropylene (PP) copolymer with 30% talc content which is
commercially available and being used for the productions of exterior
automotive parts for years was taken as a first and reference material. Then,
two different PP copolymer respectively with %30 and %20 talc content
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were taken as alternatives. These two alternative materials are still under
development and never used for the production of any exterior trim part in
automotive industry. So, their process behaviours are unknown.

These 3 materials were molded at different mold temperatures and different
barrel temperatures by an injection machine to investigate the effects of
process parameters on the mechanical and thermal properties.

Moreover, it was aimed to investigate the effect of different additive ratios
on mechanical and thermal properties with addition of 1wt.%, 3wt.% and
5wt.% nanoclay in 20wt.% talc filled polypropylene by Twin Screw
Extruder. Then, these nanocomposites were molded at fixed mold
temperature and barrel temperatures by an injection machine.

All the samples were characterized physically, mechanically and thermally
by several techniques which are Thermogravometric Analysis (TGA), Melt
Flow Index (MFI), Tensile Test, Bending Test, 1zod and Charpy Impact
Test, Heat Deflection Temperature (HDT) and Vicat Softening Point (VST),
Differential Scanning Calorimeter (DSC), X-Ray Diffraction (XRD).

Discussion and Recommendations:

By comparing the effects of talc content on PP compounds, it was found that
talc addition decreased the MFI so the material’s easy to processability but
increased the degree of crystallinity due to talc’s tendency to act as a
nucleating agent and to promote nucleation. Talc content also expanded the
modulus so the stiffness due to talc’s platy structure which had tendency to
orient flow direction during injection. Moreover, talc addition decreased the
impact resistance.

Mold temperature changes affected the materials which have higher
molecular weight more than the lower ones because it caused an extension
on mobility of the molecules. During injection, higher mold temperature
supplied more time to material to get in an ordered from, so crystallinity
values also swelled by mold temperature On strength and modulus values,
any obvious effect of mold temperature was observed. On impact resistance,
a reduction was observed by mold temperature most probably due to the
raise on degree of crystallization.

Barrel temperature changes diminished the materials viscosity so slight
increase wasobserved on degree of crystallinity values. On strength and
modulus values, effects of barrel temperature was not so obvious but their
impact resistances reduced most probably due to the increase on degree of
crystallization

PP compound including %20 talc content also extruded in a TSE with
different nanoclay contents (0 wt.%, 1 wt%, 3 wt.%, 5 wt.%). XRD results
showed that most probably due to the surface modification of nanoclay any
agglomeration of nanoclay was observed in PP matrix. In a contrast with
literature, nanoclay addition extended MFI An interaction may be occured
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between the polymer matrix and the surfactants of the nanoclay or clay
particles have disturbed chain entanglemenents by high aspect ratio of clay
layers. DSC analyses show that nanoclay addition increased the degree of
crystallinity by nearly 50% due to the nucleation effect of nanoclay. The
melting temperature (T,) remained nearly unaltered after the addition of
nanoclay, which means that the crystal size of PP did not change. Nanoclay
also had a positive effect on stiffness , ultimate strength and impact
resistance but obtained impact resistance values are still not sufficient for a
material that became a canditate for an extrior automotive part

Results:

Using lower talc contents of PP compounds on exterior automotive parts
could benefit weight reduction, cost reduction and process efficiency but
lower impact resistance than requirement could be risky for final product /
automobile tests. Process paramaters could have positive effects but could
not be sufficient. Further studies in order to increase impact resistance could
be performed first at compounding phase like impact modifiers addition or
any other nano filler addition.

Key Words:
Polypropylene, Talc, Compound, Automotive, Nanoclay, Processing
Parameters, Injection Molding, Nanocomposite

Amag:

Son yillarda artan gevresel duyarlilik, gelecek i¢in dngdriilen diisik CO,
emisyon hedefleri ve yakit tasarrufu gibi ekonomik kaygilar otomotiv
imalat¢ilarmi daha hafif araglar {iretmeye itmektedir. Bu kapsamda gerek
metallere gore daha hafif olmalar1 gerekse ucuz olmalari sebebi ile otomotiv
icerisinde polimer malzemelerin kullanim alanlar giin gectikge artmaktadir.
Polipropilen ve polietilen gibi polyolefinler, giiclii mekanik 6zellikleri, kolay
proses edilebilirlikleri ve diisiik yogunluklu olmalar1 sebebi ile otomotivde
kullanilan polimerler arasmda Onemli bir paya sahiptir. ~ Polyolefinler
genellikle katkisiz olarak kullanildiklarmda diistik fiziksel, mekanik ve
termal 6zelliklere sahip olurlar. Bununla birlikte goéreceli ucuz da degillerdir.
Bu yiizden polyolefinler fiziksel, mekanik ve termal ozelliklerin iyilesmesi
ve aym zamanda ucuzlatma saglamak i¢cin hammadde {ireticilerince
genellikle katkili olarak {iretilirler. Son zamanlarda polyolefin malzeme
ireticileri arasmda artan trend daha az katki oranlarinda ayni fiziksel,
mekanik ve termal Ozelliklerin saglanabildigi ve dolaysiyla daha az
yogunluklu malzemelerin {iretimidir. Bu malzemelerin laboratuvar
ortamimdan sanayiye tasmmasi icin farkli proses parametrelerinin ya da
farkh katkilarm son tiriine etkisinin bilinmesi ciddi 6nem arz etmektedir.
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Bu sebeple bu calismada arag¢ hafifletme ve ucuzlatma hedefi kapsammda
tampon, riizgarlik, bagaj paneli gibi yiiksek hacimli ara¢ dig trim
parcalarmda mevcutta yogun kullanim alani bulan yiiksek talk katkil
polipropilen bazli hammaddelerde daha diisiik talk orani ile ya da nonokil
katkis1 ile aym ozelliklerin elde edilip edilemeyecegi incelenmistir.

Materyal ve Yontem:

Oncelikle endiistriyel lotlarda iiretimi yapilabilen ve uzun yillardr ¢ogu
otomotiv dig trim parcasmda kullanim yeri bulan %30 talk oranina sahip bir
polipropilen (PP) bilesik referans hammadde olarak almmistir. Buna
alternatif olarak, heniiz laboratuvar ortaminda gelistirilmesi devam eden yani
endiistriyel olarak heniiz herhangi bir otomotiv dis pargasmnda kullanimi
olmamig &30 ve %20 talk dolgulu 2 farklh PP kompound seg¢ilmistir.

Malzemelerin enjeksiyon kaliplamalar1 farkli kalip sicakliklari ve farkh
silindir sicakliklarmda yapilarak numuneler alinmis ve bu sekilde sicaklik
degisimlerinin malzemelerin mekanik ve kimyasal Ozelliklerine etkisi
incelenmistir.

Bununla birlikte %20 talk katkili malzemeye %1, %3 ve %35 oranlarmda ve
aym formulasyonda nanokil katkilanarak farkh katki oranlarinm proses
kosullarina ve son Trliniin mekanik 6zelliklerine etkisinin incelenmesi
hedeflenmistir. Bilesikler ¢ift vidali ekstruder’de hazirlandiktan sonra sabit
kalip sicakligi ve sabit silindir sicakligi kullanilarak plastik enjeksiyon
makinesinde kalplanmgtir.

Numuneler Thermogravimetrik Analiz (TGA), Eriyik Akis Indeksi (MFI),
Cekme Testi, Egme Testi, [zod and Charpy Darbe Testi, Isil Egilme
Sicakligi (HDT) and Vicat Yumusama Sicaklig1 Tayini (VST), Diferansiyel
Taramal Kalorimetri (DSC), X-Ism1 Kirinim Y 6ntemi (XRD) yontemleri ile
karakterize edilerek fiziksel, mekanik ve termal ozelliklerdeki degisimler
raporlanmustr.

On Degerlendirmeler:

Caligmada 4 farkli baslik altinda talk katkismmn, kalip sicaklik degisiminin,
silindir sicaklik degisiminin ve nanokil katkisinm malzemelerin fiziksel,
mekanik ve termal 6zelliklerine etkisi incelendi.

Talk katkisinn malzemelerin  MFI degerini diisiirdiigiic ve bdylece
malzemenin kolay enjeksiyon edilebilirligine negatif etkisi oldugu goriildi
fakat talk partikiillerinin ¢ekirdeklenme ajam gibi davranmasi sebebi ile
kristalizasyon yiizdesinde artis goriildii. Talk partikiillerinin yassi katmanh
yapist sebebi ile enjeksiyonla kalplama swasmda akis yoniinde
yonlenme lerinden dolayi talk icerigi ile dogru orantili olarak malzemelerde
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elastik modiil degerlerinde artig goriildii fakat bu artism malzemelerin darbe
dayanmlarm disiirdiigii gézlemlendi.

Kahp sicaklik degisimlerinin partikiil mobilitesini arttrmasi sebebi ile
molekiil agrligr yiksek olan malzemelerde daha fazla etkili oldugu
gozlemlendi. Enjeksiyonla kaliplama sirasmda yiiksek kalip sicakliginda
tiretilen numuneler daha diizenli bir yapiya ge¢mek i¢cin daha fazla zamana
sahip oldugu i¢in, bu numunelerde kristalizasyon yilizdelerinin daha fazla
oldugu gozlemlendi fakat numunelerin mukavemet ve modiil degerlerinde
major degisiklikler gozlenmedi. Darbe dayanimlarinda goriilen distisiin de
kristalizasyon yiizdelerindeki artig sebebi ile oldugu yorumland.

Silindir sicaklik degisiminlerinin malzeme viskozitesini diisiirdiigii ve buna
bagl olarak da kristalizasyon yiizdelerinin hafif arttig1 goriildii. Mukavemet
ve modul degerlerinde gozle goriilir degisimler goézlenmedi. Darbe
dayammlarmda goriilen disiisiin de kristalizasyon yiizdelerindeki artig
sebebi ile oldugu yorumlandi.

%20 talk katkili malzemeye 0 wt.%, 1 wt.%, 3 wt.%, 5 wt.% oranlarinda
nanokil katkilanarak olusturulan bilesiklerde yapilan karakterizasyonlarda
XRD sonuglarmm yapida kiimenelenmis nanokil kalmadigi, karigimm
homojene yakm oldugu goézlemlendi. Bununla birlikte literaturde PP
bilesiklere katilan katkilarm MFI oranmi diislirdiigii goriilse de bu ¢caligmada
muhtemelen nanokil ylizey modifikasyon ajanlar1 ile PP matrisi arasmdaki
etkilesimden ya da kil partikiil katmanlarinin yiiksek en-boy orani sebebi ile
uzun zincir dolanimlarma engel olmasi kaynakli MFI artis1 gézlemlendi. Ek
olarak nanokil katkisinin ¢ekirdeklenme ajani gibi davranmasi kaynakli DSC
sonuglarnda %50 oranmnda kristalizasyon ylizdesi artig1 goriildii. Son olarak
nanokil katkis min malzeme mukavemeti, darbe dayanimi ve rijitligi tizerinde
de artis etkisi oldugu gozlemlendi.

Sonuclar:

Otomotiv dis pargalarmda diisiik talk oranlarma sahip malzemelerin
kullanimi agmrlik azaltma, fiyat ucuzlatma ve proses verimliligi agilarmdan
avantaj saglamaktadr ama diisiik darbe dayanimlar1 sebebi ile final iiriin
testlerinde problem yaratabilir. Proses parametrelerinin optimizasyonu darbe
dayanimlarmin iyilestirilmesine az da olsa katki saglasa da daha etkili bir
gelistrme i¢gin kompound olugturma asamasinda malzemelere darbe
arttricilarm ya da diger nanokillerin katkilanmasi gelecek c¢alismalarin
konusu olabilir.

Anahtar Sozciikler: Polipropilen, Talk, Kompound, Otomotive, Nanokil,
Proses Parameterleri, Enjeksiyon Kaliplama, Nanokomposit
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Abstract

In this study, mechanical recycling and re-use of thermoset glass fiber
reinforced polymer (GFRP) plates were investigated. Recycled materials
were used by 4, 8,12, and 16 percent in weight instead of the virgin fibers in
the BMC dough. The amount of reduction in the values of tensile test results
of samples containing recycled materials remained less than 5% of the
reference sample results. The samples with 4% recycled materials had the
lowest bending strength. The reduction of bending properties of the samples
including 8, 12, 16% recyclates was found be approximately 10-12% of the
results of the reference sample. Except for sample containing 4% wt. of
recyclates; others exhibited an acceptable mechanical performance.

Keywords: Mechanical recycling, glass fiber reinforced polymer (GFRP),
bulk molding compound (BMC)

The Aim of this study

In the scope of this research, it is aimed to obtain recycling glass fibers
known with grain size and chemical content which is a result of mechanical
recycling process from thermoset GFRP wastes, and evaluate this qualified
recycled glass fibers in the sustainable quality of the molding for the
production of composite parts in BMC dough.
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Material-Method

Mechanical recycling of GFRP waste materials was conducted by a
laboratory-type cutting-mill recycling machine. Recycling products were
classified through the sieves. The virgin glass fibers with an average size of
12 mm were used in the BMC prescription. The average size of the coarse
recycled glass fibers is 3 mm. The heat treatment process was carried out on
the recycled glass fibers in order to determine the resin content on the fibers.
The chemical content of recycled GFRP products was determined by Fourier
Transform Infrared spectroscopy (FTIR) analysis. The recycled glass fibers,
with particle size and chemical content, were used by 4, 8, 12, and 16
percent in weight instead of/with the virgin fibers in the BMC dough.
Recycled glass fiber reinforced BMC dough was manufactured in Literatiir
Kimya Ltd. Co in Balikesir. Tensile and flexural static tests according to ISO
527-1 and 1SO 178 standards were applied to the samples cut from the BMC
plates. Mechanical tests were carried out on a 250 kN Zwick Roell Z250
electromechanical test device. The results were compared with reference
samples containing 100% virgin fibers. The crack and fracture surfaces of
samples were analyzed by using optical microscope.

Pre-Findings

Mechanical recycling process was applied to the GFRP production fires, and
the produced recycled products were used as reinforcement in BMC product
prescription. In the BMC product prescription, virgin glass fibers with a size
of 12 mm and recycled glass fibers with an average size of 3 mm were used
together. It was thought that using recycles containing shorter glass fiber
content resulted in a decrease in the mechanical strength of product. The
recycled products added to the BMC dough were used instead of and in
combination with the virgin glass fibers. However, it was determined that
the recycled products contained an average of 47% wt. glass fiber as a result
of the heating and holding processes in ash furnace. Therefore, the use of
recycled products in the BMC prescription resulted in a reduction in mass %
of glass fiber in the final product. As a result, another reason for the decrease
in strength values; this can be explained by the reduction in the amount of
total mass of glass fibers used in the BMC product prescription.

72



5™ INTERNATIONAL POLYMERIC COMPOSITES SYMPOSIUM AND WORKSHOPS
V. ULUSLARARASI POLIMERIK KOMPOZITLER SEMPOZYUMU VE CALISTAYLARI

Ozet

Bu calismada, termoset esash cam elyaf takviyeli polimer (CTP) plakalarm
mekanik geri kazanimi iglemi ve tekrar kullanimi arastrilmigtr. Geri
doniisiim {irlinleri kiitlesel olarak % 4, 8, 12, 16 oranlarmda sicak pres
kaliplama bilesiminde (BMC) orijinal fiberlerin yerine kullanilmistrr. Geri
doniisiim cam fiber iceren numunelerin ¢ekme test sonu¢larmdaki diisme
miktari, referans numune ile karsilastirildiginda %5’in altinda kalmistir. %4
geri donilisiim igeren numunenin en disiik egilme dayanimina sahip oldugu
gozlenmigstir. Kiitlece % 8, 12, 16 geri doniisiim takviyeli numunelerin
egilme test sonuclar ise, referans numune ile kiyaslandiginda egilme
ozelliklerinde diisme miktarlar1 %10-12 civarinda belirlenmistir. Kiitlece %4
geri doniigiim ¢1ktis1 igeren numune hari¢, diger numuneler kabul edilebilir
mekanik performans gostermistir.

Anahtar kelimeler: Mekanik geri doniisiim, cam elyaf takviyeli polimer
(CTP), sicak pres kaliplama bilesimi (BMC)

Amag

Aragtirma kapsaminda, {iretim firesi termoset cam elyaf takviyeli polimer
(CTP) plaka ve rulo iirlinlerden mekanik geri doniisiim islemi sonucu tane
boyutu ve kimyasal igerigi bilinen nitelikli geri doniisiim cam fiberlerin elde
edilmesi ve bu materyalin siirdiiriilebilir kalitede kompozit parca iiretimi i¢ in
hazir sicak pres kalplama (BMC) hamuru igerisinde degerlendirilip, tekrar
kullaniimas1 amaclanmaktadir.

Materyal-Yontem

CTP fire malzemelerin mekanik geri doniisiimii i¢in krma ve kesme amach
tasarlanan laboratuvar tipi bicakli kiric1 geri doniisim makinesi
kullanilmistr. Geri doniisiim {irlinleri eleklerden gegirilerek smiflandirma
islemi yapilmigtr. BMC {iriin recetesinde ortalama boyutu 12 mm olan
orijinal kirpilmig cam fiberler kullanilmistr. Geri doniistim cam fiberlerin
ortalama boyutu ise 3 mm olarak belirlenmistir. Geri doniisiim cam
fiberlerin re¢ine iceriklerini belirlemek amaciyla 1sitma ve bekletme
siirecleri iceren termal islem uygulanmistr. Uriinlerin kimyasal icerikleri ise
FTIR analizi ile belirlenmistir. Geri doniisiim cam fiber takviyeli BMC plaka
tiretimi Balikesir’de siirekli SMC ve BMC iiretim hattma sahip Literatiir
Kimya Ltd. Sti. firmasinda gerceklesmistir. Tane boyutu ve kimyasal icerigi
belirlenen geri doniisim malzemesi kiitlesel olarak % 4, 8, 12, 16
oranlarmda BMC hamurunda, orijinal fiberlerin yerine ve birlikte
kullaniimistir. Geri doniisiim igeren numunelerin ¢ekme ve egilme testleri,
sirast ile ISO 527-1 and 1SO 178 standartlarma uygun sekilde 250 kN Zwick
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Roell Z250 elektromekanik ¢gekme—basma cihazinda yapilmistir. Sonuglar %
100 orijinal fiber iceren referans numuneler ile karsilastwilmistwr. Testler
neticesinde numunelerin kirilma yiizeyleri optik mikroskop ile incelenmistir.

On Degerlendirmeler

CTP plaka ve rulo iiretim firesi malzemelere mekanik geri doniigiim prosesi
uygulanmig ve iiretilen geri doniistim iriinleri BMC f{iriin regetesinde cam
fiber takviyesi olarak kullaniimistr. BMC iiriin regetesinde 12 mm
boyutunda orijinal kwrpilmig cam fiberler ile birlikte ortalama 3 mm
boyutunda geri doniisiim cam fiberler kullanilmistir. Boyutlar1 daha kisa cam
fiber iceren geri doniisiim ¢iktilarmm {iriin mekanik dayanmm degerlerinin
diismesine neden oldugu disiiniilmektedir BMC hamurunda kullanilan geri
doniisiim driinleri % kiitlesel olarak orijinal fiberler yerine ve birlikte
kullaniimistir. Fakat geri doniistim {riinlerinin kiil firm1 analiz neticesinde
agrlikca ortalama %47 cam fiber icerdigi belirlenmistir. Bu nedenle geri
doniistim triinlerinin BMC hattinda kullanilmasi1 nihai {iriinde % Kkiitlesel
olarak cam fiber miktarmin azalmasina sebep olmustur. Netice olarak
dayamm degerlerinde diismenin bir diger nedeni, BMC iiriin regetesinde
toplam kiitlece % cam fiber miktarmm diismesi ile a¢iklanabilir.
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IMPROVING GLASS FIBER-POLYMER INTERFACIAL BOND
STRENGTH USING NANO-CLAY PLATELETS

CAM ELYAF-POLIMER ARA YUZEYIi BAG KUVVETININ NANO-
KiL KATMANLARI KULLANILARAK ARTIRILMASI

Giilsah Kahraman, Dr. Aref Cevahir, Sener Yimaz, Prof. Dr. Selim
Kusefoglu, Dr. Vedat Sediroglu

Atmospheric Coating Technologies Management, Tiirkiye Sise ve Cam
Fabrikalar: A,S.
Science &Technology Center
Cumhuriyet Mah. Sisecam Yolu Sokak, No.2 41400 Gebze —Kocaeli Turkey
E-mail address: gkahraman@sisecam.com

Phone: +90-850-2060468, Fax: +90-262-6782453

Abstract

Glass-reinforced polymer composites made with thermoplastic polymers are
prefered over thermosets by virtue of their recyclability. The broader use of
thermoplastics and the pressing need for products with higher added value
accelerated the development efforts for innovative glass fiber products based
on Polypropylene(PP) and Polyamide(PA) polymers.

Towards this goal, montmorillonite clay, which was intercalated with a
suitable quaternary ammonium salt was incorporated in a glass fiber sizing.
This sizing was then used to prepare glass fibers by the conventional
process. The expectation is that the clay additives shall exfoliate to form
nano platelets, induced by the shear stress of the extruder when mixed with
PP or PA during the part manufacturing process. This way, clay platelets
with 5-15 nm thickness form a very thin nano-composite film at the
thermoplastic/glass fiber interface. While many examples of nanoclay
reinforced thermoplastics can be found in the literature, this is the first work
that places the nano clay reinforcement specifically at the fiber-matrix
interface.

We provide evidence for improved mechanical strength due the extra surface
area and bonds established between the matrix and the fiber phases once
nano-clay has been introduced. The presence of nano-sized clay at the
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interface also serves to improve the flame retardancy characteristics of the
final composite.

Keywords: Nanoclay, composite, thermoplastics, glass fiber, glass-polymer
interface

Ozet

Geri dontistiiriilebilir elyaf takviyeli termoplastik kompozitler, giderek geri
doniislimii  miimkiin ~ olmayan termosetlerin  yerini  almaktadur.
Termoplastiklerin artan kullanim oranlar1 ve pazarm katma degeri yiiksek
tirlinlere  yonelik  gereksinimi, Polipropilen(PP) ve Poliamid(PA)
takviyelerine yonelik yenilik¢i cam elyaf driinleri gelistirme faaliyetlerini
hizlandirmistir.

Bu amaca yonelik yapilan bu ¢alismada, cam elyaf yiizeyine daha 6nceden
uygun bir kuvarterner amonyum tuzu ile interkale edilmigs montmorillonit kil
uygulanmigdr.  Beklenti, interkale olmus kil yapilarmin parca yapma
prosesinde PP veya PA ile ekstruderde karigtirilmasi swrasinda eksfolye
olmas1 ve meydana gelen 5-15 nm kahnliktaki kil levhaciklarin termoplastik
ile cam elyaf ara ylizeyinde cok ince bir nano kompozit filmi
olusturmalaridir. Literatiirde termoplastiklerin nano kil ile takviyesi ile ilgili
bircok makale ve patent bulunmasma ragmen, bu c¢aligma nano kilin
ozellikle cam elyafi- matriks arayiizeyine yerlestirildigi ik ¢ahgmadir.

Calsmada hedeflenen {iriin, yapisinda yiizey alanini genisletecek nano
partikiiller barmdracagindan, polimer ile cam arasmda daha giiclii bir bag
kurulmasma imkan saglayacaktr. Bu sayede piyasada bulunan, PP ve PA
uygulamalarina yonelik takviye cam elyaflarma gore mekanik mukavemet
olarak daha yiiksek performans gosterecegi on goriilmektedir. Ara yiizeyde
nano boyutlu kil varligi ayn1 zamanda nihai kompozit malzemenin alev
geciktirici ozelliklerinin iyilestirilmesine de katki saglayacaktir.

Anahtar Kelimeler: Nanokil, kompozit, termoplastik, cam elyafi, cam-
polimer arayiizeyi
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MECHANICAL PROPERTIES OF CARBON-E-GLASS
REINFORCED POLYESTER HYBRID COMPOSITES

KARBON-CAM ELYAF TAKVIiYELi POLYESTER HIiBRIiT
KOMPOZITLERIN MEKANIK OZELLIKLERI

Hatice Tascr', Aysegiil Askin®, Metin Tanoglu®

1 - Eskisehir Osmangazi University, Polymer Science and Technology
Department, Meselik Campus, Odunpazari, Eskigehir

2 - Eskisehir Osmangazi University, Chemical Engineering Department,
Meselik Campus, Odunpazari, Eskisehir

3 - Izmir Institute of Technology, Mechanical Engineering Department,
Gulbahce Campus, Urla, 1zmir

haticetasci.m@gmail.com.tr, aaskin@ogu.edu.tr, metintanoglu@iyte.edu.tr

AIM

The aim of this study is to determine the mechanical properties of glass-
carbon/polyester hybrid composites.

MATERIALS/METHOD

Unidirectional carbon (500 gsm) and E-glass (675 gsm) fabrics were used as
reinforcement materials. The fiber orientation was selected as 0/90°.
Polyester resin (Polipol-335, Poliya) together with cobalt octoat and methyl
ethyl ketone peroxide were used as resin, resin accelerator and hardener with
a weight ratio of 0.5% and 1.5%, respectively. Composite laminates were
manufactured by vacuum infusion technique. The test samples were
designated as Cg, Es, C4E;, (CE)ss, (EC)ss where C, E and numbers denote
carbon, E-glass fabrics and repeated layers, respectively. Charpy impact,
tensile and flexural tests were carried out in accordance with ASTM
standards. Dynamic mechanical analysis (DMA) were used to determine the
glass transition temperature (T,) of the specimens.

RESULTS AND DISCUSSION

Hybrid composites panels were successfully fabricated by using vacuum
infusion technique. Tensile test results showed that specimens containing
hybrid carbon end glass fibers; (CE)ss specimens exhibit the highest tensile
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strength as compared to the other hybrid configurations. Due to stiffer
carbon fibers that are parallel to the loading direction, tensile strength of
those specimens were the highest. Charpy impact test results showed that
(EC)ss specimens have the highest impact strength as compared to the other
hybrid structures. Due to relatively rigid E-glass fibers that are oriented
perpendicular to the loading direction, impact strength was found to be
higher respectively. Flexural test results showed that (EC)ss specimens had
the highest flexural strength as compared to the other hybrids. In this
configuration, E-glass fibers were perpendicular to the load direction. In
order to determine the effects of fiber orientation on the flexural properties
of the composites, (CE)ss were prepared in both 0° and 90° directions. For 0°
direction, the carbon fibers were perpendicular to the loading direction,
while for 90° direction the E-glass fibers were perpendicular to the loading
direction. The load carrying capacity of the carbon fibers are lower than E-
glass fibers in compression. Therefore, the specimens which were prepared
in 0° direction had the lowest flexural properties. Glass transition
temperatures (Ty) were also determined by dynamic mechanical analysis
(DMA).

The overall results show that the prepared hybrid composites exhibit better
performances as compared to those made of individual carbon or glass
fabrics.

Keywords: carbon fiber, glass fiber, hybrid composite, vacuum infusion
AMAC

Calsmanmn amaci, cam-karbon elyaf takviyeli polyester matriksli hibrit
kompozitlerin mekanik 6zelliklerinin belirlenmesidir.

MALZEMELER/METOT

Bu ¢alismada, matris olarak polyester regine (Polipol-335, Poliya), takviye
elemani olarak tek yonlii karbon (500 gsm) ve cam elyaf (675 gms) kumaglar
kullanilmistr. Kobalt oktoat hizlandiricy, metil etil keton peroksit ise
sertlestirici olarak swasiyla agirlikga %0.5 ve %1.5 olarak recineye ilave
edilmistir. Kompozit plakalar vakum infiizyon yontemiyle tiretilmistir. C ve
E swrasiyla karbon, cam kumaslarini, sayilar ise tekrarlanan birim sayismni
temsil edecek sekilde; Cs, Es, C4E, (CE)ss, (EC)ss olarak denemeler
adlandirilmistr. Denemelerde elyaf yonlenmesi 0/90° olarak belirlenmistir.
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Charpy darbe, cekme ve {i¢ nokta egme testleri standartlara uygun bir sekilde
yapilmistir. Dinamik mekanik analiz (DMA) ile malzemelerin camsi gecis
sicakliklar1 (T,) belirlenmistir.

SONUCLAR VE DEGERLENDiRMELER

Cam-karbon elyaf takviyeli polyester matriksli hibrit kompozitleri vakum
inflizyon yontemiyle basarili sekilde tiretilmistir. Cekme testi sonuglarina
gore (CE)s;s denemesinin ¢ekme mukavemeti diger hibritlere kiyasla daha
yiiksektir. Bu konfiglirasyonda, yiiksek mukavemetli karbon elyaflar yiik
yoniine paraleldir. Karbon elyaflarin yiik yoniine paralel olmas1 mukavemeti
arttrmaktadir. Charpy darbe testi sonuglarma gore, (EC)ss denemesinin
darbe enerji degerleri diger hibritlere kiyasla daha yiiksektir. Bu
konfigiirasyonda, cam elyaflar darbe yoniine diktir. Daha rijit olan cam
elyaflarm darbe yoniine dik olmasi kirilma enerjisini arttrmaktadir. Ug
nokta egme testi sonuglarma gore, (EC)3s denemesinin egme mukavemeti
diger hibritlere kiyasla daha yiiksektir. Bu konfiglirasyonda, cam elyaf yiik
yoniine diktir. Ayrica, elyaf yonlerinin mukavemete etkisini incelemek i¢in
(CE)ss denemesi 0° ve 90° yonlerinde hazirlanmistir. 0°yénii ile elde edilen
numunede karbon elyaflar yiik yoniine diktir. 90° yoniiyle elde edilen
numune de ise cam elyaflar yiik yoniine diktir. Egme testi sirasmda numune
iizerinde olusan basma gerilmesine karsi karbon elyaflar daha dayaniksizdir.
Bu sebeple, 0° yoniinde hazirlanan numunelerin egme mukavemeti daha
diisiiktiir. Denemelerin camsi gegis sicakliklari (T,) dinamik mekanik analiz
(DMA) ile belirlenmistir.

Genel olarak, test sonuglari, tek tip elyaf iceren karbon ve cam elyaf
takviyeli kompozitlerle kiyaslandiginda, hibrit elyaf iceren kompozitlerin
daha ideal mekanik performansa sahip oldugunu goéstermektedir.

Anahtar Kelimeler: karbon elyaf, cam elyaf, hibrit kompozit, vakum
inflizyon
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ELEKTROMANYETIK KALKANLAMA (EMI) ve ELEKTRIK
ILETKENLIK OZELLIKLI TEKSTIL TABANLI HAFIiF KARBON
KOMPOZIT

A TEXTILE BASED LIGHTWEIGHT COMPOSITE WITH
ELECTROMANGNETIC SHIELDING (EMI) and ELECTRICAL
CONDUCTIVITY PROPERTIES

Burgak Karagiizel Kayaoglu®, Nuray Ugar”, Armg"Bilgel, Giinseli Giirel",
Pmar Sencandan' , Selguk Paker” |ilkay Ozsev Yiiksek"
' [stanbul Teknik Universitesi, Tekstil Miihendisligi Boliimii
? [stanbul Teknik Universitesi, Elektronik Miihendisligi Bolimii

Aim:

In many defense applications including aircrafts, it is significant that the
materials used need hawe electromagnetic shielding properties in addition to
being lightweight. When aircrafts are considered as an application area,
frequently aluminum and similar metals are used to control electromagnetic
effects and lightening. In this study, design of textile based carbon
lightweight composite structure that have reduced weight, electrical

conducticity and electromagnetic shielding properties as an alternative to
aluminum, is aimed.

Materials and Methods:

In the study, expoxy resin, carbon fabric, carbon nanotube (CNT) and
graphene oxide fiber were are used. The textile based lightweight
composites were manufactured with addingg CNT in epoxy resin and
coating the surface of carbon fabric with grabene oxide fibers. Electrical
conductivity and electromagnetic shielding properties of the composites
were measured.

Results:

The textile based lightweight carbon composites were found to be in semi-
conductor range (around 10 S/cm ) and have middle range electromagnetic
shielding (EMI) properties (32 dB), and additionally lightweight (1.1
gricm®). Additional studies are going to be performed to improve electrical
conductivity and electromagnetic shielding properties.

Keywords:

Textile based lightweight composites, CNC filled epoxy resin,
electromagnetic shielding, electrical conductivity
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Amag:

Ugak dahil, pek ¢ok savunma sanayi uygulamalarda, kullanilan malzemenin
hafifliginin yan1 swra elektromanyetik kalkanlama oOzelliginin de mevcut
olmast olduk¢a oOnemlidir. Uygulama alani1 olarak ucak sanayisi dikkate
alndiginda, gerek yildirim carpmalari, gerekse olusacak elektromanyetik
etkileri kontrol altinda tutabilmek i¢in ¢ogunlukla aliiminyum ve benzeri
metal yapili malzemeler kullanilmaktadir. Bu ¢alismada, aliminyum gibi
metallere alternatif olmak iizere, daha hafif, elektrik iletkenligi ve
elektromanyetik kalkanlama 6zelligi olan karbon yapili tekstil tabanli hafif
kompozit iiriin gelistirmek amaclanmigtir.

Materyal - Yontem:

Calismada, epoksi recine, karbon kumas, karbon nanotiip (CNT) ve grafen
oksit lifi kullanilmistir. Epoksi regine igerisine CNT katilarak ve karbon
kumas {izerine grafen oksit lifleri yerlestirilerek, tekstil tabanh hafif, karbon
kompozit iiretilmistir. Uretilen kompozit yapilarm elektrik iletkenligi ve
elektromanyetik kalkanlama ozellikleri Olgiilmiistiir.

On Degerlendirme:

Elde edilen tekstil tabanli hafif karbon kompozitlerin yari iletken smifinda
elektrik iletkenliginin oldugu (10* S/cm mertebelerinde) ve orta derecede
elektromanyetik kalkanlama (EMI) 6zelliginin oldugu (32 dB) , bunun yani
sira oldukga hafif oldugu (1.1 gr/em’)  goriilmistir. iletkenligin ve
elektromanyetik kalkanlama ozelliginin daha da gelistirilmesi yOniinde
cahsmalara devam edilecektir.

Anahtar kelimeler: Tekstil tabanl hafif karbon kompozit, CNT dolgulu
epoksi recine, elektromanyetik kalkanlama, elektrik iletkenligi

Tesekkiir: Bu calismada, TUBITAK (proje numarasi 114M524 olan grafen
oksit lif iiretim destegi) ve ISTKA (Proje numarast TR10-15-YNK-0033
olan Kompozit Merkezi Kurulum Destegi) proje destekleri ile saglanan
olanaklardan yararlaniimis olup, TUBITAK ve ISTKA’ya tesekkiirlerimizi
iletiriz.
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EVALUATION OF SWCNT INCORPORATION IN THERMOSETS
COMPOSITES-EFFECT ON MECHANICAL REINFORCEMENT

TEK DUVARLI KARBON NANOTUPLERIN TERMOSET
KOMPOZITLERE KATILIMININ DEGERLENDIRILMESI —
MEKANIK TAKVIYEYE OLAN ETKi

Jens Schneider
OCSIAI Europe s.a.r.l.

Email: jens.schneider@ocsial.com

Mail: 1, rue de la Poudrerie L-3364 Leudelange Grand Duchy of
Luxembourg

Abstract

The remarkable mechanical properties of single walled carbon nanotubes
(SWCNT), such as high elastic modulus and interlaminar shear strength,
conductivity and improved adhesion, make them ideal for reinforcements of
thermoset polymer/SWCNT composites. Aspect ratio achieved by using
SWCNT s significantly higher than other carbon nanotube and therefor
enable improved behavior, based on improved flexibility of the SWCNT
together with increased amount of -9 interactions.

Previous studies showed that the mechanical properties of the composites are
significantly influenced by interfacial interactions between SWCNT and
other matrices. The current challenge of the application of nanotubes in the
composites is hence to determine the mechanical properties of the interfacial
region, which is critical for improving and manufacturing the SWCNT based
composites. In this work, using C-scan ultrasonic non-destruction
technology (C-Scan NDT) together with conventional mechanical properties
analysis tools, the effects of SWCNT reinforcements on the mechanical
properties, i.e. Young's modulus, fracture toughness, interlaminar shear
strength, and damage resistance, of SWCNT/thermoset composites are
investigated. The feasibility of improving interlaminar shear strength,
significant decrease in impact damage area is being demonstrated,enables
improved design, weight reduction and longer service life for SWCNT/
thermoset composites systems.

Key words: Single wall carbon nano tubes, Composites, Interlaminar shear
strength
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Ozet

Tek Duvarli Karbon Nanotiipler (SWCNT), yiiksek elastik modiil ve
katmanlararas1 kesme dayanmi, elektriksel iletkenlik ve adhezyonda
iyilesme gibi dikkat c¢ekici mekanik Ozellikleri sayesinde termoset
polimer/SWCNT kompozitleri i¢in ideal takviye gorevi gormektedirler.
SWCNT kullanilarak elde edilen boy-cap oram diger tiim karbon
nanotiiplerle elde edilebilenden daha biiyiik olup, esneklikteki iyilesme ve
birbirleriyle olan etkilesimlerin artmasi sayesinde davrammda iyilesmeye
yol agmaktadir.

Gegmisteki cahsmalar, kompozitlerin mekanik 6zelliklerinin 6nemli Slgiide
SWCNT ve diger matrislerin arayiizey etkilegsimlerinden etkilendigini
gostermisti. Bu  nedenle, kompozit malzemelerde nanotiiplerin
uygulanmasmin mevcut zorlugu arayiizeyin mekanik o6zelliklerini
belirlemektir, ki SWCNT esash kompozitleri gelistirmek ve iiretmek i¢cin
kritik olan da budur.

Bu calismada, geleneksel mekanik 6zellikleri analiz eden cihazlar ile birlikte
C-Scan Ultrasonik Tahribatsiz Teknoloji (C-Scan NDT) kullanilarak
SWCNT takviyelerinin  SWCNT/termoset kompozitlerinin - mekanik
ozelliklerine --6rnegin, Young Modiili, krilma toklugu, katmanlararasi
kesme dayanmm, darbe mukavemeti-- olan etkileri arastirimstir.

Katmanlararasi kesme dayanimmdaki iyilesmenin verimliligi ve darbe hasar

alanndaki belirgin kii¢iilme, SWCNT/termoset kompozit sistemleri i¢in
gelismis tasarmm, agwrlk azaltma ve daha uzun kullanim 6mrii saglar.
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DOGAL LIiF TAKVIYELi BiYOPOLIMER MATRISLi, KOMPOZIT
MALZEMEDEN iC TRIM KAPLAMALARI GELISTIRILMESI

DEVELOPMENT OF INTERIOR TRIM COATINGS FROM
NATURAL FIBER REINFORCED BIOPOLIMER MATRIXED
COMPOSITE MATERIALS

Kadir CATAK, Mustafa COLKESEN
Fompak Ambalaj ve Poliiiretan San. Tic. A.S.
NOSAB Koknar Cad. No:36-38 Niliifer / BURSA
kcatak@fompak.com.tr, mcolkesen@fompak.com.tr

Aim: Polymeric materials, which started to enter our lives about 100 years
ago continue to change our lives by taking the place of many materials with
developing technology. Due to their superior mechanical properties, easy
formability and low densities, polymers used in many industries have
become a very important material for the automotive sector.

Increasing population and urbanization in the world and in our country
together with the changing in living conditions and the technology, comfort
and security expectation from the vehicle increased. With this increase, the
extra equipments added to the vehicles have caused the weights of today's
vehicles nearly double compared to 50 years ago.Parallel to this increase,
internal combustion engine and alternative fuel engine technologies can not
be developed and caused the world dirty.

For this reason, automotive companies have turned to lightening their
vehicles and have begun to work quickly with international agreements and
agreed emission targets.

Metarial — Metod: In our project, it is aimed to make the parts light and
environmentally friendly by producing some automotive interior trim parts
with PLA (polylactic acid) and natural fiber composite material instead of
producing with talc additive PP materials .In the part determined within the
scope of the project, prepregs to be produced by using PLA with
environmental and biodegradable properties as matrix material with linen
and hemp as reinforcing materials, will be formed by thermoforming
process. Different lamination and production techniques will be used to
produce composites.

Discussion And Recommendations: With the composite material to be
produced, not only the reduction of CO2 emissions produced by car , but
also the reduction of CO2 emmissions during the production of PP
produced with fossil fuels . It is aimed that the parts to be produced from
PLA and natural fiber can easily be returned to nature .
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Keywords: PLA, natural fiber, composite, PP

Amag

Giintimiizden yaklasik 100 y1l 6nce hayatimiza girmeye baslayan polimerik
malzemeler gelisen teknoloji ile birgok malzemenin yerini alarak hayatimizi
degistirmeye devam etmektedir. Ustin mekanik &zellikleri, kolay
sekillendirilebilmeleri ve diisiik yogunluklari nedeniyle bircok sektorde
kullanilan polimerler otomotiv sektorii i¢in de ¢ok Onemli bir malzeme
haline gelmistir.

Diinyada ve ililkemizde artan niifus ve sehirlesme, degisen yasam sartlari ve
teknoloji ile ara¢ sayisiyla birlikte aragtan beklenen konfor giivenlik gibi
ozelliklerde artmugtr. Bu artig ile araclara eklenen ekstra donammlar
giiniimiiz araglarmin agrliklarmin 50 yil dncesine gore neredeyse iki kat
yiikkselmesine neden olmustur. Bu artisa paralel olarak gelisemeyen igten
yanmali1 motor teknolojileri ve alternatif yakitli motor teknolojileri araclarmn
diinyamizi hizla kirletmesini engelleyememisti. Bu nedenle otomotiv
firmalar1 aracglarmi hafifletme yoluna yonelmis ve bu konuda uluslar arasi
anlagmalar ile kabul edilen emisyon hedefleri i¢in hizli bir sekilde ¢alismaya
baglamustir.

Meteryal — Yontem: Projemizde mevcut durumda talk katkili PP
malzemeler ile {iretilen bazi otomotiv i¢ trim parcalarmm PLA (Polilaktik
Asit) ve dogal elyaftan olusturulan kompozit malzeme ile tretilmesi ile
parcalarm hafif ve ¢evreci hale gelmesi hedeflenmektedir. Proje kapsammda
belirlenen parcada, ¢evreci ve biobozunur 6zelliklere sahip PLA, matris
malzeme olarak, keten ve kenevir ise takviye malzemesi olarak kullanilmasi
ile tretilecek prepregler termoform prosesi ile sekillendirilecektir.
Kompozitlerin iiretilebilmesi i¢in farkli laminasyon ve iiretim teknikleri
kullanilacaktir.

On Degerlendirmeler: Uretilecek kompozit malzeme ile saglanacak agrlik
kazanci araclardaki CO2 emisyonunun yani sira fosil yakitlar: ile tretilen
PP’nin kullanimi azaltilarak PP’nin {iretimi swrasinda meydana gelen CO2
emisyonunun da azalmasmni saglanacaktwr. Malzemenin PLA ve dogal
elyaftan olugmasiyla bu malzemeden iiretilecek parcalarm dogaya kolayca
geri donmesi hedeflenmektedir.

Anahtar kelimeler: PLA, Dogal elyaf, kompozit, PP
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DOKUMA CAM ELYAFLARIN FARKLI KATLARININ SMC
KOMPOZITLERIN MEKANIK OZELLIiKLERINE ETKIiSININ
INCELENMESI
INVESTIGATION OF THE EFFECTS OF DIFFERENT LAYERS
WOVEN GLASS FIBERS ON MECHANICAL PROPERTIES OF
SMC COMPOSITES

Mahmut Bingol*, Kadir Cavdar?
1 mbingol@valova.edu.tr,  Yalova Universitesi, Yalova MYO, Yalova

2 cavdar@uludag.edu.tr, Uludag Universitesi, Makine Miihendisligi
Bolimii, Bursa

ABSTRACT

Objective

The high mechanical and technological features required in today's modern
manufacturing processes cannot be achieved with conventional materials.
The requirements such as high strength and lightweight are two
contradictory engineering demands, but composite materials can be passed
on. For this reason, industrial use of composite materials has become
increasingly necessary. Sheet Molding Compounds (SMC) is a
thermosetting polymer composite method which is used in many areas,
mainly automotive, where high strength parts are produced in series.

In this study, firstly SMC plates were obtained by using woven glass fibers
as reinforcement material in different number of layers, then experiments
were carried out in which mechanical properties were obtained and the
results were interpreted.

Material and Methods

The mechanical properties of the finished product obtained by the SMC
method are generally directly dependent on the type of reinforcing materials,
their volume ratio, and their distribution in the matrix. In this study, a special
formulation was used for the prepregs. This formulation contains
approximately 36% polyester, 10% thermoplastic resin, 30% calcite
(CaCQs), 20% fiber reinforcement material and 4% other additives. The
obtained pesticide material was placed in SMC mold and processed at 140-
150°C temperature and appropriate pressure to obtain test plates. The test
plates were tested by cutting them according to ISO 527 for tensile test
specimen and ISO 178 for bending test specimen.

Discussions and Recommendations

The most important material that influences mechanical values is
reinforcement materials. The type, proportion and distribution of the fiber
materials used as reinforcing material significantly affect the material
strength values. Strength increases considerably because the orientation of
the force axis is made possible by the touch of the fibers. In addition, the
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mechanical properties of the SMC composite material are also increased
because the fiber ratio increases as the weaving areas increase.

Key words: Sheet Molding Compound (SMC), polymer composite, woven
glass fiber

OZET

Amag

Giiniimiiziin modern imalat siire¢lerinde ihtiya¢ duyulan yiiksek mekanik ve
teknolojik Ozellikler geleneksel malzemelerle saglanamaz. Yiiksek
mukavemet ve hafiflik talepleri birbiri ile ¢elisen iki mithendislik istegi olup
ancak kompozit malzemelerle hayata gegirilebilirler. Bu nedenle, kompozit
malzemelerin endiistride kullanimlar1 giderek zorunlu hale gelmistir. Sheet
Molding Compounds (SMC), yiiksek mukavemetli parcalarm seri olarak
tiretildigi, basta otomotiv olmak {izere bir ¢ok alanda kullanilan termoset bir
polimer kompozit yontemidir.

Bu calsmada, oncelikle takviye malzemesi olarak farkh sayida katlarda
dokuma cam elyaflar kullanilarak SMC plakalar elde edilmis, ardindan
mekanik &zelliklerin elde edildigi deneyler gergeklestirilip sonuglar
yorumlanmugtir.

Materyal ve Yontem

SMC yontemi ile kalipplama sonucu elde edilen nihai tiriiniin mekanik
ozellikleri genellikle takviye malzemelerinin cinsine, hacimsel oranma,
matris i¢erisindeki dagilimma dogrudan bagimlidir. Bu ¢aligmada hazirlanan
pestil i¢in 6zel bir formiilasyon kullanilmigtrr. Bu formiilasyonda yaklagik
olarak %36 polyester, %10 termoplastik regine, %30 kalsit (CaCOj3), %20
elyaf takviye malzemesi ve kalan kisimda %4 diger katkilar yer almaktadur.
Elde edilen pestil malzeme SMC kalip igerisine yerlestirilerek, 140-150°C
sicaklik ve uygun basmg altinda islenerek deney plakalar elde edilmistir.
Uretilen bu plakalar, ¢ekme deneyi numunesi igcin ISO 527, egilme deneyi
numunesi i¢in ise ISO 178 standartlarma uygun sekilde kesilerek test
edilmistir.

Tartisma ve Oneriler

Mekanik degerleri etkileyen en 6nemli malzeme takviye malzemeleridir.
Takviye malzemesi olarak kullanilan elyaf malzemelerinin cinsi, oram ile
parca icindeki dagilimi ve yonelimi malzeme mukavemetini 6nemli Olciide
etkilemektedir. Elyaflarm dokunmasi1 sayesinde kuvvet ekseninde
yonlenmeleri miimkiin hale geldi§i icin mukavemet Onemli o&lcilide
artmaktadr. Ayrica dokuma katlar arttikga elyaf orami da arttigi igin SMC
kompozit malzemenin mekanik 6zellikleri de yiikselmektedir.

Anahtar kelimeler: Sheet Molding Compound (SMC), Polimer kompozit,
Dokuma cam elyaf
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Fe,O; NANOPARTIKUL iLE MODIFIYE EDILMIS EPOKSI/CAM
ELYAF KOMPOZITLERDE PARTIKUL iLAVESININ DARBE
DAYANIMI UZERINDEKI ETKISININ ARASTIRILMASI

EFFECT OF PARTICLE REINFORCEMENT ON IMPACT
STRENGTH ON Fe,O; NANOPARTICLE MODIFIED
EPOXY/GLASS FIBER COMPOSITES

Mahmut Ozer; Necmettin Erbakan Uni. Fen Bilimleri Enstitiis,
Konya/Tiirkiye, mhmtzr911(@gmail.com
Lokman Gemi; Necmettin Erbakan Uni. Seydisehir Meslek Yiiksek Okulu,
Konya/Tirkiye, lgemi@ konya.edu.tr
Mehmet Sari; Necmettin Erbakan Uni. Fen Bilimleri Enstitiisii,
Konya/Tiirkiye, m.sari@outlook.com.tr
Sakir Yazman; Selguk Uni. Tign Meslek Yiiksek Okulu, Konya/Tiirkiye,
syazman@selcuk.edu.tr
Ahmet Akdemir; Necmettin Erbakan Uni. Havacilik ve Uzay Bilimleri Fak.,
Konya/Tiirkiye, aakdemir@konya.edu.tr

Aim: Composite materials are vulnerable to low velocity impacts such as a
dropped weight or hit which can lead to cracks. Fiber and matrix define
composite materials’ properties. Mechanical properties of matrix is
relatively low when it is compared with fibers’ properties. Therefore,
beginning of damage is originated from matrix. Also, weak structure of
matrix effects composite materials’ strength negatively. In this study, in
order to enhance impact strength of composite material, matrix is modified
with Fe,O; nanoparticle reinforcement. In the study, aim is determining
effect of particle reinforcement on laminated glass fiber composites’ low
velocity impact strength.

Mate rial-Method: In this study, epoxy resin and 0/90 glass fiber are used.
Also, nano Fe,O; particle is used as reinforcement. Proportions of
reinforcement material are selected 0.25, 0.5, 0.75 and 1.0% by weight and
in order to provide homogenous mix, ultrasonic homogeniser is used. Hand
lay-up and VARTM methods are used respectively to impede filtration of
particles. Thanks to this hybrid production method, not only filtration
problem solved but also resin proportion is decreased. Control specimen is
produced by same production method just without using any reinforcement.
According to data of resin manufacturer, cure process is applied. Produced
composite laminates are cut in accompany with ASTM D7136-15 as low
velocity impact specimens and low velocity impact test is applied. 10 J, 30 J
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and 50 J are used as impact force. Impacted surfaces are calculated and
damage mechanism is investigated.

Results: Nano Fe,O; reinforcement which is in low amounts has positive
effect on resins’ low velocity impact properties, while high amounts caused
agglomerate and and according to high particle weight, settlement of particle
is occured and increment in viscosity is taken place which also made
vacuum process difficult.

Keywords: epoxy, damage analysisi, Fe,O; nanopowder, glass fiber,
laminated composite, VARTM, hand lay-up, low velocity impact

Amac: Kompozit malzemeler iizerlerine bir agwrlhigm diismesi veya carpma
gibi etkilerden dolay1 diisiik hizli darbe yiiklerine maruz kalarak catlak
olusumu gerceklesebilmektedir. Kompozit malzemelerin  6zeliklerini
kullanilan elyaf ve matris belirlemektedir. Matris malzemenin mekanik
ozellikleri elyaf ile kiyaslandigmda oldukga kiigiiktiir. Buda hasar
baslangiclarmin matriste baslamasma neden olmaktadwr. Ayrica matrisin
zayif yapis1 kompozit malzemenin dayanimmi da olumsuz etkilemektedir.
Bu ¢alsmada kompozit malzemenin darbe dayaniminmn iyilestirilmesi
amactyla matris Fe,O; nanopartikiil ilavesi ile modifiye edilmistir.
Calsmada partikiil ilavesinin tabakali cam elyaf kompozitin diisiik hizl
darbe dayanimma etkisinin tespiti amaglanmaktadr.

Materyal-Yontem: Cahsmada epoksi regine ve 0/90 cam elyaf
kullanilmistr. Ayrica, matris modifikasyonu amaciyla takviye malzemesi
olarak nano Fe,0; partikiilleri kullaniimistir. Partikiil ilave orani olarak
agrlikca %0.25, 0.5, 0.75 ve 1.0 oranlar1 tercih edilmis olup partikiilin
regine i¢erisinde homojen dagilimmi saglamak i¢in ultrasonik homojenizator
ile karistrma yapilmistir. Partikiillerin filtrelenmesini dnlemek i¢in 6ncelikle
el yatrma yontemi tercih edilmis daha sonra ise VARTM yontemi
uygulanmigtir. Bu hibrit iiretim yonteminin se¢ilmesiyle filtrasyon problemi
yaganmaksizin re¢ine oranmin azaltilmasi da saglanmistir. Ayrica partikiil
ilavesiz tabakali kompozitlerin iiretimi el yatrma, VARTM ve hibrit

proseslerle gerceklestirilerek kontrol numunesi olarak belirlenmistir. Regine
iiretici verileri kullanilarak tabakalar kiir prosesine tabi tutulmustur. Uretilen
kompozit plakalardan diisiik hizli darbe deney numuneleri ASTM D7136-15

standardna uygun olarak kesilmis ve diisiik hizli darbe testi uygulanmigtr.
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Darbe yiikii olarak 10 J, 30 J ve 50 J degerleri kullanimistr. Hasar etki
ylizeyleri hesaplanmig ve hasar mekanizmasi aragtirilmigtir.

On Degerlendirmeler: Diisiik oranlarda yapilan Fe,O; nanopartikiil
ilavesinin re¢inenin diisiik hizli darbe dayanimmni lizerinde olumlu bir etkiye
neden oldugu tespit edilmistir. Ayrica nispeten yiiksek oranlarda yapilan
nanopartikiil ilavesin ise aglomera olusumlarma neden oldugu ve yiiksek
partikiil agrlig1 nedeniyle ¢okeldigi ayrica recinenin viskozitesini oldukca
yiikselterek vakum iglemini giiclestirdigi goriilmistir.

Anahtar Sozciikler: epoksi, hasar analizi, Fe,O; nanopartikiil, cam elyaf,
tabakali kompozit, VARTM, el yatirma, diisiik hizli darbe
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DEVELOPMENT OF ALUMINUM HONEYCOMB CORED
CARBON FIBER REINFORCED EPOXY COMPOSITE BASED
SANDWICH STRUCTURES AND CHARACTERIZATION OF
THEIR FATIGUE LIFE

KARBON ELYAF / EPOKSi KOMPOZIT KABUK VE
ALUMINYUM BALPETEGIi ARATABAKA iCEREN SANDVIC
KOMPOZITLERIN GELIiSTIRILMESI ve YORULMA
OMURLERININ KARAKTERIZASYONU

Mehmet Deniz GUNES', Mehmet Ziya OKUR?, Serkan KANGAL',
Metin TANOGLU"?

" Izmir Institute of Technology, Mechanical Engineering Department
2Jnnoma Innovative Materials Technologies Inc.
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Keywords: Sandwich structures, fatigue life, composites, carbon fibers

AIM

The aim of this study is to develop manufacturing routes of aluminum
honeycomb cored carbon fiber reinforced epoxy composite based sandwich
structures and characterization of their low cycle fatigue life.

MATERIAL/METHOD

Unidirectional carbon fabrics were used as reinforcing material for faces in
the orientation of [0/90]. Epoxy resin was utilized as matrix materials and
faces were manufactured via vacuum infusion method. Aluminum
honeycombs with a thickness of 21 mm were used as core material.
Sandwich composite structures were manufactured by adhesive bonding of
carbon fiber reinforced epoxy face and aluminum honeycomb core via
polyurethane adhesive. Three point bending test was applied to the sandwich
structures according to ASTM C393 standard in order to evaluate flexural
properties. Fatigue tests were applied to sandwich structures with respect to
90, 80 and 70% of ultimate flexural loads which obtained from three point
bending tests and low cycle fatigue life of the deweloped structures were
characterized.
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RESULTS/DISCUSSIONS

The flexural test method was used to obtain flexural load-displacement
curves of the sandwich panels according to ASTM C393 standard. Tests
were performed using universal mechanical test machine with three point
bending fixture with the 5 mm/min test rate. Flexural test set-up is shown in
Figure 1. Five specimens were tested and flexural load-displacement curve
of sandwich panels was obtained. Average of an ultimate flexural load of the
five specimens was used for fatigue tests.

Figure 1: Test set-up for flexural test of sandwich panels

Flexural failure modes were observed during tests. Initial failure has
occurred in the core area for all specimens. Core failure occurs when the
linear region of the flexural load-displacement curves which is shown in
Figure 1 ends. The ultimate flexural load was assumed as a load of core
failure.

Load-controlled fatigue tests were applied to the sandwich composites
taking 90, 80 and 70% of the maximum load values obtained from the three-
point bending tests applied to the sandwich panels and the low cycle fatigue
behavior was characterized by Wohler curves (SN Curves). Fatigue failure
modes of the samples were also observed during the test.
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Anahtar kelimeler: Sandvi¢ yapilar, yorulma omrii, kompozitler

AMAC

Bu calismanm amaci karbon elyaf/epoksi kabuk ve aliiminyum balpetegi
aratabaka iceren sandvig kompozitlerin iiretim siireclerinin gelistirilmesi ve
diisiik ¢evrim yorulma Omiirlerinin karakterize edilmesidir.

MATERYAL-YONTEM

Kabuk i¢in takviye malzemesi olarak tek yonlii karbon kumaslar [0/90]
oryantasyonunda dizilerek kullanilmiglardir. Matris malzemesi olarak epoksi
recine kullanilmis, kabuk malzemesi vakum infiizyon metoduyla tiretilmistir.
Aratabaka malzemesi olarak 21 mm kalmhigmda balpetegi formunda
aliiminyum aratabaka malzemesi kullaniimstrr. Uretilen kabuk malzemesi
ve aliminyum balpetegi aratabaka malzemesi poliiiretan yapistiric
yardimiyla birbirlerine yapistrilmis ve sandvic kompozit yapr elde
edilmistir. Uretilen sandvi¢ yapilara ASTM C393 standartma gére iic nokta
egme testleri gergeklestirilmistir. Elde edilen egme mukavemet degerlerinin
90, 80 ve %70 oranlarmda numunelere yorulma yiikleri uygulanmis ve
gelistirilen sandvig yapilarm yorulma Omiirleri karakterize edilmistir.

ON DEGERLENDIiRMELER

Sandvi¢ panellerin egme yiik-deplasman egrileri ASTM C393 standartina
gore gerceklestirilen egme test metodu ile elde edilmistir. Test universal
makanik test cihazinda {i¢c nokta egme fikstiirii kullanilarak 5 mm/dk hizla
uygulanmistir. Sandvig panellere uygulanan egme testi diizenegi Sekil 1°de
goriilmektedir. Bes adet numune test edilmistir ve egme yiik-deplasman
egrileri elde edilmistir. Teste tabi tutulan bes numuneden elde edilen
maksimum yiikk degerlerinin ortalamasi alinmis ve bu deger yorulma
testlerinde kullaniimistir.

r

T ST

Sekil 1: Sandvi¢ panellere uygulanan egme test diizenegi
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Egme hasar modlar test esnasmda gozlemlenmistir. Birincil hasarm biitiin
numuneler i¢in aratabaka bolgesinde gergeklestigi goriilmiistiir. Aratabaka
hasari Sekil 1’de goriilen yiik-deplasman egrilerinin dogrusal bolgesi bittigi
anda gerceklesmistir. Aratabaka hasarmm oldugu yiik degeri maksimum
egme yiikii olarak kabul edimistir.

Uretilen sandvi¢ kompozitlere uygulanan ii¢ nokta egme testlerinden elde
edilen maksimum yiik degerlerinin 90, 80 ve %70 oranlarmda almarak
sandvi¢ yapilara yiik kontrollii yorulma testleri uygulanmis ve diisiik ¢evrim
yorulma davraniglart Wohler egrileri (SN Egrileri) vasttasiyla karakterize
edilmistir. Numunelerin yorulma hasar modlar1 da test siiresince
gozlemlenmistir.

TESEKKUR
Yazarlar KOSGEB’e verdigi finansal destekten otiirii tesekkiir eder.
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ABSTRACT

Aim

The aim of this study was to synthesize cellulose acetate microcapsules
containing liquid epoxy resin that could be used in self-healing composite

applications. Effects of various reaction parameters on formation and
morphology of the microcapsules were also investigated.

Materials and experimental methods

In this study, cellulose acetate (CA) microcapsules that contain EPON 828
and EPON 813 liquid epoxy resins were prepared. Carbon nanotubes (CNT)
was added during synthesis of microcapsules to enhance the properties of
CA shell by changing solvent amount and resin:CA ratio. Dichloromethane
(DCM) was selected as co-solvent for cellulose acetate and utilized together
with acetone. Effect of solvent amount and resin:CA ratio on morphology of
CNT free EPON 813 microcapsules was investigated. The microcapsules
were prepared in a surfactant solution (1% wt Sodium Dodecyl Sulfate) by
forming of CA shells at the water-epoxy interface at 40°C. For preparation of
EPON 828 microcapsules with different shell thickness, carbon nanotube
content (1.0 % wt) and mixing speed (1200 rpm) were kept constant, while
core:shell ratio was changed between 1:1 and 4:1 by weight. After
determining optimum core:shell ratio, CNT percentage of EPON 828
microcapsules were changed between 0.25 and 2.00%. Also various DCM
and acetone ratios were used to adjust the core content of microcapsules.
Similar approach was utilized for EPON 813 microcapsules. Sample codes
of the microcapsules formed at different process parameters were presented
in Table 1.
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Discussion and recommendations

Synthesized microcapsules were characterized by using FTIR, TGA, and
SEM techniques. FTIR results confirm that CA microcapsules can in fact
encapsulate epoxy resin. It is possible to encapsulate different amount of
epoxy resin either by using different amount of DCM or by changing the
core:shell ratio. SEM results reveal that the shell thickness can be reduced
by the increasing core:shell ratio. However, thinner shell structure often
causes shell to collapse inward during evaporation of DCM. Therefore, it is
necessary to use a core:shell ratio over 1:1 to obtain intact spherical
microcapsules. Microcapsules with particle size distribution between 12 and
24 microns can be obtained by changing the viscosity of the mixture used in
encapsulation process as listed in Table 1.

Results

Results indicate that CA microcapsules that contain liquid epoxy resin can
be prepared with or without carbon nanotubes and could be embedded in
various types of composite laminates for self-healing applications.

Table 1: Sample codes and particle size distribution of spherical microcapsules

Sample Acetone/DCM | Core CNT Core: Particle Size

Code ratio (V/V) content percentage | Shell ratio | Distribution
(%w/w) (wiw) (Microns)

CAl 10 ml/ 10 ml EPON 828 | 1.00 11

CA?2 5 ml/ 10 ml EPON 828 [ 1.00 1:1

CA3 10 ml/ 30 ml EPON 828 | 1.00 11 20

CA4 10 ml/ 30 ml EPON 828 | 1.00 2:1

CA5 10 ml/ 30 ml EPON 828 | 1.00 31

CAb6 10 ml/ 30 ml EPON 828 [ 1.00 4:1

CA7 10 ml/ 30 ml EPON 828 [ 2.00 1:1 23

CAS8 10 ml/ 30 ml EPON 828 | 0.50 11 16

CA9 10 ml/ 30 ml EPON 828 | 0.25 11 12

CA10 5 ml/ 15 ml EPON 828 | 1.00 1:0.25

CAll 5 ml/ 15 ml EPON 813 [ 1.00 11 17

CA12 5 ml/ 15 ml EPON 813 | 1.00 1:0.25

CA13 5 ml/ 15 ml EPON 813 | 1.00 1:0.50

CAl4 5ml/ 15 ml EPON813 | 1.00 1:0.75 12

CA15 10ml/5ml EPON 813 | 1.00 11 35

CAl6 10 ml/ 10 ml EPON813 | 1.00 1:0.75 24

Keywords: Cellulose acetate microcapsules, epoxy resin, carbon nanotube
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OZET

Amag

Bu calismanm amaci kendi kendini tamir uygulamalarinda kullanilmak iizere
sv1 epoksi iceren seliilloz asetat mikrokapsiillerinin hazrlanmasi ve ¢esitli
reaksiyon parametrelerinin - mikrokapsiil morfolojisi tizerine etkisinin
arastirimasidir.

Materyal-yonte m

Bu calismada EPON 828 ve EPON 813 iceren scliloz asetat (CA)
mikrokapsiilleri hazirlanmistr. Coziicli miktart ve re¢ine:CA oram
degistirilecek EPON 828 mikrokapsiileri i¢cine karbon nanotlip (CNT)
eklenmeye caligilmistr. CNT igermeyen EPON 813 mikrokapsiillerinin
morfolojisine ¢oziicli miktar1 ve re¢ine:CA oranmin etkisi arastwrilmistir.
Diklorometan (DCM); CA igin ortak ¢dzcii olarak seg¢ilmis ve asetonla
birlikte kullanilmistrr. Mikrokapsiiller 40°C de su-regine ara yiizeyinde CA
kabugu olusturacak sekilde yiizey aktif madde (1% wt Sodyum Dodesil
Siilfat) i¢inde hazwrlanmistr. Farkli kabuk kalmnliklarnda EPON 828
mikrokapsiilleri hazrlamak i¢in ¢ekirdek:kabuk oram 1:1 ile 4:1 arasmda
degistirilerek sabit CNT oram (1.0 % wt) ve karistrma hizlarimda (1200
rpm) EPON 828 mikrokapsiilleri hazrlanmistrr. Optimum ¢ekirdek:kabuk
oranmt belirlendikten sonra EPON 828 mikrokapsiillerinin CNT yiizdesi
0.25% ile 2.00% arasmda degistirilmistir. Ayn1 zamanda farkli oranlarda
DCM ve aseton kullanilarak mikrokapsiillerin ¢ekirdek i¢erigi ayarlanmaya
cahsiimistr. Benzeri bir yaklasim EPON 813 mikrokapsiilleri igin
kullanilmistwr. Farkli islem parametrelerinde hazrrlanan mikrokapsiillerin
kodlar1 Tablo 1 de verilmistir.

On degerlendirmeler

Sentezlenen mikrokapsiiller FTIR, TGA ve SEM teknikleri kullanilarak
karakterize edilmistir. FTIR sonuglar1 mikrokapsiillerin epoksi regine
icerdigini gostermektedir. Fakli miktarlarda DCM kullanarak ya da
cekirdek:kabuk oranmi degistirerek farkli miktarlarda epoksi reginenin
hapsedilmesi miimkiindiir. SEM sonuglar1 ¢ekirdek:kabuk oranmm
artmasiyla kabuk kalinligmmm azaldigini gostermektedir. Fakat daha ince
kabuk DMC uzaklagmas1 sirasmda kabugun igeri dogru ¢okmesine sebep
olmaktadr. Bu yiizden diizgiin kiiresel sekilde mikrokapsiillerin elde
edilmesi i¢gin 1:1 c¢ekirdek:kabuk oranmm kullanilmas1 gerekmektedir.
Enkapsiilasyon igleminde kullanilan ¢ozeltinin viskozitesini degistirerek 12
mikron ile 24 mikron arasmda parcactkk boyut dagilimina sahip
mikrokapsiillerin elde edilmesi miimkiindiir (Tablo 1).
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Sonug¢

Sonuglar CNT iceren ya da icermeyen EPON 828 ve EPON 813 CA
mikrokapsiillerin hazrlanabilecegini ve kendi kendini tamir uygulamalar
icin bir segenek olabileceklerini gostermistir.

Anahtar kelimeler: Selilloz asetat mikrokapsiiller, epoksi regine, karbon
nanotiip
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INVESTIGATION OF ZINC BORATE ADDED POLYESTER
GELCOAT FLAME RESISTANCY CHARACTERISTICS

CINKO BORAT ILE TAKVIYELENDIRILMIS POLYESTER
JELKOTUN ALEV DAYANIM OZELIKLERININ ARASTIRILMASI
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Ama¢: Kompozit malzemeler yiiksek dayanim/agirlik orami ve kimyasal
direng gibi avantajlara sahipken alev dayanimlar1 nispeten diisiiktiir. Bu
dezavantaj kullanim alanlarin1 smirlandrmaktadr. Kompozit malzemelerde
kimyasal direng ve gorsel kalite gibi nedenlerle kullanilan jelkot katmam
alevle dogrudan temasi bulunma ihtimali olan ilk katmandir. Jelkot yanma
Ozelliklerinin  iyilestirilmesi amaciyla c¢esitli katki maddeleri ilavesi
yapilmaktadir. Yanma ozelliklerinin iyilestirilmesi amaciyla kullanilan
katkilar halojen igermekte ve insan sagligini olumsuz etkilemektedir. Bu
cahsma, kompozit malzemenin jelkot katmanmnm yanma 6zelliklerini ¢inko
borat ilavesi ile iyilestirerek kompozit malzemenin alev dayanimini insan
saghgma zarar vermeksizin arttrmayi amaglamaktadir.

Mate ryal-Yontem: Calgmada ortalama 2-4 um boyutlarinda ¢inko borat ve
polyester tabanh jelkot kullanilmistir. Jelkot i¢erisine agrlikca %10, 30 ve
50 oranlarmda ¢inko borat ilave edilerek mekanik olarak karistirilmistir.
Elde edilen karigim UL94 ve LOI testleri i¢in hazrrlanmis olan kaliplara
almmustrr. Kaliptan ¢ikarilan numuneler 2 giin boyunca 2342 °C sicaklik ve
%45+10 bagim nem oraninda sartlandirilmistr. Sartlandrma sonrasnda
numuneler UL94 ve LOI testlerine tabi tutularak ilave miktarma bagl yanma
ozellikleri ve yanma smiflar1 aragtirihmigtir.

On_Degerlendirmeler: UL94 ve LOI testleri sonucunda ¢inko borat
ilavesinin numunelerin yanma smif1 ve alev almalar1 i¢in gerekli minimum
oksijen miktarmi tizerinde etkili oldugu gézlemlenmistir. Yanma i¢in gerekli
Mminimum oksijen miktarmm arttig1 bu durumun ¢inko borat ilave kaynakli
oldugu Ongoriilmiistiir.
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Anahtar Kelimeler: ¢inko borat, jelkot, LOI, UL94, yanma geciktirici

Aim: Composite materials have advantages such as hight specific strenght
and chemical resistance whereas their flame resistance is relatively low,
therefore their area of usage is limited. In purpose of increasing the visual
quality and chemical resistance a gelcoat layer is used on most of the
reinforced polymer composites. Gelcoat layer is the first layer after the paint
which is considered the first main layer of the composite. Various additives
are being used to increase flame resistance of polymer resins and gelcoats.
Conventional flame retardant gelcoats have halogen in their composition,
which is deleterious and environmentally hazardous. In this study zinc
borate is used as additive in gelcoat for increasing the flame resistance
without the negative effects.

Material-Method: In the study 2-4 pum sized zinc borate and polyester
based gelcoat are used. Zinc borat is added and mechanically mixed in the
gelcoat by 10, 30 and 50 percentage of weight. Obtained mixtures are
molded as test samples for UL 94 and LOI tests. After the molding
procedure samples are conditioned for 2 days at 23+2 oC temperature and
45+10% relative humidity. Conditioned samples subjected to UL 94 and
LOI tests and their combustive specifications and combustion classes are
examined in accordance with percentage weight of zinc borate they contain.

Results: UL 94 and LOI tests had shown that addition of zinc borate is
effective on samples’ combustion class and the minimum amount of oxygen
required for deflagration. Addition of zinc borate is cosidered cause of this
increase of minimum amount of required oxygen for deflagration.

Key Words: flame retardant, gelcoat, LOI, UL 94, zinc borate
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THE INVESTIGATION OF IMPACT RESPONSES OF BASALT
FIBER REINFORCED EPOXY COMPOSITES AT CORROSION
CONDITION

KOROZYON SARTLARINDA BAZALT ELYAF TAKVIYELI
EPOKSi KOMPOZITLERIN DARBE DAVRANISLARININ
INCELENMESI

[brahim DEMIRCI*, Ahmet AVCI?, Mehmet Turan DEMIRCI®

' Necmettin Erbakan University, Konya, Turkey,
Ibrahimdemirci66@gmail.com
23"Selcuk University, Konya, Turkey, aavci@selcuk.edu.tr,
turandemirci@selcuk.edu.tr

ABSTRACT

In this paper, the low velocity impact behaviors of Basalt Fiber
Reinforced(BFR) epoxy composites were investigated at sea water corrosion
condition. Sea water (Mediterranean Sea) was determined as corrosion
condition. Corrosion periods to determine the impact responses of
BFR/Epoxy composites were determined as 0, 10, 20 and 40 days in terms
of literature related in corrosion of composites. 6 laminated 400 tex basalt
fiber fabrics and Bisphenol A (DGEBA) epoxy resin were used as
reinforcement and matrix materials respectively. Basalt/Epoxy composites
which were exposed sea water the during 0, 10, 20 and 40 days were applied
to the low velocity impact test at 10j and 20j energy levels according to
ASTM D 7136M. As results of low impact tests of all composites, when
corrosion periods have been increased, the peak (Maximum) loads decreased
and displacements increased. In addition, the rebound energy of basalt/epoxy
composites decreased by increasing corrosion days and absorption energy
increased by increasing corrosion day. It was observed that the increasing
corrosion day caused to increase the delamination failures on the
Basalt/Epoxy composites

Keywords: Sea water corrosion, basalt fiber reinforcement, low velocity
impact behavior, composites
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OZET

Bu ¢ahgmada, Bazalt Elyaf Takviyeli (BTP) epoksi kompozitlerin deniz
suyu korozyon ortaminda darbe davranislari incelenmistir. Korozyon ortami
olarak Akdeniz suyu belirlenmistir. Korozyon siireleri literatiirde konu ile
ilgi ¢alismalar temel almnarak, 0, 10, 20 ve 40 giin olarak belirlenmistir.
Bisphenol A (DGEBA) epoksi re¢ine matris malzeme olarak, 400 Tex
Bazalt Elyaf Kumaslar ise 6 tabaka halinde kompozitlerde takviye
malzemesi olarak kullaniimistir. 0, 10, 20 ve 40 giin deniz suyu korozyonuna
maruz kalan Bazalt/Epoksi kompozitlere, ASTM D 7136M standardmna gore
10j ve 20j enerji seviyelerinde diisiik hizli darbe testleri uygulanmistir. Tim
kompozitlerin diigiik hizli darbe deneyleri sonucunda, korozyon siiresinin
artmastyla maksimum kuvvetlerinde azalmalar, deplasmanlarinda ise artiglar
tespit edilmistir. Ayrica, korozyon siiresinin artmasiyla geri sekme
enerjilerinin diistiigii, absorbe edilen enerjilerininde arttig1 gézlemlenmistir.
Artan korozyon stiresinin delaminasyon hasarmi da arttigi belirlenmistir.

Anahtar Kelimeler: Deniz Suyu Korozyonu, Bazalt Elyaf Takviyesi, Diisiik
Hizli Darbe Davranslari, Kompozitler.

102



5™ INTERNATIONAL POLYMERIC COMPOSITES SYMPOSIUM AND WORKSHOPS
V. ULUSLARARASI POLIMERIK KOMPOZITLER SEMPOZYUMU VE CALISTAYLARI

CO-CURED MANUFACTURING OF MULTI-CELL COMPOSITE
BOXBEAM

KOMPOZIT COK GOZLU KUTU KIRiSIN ES ZAMANLI
KURLENDIRME YONTEMIYLE URETIiMi

Mert AKIN*, Merve ERDAL
Department of Mechanical Engineering, Middle East Technical University,
Dumlupinar Blvd. No. 1, 06800 Cankaya, Ankara, Turkey
*Correspondence author: Email: mert.akin@metu.edu.tr
AlIM
The usage of composite materials, particularly carbon fiber reinforced
polymer composites (CFRP), are rapidly growing in the aircraft structures
due to higher specific strength and stiffness as compared to traditional metal
and alloys. Sub-structures of aircraft structures are mainly consisted of
stiffened shells such as fuselage frames, ribs and multi-cell box beams.
Conventionally, these stiffened shells are manufactured through a process
wherein shells and stiffeners are fabricated separately and then are integrated
either through mechanical fastening and adhesive bonding. The production
cost of composite materials is typically high compared to metallic structures.
The motivation of reducing costs of composite fabrication necessitates
researchers to investigate on integral molding processes, such as co-curing.

MATERIAL-METHOD

Co-curing is an integral molding technique that can greatly reduce the part
count and the final assembly costs for composite materials. This article
presents a demonstration of integral manufacturing of a multi-cell carbon
fiber reinforced composite box beam by using the vacuum assisted resin
infusion (VARTM) process, which is a low-cost technique to manufacture
advanced composite parts. In the technique, both the skin and webs were co-
injected in a single step and were integrated without using adhesive.
Polystyrene foam molds, which were removed at the end of the process,
were utilized in order to create the cavities.

DISCUSSION AND RECOMMENDATIONS

Compressive strength of the polystyrene foam mold, curing and post-curing
temperatures were taken as parameters. The process was developed by
selecting the foam having higher compressive strength and adjusting the
curing temperature.

Keywords
Co-curing, Multi-cell Composite Box Beam, Carbon Fiber Reinforced

Composites, Vacuum Assisted Resin Infusion
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AMAC

Metal ve metal alagimlarma kiyasla daha yiiksek 6zgiil dayamm ve 6zgiil
rijitlik 6zelligine sahip olmasi sebebiyle kompozit malzemelerin, 6zellikle
karbon elyaf takviyeli polimer kompozitlerin ugak yapilarindaki kullanimi
hizli bir sekilde gelismektedir. Ana ugak yapilar1 ¢ogunlukla ucak govdesi
kaburgalar1 (fuselage frames), ribler ve kutu kirisler gibi giiclendirilmis
kabuk yapilarindan meydana gelmektedir. Geleneksel olarak bu
gliclendirilmis kabuk yapilar, kabuk yapmin (shell) ve destek plakalarmm
(stiffeners) ayr1 ayr iretilip sonrasmda mekanik baglant1 veya yapistirict
kullanilarak birlestirilmesi yontemiyle iretilmektedir. Genel olarak
kompozit malzemelerin iiretim maliyeti metallere daha fazladr. Kompozit
tiretim maliyetlerinin diisliriilmesi motivasyonu arastrmacilarm es zamanh
kiirlendirme yontemi gibi biitiinlesik iiretim yontemleri iizerine arastrmasi
gerekliligini dogurmustur.

MATERYAL-YONTEM

Es zamanl kiirlendirme yontemi kompozit malzemelerde kullanilacak parga
sayisinin ve final montaj maliyetlerinin biiyiik oranda azaltilmasini saglayan
bitlinlesik bir kaliplama teknigidir. Bu bildiride, ileri kompozit
malzemelerin iiretimi i¢in diisiik maliyetli bir teknik olan vakum destekli
recine transfer kalplama (VARTM) yontemi kullanilarak karbon elyaf
takviyeli kompozit bir kirigin biitlinlesik {liretimi gosterilmektedir. Bu
teknikte, alt, tist (skins) ve destek plakalar1 (webs) tek adimda es zamanl
recine infiizyonu gergeklestirilerek {retilmis ve plakalar birbirlerine
yapistirici kullanilmadan entegre edilmistir. Kutu kiristeki bosluklarm
olusturulmasi i¢cin iiretim sonrasmda c¢ikarilan polistren kopiik kaliplar
kullanilmigtr.

ON DEGERLENDIRMELER

Polistren kopiik kalibm basi mukavemeti, kiirlendirme ve post-kiirlendirme
sicakliklar parametre olarak ahnmistir. Proses yiiksek basi dayanimma sahip
kopiik kalip ve uygun kiirlendirme sicakhklari secilerek gelistirilmistir.

Anahtar Kelimeler
Es Zamanh Kiirlendirme, Kompozit Cok Gozli Kutu Kirig, Karbon Elyaf
Takviyeli Kompozitler, Vakum Destekli Re¢ine Transfer Kaliplama
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INTERFACE ENHANCEMENT OF CELLULOSE AND LDPE
BASED POLYMERIC COMPOSITES FOR BIODEGRADABLE
PACKAGING
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AYPE ESASLI POLIMERIK KOMPOZITLERDE ARA YUZEY
GELISTIRILMESI
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ABSTRACT

Aim

There are two main objectives in this study. The first one is to develop
sustainable and environmentally friendly food packaging materials with
desired properties from carboxymethyl cellulose (CMC) which is one of the
most abundant biopolymers. CMC is insufficient alone to be used as a
packaging material because of weak mechanical properties. To enhance the
properties of CMC, polyethylene glycol (PEG, PG), glycerol monooleate (G)
and oleic acid (O) as plasticizers and clay (C) as an inorganic additive were
used. The second objective is to give biodegradability to non-biodegradable
low density polyethylene (LDPE, L) without changing desired properties.
Polycaprolactone (PCL, P), biodegradable and compatible with many
materials, was used for this purpose. For LDPE/PCL composites, same
plasticizers and maleic anhydride (M), dicumyl peroxide (D) and clay were
used to enhance the compability between these two different polymers.
Therefore, biodegradation behaviour of LDPEPCL composite films
prepared is under investigation.

Key words: CMC, biopolymers, LDPE, PCL, biodegradable, packaging

M ate rials-method

All films were prepared by solvent casting method. To prepare biofilms, 4.2
g of CMC was weighed; then, 70 ml of distilled water was added and mixed
by a magnetic stirrer heater at 40°C. After CMC fully dissolved, three types
of plasticizers were added as 1% and 3% and clay as 0.1% and 0.4% by
weight and further mixed until homogeneous solution is obtained. Finally,
CMC solution was casted on a preheated Teflon pan and left for evaporating
water at room temperature. To produce LDPE/PCL films, 1.4 g of LDPE
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granules were weighed, then, 20 ml of xylene and one of the plasticizers
selected were added, and mixed for an hour in the ukrasonic bath which was
set to 70°C for the perfect dissolution. Dicumyl peroxide (D), clay (C) and
maleic anhydride (M) were added with different weight percentages. To
prepare the PCL solution, 10wt% or 50wt% of PCL was weighed; 10 ml
dichloromethane was added into another bottle and mixed by the magnetic
stirrer at the ambient temperature approximately 20°C. After dissolution of
both LDPE and PCL, two solutions were combined slowly at 70°C. Finally
homogeneous solution was casted on the Teflon pan which was heated up
before, to vaporize the solvent. Then the film left for cooling for an hour by
decreasing the temperature of the heater as 1°C/min. To investigate the
surface properties and crystal morphology, optical microscope (Leica DFC
295) was used. In order to evaluate the films for their functional groups,
FTIR (Perkin Elmer, Spectrum 100) was used. Mechanical tests have been
carried out with the strain rate of 100 mm/min by tensile analyser
(SHIMADZU AG-15), samples were cut as dogbone and kept 23+2°C and
50% relative humidity for 48 hours before the tests. Simulated soil was
prepared to follow the biodegradation behaviour. Buried samples were
removed from the soil,cleaned, thicknesses and weight losses of all films
were measured.

Preliminary results

Figure 1 shows the effect of plasticizers and amounts on the structure of
CMC films.

Figure 1. Effect of different plasticizers on CMC films

Figure 2 gives the mechanical test results of the composite films. It can be
seen that the type and the amount of plasticizer has an important effect on
the mechanical properties of CMC and LDPE/PCL composite films. Neat
CMC has very poor mechanical properties. It is brittle and weak. With
addition of PEG, the mechanical property of the film was enhanced.
Different plasticizers give strength and elasticity to CMC. For the second
group of films, neat LDPE has also poor mechanical properties. By the
addition of plasticizers, the structure became more pliable (Figure 2b). In
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contrast, LDPE/PCL composites are weak when compared with neat LDPE
because of the compatibility problems of the two polymers.

a)

Stress (MPa)

— NeatCMC
—coMC 0

—CMC Gl
—CMC @3

b

— L_PGTI0

Elongation (%)

Figure 2. Effect of plasticizers on mechanical properties of a) CMC b)
LDPE/PCL films

Biodegradation behaviour of LDPE/PCL composites was searched and
L_P30_G10 film has the highest weight loss with 21.54% and other
measured values can be seenin Table 1.

Table 1. Biodegradation results of LDPE/PCL composites with glycerol

monooleate
Film thickness (um)/ Weight (g)/Weight loss (%)
FILM Time passed (month)
0 5 10 14

L_P5_G10 135/0.045/0 152/0.043/4.4 131/0.04/11.1 128/0.041/8.9
L_P10_G10 154/0.052/0 168/0.049/5.8 153/0.046/11.5 162/0.044/15.4
L P20_G10 136/0.045/0 151/0.042/6.7 127/0.039/13.3 143/0.038/15.6
L_P30_G10 173/0.065/0 197/0.062/4.6 166/0.053/18.5 176/0.051/21.5
NEAT LDPE 93/0.032/0 112/0.031/3.1 78/0.03/6.3 87/0.028/12.5

Acknowledgements: This project is supported by TUBITAK through the
project 2209/A.
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Amag

Bu cabsma iki temel amaci kapsamaktadr. ilki, dogada bol miktarda
bulunan biyopolimerlerden biri olan karboksimetil seliillozdan (CMC),
stirdiiriilebilir ve ¢evre dostu gida ambalaji malzemesi gelistirmektir. CMC
zayif mekanik Ozelliklerinedeniyle ambalaj malzemesi olarak tek basma
yetersizdir. CMC’nin 6zelliklerini iyilestirmek amact ile plastiklestirici
olarak polietilen glikol (PEG, PG), gliserol monooleat (G), oleik asit (O) ve
inorganik katki maddesi olarak kil (C) kullanilmistr. Ikinci amag ise
biyobozunur olmayan algak yogunluk polietilene (AYPE, L) istenilen
ozelliklere  baghh  kalarak  biyobozunurluk  kazandrmaktr.  Bunu
gerceklestirmek i¢in birgok malzeme ile uyumlu ve biyobozunur olan
polikaprolakton kullanilmistr. AYPE/PCL kompozitlerinde iki farklh
plastigin birlikte uyumunu gelistirmekicin ayn1 plastiklestiriciler ve katki
maddesi olarak maleik anhidrit (M), dikiimil peroksit (D) ve kil (C)
kullaniimistir. Hazirlanan AYPE/PCL kompozit filmlerinin simiile toprak
altmda biyobozunurluk davraniglart incelenmektedir.

Anahtar kelimeler: CMC, AYPE, PCL, biyobozunur, ambalaj

Materyal-Yontem

Filmlerin hazrlanmasi i¢in ¢oziicii dokiim yontemi kullanilmigtir.
Biyofilmlerin hazrlanmasinda 4.2 g CMC tartilip tizerine 70 ml distile su
eklenmistir ve 40°C’de manyetik karistricili siticida  karigtirilmistr,
CMC’nin ¢oziinmesi tamamlandiktan sonra ii¢ farkl plastiklestiriciden biri
secilip agirlikca 1% ve 3% oraninda ve kil 0,1% ve 0,4% oranmnda eklenip
homojen bir ¢ozelti elde edilene kadar karigtrmaya devam edilmistirr. Son
adimda CMC ¢ozeltisi onceden sitilmis Teflon tavaya dokiilip suyun
uzaklagmasi i¢in oda sicakliginda brakilmistr. AYPE/PCL filmleri i¢in 1,4
g AYPE graniilleri tartilip 20 ml ksilen ve plastiklesticilerin bir tanesi
eklenerek ultrasonik banyoda bir saat kargtrilmistwr. PCL ¢ozeltisi i¢cin
%10-50% arahginda PCL tartilip 10 ml diklorometan ile oda sicakligmda
manyetik karistrici ile karigtrilmistr. AYPE ve PCL ¢ozeltileri hazir
oldugunda 70°C’de yavas yavag birbirine eklenmistir. Son olarak homojen
¢Ozelti onceden 1sitilmig Teflon tavaya dokiilmiis ve 1°C/dk olacak sekilde
sicaklik disiiriilerek c¢oziiciilerin uzaklagmasi saglanmistr. Yiizey ozellikleri
ve kristal morfolojisini incelemek i¢cin optik mikroskop (Leica DFC 295)
kullanilmistwr. Filmlerin karakterizasyonu ve degerlendirilmesi FTIR analizi
(Perkin Elmer, Spectrum 100) ile gerceklestiriimistir. Filmlerin mekanik
ozellikleri cekme analizérii (SHIMADZU AG-15) ile incelenmistir. Ornekler
dogbone seklinde kesilip, 48 saat boyunca 23£2 °C'de ve %50 bagil nem
altimda tutulmustur. Biyobozunurluk davranisi takibi igin simule toprak
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hazirlanmigtir. Gomiili filmler topraktan g¢ikarilip temizlendikten sonra,
filmlerin kalnlklar1 ve agwlk kayiplart dlgiilmiistiir.

On degerlendirmeler

Plastiklestirici tipi ve miktarmmin CMC filmlerinin {izerine etkisi Sekil 1°de
goriilmektedirtir.

SeKkil 1. Plastiklestiricinin CMC {izerine etkisi

Hazrlanan filmlerin mekanik test sonuglar1 Sekil 2°de verilmigtir.
Plastiklestirici tipi ve miktarmm CMC ve AYPE/PCL kompozit filmlerinin
mekanik Ozellikleri {lizerinde 6nemli bir etkisinin oldugu goriilmektedir.
Katkisiz CMC ¢ok zayif mekanik 6zelliklere sahip olup kirilgan bir yapiya
sahiptir. PEG ilavesi ile filmin mekanik &zellikleri iyilestirilmistir. Farkl
plastiklestiriciler CMC’ye farkli oranlarda saglamlik ve elastikiyet
kazandirmistrr. Ikinci grup filmleri icinde katkisiz AYPE zayif mekanik
ozelliklere sahiptir. Plastiklestirici ilavesi ile AYPE’nin yapis1 daha esnek
hale gelmistir. Biyobozunurluk i¢in kompozite eklenen PCL’in, iki
polimerin uyum sorunundan dolayr mekanik ozellikleri bozdugu
goriilmektedir.

a) e b  L_P10_PGTI0

= L_P10_PGMI0_CD4 = L P50_FGMIO_C04

= L_BGTI) L P50_PGMI0_CO4 M2 D03
== P30_PGS10_C1_M2_DO03
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Sekil 2. Plastiklestiricilerin mekanik 6zelliklere etkisi a) CMC b)
AYPE/PCL filmleri
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AYPE/PCL kompozitlerinin biyobozunurluk davraniglari incelendiginde 14
aymym sonunda en yiiksek bozunmaya 9%21,5 ile L P30 GI10 filminin
ulastig1 goriilmektedir. Takip edilen diger filmlerin kalinliklar1 ve agmrlik
kayiplar1 Tablo 1’de verilmistir.

Tablo 1. Gliserol monooleath AYPE/PCL filmlerinin biyobozunurluk

sonuglari
Film kalinhg (um)/ Agirhk (g)/Agirhik kaybi (%)
FIIM Gecen Zaman (Ay)
0 5 10 14

L_P5_G10 135/0.045/0 152/0.043/4.4 131/0.04/11.1 128/0.041/8.9
L_P10_G10 154/0.052/0 168/0.049/5.8 153/0.046/11.5 162/0.044/15.4
L_P20_G10 136/0.045/0 151/0.042/6.7 127/0.039/13.3 143/0.038/15.6
L_P30_G10 173/0.065/0 197/0.062/4.6 166/0.053/18.5 176/0.051/21.5

AYPE 93/0.032/0 112/0.031/3.1 78/0.03/6.3 87/0.028/12.5

Tesekkiir: Bu ¢alisma, Tiirkiye Bilimsel ve Teknolojik Arastrma Kurumu
(TUBITAK) tarafindan 2209/A Projesi kapsammda desteklenmistir.
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PREPARATION AND CHARACTERIZATION OF HIGH DENSITY
POLYETHYLENE - HYDROXYAPATITE (HDPE- HA)
NANOCOMPOSITE SYSTEMS

YUKSEK YOGUNLUKLU. PO!JiETiLEN-.Hi.DROKSiAPATiT
(YYPE-HA) NANOKOMPOZIT SISTEMLERININ HAZIRLANMASI
VE KARAKTERIZASYONU

Eyiip Karaca, Murat Sen

Hacettepe University, Department of Chemistry, Polymer Chemistry,
Beytepe, 06080, Ankara, Turkey
eyupkaraca@hacettepe.edu.tr, msen@hacettepe.edu.tr

Aim

For centuries, importance has been given to the development of implant
materials so that people can live a better life. Metal, ceramic, polymer and
composite materials are widely used as implant materials. The use of
polymers is often preferred due to some important advantages. Some of
these advantages of polymers are useful, to be processable and variety of
materials and etc.. Despite these advantages of polymers, there is a need to
develop such materials in order to be compatible with the nature of the
implant material. For this reason, it is important to prepare composite
mixtures containing polymer as an organic part and hydroxyapatite as an
inorganic part. Hydroxyapatite has significant advantages that is in the basic
composition of the bone and also ensures environmental compatibility in
bone growth due to the surface porosity. In this study, we have prepared
composite implant materials that have superior mechanical properties and
help bone healing at the same time instead of the currently used Ultra High
Molecular Weight Polyethylene (UHMWPE) restorative materials.
Hydroxypatite and high density polyethylene were mixed in different
formulations and the prepared mixtures were characterized by chemical and
mechanical methods to prepare composite material. In order to increase the
compatibility and mechanical strength of the mixture, high density
polyethylene grafted with maleic anhydride-hydroxyapatite composite
systems were prepared. It is aimed to increase both the mechanical strength
and the compatibility between the organic-inorganic composite systems by
adding poly (hedral oligomeric silsesquioxane) to high density polyethylene
and hydroxyapatite composite systems.

Materials and Methods
In the study, HDPE was used among the polyethylenes having different
densities. HDPE that has a melt flow rate (ASTM D1238, 2160 g, 190°C) of
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0.25-0.45 (g/10 min) and a density of 0.959-0.963 g/cm® (ASTM D1505,
23°C) was supplied by PETKIM. The poly (hedral oligomeric
silsesquioxanes)’s used in the preparation of the composites were obtained
from Hybrid Plastics and the maleic anhydride from Merck. Two different
hydroxyapatites were used in our experiments. HAL (polydisperse medical
grade calcium hydroxyapatite) was supplied from HKPB Biomaterials  Ltd
T/A Premier Biomaterials, the second hydroxyapatite was synthesized
by chemical precipitation method in our laboratories.

Polymer/HA binary blends were prepared using HDPE granules at different
ratios by mass with torque rheometer. (Thermo Scientific Measuring Mixer
and Extruder System, Haake Polylab OS). Each sample was prepared by
mixer at 190°C, 50 rpm, for 15 minutes. The samples were filmed by
applying a pressure of 150 bar at 190°C for 2 minutes between two plates in
Polystat 200 T model heater table (Brabender brand). The pressed samples
were used for tensile-elongation tests by cutting into bones suitably
according to ASTM D638 standard. Mechanical tests was examined 500
mm/min Zwick Z010 universal tester. Cytotoxicity analysis of the materials
was investigated with L929 mouse fibroblast cells (NCTC clone 929,
ATTC).

Preliminary Reviews

In composite systems prepared with HDPE-HA, the addition of HA to the
structure was observed to cause fragility. With grafting in HDPE-g-MA-HA
composite mixtures, the breaking force, the beginning and finishing point of
cold flow and the elastic modulus value was observed an increase. It has
been found that using POSS in HDPE composite structures does not provide
a significant advantage. It has been decided that the HDPE-g-MA+HA
composite mixture is suitable in vitro studies of bone tissue engineering
where it is not cytotoxic.

Key Words High density polyethylene (HDPE), hydroxyapatite (HA), poly
(hedral oligomeric silsesquioxane) (POSS), maleic anhydride (MA), implant,
grafting, nanocomposite

Amag

Insanlarin daha iyi bir yasam siirebilmesi i¢cin yiizyillardir implant malzeme
gelistirilmeye 6nem verilmistir. Implant malzeme olarak metal, seramik,
polimer ve kompozit malzemeler yaygm olarak kullanilmaktadir. Polimerler
hazirlama, kullanim ve isleme kolayligi, malzeme ¢esitliligi vb. nedenleri ile
siklikla tercih edilmektedir. Polimerlerin bu gibi avantajlarma ragmen
implant malzemelerin dogasiyla uyumlu hale getirilebilmesi i¢in
gelistirilmesine ihtiya¢ duyulmaktadir. Bu yiizden organik kismi polimerler
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ve iorganik kismi hidroksiapatitden olusan kompozit karigimlarm
hazirlanmasi 6nem kazanmaktadir. Hidroksiapatit kemigin ana bilesiminde
olmas1 ve yiizeyin gozenekliliginin kemik biiylimesine ortam saglamasi
nedeni ile 6nemli avantajlar saglamaktadir.

Bu cahsmada c¢ene ve kafatasi cerrahisinde halihazirda kullanilan Ultra
Yiksek Molekiill Agrhigmndaki Polietilenden (UHMWPE) mamiil
restorasyon malzemelerinin yenine gecebilecek, bu malzemelerden daha
iistlin mekanik 6zelliklere sahip olan, ayn1 zamanda kemik iyilesmesine de
yardimec1 olabilecek kompozit implant malzemelerin hazirlanmasina
calisimistr. Kompozit malzeme yiiksek yogunluklu polietilen (YYPE) ve
farklr oranlarda hidroksipatitin (HA) kullanilarak hazirlanmistr. Hazirlanan
karigimlar kimyasal ve mekanik yontemle karakterize edilmistir. Karigimm
uyumlulugunu ve mekanik dayanimmi arttrmak igin maleik anhidrit
asllanmis yiiksek yogunluklu polietilen hidroksiapatit kompozit sistemleri de
hazrrlanmistir. Yiiksek yogunluklu polietilen ve hidroksiapatit kompozit
sistemine poli(hedral oligomerik silseskioksan) (POSS) eklenerek kompozit
sistemin hem mekanik dayanimmin hem de organik-inorganik bilesenler
arasmdaki uyumlulugunun arttrilmasma c¢ahsimstir.

Malze me-Yontem

Cabsmada farkli yogunluklara sahip polietilenler arasmdan YYPE
kullanilmistr. YYPE, PETKIM firmasindan temin edilmis olup, 0,25-0,45
(/10 dak.) eriyik akis hizma (ASTM D1238, 2160 g, 190°C), ve 0,959-
0963 g/cm® yogunluga (ASTM DI1505, 23°C) sahipti. Kompozit
hazirlamada kullanilan poli(hedral oligomerik silseskioksan)’lar Hybrid
Plastics firmasmdan ve maleik anhidrit Merck firmasmdan temin edilmistir.
Deneylerde iki farkli hidroksiapatit kullaniimis olup, HA1 kalsiyum
hidroksiapatit, polidisperse medikal grade olup HKPB Biomaterials Ltd T/A
Premier Biomaterials firmasmdan temin edilmistir, ikinci hidroksiapatit
laboratuvarlarmzda kimyasal ¢oktiirme metoduyla sentezlenmistir.

YYPE graniilleri kullanarak polimer/HA ikili karigmlar1 kiitlece farkh
oranlarda tork reometre cihazi ile hazrlanmistr. (Thermo Scientific
Measuring Mixer and Extruder System, Haake Polylab OS). Her 6rnek 190
°C sicaklikta, 50 rpm hizinda, 15 dakika karstirilarak hazirlanmistir.
Ornekler Brabender marka, polystat 200 T model sitic1 tablanm iki plakasi
arasinda 2 dakika siire ile 190 °C’de 150 bar basing uygulanarak film haline
getirilmigtir. Film haline getirilen 6rnekler ASTM D638 standardma gore
uygun olarak kemik seklinde kesilerek c¢ekme-uzama testleri igin
kullanilmistr. Mekanik testler 500 mm/dak. ¢ekme hiziyla Zwick Z010
Evrensel test cihazt kullanilarak gerceklestirilmistir. Cahsma kapsammda
tiretilen malzemelerin sitotoksisite analizi L929 fare fibroblast hiicreleri ile
(NCTC clone 929, ATTC) gerceklestirilmistir.
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On Degerlendirmeler

YYPE-HA ile hazrrlanan kompozit sistemlerinde HA’in  yapiya
eklenmesinin yapiya kirilganlik getirdigi goriilmiistiir. Asilanmanm etkisi
incelendiginde, YYPE-g-MA-HA kompozit karigimlarmda kopmadaki
kuvvet, akmanm basladig1 ve akmanm tamamlandig1 kuvvet degerlerinde ve
elastik modiiliis degerinde artis gézlenmistir. YYPE ile hazirlanan kompozit
yapilarda POSS kullanilmasimmn 6nemli bir avantaj saglamadigi tespit
edilmistir. YYPE-g-MA+HA kompozit karisimmin sitotoksik olmadigi
kemik doku miihendisligine yonelik in- vitro ¢alismalara uygun oldugu
kanitlanmustir.

Anahtar Kelimeler Yiiksek yogunluklu polietilen (YYPE), hidroksiapatit

(HA), poli(hedral oligomerik silseskioksan) (POSS), maleik anhidrit (MA),
implant, asilama, nanokompozit
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DEVELOPMENT OF FLAME RETARDANT GLASS FIBER
REINFORCED POLYESTER COMPOSITES

ALEV GECIKTIRICI CAM ELYAF TAKVIYELI POLYESTER
KOMPOZITLERIN GELISTIRILMESI

Oylum Colpankan Gunes®, Remzi Gomek®, Alpay Tamar®, Onur Kaan
Kandemir®, Aygiil Karaorman®, Aylin Ziylan Albayrak®

*“Metallurgical and Materials Engineering Department, Faculty of
Engineering, Dokuz Eylul University, 1zmir, Turkey

°Fibrosan Glass Reinforced Polyester Industry and Trade Inc., I1zmir, Turkey

oylum.colpankan@deu.edu.tr, remzi.gomek@hotmail.com,
alpay.tamar@gmail.com, onurkaankandemir@hotmail.com,
aygul.karaorman@yucelgroup.com, aylin.albayrak@deu.edu.tr

Aim

Glass fiber reinforced polyester composites are widely used in many sectors
such as transportation, automotive, construction, marine and electric and
electronic. Especially in the public transportation vehicles where human
factor is at the forefront, and in construction materials applications, it is also
necessary to have good flame retardant properties beside good mechanical
properties. The aim of this study is to enhance the flame retardant property
of glass fiber reinforced polyester composite products which are produced
by Fibrosan Cam Takviyeli Polyester Sanayi ve Ticaret A.S. Our goal is to
achieve the company’s target of 40 and more LOI value with the
contribution of new additives.

Keywords: Glass fiber reinforced polyester composite, flame retardancy,
ATH, EG, APP

Mate rial-Method

In this study, for the production of composites unsaturated polyester resin
and E-glass fiber non-woven fabrics were selected as a polymer matrix and
reinforcement, respectively. Aluminum hydroxide (ATH), expandable
graphite (EG) and ammonium polyphosphate (APP) were used as flame
retardant fillers.

Composites were prepared by hand-lay up method. E-glass fiber non-woven
fabrics were impregnated with the polymer matrix containing different flame
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retardant filler composition. Then, the composites were cured at 60 °C for
24h.

Flame-retardant properties of the composites were tested by LOI and UL-94
tests. Chemical characterization of the materials was done using Fourier
transform infrared spectroscopy (FTIR). Mechanical properties were
evaluated by tensile test and surface morphology analysis was performed by
using a stereo microscope and scanning electron microscope (SEM).
Thermal properties of the composites were characterized by
Thermogravimetry/Differential Thermal Analyzer.

Discussion and Recommendations

The composite including ATH as the only flame-retardant filler had the LOI
value of 33. In order to achieve higher flame retardancy, as adding more
ATH deteriorates the mechanical properties of the composite. Therefore, EG
and/or APP was used in combination with ATH while keeping the flame-
retardant filler composition fixed with respect to the polymer matrix. It was
found that LOI values of all dual-flame retardant composites were greater
than single-flame retardant composite. In the triple-flame retardant
composites including APP and EG in combination with ATH, it was found
that composites had same LOI values indicated that in these formulations the
effect of APP and EG was similar. On the other hand, when the ratio of the
intumescent flame retardants increased with respect to ATH, the highest LOI
value was obtained as 43.

Tensile test results, ATH-APP combination does not affect significantly the
mechanical properties, however, EG together with ATH resulted in a slight
decrease in the strength of the composites.

Results

Consequently, highest 43 LOI value was obtained with ATH-APP (1:1) and
ATH-APP-EG (5:3:2) samples. Besides, the using flame retardant fillers
together did not cause an adverse effect on the mechanical properties.

Amag

Cam elyaf takviye edilmis polyester kompozitler tasmacilik, otomotiv,
insaat, denizcilik ve elektirik-elektronik gibi birgok sektorde yaygmn olarak
kullaniimaktadir. Ozellikle insan faktdriiniin 6n planda oldugu toplu tagima
araclari, yap1 malzemeleri gibi uygulamalarda mekanik 6zelliklerin yaninda
alev geciktiriciligin de yiiksek olmasi gerekmektedir. Bu ¢alismanin amaci
Fibrosan Cam Takviyeli Polyester Sanayi ve Ticaret A.S. tarafindan {iretilen
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cam elyaf takviyeli polyester kompozit iiriinlerin alev geciktiricilik
Ozelliginin arttirilmasidir. Hedef eklenen yeni katkilarla firmanin amagladigi
40 ve tistii LOI degerini karsilamaktir.

Anahtar Kelimeler: Cam elyaf takviye edilmis polyester kompozit, alev
geciktiricilik, ATH, EG, APP

Materyal-Yontem

Bu calismada, kompozitlerin iiretiminde polimer matrisi olarak doymamig
polyester recine ve takviye elemani olarak da E-cam fiber orgiisiiz kumaglar
secilmigtir. Aliminyum hidroksit (ATH), sisen grafit (EG) ve aliminyum
polifosfat (APP) alev geciktirici dolgu malzemeleri olarak kullamimistir.

Kompozitler el yatrma yontemi ile Ttretilmiglerdir. Kumaglara farkli
kompozisyonlarda alev geciktirici dolgu malzemesi iceren polimer matris
emdirilmis ve kompozitler 60 ©°C‘de 24 saat boyunca kiirlenmeye

brrakilmustr.

Kompozitlerin alev geciktiricilik ozellikleri LOI ve UL-94 testleri ile
incelenmistir. Malzemelerin kimyasal karakterizasyonu Fourier Dontistimlii
Infrared Spektrofotometresi (FTIR) ile yapimistr. Mekanik Ozellikler
cekme testi ile, ylizey morfolojisi ise stereo mikroskop ve taramal elektron
mikroskobu (SEM) ile analiz edilmistir. Ayrica, kompozitlerin termal
Ozellikleri Thermogravimetrik/Diferensiyel Termal Analiz cihazi ile
karakterize edilmistir.

On Degerlendirmeler

Alev geciktirici dolgu malzemesi olarak sadece ATH i¢eren kompozitin 33
LOI degerine sahip oldugu bulunmustur. Daha yiiksek LOI degerlerinin elde
edilmesi i¢cin malzemeye daha yliksek konsantrasyonlarda ilave edilmesi
gereken ATH, malzemenin mekanik Ozelliklerinde diisiise neden
olmaktadr. Bu sebeple, ATH ile birlikte EG ve/veya APP alev geciktirici
dolgu malzemeleri, bilesim polimer matrisine gore sabit tutularak
kullaniimistr.  Yapilan testler sonucunda, tiim ikili-alev geciktirici
kompozitlerin LOI degerlerinin sadece ATH igceren tekli alev geciktirici
kompozitten daha yiiksek oldugu bulunmustur. APP ve EG'nin ATH ile
kombinasyonunu i¢eren tgli-alev geciktirici kompozitlerin, ayni LOI
degerlerine sahip olduklar1 ve bu formiilasyonlarda APP ve EG'nin etkisinin
benzer oldugu sonucuna varilmistir. Ayrica, sisen alev geciktiricilerin orani
ATH'ye gore arttiginda, en yiiksek LOI degeri 43 olarak elde edilmistir.
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Cekme testi sonuclarmda ATH-APP kombinasyonu mekanik o6zellikleri
onemli oOlgiide etkilemez iken, EG ve ATH'm birlikte kullanildig:

kompozitlerin mukavemetinde hafif bir diisiis oldugu sonucuna varimistir.

Sonuclar

Sonug olarak, ATH-APP (1:1) ve ATH-APP-EG (5:3:2) ornekleri ile en
yilksek 43 LOI degeri elde edilmistir. Ayrica, alev geciktirici dolgu
malzemelerinin birlikte kullanilmasi ile de mekanik 6zelliklerde herhangi bir

olumsuz bir etki gdzlenmemistir.
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THE USE OF POLYOLEFIN BASED COMPATIBILIZERS TO
ENHANCE RECYCLING CAPABILITIES IN A CIRCULAR
ECONOMY.

Pere Puig and Isabel Arroyo

DOW Chemical Iberica, S.L.

In the plastics industry, combination of different materials in a single article
is @ common practice. In this way, specific balance of properties required for
certain applications can be attained. This combination of materials can be
obtained via multiple ways and technologies, (blends, co-extrusion,

lamination, etc.).

Among plastics, Polyethylene (in its different categories, HDPE, MDPE,
LDPE, LLDPE) is the most widely used polymer in the industry, and
packaging, the most important final application.

Besides, plastics recycling, (both post-industrial and post-consumer) needs
to be properly managed to take full advantage of the benefits of plastics and
minimize waste. Within the different applications, plastics packaging has the
highest recycling rate with approx. 40% *and represented more than 80% of
the total recycled quantities.

The continuously increase on use of “Barrier” films to improve shelf life in
food packaging is promoting the combination of PE with PA & EVOH
polymers in multilayer films. Recycling both post-industrial and post-
consumer materials is difficult due to the incompatibility of polar and non-
polar polymers.

Similar phenomena is observed in the use of “Impact modifiers” for PP
articles, where PE based Elastomers are blended in the PP matrix to improve
properties.

In both cases, the use of compatibilizers enhances the possibilities for
recycling, increasing the value of these secondary raw materials.

Examples of use of RETAIN* Compatibilizer and INTUNE* Olefin Block
Copolymers are presented.

(*Europe)
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NANOPARTICLE REINFORCED CHITOSAN/NA-
CARBOXYMETHYL CELLULOSE POLYELECTROLYTE
SCAFFOLDS FOR BONE TISSUE REGENERATION

KEMIK DOKU REJENERASYONUNA YONELIK NANOPABTinJL
KATKILI KiTOSAN/SODYUM KARBQKSiMETiL SELULOZ
POLIELEKTROLIT DOKU iSKELELERININ GELISTIRILMESI

Sedef Tamburaci®, Ceren Kimna® and Funda Tihminlioglu®
®[zmir Institute of Technology, Graduate Program of Biotechnology and
Bioengineering, Giilbahge Campus, Urla, 35430, Lzmir, Turkey
*Lzmir Institute of Technology, Department of Chemical Engineering,
Giilbah¢e Campus, Urla, 35430, Lzmir, Turkey

1. Aim

In recent studies, the composites consisting biopolymers and silica particles
show potential in biomedical applications and silica-based nanoparticles
came into prominence to induce bone tissue regeneration as an alternative to
hydroxyapatite (HAP) crystals. Among synthetic silica sources, polyhedral
oligomeric silsesquioxanes (POSS) are the smallest synthetic silica particles
which are hybrid structures composed of inorganic part (silicon/oxygen
cage) and organic part (hydrocarbon functional groups) which allows
stronger interfaces with polymer matrix. Therefore, the main objective of
this study is to develop POSS incorporated chitosan/Na-carboxymethyl
cellulose porous scaffolds for bone tissue engineering applications and to
determine the effect of POSS on the physical, mechanical and biological
characteristics of the polymer. In addition, it is aimed to compare the effect
of POSS nanoparticles with the most used synthetic HAP nanoparticles as
reinforcement agents.

2. Materials & Methods

2.1. Preparation of Nanoparticle Incorporated Polyelectrolyte Complex
Scaffolds

The scaffolds were prepared with freeze-drying technique to obtain a
microporous structure required for vascularization. HAP and POSS
nanoparticles were dried at 80°C for 24h in to remove the moisture and
prevent the agglomeration and prepared at same concentrations. LMW
chitosan and Na-CMC aqueous solutions were prepared at equal
concentrations, separately. Polymer solutions and inorganic aqueous
dispersions were mixed under vigorous stirring. Finally, 1% v/v acetic acid
was added dropwise to the solution. The homogeneous mixtures were
moulded and prefreezed at -20°C for 24h. Finally, mixtures were lyophilized
at-46°C.
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2.2. Characterization of Scaffolds

Composite scaffolds were analyzed with SEM to observe the surface
morphology and average pore size. The open porosity of the composite
scaffolds was determined with the liquid displacement method. The
mechanical strength of dry scaffolds was measured by compression test
according to the ASTM-D 5024-95a. Swelling test was performed to obtain
water uptake capacity of scaffolds. Degradation study was performed in
enzymatic solution to mimic the body environment.

2.3. Invitro Studies

MG-63 osteosarcoma cell line was used as osteoblast model. In vitro
cytotoxicity assay was performed with the indirect extraction (ISO-10993).
Cell proliferation on scaffolds was determined by using Resazurin Cell
Viability kit. ALP activity was determined to observe the effect of POSS
nanoparticles on osteoblast differentiation at the early stage of bone
regeneration. von Kossa and Alizarin Red S staining protocols were
performed to observe the calcium-phosphate depositions indicating bone
mineralization.

3. Preliminary Results

In this study, CS/Na-CMC scaffolds to have convenient pore sizes required
for vascularization and cell attachment (Hutmacher, et al., 2007). Maximum
pore sizes were observed on HAP incorporated scaffolds as 307+30pum and
incorporation of POSS nanocages decreased the pore size to 190nm. The
microstructure of CS/Na-CMC scaffolds showed large pores with thick pore
wall structure inducing high surface area for cell attachment. The porosity of
the scaffolds was found as 61-70% which was found to be appropriate for
cell migration and nutrient supply in the trabecular bone having a porosity
range between 50-90% (Costa-Pinto, Reis, & Neves, 2011). Synthetic POSS
particles increased the mechanical strength by reinforcing the structure of
CS/Na-CMC scaffold. POSS incorporation increased the swelling ratio of
the composite scaffolds due to its hydrophilic nature. Nanoparticle
reinforced groups performed higher degradation rate compared to control
group. The weight loss % of silica incorporated scaffolds slightly increased
at the 21day of incubation due to the possible dissolution of silica particles
from the scaffold surface. POSS composite scaffolds degraded slowly
compared to the HAP composite scaffolds. In vitro cytotoxicity results
indicated that POSS reinforced scaffolds did not show any cytotoxic effect
on MG-63 cell line. ALP activity on POSS composite scaffolds was found to
be higher than HAP incorporated scaffolds. Besides, POSS incorporation
enhanced the biomineralization on scaffold surface which is an important
step for bone regeneration.
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1. Amag

Son donemde yapilan calismalarda biyopolimer-silika kompozitlerinin
biyomedikal uygulamalarda kullanimi 6n plana ¢ikmistrr. Ayrica, silika
nanopartikiillerinin kemik doku rejenerasyonunda hidroksiapatit (HAP)
kristallerine alternatif olarak kullanimi potansiyel olarak goriilmektedir.
Polihedral oligomeric silseskioksanlar (POSS), sentetik olarak iiretilen en
kiiciik boyutlu silika kafes yapilardir. inorganik (silicon/oksijen kafes yap)
ve organik (hidrokarbon fonksiyonel gruplar) kisimlari ile sahip oldugu
hibrit yapi, polimer matrisine dayamkli bir arayliz saglar. Bu nedenle,
yapilan ¢aligmada kemik doku miihendisligi uygulamalarina yonelik POSS
katkili kitosan/sodium karboksimetil seliiloz gozenekli doku iskelelerinin
tiretilmesi amaclanmstrr. Uretilen doku iskelelerinde POSS katkismm
fiziksel, mekanik ve biyolojik etkileri incelenmistir. Ayrica, POSS
nanopartikiillerinin doku iskelesine olan etkisi, giiclendirici ajan olarak
siklikla kullanllan HAP nanopartikiilleri ile kiyaslanmustir.

2. Materyal-Yontem

2.1. Nanopartikiil katkih polielektrolit kompleks doku iskelelerinin
hazirlanmasi

Vaskiilarizasyon i¢in gerekli olan mikroporoz yapili doku iskeleleri
dondurarak kurutma yontemi ile tiretilmistir. HAP ve POSS nanopartikiilleri
aglomerasyon ve nemi onlemek i¢in 80°C’de 24 saat boyunca kurutulup
aym konsantrasyonda hazmrlanilmistr. Diisiik molekiil agwlikl kitosan ve
Na-karboksimetil seliiloz sulu ¢ozeltileri ayn1 konsantrasyonda ayri ayri
hazrrlanip inorganik dispersiyon ¢ozeltisi ile karigtrilmistr. Son olarak, %1
v/v asetik asit ¢Ozeltisi damlatilarak polimerik c¢ozeltiye eklenmistir.
Homojen karigm kaliplara dokiilerek -20°C’de 24 saat boyunca
dondurulmustur. Son olarak, karisimlar -46°C’de liyofilize edilmistir.

2.2. Doku iskelelerinin karakte rizasyonu
Kompozit doku iskelelerinin yiizey morfolojisi ve gozenek caplart SEM

analizi ile belirlenmistir. Malzemelerin ~ gozeneklilik yiizdeleri sivi
yerdegigimi yontemi ile hesaplanmigtr. Mekanik dayanim ASTM-D 5024-
95a standardma gore basma testi ile yapilmistir. Sisme testi ile malzemelerin
su absorpsiyon kapasitesi belirlenmistir. Biyobozunum ¢alismalar1 enzimatik
¢Ozelti icinde yapilmstir.

2.3. Invitro ¢alis malar

Osteosarkom MG-63 model hiicre hatti olarak kullanilmistr. Malzemelerin
in vitro sitotoksisite Ozellikleri indirekt ekstraksiyon yontemi (ISO-10993)
ile belirlenmistir. Doku iskelesi iizerinde hiicre proliferasyonu Resazurin
hiicre canlilik kiti ile Ol¢lilmiistiir. Erken donem osteoblast farklilasma
gostergesi olan ALP enzim aktivitesi ALP Enzyline Optimise kitiyle
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belirlenmistir. Von Kossa ve Alizarin Red S boyalamalar1 ile malzeme
tizerinde  biyomineralizasyonu  goésteren  kalsiyum-fosfat  birikimi
incelenmistir.

3. On degerlendirmeler

Bu calsmada iiretilen kitosan/sodium karboksimetil seliiloz kompozit doku
iskelelerinin hiicre tutunumu ve vaskiilarizasyon i¢in uygun gézenek ¢capma
sahip oldugu gbzlemlenmistir (Hutmacher, et al., 2007). HAP katkili doku
iskelelerinde 307+£30pum olarak belirlenen gozenek ¢aplari, POSS nanokafes
katkist ile 190 nm olarak bulunmustur. Genis gézenek ve kahn duvarlara
sahip olan doku iskeleleri, hiicre tutunumu icin genis yiizey alani
saglamaktadir. Malzemelerin gozeneklilik degerleri (% 61-70), %50-90
gozeneklilige sahip olan trabekiiler kemikte hiicre tutunumu ve nutrient
iletimi i¢in uygun degerdedir (Costa-Pinto et al,, 2011). Sentetik POSS
partikiilleri, doku iskelelerinin mekanik dayanimmni artrmistrr. Ayrica,
hidrofilik 6zellikteki POSS katkisi, malzemelerin su tutma kapasitesinde
artisa neden olmustur. Doku iskelelerinin % agwlk kaybi, 21 giin
inkiibasyonda silika partikiillerinin yiizeyde ¢6ziinmesi ile artiy gostermistir.
HAP katkili kompozit malzemeler daha hizli biyobozunum davranisi
gostermistir. In vitro sitotoksisite sonuglarma gére POSS katkili doku
iskeleleri MG-63 hiicre hatti {izerinde sitotoksik etki gostermemektedir.
POSS katkilt malzemeler, HAP katkisi ile kiyaslandiginda daha yiiksek ALP
aktivitesi gostermistir. Ayrica, POSS katkis1 doku iskelesi {izerinde kemik
rejenerasyonunda 6nemli bir basamak olan biyomineralizasyonu belirgin bir
sekilde artrmustir.
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1. Aim

By the production process of glass fiber reinforced polymers (GFRP), final
product waste arises at different stages such as edge trimming, shaping and
opening mounting hole. GFRP producers in Turkey declare 2,500 tons
composite waste per year and this number increases up to 166 000 tons for
overall GFRP production in the world. Although there are many waste
disposal methods available for GFRP waste, the most common ones are
landfilling after grinding and/or burning process and using in
cement/construction sectors as a filler material. These common waste
disposal methods create also an additional cost for the waste producers such
that waste producer is charged for disposal of waste whether the waste
consumer company makes an additional profit with using the waste or not.

Carcinogenic waste such as microsized carbon particles, polycyclic aromatic
hydrocarbons and poisonous CO and CO,gas which causes global warming
are released during incineration of GFRP waste. Moreover, landfilling
process causes soil pollution. In Polin, 350 tons of glass fiber reinforced
polyester waste (polyester: glass fiber; 70:30) was released in 2016. Polin
WP aims to recycle of its own and other companies’ products which are high
value-added. In this study, grinded composite waste was used as filler in the
production of new GFRP based product and the effects of parameters such as
grain size and amount of waste on thermal, mechanical and other properties
observed.

2. Material- Method

Waste materials was prepared by grinding GFRP. Samples were prepared by
hand lay-up and resin transfer moulding (RTM) techniques using fresh
unsaturated polyester resin containing ground waste of GFRP in 300 um, 1
mm and 3 mm dimensions. For characterization of samples containing
ground waste; three point bending, tensile strength, impact strength,
shortbeam, and ash tests were performed. Moreover, to investigate the effect
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of waste addition on curing profile of the polyester resin; gel time, cure time
and peak temperature measurements were done.

3. Reccommendation and Discussions

The samples containing higher waste ratio resulted with lower mechanical
strength, as expected. This was attributed to no chemical interaction and so
poor interface between physically recovered waste and fresh resin. For 3 mm
waste dimension, the average decrease in tensile and flexural strength was
30%; it was recorded as 20% for impact strength. The other important effect
of waste addition was higher resin viscosity, which caused more resin
requirement for wetting equivalent amount of fiberglass.

Composites with waste that were produced by RTM technique showed a
slight increase in mechanical strength excluding impact test relative to hand
lay up process. This was attributed to flexibility loss of the material.

The future stages of this study includes mathematical modelling by using
artificial neural network. Aim of the model is to identifty the recovery
parameters for the highest waste ratio in GFRP, which result with the most
tolerable physical and mechanical properties for a wide range of product
spectrum.

Key Words: Glass fiber reinforced plastics (GFRP), Unsaturated polyester,
Recycle, Recovery, Artificial neural networks

1. Amag

CTP esash kompozit iiretiminde temel olarak, kenar kesimi, sekillendirme,
montaj deligi agilmas1 gibi asamalarda cesitli boyutlarda son {irlin atiklari
ortaya ¢ikmaktadwr. Tiirkiye’de yilda yaklasik 2500 ton, diinyada ise 166000
ton civarinda CTP atik ¢ikmaktadir. S6z konusu atiklar genellikle boyutu
kiiciiltiildiikten sonra yakilarak ardindan 6zel sahalara gomiilerek bertaraf
edilmekte ya da yaygin olmamakla birlikte ¢imento ve insaat gibi sektorlerde
dolgu maddesi olarak kullanilmak amaciyla, ek bir maliyet karsihiginda
bertaraf edilmektedir. Hem ulusal, hem de uluslararasi alanda atigin bertarafi
ve degerlendirilmesi i¢cin uygulanan prosediirler mevcut durumda benzerlik
gostermektedir.

Yakilarak bertaraf esnasmda mikronize karbon partikiilleri, polisiklik
aromatik hidrokarbonlar (PAH), karbon monoksit gibi kanserojen olabilen
atiklar ve kiiresel 1sinmaya yol acan CO, gazi a¢iga ¢ikmaktadir. Gomme
islemi ise topragm kirlenmesine sebep olmaktadwr. Polin Su Parklar1 ve
Havuz Sistemleri A.S.’de 2016 yilinda 350 ton cam elyaf takviyeli polyester
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malzeme (polyester:cam elyafi; 70:30) atigi ¢ikmistr. Polin, hem kendi
tirlinlerini hem de sektorde liretilen yiiksek katma degerli kompozitleri geri
doniistiirmeyi hedeflemektedir. Bu ¢alismada, atigin 6giitiilerek yeni {iretilen
CTP esash iirtin i¢inde kullanildig1 durumda, tane boyutu ve atik miktar1 gibi
parametreler, malzeme oOzellikleri iizerindeki etkileri agismdan sistematik
olarak incelenmistir.

2. Materyal-Yontem

Atk malzeme, iiretim hurdalarmin dogrudan o6giitiilmesi ile hazwrlanmistr.
Test drnekleri, 300 um, 1 mm ve 3 mm boyutlarindaki 6giitiilmiis atigimn,
taze polyester regine igerisine eklenerek el yatrmasi ve regine transfer
kaliplama yéntemleri ile hazirlanmistir. Ogiitiilmiis atik iceren numunelerin
karakterizasyonu i¢in ¢ekme, lic nokta egme, darbe, kisa kirig dayanimi ve
kil frmmnda yakma testleri yapilmisti. Bununla birlikte, atik ilavesinin
re¢ine kiir profiline etkisini incelemek i¢in jel ve kiir siireleri ile pik kiir
sicakligi Olgiimii yapihmigtir.

3. OnDegerlendirmeler

Artan atik miktar1 ile, malzeme mekanik dayaniminda beklendigi sekilde
kismi diistisler gozlenmistir. Bu durum, CTP atigmmn sadece fiziksel olarak
geri kazanimi sonucunda, taze polyester regine ile kimyasal olarak ilgisi
bulunmadigindan dolay1 atk-matris araylizeyinin zayrf olmas1 ile
aciklanabilir. 3 mm atik kullanminda ¢ekme ve egme dayanimlarmda
ortalama %30, darbe dayanmmda ise ortalama %20’likk bir diisiis
gozlenmistir. Bununla birlikte, kullanilan atik boyutunun artisiyla genel
olarak mekanik ozelliklerde kayip meydana gelmistir. Atik ilavesinin bir
baska onemli etkisi de matris viskozitesinin artmasi sonucu ayni orandaki
elyafin slantilabilmesinde daha yiiksek miktarda re¢ine gereksinimidir.

RTM teknigi ile hazirlanan karmalarin mekanik dayanimi incelendiginde, el
yatrmasi ile hazirlanan karmalara kiyasla, atik kullanimi ile birlikte darbe
dayammi hari¢ mekanik dayanimda bir miktar iyilesme gézlenmistir. Darbe
dayanimmndaki diislisiin, atik kullanimi ile malzemenin esnekliginin
azalmasmdan kaynakh oldugu diisiiniilmektedir.

Cahgmanm devaminda yapay sinir aglar1 ile modelleme yapilarak tolere
edilebilir fiziksel ve mekanik 6zelliklere sahip, en yiiksek atik icerecek CTP
bilesimi belirlenecektir. Atk iceren uriinlere ait genis bir kullanim alani
arahg@l hazirlanacak, alternatif {irlin spektleri tanimlanacaktir.

Anahtar Kelimerler: Cam elyaf takviyeli plastik (CTP), Doymamis
polyester, Geri doniisiim, Geri kazamim, Yapay sinir aglari
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Abstract:

Composite materials that contain glass fiber textile find broad use in boat,
pipe, aerospace and automotive industries. Such textiles are increasingly
used in the manufacturing of wind turbine blades.

Glass fiber rovings are used for the production of biaxial (+45°, 0°/90°),
triaxial (0°/445°, -45°/90°/+45°) and quadriaxial (0°/-45°/90°/+45°) textiles.
Fiber rovings are expected to be compatible with different resins such as
unsaturated polyesters, vinyl esters or epoxies. Therefore different chemicals
are frequently deployed to enhance the chemical compatibility between the
glass fiber and the matrix. During the manufacture of a glass fiber roving, a
mixture of chemicals are applied to the fiber; a process stage termed sizing.
The sizing improves the integrity of the glass fiber strands (film former),
lubricity among strands (lubricating agent) and bond formation between
matrix and glass fiber (coupling agent). Sizing also prevents the oxidation of
the film former (antioxidants) and inhibits the formation of electrostatic
charge build-up (antistatic agents).

In this study, a comprehensive outline of the development process of a new
glass fiber roving will be presented. The underlying experimental design was
based on a target set of physical properties that define the direct roving. The
potential use of various film formers, lubricating agents, coupling agents,
antioxidants and antistatic agents that were selected based on the target
specifications. It will be also reported the experimental trials that were
carried out to evaluate different combinations of sizing ingredients and to
elaborate on the tests of manufactured trial products and compare the results
against target roving specifications. Additionally, mechanical property test
results of samples made with different are discussed.
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Final discussion dwells on the trials made by a textile manufacturer that
were carried out with direct roving samples to assess their processability. To
check the final properties of textile samples, composites with different
matrices were made and their mechanical properties were determined. The
talk by presenting a comparative analysis of mechanical properties of the
new roving and other commercially available rovings will be concluded.

Keywords: E-Glass, glass fiber, multiaxial weaving, single end roving,
direct roving

Ozet

Cam elyaft dokumalardan yapilan kompozitler tekne ve gemi yapiminda,
ucak ve otomotiv sanayinde ve Ozellikle riizgar tiirbinlerinde
kullanilmaktadwr. Ulkemizde riizgar enerjisi agisindan biiyiik bir potansiyel
mevcuttur. Oniimiizdeki yillarda yapilacak yatwrimlar diisiiniildiiginde bu
tirliniin 6nemi daha da ortaya ¢ikmaktadr.

Dokumalarm yapimmda cam elyafi direkt sarma fitilleri kullanilir ve
biaksiyel (£45°, 0°/90°), triaksiyel  (0°/+45°, - 45°/90°/+45° ) ve
quadriaksiyel (0°/-45°/90°/+45°) sekillerde dokunur. Dokuma iiretiminde
kullanilan fitillerin, doymamis polyester, vinil ester veya epoksi re¢ine gibi
farklt matrikslerde uyumlu olmasi1 gerekmektedir. Bu amagla, dokumaya
uygun cam elyaf1 fitillerinin gelistirilmesi i¢in bu uyumu yaratacak cesitli
kimyasallar kullanilir. Direkt sarma fitillerin {iretimi esnasinda elyaf {izerine
uygulanan bu kimyasallarm karigimina baglayic1 ad1 verilir. Baglayici elyaf
demetlerine biitiinlik (film yapic1), kayganlk (lubrikant) verirken, matriks
ile bag kurmasini (baglayic1 ajan) saglar. Ayrica, baglayici oksitlenmeye
kars1 direng saglamakta (antioksidan ajan) ve statik elektrisite olusumunun
engellenmesine (antistatik ajan) katkida bulunmaktadir.

Bu calismada yeni bir cam elyafi dokumasi gelisim prosesinin kapsamli
Ozeti sunulmaktadwr. Deneysel tasarim, direkt sarma fitilinin hedef almnan
fiziksel ozelliklerine dayandirilmistr. Hedef spesifikasyona gore secilmis
film olusturucular, kayganlastirict ajanlar, baglayici ajanlar, antioksidanlar
ve antistatik ajanlarin potansiyel kullanimlan tartigilmistr. Ayrica degisik
kombinasyonlara da yayarak deneysel ¢ahgmalar rapor edilmis, deneme
tretimlerinin ~ test  sonuclar1 ile  hedef iirlin  spesifikasyonlar
kargilagtiriimistir. Ayrica deneme fitilinden farkli matriksler ile kompozit
yapilarak, mekanik ozelliklerin karsilastiriimast yapilmustir.

Son degerlendirme, dokuma {ireticisi tarafindan yapilan ve direkt sarma
fitilinin tiretilebilirligini 6lcen denemeler lizerinden devam etmektedir. Bu
denemelerin ve diger fitillerden dokumalarm mekanik &zelliklerinin
karsilagtrmali  analizleri yapilmistwr. Dokuma numunelerinin  son
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ozelliklerini kontrol etmek i¢in degisik matrikslerden kompozitler yapilmis,
deneme dokumalarmm mekanik dzellikleri kontrol edilmistir.

Anahtar Kelimeler: E-camy, ¢okeksenli dokuma, tekuglu fitil
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DEVELOPMENT OF FLAMMABILITY AND MECHANICAL
PROPERTIES OF NEW EPOXY COMPOSITES USING RED MUD
WASTE WITH FLAME RETARDANT COMPOUNDS

ALEV GECIKTIRICI BILESIKLER ILE ATIK KIRMIZI CAMUR
KULLANILARAK YENI EPOKSi KOMPOZITLERIN YANMA VE
MEKANIK OZELLIKLERININ GELISTIRILMESI

Sefa Kusakli, Suheyla Kocaman, Abdullah Ayhan Ceyhan, Gulnare Ahmetli

Department of Chemical Engineering, Faculty of Engineering, Selcuk
University, Campus, 42035 Konya, Turkey

sefakusakli@gmail.com
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ABSTRACT

Aim

Most of polymers are flammable due to large quantities of combustible
elements such as hydrogen. Hence, with or without bisphenol-A, epoxy
resins were found to be combustible and that they burn out completely on
application of a flame. In this study, red mud waste (RMW) and aluminum
hydroxide (AH)-ammonium tetrafluoroborate (AFB) were used as filler and

flame retardants for the first time together to prepare epoxy composite
materials with enhanced flammability properties.

M ate rial-method

Commercially available diluted epoxy resin NPEK 114 called as ER,
(Konuray Chemical Co.) was the bisphenol A-type epoxy resin and used as
matrix. The epoxy embedding medium accelerator is a 24,6-
tris(dimethylaminomethyl)phenol (Sigma-Aldrich). Polypox hardener 043
(Sigma-Aldrich) was used as a hardener. Aluminum hydroxide (AH) and red
mud waste (RMW) are supplied by the Eti Mine Enterprises. Alfa Aesar
brand ammonium tetrafluoroborate (AFB) was used as filler and retardants.
Red mud is a waste material produced during the production of bauxite
alumina by Bayer process. It is used for aluminum production. The
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characteristic fine grains of red mud are used as additives in concrete and
mortar. In this study, red mud with a pH value of 13.5 was used.

The filler (AFB/RMW/AH) (particle size<53 pm) with various wt% and
epoxy matrix were mixed with mechanical stirring (stirring rate of 2000
rpm) for 3 h and ultrasounded for 1 h at 60 °C in order to obtain a good
dispersion. Afterwards, the curing agent at 30 wt% and epoxy accelerator (1
wt%) were added, and the mixture was degassed for 60 min at room
temperature and then transferred into the mold. Samples were prepared in
stainless-steel molds according to ASTM D 638 standard. The molds were
allowed to stand at room temperature until the air bubbles on the samples
had completely disappeared, then cured for 1 day at 40 ° C and 2 days at 80
° C. The molds were expected to cool and the composites were removed
from the molds.

Discussion and recommendations

The wt% of RMW, AFB and AH in composites varied in the range of 15-
20%, 5-20% and 5-10%, respectively. The combustion properties of the neat
epoxy as well as the mechanical properties have been improved
significantly. The appropriate ratio of RMW:AFB:AH both in terms of
combustion and mechanical properties was found to be 15 wt% : 10 wi% : 5
wt%. The tensile strength of composite in this ratio was obtained as 112
MPa while neat epoxy show 46 MPa. The composite burn out decreased in
the first 10 seconds, and extinguished in 32 seconds. Moreover, the burned
area of this composite at the first 10 seconds is smallest among the others.
According to flame spread classification, materials with flame spread rating
of 25-50 are considered as fire retardant, 50-75 are slow-burning, 75-200 are
combustible and over 200 are highly combustible. The burning test results
show that AH-AFB blend is effective free halogen flame retardant for
epoxy-based materials, which can be successfully evaluated with the
advantages mentioned in many industrial fields such as construction,
coating, flooring etc.

Keywords: Epoxy resin, flame retardant, composite
OZET
Amag

Polimerlerin ¢ogu, hidrojen gibi yanic1 elementlerin biiylik miktarlarmi
icerdikleri i¢in yanicidir. Bundan dolayi, epoksi reginelerin yanici oldugu ve
yanma testlerinde tamamen yanmis oldugu tespit edilmistir. Bu ¢alismada,
ilk kez alev geciktirici Ozelligine sahip epoksi kompozit malzemeler
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hazirlamak i¢in kirmizi gamur atig1 (KCA) ile birlikte aliiminyum hidroksit
(AH) -amonyum tetrafluoroborat (AFB) dolgu maddesi ve alev geciktirici
olarak kullanilmigtir.

Materyal-yonte m

Bu ¢aligmada matris olarak Konuray Kimya San. ve Tic. Ltd. S$ti. tarafindan
temin edilen NPEK 114 kodlu bisfenol-A tipi epoksi regine kullanilmistir.
Epoksi matris hizlandiricisy, 2.4,6-tri (dimetilaminometil) fenol (Sigma-
Aldrich) dur. Sertlestirici olarak Polipox 043 (Sigma-Aldrich) kullanilmistir.
Aliminyum hidroksit (AH) ve krmizi camur atigi (KCA) Eti Maden
Isletmeleri A.S. tarafindan tedarik edilmistir. Kirmizi ¢amur, Bayer prosesi
ile boksitten aliimina iiretimi esnasinda olusan bir atikk maddedir.
Aliminyum {iretimi i¢in kullanilr. Krmizi ¢amurun karakteristik ince
taneleri, betonda ve harcta katki maddesi olarak kullanilmaktadwr. Bu
calismada pH degeri 13.5 olan kirmizi ¢amur kullanmilmistir.

Dolgu ve alev geciktirici olarak ise Alfa Aesar marka amonyum
tetrafluoroborat (AFB) kullanimistir.

Epoksi regine matrisine c¢esitli oranlarda dolgu maddesi (AFB/KCA/AH)
(partikiil boyutu <53 um) ilave edilerek 3 saat mekanik olarak karigtirilmis
(2000 devir / dak karigtirma hizi) ve iyi bir dagilim elde etmek i¢in 60 °C’da
1 saat boyunca ultrasonik banyoda bekletilmistir. Daha sonra epoksi
kiitlesinin % 30’u kadar kiirleme ajani ve % 1’1 kadar hizlandiric1 ilave
edilmis, oda sicakligmda 60 dakika boyunca hava kabarciklari giderilip,
ASTM D 638 (Plastiklerin Cekme Testi Olciimleri icin Standart Test
Metodlar1) standartlarma uygun olarak hazwrlanan kaliplara dokiilmiistiir.
Kahplanan kompozit numuneleri tizerindeki hava kabarciklari tamamen yok
oluncaya kadar oda sicakhgmnda bekletilmis, daha sonra etiivde 40°C’da 1
giin; 80°C’da 2 gilin bekletilerek kiirlesmeleri saglanmistr. Ardmdan
kalipplarm sogumasi beklenmis ve kompozit numuneleri kaliplardan

¢ikartimustir.
On degerlendirmeler

Kompozitlerde; KCA, AFB ve AH srrasiyla agirlik¢a % 15-20, % 5-20 ve %
5-10 araliginda kullanilmistr. Saf epoksi matrisinin yanma &zellikleri ve
mekanik Ozellikleri 6nemli Slglide gelistirilmistir. Yanma ve mekanik
ozellikler agismdan KCA, AFB ve AH karisimmin en uygun orani sirasiyla
agirlikga % 15, % 10 ve % 5 olarak belirlenmistir. Bu oranda hazirlanan
kompozitin ¢ekme mukavemeti 112 MPa iken saf epoksi matrisin ¢ekme
mukavemeti 46 MPa olarak ol¢tilmiistiir.
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Bu kompozitin yanmasi ilk 10 saniyede azalmis ve 32 saniye i¢inde
tamamen sOnmiistiir. Dahasi, ik 10 saniye i¢indeki yanmis alani diger
kompozitlerden daha azdir. Yanma siniflandrmasma gore, alev yayilma hizi
20-50 s olan materyaller aleve dayanikli, 50-75 s olanlar diisiik yanma
ozellikli, 75-200 s olanlar ise yanicidirlar. Yanma test sonuglari, AH-AFB
karisimmin; ingaat, kaplama, doseme vs. gibi bircok endiistriyel alanda
belirtilen avantajlarla basarili bir sekilde degerlendirilebilen, epoksi esash
malzemeler i¢in etkili serbest halojen alev geciktirici oldugunu
gostermektedir.

Anahtar Kelimeler: Epoksi regine, alev geciktirici, kompozit
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RESEARCH AND TECHNOLOGICAL DEVELOPMENT AT
SISECAM GROUP

SISECAM’DA ARASTIRMA VE TEKNOLOJIK GELISTIRME

Dr. Vedat Sediroglu

Tiirkiye Sise ve Cam Fabrikalar: A,S. Science &Technology Center
Cumhuriyet Mah. Sisecam Yolu Sokak, No.2 41400 Gebze —Kocaeli Turkey
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Abstract

Sisecam was founded in 1935 to meet the glass product requirement of the
country. Starting from the 1960s, the Group has embarked on a vigorous and
ambitious entry into global markets along its mission “our market is the
world”. Since the 1970s, the group has diversified its operations in an era of
rapid growth. Today Sisecam is in a leading position in its fields of business,
encompassing all the key areas of glass-making (i.e. flat glass, glassware,
glass packaging and glass fiber), soda ash and chromium chemicals.

Having built the first and only “Glass Research Center” in Turkey, one of
the few in Europe, the Sisecam Group is bringing together Research and
Technological Developments (R&TD) activities under the roof of the
“Sisecam Science and Technology Center”.

R&TD activities are carried out under three inter-coordinated shells. The
first shell comprises cost and technology optimization relative to Sisecam’s
existing products and production technologies; the second shell comprises

research carried out in those areas close to Sisecam’s

own products and production technologies; and the third shell comprises
R&TD research into products and production technologies falling within the
scope of Sisecam’s future “transformation areas” in line with the road map
of the international glass industry.

[Keywords] research, technology, glass , composite, glass fiber
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Ozet

Sisecam Grubu, ana faaliyet alanlar1 cam ve kimyasal iiretimi olan bir
sanayii grubudur. Sisecam, ulastigi 6lgek, uzmanlagsma seviyesi ve giicli
rekabet faaliyetleri ile diinyanin 6ne ¢ikan cam iireticileri arasmda kabul
edilmektedir. Sisecam 1935 yilinda iilkenin cam gereksinimini kargilamak
amactyla kurulmustur. 1960’11 yillardan baslayarak, “pazarmiz diinyadir”
misyonu ile Grup kiiresel pazara giicli ve iddiali bir girisle atidmistir.
1970’lerden bu yana, etkinliklerini hizla gelisen bir donem icinde
¢esitlendirmistir. Bugiin Sisecam, ticari cam tretimini kapsayan tim kilit
alanlar (diizcam, ziiccaciye, cam ambalaj ve cam elyaf), soda ve krom
kimyasallar1 alanlarmda lider konumdadir.

Avrupa’nin birkag1 arasmda yer alan, Tirkiye’de ilk ve tek olan Cam
Arastrma Merkezini kuran Sisecam Toplulugu, Arastrma ve Teknolojik
Gelistirme (ArTeGe) faaliyetlerini Sisecam Bilim ve Teknoloji Merkezi
catis1 altmda toplamaktadir.

ArTeGe faaliyetleri birbirleri ile koordine olan 3 kabuk altmda
yiiriitiilmektedir. Ik kabuk; Sisecam’m mevcut iiriin ve iiretim teknolojileri
ile ilgili maliyet ve teknolojik iyilestirmesini icerir; ikinci kabuk Sisecam’m
kendi {irlinlerine ve iretim teknolojilerine yakm olan alanlarda yiiriitiilen
arastirmalari, ve tigiincii kabuk Sisecam’m gelecegi kapsamma giren {iriin ve
iretim

teknolojilerinin uluslararasi cam endiistrisinin “doniisiim alanlarmdaki” yol
haritasi ille ArTeGe aragtrmasmi igerir.

[Anahtar Kelimeler] arastrma, teknoloji, cam , kompozit, cam elyaf
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RENEWABLE ENERGY
YENILENEBILIR ENERJI
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TRANSLUCENT (LIGHT TRANSMITTING) CONCRETE FOR
ENERGY EFFICIENCY

ENERJI VERIMLILIGI iCiN SAYDAM (ISIK GECIiREN)
BETONLAR

Tayfun UYGUNOGLU*, ilker Bekir TOPCU**, Emriye CINAR

"Afyon Kocatepe Universitesi, insaat Mithendisligi Boliimii,
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Aim: Transparent concrete also called as translucent concrete or light
transmitting concrete is achieved by replacing aggregates with transparent
alternate materials. In the production of transparent concrete polymer based
optical fibers are used as light transmitting. Transparent concrete is
manufactured by using combination of fiber optics and fine concrete. These
fibers blend into the concrete like any other aggregates. These optical fibers
can transmit light from natural and artificial sources into spaces enclosed by
the translucent concrete parels. The main advantage of transparent concrete
is that it can transmit light. There, it can be used to make green buildings.
Since it can transmit light from natural as well as artificial sources, the
building can have fewer lights to meet its demand for lighting. Thus saving
huge energy cost. Transparent concrete uses sunlight as source of light
instead of electrical energy and reduces power consumption. This concrete
canalso be used cold countries to transmit heat with sunlight.

Material-method: In these study properties of translucent concrete,
application fields, light transmission properties of optical fibers are
discussed. Absorption, transmission, mechanism of transmission, losses in
transmission on translucent concrete focused on this research. Also shown
strength, and the materials used rates are given information.

Pre-evaluations: As a result, by use of the transparent concrete in structures,
to take advantage of the sun as a light source in the structures, lighting
power consumption will be reduced, and also it was observed that it adds
aesthetic to structure in terms of architecture.

Keywords: Transparent concrete, optical fiber, structural properties.
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Amag: Seffaf beton veya 151k ileten beton olarak da bilinen saydam beton,
agregalarm saydam alternatif malzemelerle degistirilmesi ile elde edilir.
Saydam beton iiretiminde 151k geciren malzeme olarak polimer esaslh optik
elyaflar kullanilir. Seffaf beton, fiber optik ve ince beton kombinasyonu
kullanilarak iiretilmektedir. Bu lifler diger agregalar gibi betona karigirlar.
Bu optik fiberler, dogal ve yapay kaynaklardan alinan 15181 saydam beton
paneller tarafindan ¢evrelenen alanlara iletebilir. Saydam betonun en énemli
avantaji, 15181 iletebilmesidir. Bu 6zeligi ile yesil binalar yapmak i¢in
kullanilabilir. Dogal ve yapay kaynaklardan almman 15181 iletebildiginden
binanin aydmlatma talebini kargilamak i¢in daha az is18a ihtiya¢ duyulur.
Boylece biiyiik enerji maliyetinden tasarruf saglanir. Saydam beton, giines
151811 elektrik enerjisi yerine 151k kaynagi olarak kullanr ve gii¢ tiiketimini
azaltr. Bu beton tipi ayni zamanda giines 1s18indan elde edilecek 1s1y1
iletmek i¢cin soguk iilkelerde de kullanilabilir. Bu calismada, saydam
betonun tasarmmi, mekanik Ozelikleri, icerigindeki optik fiberlerin 15181
gecirme Ozellikleri ve kullanm alanlari tartigimugtir.

Materyal-metot: Saydam betonun 1511 emme, iletme, iletimdeki mekanizma
ve kaymplar lizerindeki arastrmalar tizerinde durulup, gésterdigi dayanim,
kullanilan malzemeler ve oranlar1 hakkinda bilgi verilmistir.

On degerlendirmeler: Sonug olarak, saydam betonlarm yapilarda
kullanmaiyla, 151k kaynagi olarak giinesten yararlanmak suretiyle yapilardaki
aydinlatma gii¢ tiiketimini azaltacagy, ayrica yaptya mimari agidan da estetik
katacag goriilmiistir.

Anahtar Kelimeler: saydam beton, optik fiber, yapisal 6zelik.
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DEVELOPMENT OF A TOUGHENED AEROSPACE GRADE
EPOXY RESIN SYSTEM. FROM MOLECULAR STRUCTURE OF
REACTIVE COMPONENTS TO THE FINAL CURED PART
PROPERTIES

HAVACILIK SEKTORUNE UYGUN, MEKANIK OLARAK
GUCLENDIRILMIS EPOKSI BAZLI RECINE SISTEMININ
GELISTIRILMESI. REAKTIFLERIN MOLEKULER YAPISININ
EPOKSI OZELLIKLERINE ETKILERI

Gokhan Bakis', Alper Aksit', Rico Zeiler', Corinna Fischer', Markus
Hiublein', Volker Altstidt'

University of Bayreuth, Department of Polymer Engineering
Universitdtsstrafie 30, FAN-A, 95447, Bayreuth, Germany
goekhan.bakis@uni-bayreuth.de
Keywords: epoxy resin, cure kinetics, prepregs, aerospace grade thermosets

ABSTRACT

Fiber reinforced polymer composites have been increasingly used in various
fields by mostly civil and military aircraft, automotive and wind energy
industries due to their high spesific stiffness and strength resulting in a
reasonable lightweight part construction. Above all, thermoset based (mostly
epoxy) prepregs are highly attractive for the mentioned industries since very
high fiber-volume content resulting a very high mechanical performance is
reachable. Especially for aerospace industry, resin systems having high
thermo-mechanical and mechanical performance under dry and hot-wet
conditions are desired.

By choosing epoxy resins and hardeners with different molecular structures
result mostly in a very different curing behaviour with final thermal and
mechanical properties of the cured part. As it is known in the literature, by
chosing the epoxy resins with high functionality and cycloaliphatic or cyclic
hardeners, it is possible to achieve very high network densities resulting
mostly in high thermal and hot-wet mechanical performance of the cured
part. Consequently, it is crucial to develop an understanding about the nature
of the reacting molecules with the final thermal, thermo-mechanical and
mechanical properties of the cured system.
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AIMS

The main aim of the project is to develop a toughened aerospace grade resin
system with a high glass transition temperature, low water absoption and
high hot-wet properties. Finally, the developed resin system would be tested
further for its processing as a prepreg material.

MATERIALS AND PROCESSES

First of all, epoxy resins with different molecular structures, diglycidylether
of Bisphenol-A (DGEBA), tri-functional tris-(hydoxylphenyl) methane
based epoxy and and tetragylcidyl methylene dianiline (TGMDA) were
chosen, blended and cured sitochiometrically with a latent hardener.
Depending on the viscosity of uncured resin and the T, of the cured resin,
the best blend system was chosen for further experiments. The above
mentioned blend system showed a T, of 220 °C (G, onset) with an excellent
processability for prepregging, however a very brittle nature due to its high
cross-linking density. Therefore, polyethersulfone (PES), core-shell and a
tri-block copolymer of PMMA-b-PBA-b-PMMA was further mixed in the
resin at 5 wt% to toughen the resin system further.

RESULTS AND DISCUSSIONS

Although very high network densities (T, over 270 °C, G'-onset) was
achieved by using tri-functional tris-(hydoxylphenyl) methane based epoxy
resin blended together with 2 and 4 functional resins, due to a major
increment of viscosity, this resin was not prefered in the final formulation.
Consequently, the a blend of DGEBA and TGMDA blend cured with 4,4’-
DDS showed the best combination of thermo-mechanical (T4 of 220 °C) and
rheological properties (1 Pa.s viscosity at 100 °C), thefore was chosen for
further experiments. As discussed before, the addition of various organic
tougheners were then investigated to increase the toughness of the brittle
resin system. Addition of 5 wt% PES did not show any phase seperation and
lead to an increased toughness by promoting higher plastic deformation and
microcrack formation. The addition of 5 wt% soluble tri-block copolymer
did lead to a phase seperation averagely 2 um tri-block copolymer
superstructures leading even a further increment of the toughness by
promoting high plastic deformation of the matrix. Finally, the addition of 5
wt% core-shell which is already in a spherical particulate form increased the
toughness as well by promoting cavitation and plastic void growth around
cavitates.
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OZET

Yiiksek mukavemet ve modul 6zellerikleri nedeni ile, fiber takviyeli polimer
kompozitler sivil ve askeri havacilik, otomotiv, riizgar enerjisi sektorleri
tarafindan farkli uygulama alanlarinda artarak kullanilmaktadir. Ek olarak,
termoset matrix prepreg malzemeleri, yiiksek erisilebilir fiber miktari ve
mekanik 6zellikleri nedeni ile bahsi gecen uygulama ve endiistri alanlari icin
cok degerli bir alternatiftir.

Secilen epoksi recine ve sertlestiricilerin molekiiler yapisina bagli olarak,
farkli bir kiirlenme kinetigi, ayni zamanda farkli final termal ve mekanik
ozellikler gézlenmektedir. Literatiirde de bilindigi tizere, yiiksek fonksiyonel
gruplari olan (< 2) standart ya da multi-fonksiyonel recinelerin uygun
sertlestiriciler ile kiirlenmesi halinde, cross-linking yogunlugu ve thermal
performansi (hem kuru ve hem nemli ortamlarda) cok yiiksek recine
sistemlerinin gelistirilmesi miimkiindiir. Sonuc olarak, reaktif molekiillerin
molekiiler yapisi ile final termal, termo-mekanik ve mekanik 6zelliklerin
iliskisini anlamak, havacilik sektorii icin recine gelistirilmesi icin hayati
onem tasimaktadir.

AMAC

Projenin amaci catlak direnci giiclendirilmis, yiiksek Ty’ye sahip ve H,O
absorpsiyonu diisiik olan, havacilik uygulamalarina uygun bir recine sistemi
gelistirmektir. Son asamada, iretilen recine sisteminin prepreg liretimine
uygunlugu da test edilecektir.

MATERYAL VE YONTEM

Ik asamada, 2 fonksiyonlu (diglycidyl ether of Bisphenol-A, DGEBA), 3
fonksiyonlu (tris-hydroxylphenyl methane, TGPAP) ve 4 fonksiyonlu
(tetragylcidyl methylene dianiline) epoksi bazli recineler secilmis, belirli
oranlarda Karistirilmis ve latent bir amine-bazli sertlestirici ile kiirlenmistir.
Recinelerin viskozite ve final Ty lerine gore en iyi blend sistemi secilmistir.
Final recine sistemi 220 °C T, (G' — onset) ’ye sahip olup, yiiksek cross-
linking nedeni ile diisiik catlak direnci gostermektedir. Bu ylizden, final
sistem Polyether Sulfone (PES), core-shell vee PMMA-b-PBA-b-PMMA
block-kopolimeri ile giiclendirilmistir.

SONUCLAR VE DEGERLENDIRMELER

3 fonksiyonlu Tri-functional tris-(hydoxylphenyl) methane recinesinin
blendlerde kullanilmasi ile cok yiiksek termal &zellikk elde edilmesine
ragmen (T, over 270 °C, G'-onset), bu recinenin viskosite ve
proseslenebilirlik iizerindeki negatif etkisi yiiziinden, sadece 2 ve 4
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fonksiyonlu recineler ile blendler g6z 6nende bulundurulmustur. Sonuc
olarak, final DGEBA-TGMDA recine karisimi (100 °C’de 1 Pa.s viskozite,
220 °C Ty) ileri deneyler icin secilmistir. Daha 6nce de soz edildigi iizere,
recinenin catlak direncini arttirmak icin farkli organik bazli giiclendiriciler
(tougheners) kullanilmistir. Yalnizca 5 % PES recinede bir faz-ayirimina
neden olmayip coziilmiis olarak sistem icinde kalmistir ve recinenin plastik
deformasyonunu arttirarak, 20% civarinda bir catlak direnc artisi saglamistir.
5 % PMMA-b-PBA-b-PMMA kopolimeri 2 um civarinda faz-ayirimi
olusturmus ve recinenin ciddi anlamda plastik deformasyona ugramasina
neden olarak, catlak direncini 20%’nin lizerinde arttirmistir. Son olarak 5
wt% core-shell parcaciklari, malzemenin catlak direncini kavitasyon
mekanizmasina neden olarak, diger giiclendiricilere gére daha az olarak
arttirmistir.

Anahtar kelimeler: epoksirecine, sertlesme kinetigi, prepreg, havacilik
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CHARACTERIZATION
KARAKTERIZASYON
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SCALING EFFECT ON TENSILE PROPERTIES OF CROSS-PLY
GLASS NCF/EPOXY COMPOSITES

CAPRAZ-KATLI CAM KIVRIMSIZ ELYAF[EPOKSi PLAKALARIN
CEKME MUKAVEMETI UZERINDE OLCEK ETKILERI

Akin Atag* and Oguzcan Inal
Mechanical Engineering Department, Balikesir University, Balikesir, Turkey
*a.atas@balikesir.edu.tr

Keywords: Scale effect, non-crimp fabric, tensile strength.

Introduction

Mechanical properties derived from laboratory scale specimens are used in
real-scale designs of composite materials which may be unacceptable due to
the size dependent variations of the mechanical properties. For instance,
thick laminates are required to build yacht/boat hulls and wind turbine
blades consisting of hundreds of layers of non-crimp fabric (NCF) reinforced
layers. The permissible service loads of these composite structures are
determined from small scale laboratory test data. The question is whether the
mechanical properties obtained from the laboratory tests are suitable for the
design of real structures. In order to answer this question, the same material
system should to be tested under equal conditions with different specimen
scales. It has been observed by seweral researchers that the strength is a
function of specimen scale [1]. Therefore, direct use of standard test
specimen data can lead to insufficient real-scale composite structures. In this
study, specimens were manufactured at three different scales of standard test
specimen dimensions [2] with stacking sequence of [90°/0°], in order to
investigate the scale dependent experimental strength, stiffness values and
damage types.

Material System, Manufacturing and Mechanical Tests

A glass quasi-unidirectional NCF textile was chosen as reinforcement
material due to their widespread applications in wind turbine blades. The
cross-ply composite plates were manufactured with vacuum assisted resin
transfer moulding technique. After demolding process, specimens were cut
into pre-determined dimensions (see Table 1) with a carbide tool. Then,
[£45],s tabs were glued at the ends of the specimens where the machine grips
hold.

In order to observe the scaling effect on the mechanical properties, the
crosshead speed of the mechanical test machine was also scaled.
1 mm/min, 2 mm/min 3 mm/min and 4 mm/min crosshead speeds was
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applied for the ", 2/4, % and full scale specimens, respectively. The load
displacement curves were drawn with the computer integrated software of
the test machine. The strain measurement was carried out with automated
mechanical extensometers.

Table 1. Scales and dimensions of [90°/0°],,s stacking sequence.

. Nominal
Scale | n Layer count | Length (mm) | Width (mm) | .. (mm)
7, 1 4 125 125 1.25
v, 2 8 250 25 2.5
% 3 12 375 375 3.75
Full | 4 16 500 50 5.0

Results & Conclusions

The representative stress-strain curves of all scaled specimens are shown
together in Fig. 1. The deviations in the tensile strength values were very
close in the cross-ply specimens. The effect of thickness scaling was
negligible. In general, specimens were damaged at the grips while gauge
section damage was also observed in some specimens.

450
400

0,5

1,5
Extension [%]

2

2,5

Anahtar kelimeler: Olcek etkisi, kivrimsiz elyaf, cekme mukavemeti.
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Giris

Laboratuvar olgegindeki numunelerden elde edilen mekanik Ozellikler
gercek oOlcekli yapilarin tasarminda kullaniimaktadr. Ornegin, yat/tekne
govdeleri ve rilizgar tiirbin kanatlarinda ylizlerce kat kivrimsiz elyaftan
olusan ¢ok kaln plakalar gerekmektedir. Bu kompozit yapilarm izin verilen
yiikleme limitleri laboratuvarda kii¢iik 6lgekli numuneler iizerinde yapilan
deneylerle belirlenmektedir. Bu konudaki en Onemli soru laboratuvar
deneylerinden elde edilen verilerin gercek yapilar icin yeterli olup
olmayacagidir. Bu soruyu cevaplamak adina aymt malzeme sistemi farkli
Olceklerde ve esdeger kosullarda test edilmelidir. Mukavemetin numune
Olceklerine gore degistigi birgok arastrmaci tarafindan gozlenmistir [1].
Benzer sekilde, standart testlerle elde edilen mekanik o6zellikler gergek
yapilarm tasarminda yetersiz kalmaktadr. Bu calismada, [90°/0°],s
numuneler standart Olgiilere ek olarak ii¢ farkh Olgekte daha numune
tretilecek ve standarda [2] gore test edilerek mukavemetleri, rijitlikleri,
hasar tipleri incelenecektir.

Malzeme Sistemi, Uretimi ve Mekanik Deneyler

Takviye malzemesi olarak riizgar tiirbinlerinde yaygmn kullanilmasi
nedeniyle yari-tek yonlii cam KE sec¢ilmistir. Capraz-katli kompozit plakalar
vakum takviyeli recine transfer yontemiyle iiretilmistir. Kaliptan ¢ikartilan
plakalar, karbiir takimla o6nceden belirlenen oOlciilerde (bkz: Tablo 1)
kesilmistir. [+45],s elyaf diizenine sahip tablar, numunelerin ¢enelerin
arasinda kalan kisimlarma  yapistirilmistir.

Mekanik 6zellikler lizerinde olgek etkilerini gézlemlemek i¢cin ¢ekme hizlari
da odlgeklendirilmistir. 1 mm/dak, 2 mm/dak, 3 mm/dak ve 4 mm/dak ¢ekme
hizlar1 Y4, 2/4, % ve tam olgekli numunelere sirasiyla uygulanmistr. Cekme-
uzama egrileri deney esnmasmda ahnan verilerle test cihazinm yazilmi
tarafindan otomatik olarak ¢izilmistir. Uzama Ol¢limii otomatik mekanik
ekstansometreler yardmiyla yapimistir.

Tablo 1 [90°/0°],s elyaf sralamah plakalarm olgekler ve dlglileri.

.. Uzunluk Genislik Nomi nal
Olgek | n Tabaka sayisi (mm) (mm) Kalinhik (mm)
Ya 1 4 125 12.5 1.25

s 2 8 250 25 25

Ya 3 12 375 37.5 3.75

Tam 4 16 500 50 5.0
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Sonugclar ve Oneriler

Biitiin  6lgekler i¢in gerilme-uzama egrileri  Sekil-1’de bir arada
gosterilmistir. Cekme mukavemeti degerleri birbirlerine ¢ok yakin ¢ikmistir.
Kahnlik dlgeklendirmesinin etkisinin ¢ok az oldugu goriilmiistiir. Genellikle
numuneler ¢enelerden kmrilmistr fakat dlciim bolgesinden kirilan numune ler
de vardr.

450 T
"E 400 T n=4
E350 ¢ n=3
Z
s 300 T n=2
[}
€ 250 1 _ /
g n=1
& 200 7
=]
€ 150 /
o .l
£ 100 :
==
& 50 T

0
0 0,5 1 1,5 2 2,5 3
Uzama [%]
Kaynaklar
1 Lavoie, J.A., C. Soutis, and J. Morton, Apparent strength scaling in

continuous fiber composite laminates. Composites Science and
Technology, 2000. 60(2): p. 283-299.

2. ASTM, D., 3039/D 3039M,(2000),“. Standard test method for
tensile properties of polymer matrix composite materials.
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A COMBINED EXPERIMENTAL-NUMERICAL APPROACH FOR
EFFICIENT PERMEABILITY MEASUREMENT
GECIRGENLIiK OLCUMUNUN ETKINLiGiNiN

ARTTIRILMASINA YONELIK BiRLESIK DENEYSEL-SAYISAL
YONTEM

Baris Caglar', Damiano Salvatori', E. Murat Sozer’, Véronique
Michaud"
'Laboratory for Processing of Advanced Composites (LPAC), Ecole
Polytechnique Fédérale de Lausanne (EPFL), Station 12, Lausanne CH-
1015, Switzerland

’Mechanical Engineering Department, Koc University, Rumelifeneri Yolu,
Sariyer 34450, Istanbul, Turkey.

baris.caglar@epfl.ch
ABSTRACT

In processing of composite materials with Liquid Composite Molding
techniques (e.g., Resin Transfer Molding, Vacuum Assisted Resin Transfer
Molding, etc.), permeability characterization of porous fiber preforms is
important since it is used in mold-filling simulations to predict the flow
pattern and mold filling time, and to determine the inlet and vent locations
during mold design. However, experimental permeability characterization is
a tedious process, requiring many measurements at each fiber volume
fraction. Its common and significant variation is dependent on human factor
and material irregularity, which in turn increases the number of required
measurements to observe statistical variation.

In this study, we introduce a methodology based on a combined
experimental-numerical approach to perform more efficient permeability
characterization compared to well-established permeability measurements
that assume perfectly 1D flow. We combine highly accurate flow front
visualization in 1D permeability measurements with a Control Volume
Finite Element Method based mold-filling simulation to obtain the optimal
permeability map of fabric that minimizes the deviation between
experimental and simulated fill times and we use it for permeability
characterization in the presence of race-tracking. We demonstrate the
capabilities of our methodology through several case studies, and using a
fabric whose fiber wvolume fraction - permeability relationship is
characterized through an independent set of measurements under ideal flow
conditions (i.e., little or no influence of race-tracking).
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OZET

Kompozit malzemelerin Sivi Kompozit Kalplama yontemleri (Regine
Transfer Kalplama, Vakum Destekli Re¢ine Transfer Kahplama vb.) ile
tiretiminde, gozenekli kumas gecirgenliginin karakterizasyonu kalip dolum
simiilasyonlarina girdi olarak kullanilmakta ve kalip dolum siiresi, akis
ilerleyisi ve kalip tasarim asamasmnda giris ve c¢ikislarin belirlenmesine
yardimc1 olmaktadir. Ancak, gegirgenligin deneysel karakterizasyonu, her
hacim oranmnda birka¢ Olgiim gerektirmektedir. Ayrica, bu Olgiimler
srasnda karsilasilan en yaygin sorunlar insan faktérinden ve malzeme
bozuklularindan kaynaklanmakta ve istatistiksel varyasyonu gorebilmek i¢in
gerekli 6lcim sayismi daha da arttrmaktadr.

Bu ¢alismada, kusursuz bir boyutlu akis varsayimma dayanan ve genel kabul
goren gegirgenlik Olglimlerine kiyasla daha verimli Glglimler yapabilmek
amaciyla gelistirdigimiz, deneysel ve sayisal yontemleri bir arada
kullandigimiz bir ¢alisma sunuyoruz. Bu caligma, bir boyutlu akis
Olciimlerinde akis Oniiniin yiiksek dogrulukla kaydedilmesi, Kontrol Hacmi
Sonlu Eleman Metodu temelli bir kalip dolum simiilasyonu gelistirilmesi,
Olctimlerden ve simiilasyonlardan elde edilen dolum anlar1 arasmdaki farkin
enazlanmas1 yoluyla en uygun gegirgenlik degerinin bulunmasina
dayanmaktadir; ve elyaf gecirgenliginin yiiksek gecirgenlikli kanallarm
varliginda Sl¢limiinii saglamaktadir. Gelistirdigimiz yontemin kabiliyetlerini,
elyaf hacim oran1 — gecgirgenlik iliskisini tek boyutlu (yiiksek geg¢irgenlikli
kanallar barmdrmayan) Olclimler ile karakterize ettigimiz bir kumasi
kullandigimiz, kasitli olarak olugturulmus yiksek gecirgenlikli kanallara
sahip ¢esitli 6rnek vakalarm incelenmesi ve yoluyla sunuyoruz.

Keywords: Liquid composite molding, permeability, characterization
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MECHANICAL PROPERTIES OF UNIDIRECTIONAL
FLAX/POLYPROPYLENE COMPOSITES: A COMPARATIVE
STUDY ON EFFECT OF PRE-TREATED FLAXFIBERS

TEKYONLU KETEN/POLIPROPILEN KOMPOZITLERIN
MEKANIK OZELLIKLERIi: ON iISLEM GOREN KETEN
LiFLERININ ETKiSi UZERINE KARSILASTIRMALI BiR
CALISMA

Burcu KARACA UGURAL', M. Ozgiir SEYDIBEYOGLU?,
Esen OZDOGAN'

"Department of Textile Engineering, Ege University, Izmir, Turkey

? Department of Material Science and Engineering, Izmir Katip Celebi
University, Izmir, Turkey

burcu.karaca@ege.edu.tr

Abstract

Flax is known one of the oldest natural fiber in textile industry and used to
manufacture linen yarns and fabrics for both apparel and household markets.
In recent years there is a growing interest in utilization of flax fibers as
reinforcing materials for polymers in order to manufacture sustainable
lightweight composite products. Flax fibers are used both in the form of
chopped fibres and varied textile structures such as non-woven mats, yarns,
woven or knitted fabrics and unidirectional preforms in composite industry.
Previous studies have rewealed that the key parameters affecting the
performance of flax fiber reinforced polymeric composite materials are; (i)
utilized textile form as reinforcing material and (ii) adhesion between flax
fibers and polymeric matrices.

In textile industry, alkaline or enzymatic treatments are applied to flax fiber
containing textile structures to modify fiber surface by removing non-
cellulosic impurities. Conventional alkaline treatment or enzymatic bio-
treatment of flax fibers result in removal of waxes and lignin from fiber
surface. Lignin is connected to cellulose via pectin thus pectin, which plays a
significant role in mechanical properties of flax fibres, is also removed
during these treatments. This brings a decrease in mechanical properties of
flax fibers which can be ignored in textile industry as long as linen fabric
meets the consumer requirements. However, the decrease in mechanical
properties of flax fibers should be considered in composite industry as it
directly affects the mechanical performance of composite products.
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In this study a comprehensive overview on reinforcing efficiency of pre-
treated flax fibers and an experimental study on effects of alkaline and
enzymatic treatments of flax fibers on mechanical properties of
unidirectional flax/polypropylene (PP) composite materials are reported.

Comparative assessment for tensile and flexural performance of
unidirectional flax/PP composite plates which have either untreated, alkaline
treated or enzyme treated flax fibers raise a question: how feasible to use
pre-treated flax fibers in textile industry for composite applications?

Keywords: flax fibers, alkaline treatment, enzymatic treatment,
unidirectional flax/polypropylene composites, mechanical properties

Ozet

Keten lifleri, tekstil sanayindeki en eski liflerden biri olarak bilinmekte ve
konfeksiyon ile ev tekstiline yonelik kumas yapimmda kullaniimaktadir. Son
yillarda keten liflerinin, siirdiiriilebilir hafif kompozit malzemelerin iiretimi
icin polimerlerin gii¢lendirilmesinde takviye malzemesi olarak kullanimi
konusunda giderek artan ilgi olusmaktadir. Keten lifleri kompozit sanayinde,
cok kisa lifler veya cesitli tekstil yapilar1 halinde (dokusuz yiizey, iplik,
dokuma veya Orme kumas ve tekyonlii yapilar) kullanilmaktadir.
Literatiirdeki calgmalar, keten lifi takviyeli polimerik kompozit
malzemelerin performansini etkileyen anahtar parametrelerin (i) kullanilan
tekstil yapis1 ve (ii) keten lifleri ile matris polimeri arasindaki tutunma
oldugunu gostermistir.

Tekstil sanayinde, keten lifi iceren tekstil yapilarmda selitlozik olmayan
maddeleri uzaklastirarak lif ylizeyini iyilestirmek icin alkali veya enzimatik
islemler uygulanmaktadwr. Keten liflerine uygulanan konvansiyonel alkali
veya enzimatik iglemler ile keten liflerinin yiizeyindeki yag ve lignin
uzaklasir. Lignin seliiloza pektin ile tutunmakta oldugu i¢in keten liflerinin
mekanik Ozelliklerinde 6nemli rol oynayan pektin de sdz konusu islemler
esnasinda uzaklasmaktadir. Bu durum keten liflerinin mekanik 6zelliklerini
olumsuz etkilese de keten kumaslar miisteri taleplerini karsiladig: siirece
tekstil sanayi icin Onem arz etmez. Ancak, keten liflerinin mekanik
ozelliklerindeki azalma kompozit malzemenin mekanik performansmni
dogrudan etkiledigi i¢cin bu durumun kompozit sanayinde dikkate alinmasi
gerekmektedir.

Bu calismada; 6n islem gormiis keten liflerinin takviye malzemesi olarak
verimliligi hakkinda kapsamli literatiir derlemesi ile keten liflerinde alkali ve
enzimatik iglemlerin tekyonli  keten/polipropilen (PP) kompozit
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malzemelerin mekanik Ozelliklerme etkisi tlizerine yapilan deneysel
¢alsmanm sonuclar1 agiklanmustir.

Islem gdrmemis, alkali islem gdrmiis veya enzimatik islem gérmiis keten
lifleri iceren tekyonlii keten/PP kompozit malzemelerin ¢ekme ve egilme
performanslarinm karsilagtrmali degerlendirmesi; tekstil sanayine yonelik
On iglem goren keten liflerinin kompozit uygulamalarinda kullanimmin ne

kadar uygun oldugu sorusunu giindeme getirmistir.

Anahtar kelimeler: keten lifleri, alkali islem, enzimatik islem, tekyonlii
keten/polipropilen kompozit malzeme, mekanik 6zellikler
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ENHANCEMENT OF PRODUCT PROPERTIES OF ORIGINAL
AND WASTE POLYVINYL BUTYRAL (PVB) / POLYVINYL
CHLORIDE (PVC) COMPOSITES WITH NANO-ADDITIVES

NANO-KATKI MADDELERI iLE ORIJINAL VE ATIK POLiVINIL
BUTIRAL (PVB) / POLIVINIL KLORUR (PVC)
KOMPOZITLERININ URUN OZELLIKLERININ GELISTIRILMESI

Cansu KOROGLU", Serap CESUR*, Dagmar MERINSK A?
cansukorogluu@gmail.com, cesur.serap@gmail.com, merinska@ft.uth.cz
' Ege University, Department of Chemical Engineering, 1zmir/Turkey
*Tomas Bata University, Department of Polymer Engineering, Zlin/Czech
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ABSTRACT

Aim

The aim of this study is the preparation and characterization of Polyvinyl
Butyral (B)/Polyvinyl chloride (P) blends consisting of plasticized original
and waste PVB and plasticized PVC at various concentrations. The common
usage area of PVB is the safety glass and waste PVB obtained from recycled
safety glass could be utilized again in blends with similar polymers such as
PVC. The properties of the original and recycled PVB, used as constituents
of the blend was analyzed and compared. The contribution of two nano-
additives (Clay (C) and CaCO; (K)) into the composites was evaluated. The
obtained materials can be employed in diverse applications such as flooring,
production of glue and in civil engineering. This study is an attempt to
resolve environmental problems caused by the waste windshield.

Key words: PVB, PVC, clay, calcium carbonate, safety glass, recycling
Mate rials-method

Four different groups of polymeric composite films have been prepared. The
first group with original PVB (OB) with the amount of PVC (P) has been
increased from ten percent to neat PVC is obtained. The second group has
been prepared at the same compositions with recycled PVB (RB). The third
group has the nano-clay addition in PVVB/PVC composites with the addition
of clay 0.1, 1, and 5 wt%. The same compositions of composites have also
been prepared using Recycled PVB. The forth group includes 5 wt% calcium
carbonate additions. Finally, forty-two polymeric composite films have been
obtained including OPVB, RPVB, PVC, organo nano-clay and calcium
carbonate.

The Brabender kneader device which is contained two blungers W50 and a
friction ratio of 2:3 was used to prepare polymeric composite films. A
constant amount of 40g input materials (PVB/PVC/Nano-additives) were
placed in the chamber and processed for 10 minutes at 160 °C with a
rotation speed of 25 rpm. The blends which are in the form of pellets were
placed between two PET sheets preventing the contact with air and thus
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oxidative degradation. After that, they were placed in a table press and hold
them at 160 °C for 5 min. Lastly, polymeric composite films were cooled in
a cold press. In order to evaluate the films as a new product for other
application areas, their chemical, mechanical, thermal properties have been
characterized by using FTIR, Mechanical, XRD, DSC, TGA, Optical
Microscopy, SEM and Colour Measurement devices.

Preliminary results

The Fourier Transform InfraRed (FTIR) analysis has been used to determine
the composite films functional groups on five different positions for each
film. The composite films are uniform and no formation of a new functional
group is observed. The mechanical tests results can be seen in Figure 1.
Although, the addition of 5 wt% CaCO; (K) into polymeric composite films
have given better results than addition of 5wt% clay, but 0.1% (wt/wt) clay
(C) added original OB90_P10 and recycled RB90_P10 composite films
showed the highest tensile strength and elongation at break values. Because,
the addition of small amount of clay has an impact on the crystallization,
crystal structure and crystallization kinetics, therefore, this film has better
tensile strength than commercialy used PVC materials. Clay addition of 5
wt% has decreased the degree of crystallinity and caused the mechanical
properties decreased that can be seen from XRD Analysis (Figure 2). The
DSC analysis determined that a glass transition temperature (Tg) of original
PVB was 18 °C and recycled PVB was around 22 °C. The glass transition
temperature of PVC was around -26 °C which has a lower glass transition
temperature than PVB. From the color measurement test, for 0.1 and 1 wt%
Clay amount, the effect on the colour is not really obvious but yellowness
increased with addition of 5wt% clay amount. No color change was
observed for the films with the addition of 5 wt% of CaCO;. After thermal
degradation, surface properties and color changes have been fully examined,
only recycled or PVB/PVC with small amount of clay (0.1 wt%) based
composite films can be recommended as a flooring material instead of
original PVC.
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Figure 1. Comparison of mechanical results of original PVB and recycled
PVB in blend with PVVC and Clay
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Figure 2. XRD results of original and recycled PVB with PVVC, Clay and
Calcium Carbonate addition
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OZET
Amag

Plastiklestirilmis PVB  ve  plastiklestirilmis  PVC'den  ¢esitli
konsantrasyonlarda  Polivinil Butirel (B) / Polivinil kloriir (P)
kompozitlerinin hazrlanmas1 ve karakterizasyonu flizerine caligilmistr.
PVB’nin en 6nemli kullanim alam giivenlik camlart olup, geridoniisiime
giren glivenlik camindan kazanilan PVB tekrar kullanilabilir ve PVC gibi
benzer Ozellikteki polimerlerle harmanlanabilir. PVB/PVC kompozitlerde,
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orijinal (OPVB) ve geri doniistiiriilmiis RPVB’nin etkisi arastriimistr. Bu
kompozitlere, iki nano katki maddesinin (Kil (C) ve CaCO;(K)) ve bunlarn
degisen konsantrasyonlarmm etkisi degerlendirilmistir. Elde edilen
malzemeler doseme, tutkal iretimi, insaat mihendisligi gibi farkh
uygulamalarda kullanilabilir. Bu ¢aligma, atik cammn neden oldugu cevre
Sorunlarmm ¢dziimiine yonelik bir girigimdir.

Anahtar kelimeler: polivinil biitiral, giivenlik camu, polivinil kloriir, geri
doniisiim

Materyal-Yontem

Dort farkh polimerik kompozit film grubu hazirlanmistr. Taze PVB'ye sahip
ilk grupta, PVC miktar1 agirlikca %100 PVC elde edilinceye kadar %10
seklinde arttrilmistrr. Ikinci grupta kompozitler, atk PVB ile aym
kompozisyonlarda hazrlanmistr. Agrlikca %0,1; 1 ve 5 nano-kil katkil
iiclincti grup taze ve atikk PVB/PVC ile elde edilmistir. Agirlikca % 5
kalsiyum karbonat ilavesi ile dordiincti grup ayni sekilde elde edilmistir.
Calismanmn sonunda, OPVB, RPVB, PVC, kil ve kalsiyum karbonat ile
toplam 42 polimerik kompozit film elde edimistir.

Polimerik kompozit filmleri hazwrlamak icin ¢ift gidis gelisli W50 ve
stirtiinme orani 2:3 olan Brabender yogurucu cihazi kullanilmistr. Sabit
hacimli 1s1tma haznesine, 40g'lik giris malzemeleri (PVB /PVC/ Nano katki
maddeleri) yerlestirilmis ve 25 rpm'lik bir doniis hiz1 ile 160 °C'de 10 dakika
boyunca islenmistir. Topak halindeki karigimlar, hava ile temas1 ve
dolaysiyla oksidatif bozunmay1 6nleyebilmek i¢cin iki PET tabaka arasma
yerlestirilmis ve daha sonra, masa presi igerisine yerlestirilerek, 5 dakika
boyunca 160 °C'de tutulmustur. Son olarak, polimerik kompozit filmler
soguk bir presle sogutulmustur. Uretilen filmlerin diger uygulama
alanlarmda yeni bir {iriin olarak degerlendirilebilmesi i¢cin kimyasal,
mekanik ve termal Ozellikleri FTIR, Mekanik, XRD, DSC, TGA, Optik
Mikroskop, SEM ve Renk Olciimii cihazlari ile karakterize edilmistir.

On Degerlendirmeler

Fourier Doniisiimlii Kizilotesi (FTIR) analizi ile her kompozit film igin bes
farkli pozisyonda fonksiyonel gruplar belirlenmistir. Kompozit filmler
olduk¢a tUniform yapida olup yeni bir fonksiyonel grubun olusumu
gozlenmemistir. Mekanik testlerin sonuclar1 Sekil I'de goriilmektedir.
Polimerik kompozit filmlere agirlikga %5 CaCO; (K) ilavesi, agrrlik¢a % 5
kil (C) ilavesinden daha iyi sonuglar vermistir. Ancak, orijinal OB90 P10 ve
geri doniistimli RB90 P10 kompozit filmlerine agrlkca % 0,1 kil
eklenmesiyle, en yiiksek gerilme mukavemeti ve kopmada uzama degerleri
elde edilmistir. Ciinkii, az miktarda kil ilavesi, kristallenme, kristal yapis1 ve
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kristallenme kinetikleri lizerinde bir etkiye sahiptir, bu nedenle bu filmin,
ticari olarak kullanilan PVC malzemelerden daha iyi gerilme mukavemetine
sahip oldugu goriilmektedir. Ayrica, XRD analizinden goriildigii gibi
agrlikga % 5 kil ilavesi, kristallik derecesini diisiirerek, mekanik 6zelliklerin
azalmasma neden olmustur (Sekil 2).

DSC analizi ile orijinal PVB'nin camsi1 ge¢is sicakhiginin (Tg) yaklagik 18 °C
oldugu ve geri doniisiimli PVB'nin yaklasik 22 °C oldugu belirlenmistir.
PVChnin camsi gegis sicaklii -26 °C civarmda bulunmus ve bu PVB'ye gore
daha diisiik bir cams1 gegis sicakligma sahip oldugunu gostermektedir. Renk
oOlctim testinden, polimerik kompozit filmlerin renkleri, agrlikca %0,1 ve 1
kil miktar1 ilavesi ile degismedigi, fakat agirlikca %5 kil miktar: ilavesi ile
sarilik degerinin arttig1 gézlenmistir. Filmlerde agirlikca %5 CaCOj ilavesi
ile renk degisikligi gozlenmemistir. Sonug olarak, termal bozunma, yiizey
ozellikleri ve renk degisimleri incelendikten sonra, az miktarda kil iceren
(%0,1) geri doniistiiriilmiis PVB/PVC esashi kompozit filmler orijinal PVC
yerine déseme malzemesi olarak tavsiye edilebilir.
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Figure 1. PVC, kil ve kalsiyum karbonat ile harmanlanmis orijinal PVB ve
geri donistiiriilmiis PVB'nin mekanik sonuglarmmn karsilagtiriimasi
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Figure 2. PVC, kil ve kalsiyum karbonat katkili orijinal ve atk PVB'nin
XRD sonuglart
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RESEARCH ON DRUG RELEASE PERFORMANCE OF
HYDROXYAPATITE-GELATIN COMPOSITES PRODUCED IN SBF
MEDIUM
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INCELENMESI
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Keywords : Hydroxyapatite, gelatin, drug release, composite, polymer
Aim ofthe Study

In most of drug treatments, initial burst releases from drug release systems
can cause side effects. It is possible to limit these effects by applying drug
carriers that provides controlled relase of the drugs. In recent years, studies
aiming to use ceramic/polymer materials as drug carrier have gained
importance. By adding biodegradable polymers with different degradation
rate and mechanism to ceramic materails, variety of release profiles can be
obtained. Hydroxyapatite (HAp) is a bioseramic material found in bone and
teeth composition which has apatite-like structure.

The purpose of the study is to produce drug loaded hydroxyapatite-gelatin
(HAp-GEL) composites with different weight ratios and observing their drug
relase kinetics. By running experiments with different amounts of gelatin
and glutaraldehyde, it is aimed to study their effects on encapsulation
efficiency and drug release profiles.

Materials & Methods

HAp-GEL composites are produced in the presence of SBF (Simulated Body
Fluid) by a wet precipitation method at pH 7.4 and 37°C implementing
glutaraldehyde as a cross-linking agent. Composites are produced at three
different weight ratio of HAp-GEL. 5-FU loaded HAp-GEL composites
were prepared with spray dryer under the operation conditions including
80°C inlet temperature of hot air, 5 ml/min inlet flow of feeding solution and
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0,1 MPa atomizer pressure. Drug release of 5-FU from the HAp-GEL
comosites are determined in phosphate buffer solution (PBS) at pH 7.4 and
37°C. Drug release profiles are evaluated according to four different kinetic
models which are Zero Order, First Order, Higuchi and Korsmeyer-Peppas.
The obtained composites are characterized by Fourier Transform Infrared
Spectroscopy  (FTIR), Scanning  Electron  Microscope  (SEM),
Thermogravimetric Analysis (TGA) and X-Ray Diffraction (XRD).

Results

According to drug release profiles, it is observed that with increasing jelatin
content initial burst increases. Total average release rate of drug from
composites decreases with increasing jelatin content. When crosslinking
agent is increased, an increase in initial burst release is also observed.
Considering the toxic characteristic of glutaraldehyde, it is concluded that
composites cross-linked with lower amount of glutaraldehyde are more
appropriate for drug release applications. Among the four different kinetic
models, HAp-GEL composites fitted First Order release model the best.

Anahtar kelimeler: Hidroksiapatit, jelatin, ilag salmimi, kompozit, polimer

Amag

Yapilan pek ¢ok ila¢ tedavisinde, ilacm ik ani salmi yan etkilere sebep
olabilmektedir. Bu tiir yan etkileri, ilaglarm kontrolli salimmi saglayan ilag
sahm sistemleri ile azaltmak miimkiindiir. Son yillarda, seramik/polimer
malzemelerin ilag tastyici olarak kullanmma yonelik ¢aligmalar Gnem
kazanmigtir. Farkli bozunma hizi ve mekanizmasma sahip biyobozunur
polimerlerin seramik malzemelere eklenmesi ile ¢esitli ilag sahm profilleri
elde edilebilmektedir. Hidroksiapatit (HAp) apatit benzeri kemik yapisina
sahip, kemik ve dig bilesiminde bulunan bir biyoseramik malzemedir.

Bu ¢alismanm amaci, farkli agirlik oranlarma sahip ilag yiiklii hidroksiapatit-
jelatin  (HAp-GEL) kompozitleri iiretmek ve kompozitlerin ila¢ salm
kinetiklerini gozlemlemektir. Cahsmada farkli gluteraldehit ve jelatin
miktarlar1 ile gluteraldehit ve jelatinin ilag yilikleme verimiyle birlikte ilag
salm profili iizerine etkisi incelenmistir.

Materyal & Metot

HAp-GEL kompozitleri SBF (Yapay viicut swvisi) varligmda pH 7.4 ve
37°C’de yas ¢oktiirme yontemi ile ¢apraz baglayici ajan olarak gluteraldehit
kullanilarak iiretilmistir. Kompozitler kiitlece ii¢ farkh HAp/GEL oraninda
tiretilmistir. 5-FU yiikli HAp-GEL kompozitleri piiskiirtmeli kurutucu ile
80°C kurutucu hava giris sicakligi, 5 ml/dak besleme ¢ozelti debisi ve 0,1
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MPa atomizer basmc1 kosullarmda elde edilmisti. HAp-GEL
kompozitlerinden 5-FU ilact salimi, fosfat tampon ¢ozeltisi (PBS) igerisinde
pH 7.4 ve 37°C kosullarmnda belirlenmistir. Ila¢ salim profilleri Sifir Derece,
Birinci Derece, Higuchi ve Korsmeyer—Peppas olmak tizere dort farkh
kinetik modele gore olusturulmustur. FElde edilen kompozitlerin
karakterizasyonu Fourier transform infrared spektroskopisi (FTIR), Taramal1
elektron mikroskopu (SEM), Isil gravimetrik analiz (TGA) ve X Ismi
difraktometresi (XRD) kullanilarak yapihmigtir.

Sonuclar

flag satm profillerine gére, kompozitlerdeki jelatin miktar: arttk¢a ilk ani
sahmm arttig1 goriilmiistiir. Bununla birlikte, toplamda salm hiz1 jelatin
miktar1 arttikca azalmistir. Capraz baglama ajani orani arttirildigmmda da
benzer sekilde ilk ani salmin arttig1 gozlenmistir. Gluteraldehitin toksik
yapisi da goz Online alindiginda, diisik gluteraldehitli kompozitlerin ilag
sahm uygulamalarinda kullanima daha uygun oldugu sonucuna varilmistir.
Calisilan dort farkli kinetik model i¢erisinde, HAp-GEL kompozitlerinin en
fazla Birinci Derece kinetik modele uygunluk gosterdigi goriilmuistiir.
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THE EFFECT OF FLEXURAL STRAIN RATES ON THE
FLEXURAL BEHAVIOR OF 4/3 GLARE FIBER METAL
LAMINATED COMPOSITES

4/3 CETA FIBER METAL TABAKALI KOMPOZITLERIN EGILME
DAVRANISLARINA EGILME HIZININ ETKIiSi

Hamdi FIDAN', Mustafa ()zgiig BOBAZ, Onur COBANZ, Eyiip
AKAGUNDUZ’

! Turkish Airlines Technic Inc. 34100, Yesilkdy, Turkey
? Kocaeli University, Faculty of Aeronautics and Astronautics, 41285,
Kocaeli, Turkey
$TUBITAK-MAM, Materials Institute, 41470 Gebze, Turkey

Abstract

Aim: Fiber Metal Laminates (FMLs) are hybrid sandwich materials
consisting of ordered layers of fine metallic sheets and composite laminates.
The usage of FML has been increasing in the aircraft applications due to the
its 15-30% efficiency in terms of weight gain, fatigue resistance, resistance
to impact and improved damage tolerance. Currently FML material is used
up to 25% by weight of manufactured passenger aircraft and fighter aircraft.
The aim of this study is to examine the flexural behavior of 4/3 configurated
FML material which is produced in Turkish Airlines Technic Inc. composite
workshop under three point bending tests.

Materials-Methods: In this study, GLARE (Glass reinforced aluminium)
which is an FML type that is used extensively in military and civil aviation
is manufactured by Turkish Airlines Technic Inc. composite workshop with
autoclave method. During FML production, 3 layers of continuous glass
fiber reinforced epoxy prepreg and 4 layers of Al 2024-T3 are used. GLARE
which consists of Al 2024-T3 sheet metals and glass fiber reinforced epoxy
prepreg material is prepared with a size of 55 cm x 55 cm. It is taken to
vacuum bag in an autoclave with a Hot Bounder device at 121 © C and under
40-50 psi pressure for 2 hours. The GLARE material is then removed from
the vacuum bag and brought to the desired size in accordance with ASTM
D790-15 standard in the laser cutting device. Flexural tests are applied to the
GLARE samples under 1 mm/min and 10 mm/min flexural strain rates.

Preliminary evaluations: GLARE is subjected to three point bending tests
at bending rates at a Zwick Z-250 device. The variation on the flexural
modulus, flexural strength and maximum strength values is determined.
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From test results, the flexural strength and flexural modulus values increased
with the increase of the bending rates. Beside this, the deflection of
maximum load values decreased rapidly. It is also determined that the
damage mechanisms change local crushing damages to delamination
damages. After the bending tests, damage mechanisms which are occurring
in the GLARE are detected by digital camera images.

Keywords: FLM, GLARE, Flexural properties, Damage Mechanisms

Ozet
Amag: Fiber Metal Tabakalar (FMT), ince metal levhalar ve kompozit

tabakalarm swrali katmanlarmdan olusan hibrid sandvi¢ yapilardwr. FMT
malzemenin agirlik kazanci agisndan sagladigi %15-30’luk verim, yorulma
mukavemeti, darbelere kars1 gosterdigi direng ve gelismis hasar toleransi
gibi Ozellikleri sayesinde Ozellikle havacilik alaninda biiyiik bir ragbet
gormiis ve kullanim1 her gegen giin artmistir. Giinlimiizde iiretilen yolcu ve
savas ucaklarmda agrlikca %25’lere varan oranlarda FMT malzeme
kullanilmaktadwr. Bu c¢alismanm amaci;, THY Teknk A.S. kompozit
atOlyesinde {iretilen 4/3 formasyonlu FMT malzemesinin {i¢ nokta egilme
testleri altnda egilme davranmismi incelemektir.

Materyal-Yontem: Bu ¢alismada, askeri ve sivil havacilikta yogun olarak
kullanilan bir FMT tiirii olan CETA malzeme (Cam Elyaf Takviyeli
Aliminyum), THY Teknik A.S. kompozit atdlyesinde otoklav yontemiyle
iretilmistir. FMT tiretimi srasinda, 3 kat siirekli cam fiber takviyeli epoksi
prepreg ve 4 kat Al 2024-T3 kullaniimistr. Al 2024-T3 sac levhalar ve cam
fiber takviyeli epoksi prepreg malzemesinden iiretilen GLARE, 55 cm x 55
cm ebatinda hazirlanarak vakum torbasma alimmistir. Hot Bounder cihazi ile
otoklav islemi, 121 °C’de ve 40-50 psi vakum basinci altinda 2 saatte
gerceklesmistir. Daha sonra vakumdan ¢ikarilan GLARE malzeme, ASTM
D790-15 standardmna uygun egilme numuneleri olacak sekilde lazer kesme
cihazmda istenen boyuta getirilmistir. Egilme testleri 1 mm/dk ve 10 mm/dk
egilme hizlarmda gerceklestirilmistir.

On degerlendirmeler: GLARE malzemelere Zwick Z-250 cihazinda farkli
hizlarda ii¢ nokta egilme testleri uygulanmis ve egilme modiilii, egilme
dayanimi ve maksimum kuvvetteki sehim degerlerinin degisimi tespit
edilmistir. Test hizmin artmasi ile egilme dayammi ve egilme modiili
degerlerinde artis sehim degerlerinde ise hizli bir diisiis gozlenmis olup
numunelerde olusan hasar mekanizmalarmin bolgesel ezilme hasarmdan
delaminasyon hasarma dogru kaydigi belirlenmistir. Egilme testleri
sonrasmda GLARE malzemesinde olusan hasar mekanizmalar1 dijital
kamera goriintiileri ile tespit edilmistir.

Anahtar kelimeler: FMT, CETA, Egilme 6zellikleri, Hasar Mekanizmalar
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COMPARISON OF ONE (LINEAR) AND TWO (RADIAL)
DIMENSIONAL PERMEABILITY MEASUREMENT METHODS ON
E-GLASS FABRICS

E-CAMI ELYAFLARINDA BiR (LINEER) VE iKi (RADYAL)
BOYUTLU GECIRGENLIK OLCUM METODLARININ
KARSILASTIRILMASI
Hasan gzag'larl, Mert Hanc10glu1, E. Murat Sozer*

Kog University, Rumelifeneri Yolu, 34450 Sariyer, Istanbul, Turkey

hcaglar16@ku.edu.tr, mhancioglu@ku.edu.tr, msozer@ku.edu.tr

ABSTRACT
Aim

The aim of this study is to compare the linear and radial permeability
measurement methods by reviewing the advantages and disadvantages of the
two methods, and the statistical variations of permeability values of fabric
specimens in two principal directions (K. and Ky,) obtained under the
similar injection boundary conditions and flow regimes.

Material and Method

Fabric preforms with different fiber structures (such as random and woven as
in this study) are prepared by stacking e-glass fabric layers on a tool surface
and then placing in the mold cavity before the resin infusion. Instead of a
thermoset resin, corn syrup is used here in this study as the test fluid
considering the ease of use. Linear (1D) and radial (2D) permeability
measurement experiments with unsteady flow regime (initially dry fabric
specimen impregnated with resin during the experiment) and constant
injection pressure are repeated at least three times to investigate the statistical
variations of permeability values. Resin flow front propagation is recorded
by using a digital camera for post-filling analysis. Unsteady permeability
values in the two in-plane principal directions are calculated by using the
Darcy’s law under transient flow regime and constant injection pressure
boundary condition. The permeability values from linear and radial
permeability measurement methods are compared and the causes of
significant differences and large variations are analyzed.

Discussion and Recommendations

In permeability characterization, researchers should be aware of the
suitability of the measurement methods. Linear permeability measurement
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method has been conventionally used for measuring both transient and steady
permeabilities of fabric specimens. The main drawback of the linear
permeability measurement method is the need for one fabric specimen (plus a
set of specimens for investigating statistical variations) to measure
permeability in a single principal direction. Although both in-plane
permeabilities in two principal directions can be measured simultaneously
using one set of specimens in a radial permeability measurement method, this
method is not capable of measuring the steady permeability of the fabric
specimen, but valid only for measuring unsteady permeability.

Results

This study presents the following results for: (i) linear and radial
permeability measurement experiments with constant injection pressure and
transient flow regime, and (ii) comparison of linear and radial permeability
measurement methods based on the calculated variations in permeability
values as well as the limitations and advantages/disadvantages of the two
methods.

Keywords
Permeability Measurement, Material Characterization, Darcy’s Law
OZET

Amag

Bu calismanin amacy; lineer ve radyal gecirgenlik 6lgiim metodlarmi, her iki
metodun avantajlar/dezavantajlarmi ve ayni enjeksiyon smir kosullari ve
akis rejimleri altmda hesaplanan asal eksenlerdeki gecirgenlik degerlerlerinin
istatiksel degisimlerini inceleyerek, karsilagtrmaktir.

Materyal ve Yontem

Bu ¢ahsmada, farkli fiber yapilarindaki kege ve oOrgii elyaf numuneler
katmanlar halinde istifleyerek hazirlanmakta ve recine inflizyonu
baslatilmadan 6nce kalp bosluguna yerlestirilmektedir. Kullanim kolayligi
g0z Oniine alindiginda, test sivis1 olarak termoset re¢ine yerine misir surubu
kullaniimaktadr. Lineer (bir boyutlu) ve radyal (iki boyutlu) geg¢irgenlik
Olciim deneyleri, zamana bagl yani gegici (unsteady) akis rejiminde (deney
baslangicinda kuru olan elyaf numunenin, deney swasnda regine ile
islatilmasiyla) ve sabit enjeksiyon basinci smir kosullarmda yapilmaktadir.
Her iki gecgirgenlik 6lgciim metodu, gecirgenlik degerlerindeki istatistiksel
degisimi de gozleyebilmek amaciyla iicer kez tekrarlanmaktadr. Regine akis
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o6n sathasmm elyaf numune igindeki ilerleyisi dijital kamerayla
kaydedilmektedir. Tki asal eksendeki diizlem-ici ge¢irgenlik degerleri Darcy
kanunu baz alinarak hesaplanmaktir. Lineer ve radyal gecirgenlik metodlar
kullanilarak olciilen gecirgenlik degerleri karsilastirilarak, gegirgenlik
degerleri arasmdaki belirgin farklarm ve istatistiksel degisimin nedenleri
analiz edilmektedir.

On degerlendirmeler

Gegirgenlik karakterizasyonu deneylerinde, arastrmacilar, gegirgenlik dlgiim
metodlarinm  uygunlugunu dikkate almaldr. Lineer O&lgiim metodu
kullanilarak, bir elyaf numunenin gecici (unsteady) ve istikrarl (steady)
gecirgenlik degerleri tek bir numune kullanarak ardisik olarak oOlgiilebilir
(istatiksel ¢esitliligini aragtrmak i¢in elyaf numune setine ihtiyag
duyulmaktadir). Bu 0Olgiim metodunun en &nemli sorunu, her bir asal
eksendeki gegirgenlik degerinin Ol¢iilebilmesi igin ayr1 set numuneye ihtiyag
vardr. Radyal gecirgenlik 6lclim metodunda ise; bir gecirgenlik Slciim
deneyi yapilarak elyaf numunenin her iki asal eksendeki gecirgenlik degerleri
birlikte Olciilebilmesine ragmen, bu yontem kullanilarak sadece gecici
(unsteady) gecirgenlik degeri Olgiilebili. Bu caliysma su sonuglar
sunmaktadir: (i) gegici (transient) akis rejimi ve sabit enjeksiyon basinci smir
kosullar1 altinda, lineer ve radyal gecirgenlik Olgiim deneyleri, ve (ii)
hesaplanan gecirgenlik degerlerinin ¢esitliligi baz alinarak, lineer ve radyal
gecirgenlik  Olciim  metodlarmm  kullaninmmdaki ~ kisttlamalar  ve
avantajlar/dezavantajlarmm karsilastirilmasi.

Anahtar Sozciikler

Gegirgenlik Olgiimii, Malzeme Karakterizasyonu, Darcy Kanunu
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INVESTIGATIONS OF ANTIBACTERIAL PROPERTIES OF
CHITOSAN/ZNO NANOPARTICLES REINFORCED EPOXY
COMPOSITE COATINGS

KiTOSAN / ZNO NANOPARTIKUL TAKVIYELI EPOKSI
KOMPOZIT KAPLAMALARIN ANTIBAKTERIYEL
OZELLIiKLERININ INCELENMESI

Oykii igin', H. Yiimaz Atay'
{zmir Katip Celebi University, Department of Material Science and

Engineering, 35620 Cigli Izmir Turkey,

oyku icin882@hotmail.com, Phone: +90 554 662 8426
hgulyilmaz@gmail.com, Phone: +90 507 866 0797

Abstract

Antibacterial materials are becoming important not only in the hospital and
healthcare environments, but also for laboratory, home, marine and some
industrial applications. Chitosan can be called as environment purification
functional materials as it can effectively control the growth, reproduction of
hazardous bacteria and control toxic pollutants. Zinc Oxide (ZnO)
nanoparticles are known about their excellent stability and long shelf life
with organic antimicrobial agents. In this study, an epoxy dye was converted
to an antibacterial composite coating by using chitosan/ZnO nanoparticles.
Firstly ZnO NPs were prepared by the sol-gel (citrate route) method using
Zinc Nitrate, Zn(NO;),*6H,0 as the starting materials. Different proportions
of chitosan colloids and ZnO nanoparticles (%0.5 ZnO-Epoxy, %10
Chitosan-Epoxy, %10 Chitosan-%0.5 ZnO-Epoxy and %10 Chitosan-%1
ZnO- Epoxy) were inserted to the polymer matrix. Glass substrates were
coated with obtained polymeric composites. FTIR (Fourier Transform
Infrared) and XRD (X-ray Diffraction) tests were conducted to determine the
structural and morphological properties of the test samples. In order to
investigate chitosan colloids and ZnO nanoparticles, Scanning electron
microscopy-Energy dispersive spectroscopy (SEM-EDS), analysis were
evaluated. Antibacterial activity against Staphylococcus Aureus (S. Aureus)
of the samples were measured as a main objective of this research.
Chitosan/ZnO nanoparticles reinforced composite samples were subjected to
type of the antibacterial test called “percent decreasing test’. Percent
decreasing test: 50 microliters of Staphylocoocus aureus liquid culture
(7,9x107 CFU / ml) was added to the samples and incubated for 1 hour in
room conditions. At the end of the period, the number of area S. aureus on
the sample surface was determined by dilution plate technique. The
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difference between the number of the bacteria obtained at zeroth hour and
the one obtained after 1 h will show the antibacterial performance. The
difference between the number of the bacteria obtained at zeroth hour and
the one obtained after 1 hour and percent decreasing were calculated. ZnO
nano particles and chitosan were found to provide antibacterial properties of
99.6%, 99.22%, 99.8% and 99.65%, respectively. It was concluded that ZnO
nano particles and chitosan colloids were effective to get antibacterial

property.

Keywords: Composites, Chitosan, Zinc Oxide, Antibacterial materials, S.
Aureus, Percent decreasing test.
Ozet

Antibakteriyel malzemeler sadece hastane veya saghkla ilgili ortamlarda
degil, laboratuarlarda, evlerde, deniz veya endiistri uygulamalarinda da
kullanilmak tizere 6nem kazanmaktadr. Kitosan ¢evreye zararh bakterilerin
¢ogalmasini ve ayrica toksik kirleticileri kontrol altma alabilmesinden dolay1
fonksiyonel temizleme malzemesi olarak tanimlanabilir. Cinko oksit (ZnO)
nanopartikiilleri ise organik antimikrobik ajanlarla birlikte milkemmel
stabilite ve uzun raf émriine sahip olmalar ile bilinmektedir. Bu ¢aligmada
bir epoksi boya kitosan/ZnO nanoparcaciklar1 kullanilarak antibakteriyel
kompozit kaplamaya doniistiiriilmiistiir. Oncelikle baslangic malzemesi
olarak ¢inko nitrat (Zn(NO3),*6H,0) kullanilarak sol-jel yontemi ile ZnO
NP'leri hazirlanmig, daha sonra kitosan kolloidleri ile birlikte polimer
matrise ilave edilmisti Farkli oranlarda kitosan kolloidlerinin ve ZnO
nanopartikiillerinin (%0.5 ZnO-Epoksi, %10 Kitosan-Epoksi, %10 Kitosan-
%0.5 ZnO- Epoksi ve %10 Kitosan-%1 ZnO- Epoksi) polimer matrikse
katilmasmm ardndan cam substratlar bu polimerik kompozit ile
kaplanmigtr. Test numunelerinin yapisal ve morfolojik 6zelliklerini
belirlemek i¢in FTIR (Fourier Doniisimli Kizilotesi Spektroskopisi) ve
XRD (X-ism1 Kirmmi) testleri yapimistr. Kaplamalardaki kolloid
kitosanlar ve ZnO nanopartikiillerimn dagilimlar1 taramali elektron
mikroskopisi-enerji  dispersiyon  spektroskopisi  (SEM-EDS) ile
degerlendirilmistir. Calisjmanm ana amaci olarak hazirlanan kaplamalarm
Staphylococcus Aureus'a (S. Aureus) karsi antibakteriyel etkinligi
Oleiilmiistiir. Kitosan / ZnO nanoparcaciklar takviyeli kompozit numuneler
"Yiizde azalma testi" ad1 verilen antibakteriyel test tiirline tabi tutulmustur.
Yiizde azalma testi: Numunelere 50 mikrolitre S. Aureus sivi kiiltiirii
(79x107 CFU / ml) ilave edilmistir ve 1 saat oda kosullarinda inkiibe
edilmistir. Numune yiizeyinde S. aureus alanmm sayisi seyreltme plakasi
teknigi ile belirlenmistir. Ik anda elde edilen bakteri sayis1 ile 1 saat sonra
elde edilen bakteri sayis1 arasmdaki fark antibakteriyel performansi
gostermektedir. Sifirmc1 saatte elde edilen bakteri sayisi ile 1 saat sonra elde
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edilen bakteri sayis1 arasmdaki fark hesaplanmistir. Farkli oranlarda (%0.5
ZnO-Epoksi, %10 Kitosan-Epoksi, %10 Kitosan-%0.5 ZnO- Epoksi ve %10
Kitosan-%1 ZnO- Epoksi) ZnO ve kitosan katkili kompozitlerin srasiyla
%99.6, %99.22, %99.8 ve %99.65 oranda antibakteriyellik sagladigi
belirlenmistir. ZnO nano pargaciklarmin ve kitosan kolloidlerinin
antibakteriyel 6zellik kazandrmada etkili oldugu sonucuna varimstir.

Anahtar Kelimeler: Kompozitler, Kitosan, Cinko Oksit, Antibakteriyel
malzemeler, S. Aureus, Yiizde azalma testi.
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DETERMINATION OF CUTTING AND DRILLING PARAMETERS
OF FIBERGLASS REINFORCED POLYMERIC COMPOSITE
MATERIALS USING LASER

CAM ELYAF TAKVIYELI POLIMERIK KOMPOZIT
MALZEMELERDE LAZERLiIi KESME VE DELME
PARAMETRELERININ BELIRLENMESI
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CANSUN¢, Ser¢in BASUT®

mehtap.turkmen@polin.com.tr ; kayahan.ersin@gmail.com ;
leventcandan@gmail.com ; ali.cansun@polin.com.tr ;
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® Kocaeli Universitesi, Lazer Teknolojileri Arastrma ve Uygulama Merkezi
(LATARUM), Teknopark, 41275, Yenikoy, Kocaely TURKIYE

® Kocaeli Universitesi, Elektro-optik ve Sistem Miihendisligi, Umuttepe,
41380, Kocael/TURKIYE

¢ Polin Waterparks, Gebkim OSB, Refik Baydur Cad. No:6, 41480,
Dilovasi, Kocaeli/ TURKIYE

Abstract. Fiberglass is produced from materials such as silica, colemanite,
aluminum oxide, soda. These materials are blended at high temperatures in
glass furnaces and then flowed through small holes (micron level) under
high pressure to produce fiberglass. Fiberglass is most used in fiber
reinforced polymer composite production. Strength of the materials is very
high. Moreover, the thermal resistances are very low. It have resists to
chemical materials. There is also no absorbs of humidity and no electrical
conductivity.

Fiberglass reinforced polymeric composite materials are obtained by
molding together the reinforcing material and the resin (matrix) used as the
carrier. The molding process is carried out in many different ways. The
important thing in this molding process is that the matrix can be wetted
properly with fiberglass. In this molding process, the matrix is used for
transmission and distribution of force to the fibers, protection of the fibers
from the environmental effects and damages, increase of the toughness of
the composite material and blocking cracks and broken.

Fiberglass reinforced polymeric composites have high abrasion resistance
and are very light weight, therefore, it is used in many sectors such as
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aerospace, space technology, automotive, food, construction, entertainment,
technology and so on.

In the production process of glass fiber reinforced polymeric composites,
cutting of burrs forms after the molding process and smoothing which is part
of production processes are performed mechanically. This creates high cost,
time loss and increases error rates. In this work, laser cutting and drilling
operations were performed. Optimum laser parameters, cutting speeds are
determined. Glass fiber reinforced polymeric composite plates with different
colors of 5 mm thicknesses were successfully cut and drilled using Nd: YAG
laser (532 nm, 10 Hz, ns pulse width) and optimum laser parameters were
determined.

Keywords: Fiberglass Reinforced Polymeric Composite, Nano-second
Laser, Polymeric Composite

Ozet. Cam elyafi silika, kolemanit, aliminyum oksit, soda gibi
malzemelerden iiretilir. Bu hammaddeler cam firinlarinda yiiksek sicaklikta
harman edilerek basmng altinda mikron seviyesinde ki kiigiik deliklerden
akitilarak cam elyafi tiretimi yapilr. Cam elyafi, elyaf takviyeli polimerik
kompozit liretiminde en ¢ok kullanilan elyaf ¢esididir. Mukavemeti oldukca
yiiksektir. Isil direngleri oldukca diisiiktiir. Kimyasal malzemelere karsi
direnglidirler. Nem absorbe etme 6zelligi yoktur. Elektrik iletkenligi yoktur.

Cam elyaf takviyeli polimerik kompozit malzemeler, takviye malzemesi ve
tastyict olarak kullanilan re¢inenin (matriks) birlikte kaliplanmasi
yontemiyle elde edilmektedir. Bu kaliplama islemi bir¢ok farkli sekilde
yapilmaktadir. Bu kaliplama isleminde 6nemli olan cam elyafi ile matriksin
uygun sekilde islatilabilmesidir. Bu kaliplama isleminde matris; kuvvetin
elyafa iletilmesi ve diizgiin dagilim saglanmasi, liflerin ortamin etkilerinden
ve darbelerden korunmasi, kompozit malzemenin toklugunun arttirilmasi ve
malzemelerde olusan gatlak, kirlma vb. engellenmesi gorevi tistlenmektedir.

Cam elyaf takviyeli polimerik kompozit mazleme mukavemeti yiiksek,
oldukca hafif olmasmdan dolay1 havacilik, uzay teknolojisi, otomotiv, gida,
insaat, eglence, teknoloji vb. birgok sektorde kullanimaktadir.

Cam elyaf takviyeli polimerik kompozit iiretiminde, kaliplama islemi sonrasi
fazlaliklarm kesilmesi, parcanm iiretim prosesi geregi tesviyesi, mekanik
olarak yapilmaktadir. Bu durum yiiksek maliyet, zaman kayb1 olusturmakta
ve hata oranlarini arttrmaktadr. Bu ¢alsmada lazer kullanarak kesme ve
delme islemleri yapilmistr. Optimum lazer parametreleri, kesme hizlart
belirlenmigstir. Farkli renklerde 5 mm kalmhigmdaki cam elyaf takviyeli
polimerik kompozit plakalar Nd:YAG lazeri ( 532 nm, 10 Hz, ns puls
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genisligi) kullanarak kesme ve delme ¢ahgmalari basariyla gerceklestirilmis
ve optimum lazer parametreleri belirlenmistir.

Anahtar kelimeler: Cam elyaf takviyeli polimerik kompozit, Nano saniye
lazer, Polimerik kompozit
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INVESTIGATION OF THERMAL DECOMPOSITION KINETICS
OF COLEMANITE/POLYPROPYLENE COMPOSITES:
ACTIVATION ENERGIES WITH THERMOGRAVIMETRIC
ANALYSIS

KOLOMANIT/POLIPROPILEN KOMPOZITLERIN TERMAL
DEKOMPOZIiSYON KINETIiGi VE TUTUSABILIRLiGININ
INCELENMESIi: TERMOGROVIMETRIK ANALIZ iLE
AKTIVASYON ENERJISININ HESAPLANMASI

Nilay Kucukdogan®, Levent Aydin®, Mucahit Sutcu®*

*The Graduate School of Natural and Applied Sciences, Izmir Katip Celebi
University, 35620, Izmir, kucukdogan.nilay@gmail.com
°Faculty of Engineering and Architecture, Department of Mechanical
Engineering, Izmir Katip Celebi University, 35620, Izmir,
leventaydinn@gmail.com
“* Faculty of Engineering and Architecture, Department of Material Science
and Engineering, [zmir Katip Celebi University, 35620, Izmir,
mucahitsutcu@gmail.com

Purpose

Boron compounds (such as colemanite, tincal and ulexite) are of interest
variety application areas in glass, ceramic, polymer composite and chemical
industries. They are also used to improve the flame retardancy properties of
polymer composites. Colemanite mineral (2Ca0.3B,0;.5H,0) is the
foremost calcium and boron containing commercial boron mineral with 5
mol crystal water. Due to the low thermal expansion properties of
colomanite, it reduces flammability during melting and also reduces contact
with oxygen on combustion surfaces. The aims of this study to examine the
properties of polypropylene (PP) composites filled with colemanite to
investigate of their thermal degradation behaviors and to gain the economic
value of colemanite.

Mate rial-method

Polypropylene, as the matrix materials, is supplied by PETKIM Petroleum
Industry (Izmir, Turkey) in granule form with a mek flow index 4.5 g/10
min, melting point 163 °C and density 0.905 g/cm® (at 23 °C). Pure
Colemanite, as the filler materials, has under 45um particle size and supplied
by Eti Mines Inc’s located in West Anatolia Region of Turkey. The
preparation of composite samples have been conducted with a high-speed
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thermo-kinetic mixer and molding process. PP matrix compounds are
prepared with 0-30 wt % colemanite fillers and no coupling agent or
additives were used in these products. The thermal characterization and
kinetic analysis of decomposition process of colemanite/polypropylene
composites were investigated by using thermo gravimetric data.

Preliminary evaluations

In this study, Kissinger and Horowitz-Metzger methods were applied for
thermal decomposition kinetic analysis of composites. The activation
energy, ‘A’ pre-exponential factor and correlation coefficients were also
found for the decomposition regions of them. It observed that the addition of
colemanite has effectively changed the thermal degradation behavior of
composites in comparison to the results of neat polypropylene.

Keywords: colemanite, polypropylene, thermal degradation behavior,
activation energy, correlation coefficients

Amag

Bor bilesiklerinin (6rnegin, kolemanit, tinkal ve {ileksit) cam, seramik,
polimer kompozit ve kimya endiistrilerinde ilgi uyandiran uygulama alanlart
vardrr. Ayrica, bor bilesikleri polimer kompozitlerin alev geciktiricilik
ozelliklerini gelistirmek icin de kullanilmaktadr. Kolemanit minerali
(2Ca0.3B,03.5H,0) 5 mol kristal su igeren en dnemli kalsiyum ve bor
iceren ticari borat mineralidir. Kolomanit diisiik termal genlesme 6zelligi
sayesinde erime swasinda tutusabilirligi azaltmaktadr ve yanma
yiizeylerinde oksijenle temasi azaltmaktadr.  Bu c¢alismanin amaci
kolemantt ile katkilanmis polipropilen (PP) kompozitlerin termal bozunma
davranislarmm incelenmesi ve kolemanite ekonomik deger kazandrmaktir.

Malze me -metot

Matris malzemesi erime akis indeksi 4,5 g/ 10 dk, erime sicakligi 163 °C ve
yogunlugu 0.905 g / cm® (23 °C'de) olan graniil formundaki polipropilen
PETKIM Petrol Endiistrisinden (Izmir, Tiirkiye) tedarik edilmistir. Dolgu
malzemesi olan saf kolomanit 45um parcacik boyutuna sahiptir ve
Tiirkiye'nin Bati Anadolu Bélgesinde bulunan Eti Maden Isletmelerinden
tedarik edilmistir. Kompozit numunelerin tiretimi yiiksek hizli termo-kinetik
karistiric: ve kaliplama iglemi ile gergeklestirilmistir. PP matris bilesikleri
agirlikca % 0-30 kolemanit dolgu maddesi ile hazirlanmistr ve bu
iretimlerde baglayic1 ajan ve katki maddeleri kullaniimamistr. Bu
calismada, kolemanit / polipropilen kompozitlerinin termal karakterizasyon
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ve kinetikk analiz ayrisma siireci termo gravimetrik veriler kullanilarak
arastrilmistr. Kolemanit / polipropilen kompozitlerinin ayrigma siirecinin
termal karakterizasyonu ve Kkinetik analizi termo gravimetrik veriler
kullanilarak arastrilmistir.

On degerlendirmeler

Bu ¢ahgsmada, kompozitlerin termal dekompozisyon kinetik analizi i¢in
Kissinger ve Horowitz-Metzger yontemleri uygulanmistir. Kompozitlerin
ayrisma bolgeleri i¢in aktivasyon enerjileri, ‘A" 6n-listel faktor ve korelasyon
katsayilar1 bulunmustur. Saf polipropilenin sonuclaryla kiyaslandigmda
kolemanit ilavesinin kompozitlerin termal bozunma davramgmi énemli bir
sekilde degistirdigini gdzlemlenmistir.

Anahtar kelimeler: kolomanit, polipropilen, termal degradasyon davranis,
aktivasyon enerjisi, korelasyon katsayilar
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TENSILE AND IMPACT BEHAVIOUR OF SHORT
GLASS/CARBON FIBER REINFORCED HYBRID POLYAM IDE
(PA6) COMPOSITES

KISA CAM/KARBON TAKVIYELI HIBRIT POLIAMIT (PA6)
KOMPOZITLERIN CEKME VE DARBE OZELLiKLERI
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Faculty of Engineering, Department of Mechanical Engineering, Izmir
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Keywords: hybrid, PAG, thermoplastic, composites, carbon and glass fibers

AIM

To our knowledge, there is very limited number work published in the
literature on the effect of short glass fiber/carbon fiber (SGF/SCF) hybrid
content on the mechanical properties of injection molded PA6 composites.
The aim of this work is to determine the tensile properties and impact
resistance of 30 wt. % short carbon fiber (SCF), 30 wt. % short glass fiber
(SGF) and hybrid (15 wt. % SCF and 15 wt. % SGF) reinforced polyamide
(PAB6) composites.

MATERIAL AND METHODS

In this study, PAG is used as matrix material and reinforced with 30 %
SCF, 30% SGF and 15% SGF-15% SCF by weight. PA6 used in this study
was supplied from Emas Plastic (Turkey). SGF and SCF were supplied
from Glass Fiber Industry (Turkey) and DowAksa Company (Turkey),
respectively. Composites were prepared by using a bench-top modular twin-
screw extruder (Prism Eurolab 16XL). The barrel temperature and screw
speed was set as 240°C and 70 rpm, respectively. The prepared composite
pellets were dried at 80°C for 24 hours. Tensile and Charpy impact test
specimens were prepared with injection molding machine (Permak Inc.,
Turkey) at 260°C and with the injection pressure of 25 bars. Tensile tests
were carried out using Shimadzu AGS-X Universal test machine with a
crosshead speed of 5 mm/min. Tensile test were performed at ambient
conditions in accordance with the relevant 1SO standards. Standard Charpy
notched impact test specimens were tested by using falling-hammer-type
Ceast™ impact tester.
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RESULTS AND DISCUSSION

Tensile test results of neat PA and short fiber (SF) reinforced composites
are given in Table 1. The results showed that tensile strength and modulus of
elasticity of PA6 were increased with addition of SGF and SCF. Howewer
strain at failure values decreased depending on the SGF and SCF content.
Also, the tensile test results showed that hybrid composites have similar
mechanical properties with 30 % SCF composites. This imply that usage of
hybrid fibers offers a potential to reduce cost. The results also showed that
impact energy was decreased with content of SF in PA matrix.

Table 1. Mechanical properties of carbon and glass fiber reinforced PA6
based composites.

Modulus Strain at Charpy

.| Fiber Tensile .
Material Matrix Content Strength OT . Failure Impact
(Wt%) (Wi%) (MPa) Elasticity Strength
0 (GPa) (KI/m2)
Neat PA 100 0 65.8+1.8 321 0.16+0.1 20.5+6.8
30% 116.1+£7.3 6.16 0.04+0.003 6.9+0.5
70 30
SGF
30% 70 30 159.4+14.6 5.90 0.05+0.01 6.1+0.5
SCF
Hybrid 70 30 152.1+1.9 4.18 0.04+0.002 5.5+0.2

Anahtar kelimeler: hibrit, PA, termoplastik, kompozit, karbon ve cam elyaf

AMAC

Enjekiyon ile kaliplanmig poliamit (PA6) kompozitlere kisa cam
fiber/karbon fiber (KCF/ KKF) hibrit takviyesinin mekanik &zelliklerine
etkisi ile ilgili literatiirde ¢ok fazla caliyma bulunmamaktadir. Bu ¢alismanin
amac1 agrrlikga % 30 KKF, % 30 KCF ve hibrit (% 15 KKF ve %15 KCF)
takviyeli PA6 kompozitlerinin mekanik 6zelliklerinin ve darbe enerjilerinin
incelenmesidir.

MALZEME VE METOT

Bu calismada, P A6 matris malzemesi olarak kullanilmis ve agirlikca % 30
KKF, % 30 KCF ve % 15 KKF - %15 KCF ile takviye edilmistir. Bu
calismada kullanilan PA Emas Plastikden (Tiirkiye) tedarik edilmistir. KCF
ve KKF ise swrasiyla Cam Fiber Endiistrisinden (Tirkiye) ve DowAksa
Sirketinden (Tiirkiye) tedarik edilmistir. Kompozitler modiiler ¢ift vidal
ekstruder (Prism Eurolab 16XL) ile tretilmistir. Sicaklk ve vida hizi
srastyla 240°C ve 70 rpm olarak ayarlanmistr. Hazrlanan kompozit
pelletler 24 saat 80°C’de kurutulmustur. Daha sonra gekme ve Charpy darbe
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test numuneleri enjeksiyon kaliplama makinas1 (Permak Inc., Turkey) ile
260°C sicaklik ve 25 bar basmgta hazirlanmistir. Cekme testleri Shimadzu
AGS-X Universal test cihazi kullanilarak 5 mm/dk hizda yapilmistir. Cekme
testleri ¢evre kosullarmda ilgili ISO standartlarina uygun olarak
gergeklestirilmigtir. Standart ¢entikli Charpy darbe test numuneleri diisen-
cekic-tipi Ceast™ darbe test cihaz ile test edilmistir.

SONUCLAR VE TARTISMA

Katkisiz PA ve kisa fiber (KF) katkili kompozitlerin ¢cekme test sonuglari
Tablo 1°de verilmistir. Test sonuglari ¢ekme mukavemetinin ve elastisite
modiilinin KCF ve KKF eklenmesi ile arttigmi gostermektedir. Hasar
gerinimi degerleri KCF ve KKF icerigine bagh olarak diismiistiir. KKF ile
takviyelendirilmis kompozitin ¢ekme mukavemeti daha yiiksek bulunmusg
olup KCF ile takviyelendirilmis kompozitin elastisite modiili KKF ile
takviyelendirilmis kompozitin elastisite modiiliinden daha biiyiiktiir. Diger
bir yandan ¢ekme test sonuglari hibrit kompozitlerin mekanik 6zelliklerinin
agrlkca %30 KKF ile takviyelendirilmis kompozitlerin mekanik
Ozellikleriyle hemen hemen ayni oldugunu gostermistir. Bu sonuglar hibrit
elyaf kullanilarak kompozit maliyetinin diisiiriilebilecegini gostermektedir..
Test sonuclarma gore darbe enerjisinde KF icerigine bagh olarak diisiis
olmustur.

Tablo 1. Karbon ve cam elyaf takviyeli PA6 kompozitlerin mekanik
ozellikleri

Matris | Elyaf Orani Cekme Elastik Charpy
N g . e Kopmadak Darbe
Malzeme | (agulke | (agilk¢a% | Mukavemeti modiilii S ..
a%) ) (MPa) (GPa) i Gerinimi Enerjisi
(KJ/m2)
KaPﬂXSlZ 100 0 65.8+1.8 321 | 016+0.1 | 205+68
% 30
KCE 70 30 116.1£7.3 6.16 0.04+0.003 6.9£0.5
% 30
70 30 159.4+14.6 5.90 0.05+0.01 6.1£0.5
KKF
Hibrit 70 30 152.1+1.9 418 0.04+0.002 5.5+0.2
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CHARACTERIZATON OF VINLYESTER RESIN CONTAINING
BNNS MODIFIED PMMA ELECTROSPUN NANOFIBERS

. ELEKTRO-EGRILMIS BNNS/PMMA NANOLIF KATKILI
VINILESTER RECINENIN URETIMI VE KARAKTERIZASYONU

SUKRAN KARADENIZ, A. TUGRUL SEYHAN

Miihendislik Fakiiltesi, Metalurji ve Malzeme Miihendisligi
Atatiirk Universitesi
Erzurum TR-25240, Tiirkiye
Email: gurcansukran@gmail.com
Miihendislik Fakiiltesi, Malzeme Bilimi ve Miihendisligi
Anadolu Universitesi
Eskisehir TR-26480, Tiirkiye
Email: atseyhan@anadolu.edu.tr

1. Abstract

Polymethylmethacrylate / Boron nitride nanosheets (PMMA/BNNSS)
nanofibers were produced by conducting electrospinning. Various different
processing parameters, including applied voltage, flow rate, molecular
weight and concentration of PMMA, solvent type, and the distance between
collector and syringe were taken into account when aiming at gaining an
insight into the resulting surface morphology of e lectro-spun fiber networks.
By the way, to promote the wettability of the fibers with the matrix resin, the
surface of the fibers were subjected to silane chemical modification
(Vinyltrimethoxysilane (VTS)). Of all the produced nano-fibers, the most
promising was selected in terms of thermal properties with respect to the
surface morphology findings obtained by SEM examination. The best
processing parameters were then accordingly executed to produce the
nanofibers to be added to vinyl ester resin. The use of BNNSs in the vinyl
ester resin together with PMMA is expected to improve its thermal
properties at no expense of mechanical integrity. Final thermal properties of
the vinyl ester resin were further investigated using DSC. The results
obtained were then discussed in a conscience manner. Morphology of the
nanofibres was observed using a scanning electron microscope (SEM)

2. Materials and methods

2.1. Materials
To prepare electrospun fibers of Polymethylmethacrylate / Boron Nitride

Nanosheets (PMMA/BNNS) with and without silane treatment at different
weight contents ( 0.5, 1,1.5 wt. %), different solution concentrations (2, 4, 6
wt. %) , different molecular weights (PMMA: 81. 000, 350.000 g/mol)
together with different solvents (Acetone, chloroform, toluene, DMF/THF
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(2:1)) were systematically utilized. The corresponding solutions were
prepared at room temperature using a magnetic stirrer. A bisphenol epoxy
based vinyl ester thermosetting resin (Polives 701) was obtained from
POLIYA. Cobalt naphanate (CONAP) (0.2 % wt.) and Methyl ethyl ketone
peroxide (MEKP) (2% wt.) were, respectively, used to solidify the resin
suspensions.

2.2. Methods

The electrospinning was conducted at room temperature ,the mass flow rate,
applied voltage, working distance (the needle to substrate distance) and
solution concentration were optimized for each set of experiments.. On the
basis of the preliminary results obtained, it was determined that the best
solvent be acetone. Using acetone, BNNSs (with and without silane
treatment at different weight percentages (0.5, 1, and 1.5% wt)) containing
solution concentrations with different amounts (2,4, and 6% wt.) of two
different molecular weights of PMMA beads ( 81.000 g/mole, 350.000
g/mole) were produced to see concentration and molecular weight effect on
nanofiber properties. On the other hand, in order to see the effect of flow rate
on the properties of nanofiber, different feeding rates (4,6 9 ml/h) were
chosen. Taking advantage of the electrical potential difference between the
collector and the injector end, different electric voltages (22, 25, 28 kV)
were then provided to the system. To observe the effect of the working
distance between the collector and the injector, different working distances
were taken into account (13,15,19 cm). The fibers were collected on the
cylinder collector wraped by a thick aluminum foil. Process were carried out
under ambient conditions (at about 23°C with 60% humidity). 20 ml
syringes were used for the solution. Optimized experimental conditions were
determined with a focus on the best fiber formation. After determined best
fiber formation for modified vinylester suspension preparation, 5 g of
silanized BNNS (1 wt.%) modified PMMA nanofibers obtained under the
best optimized experimental conditions were blended with 95 g of vinyl-
ester resin using a jiffy mixer at a very slow stirring speed for 24 h to let the
nanofibers to dissolve in the surrounding vinyl ester matrix. The catalyzed
resin suspensions were allowed to cure at room temperature followed by
post curing at 120°C for 2h. Note that two different molecular weights of
PMMA (81.000 and 350.000 g/mol) were taken into account. The resulting
composites were machined into resuired specimen dimensions for thermal
and mechanical property characterization.

3. Preliminary Evaluations

Of all the trials, the experimental set comprised of PMMA concentration of
4%, silanized BNNS concentration of 1%, electric voltage 25kV, flow rate
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(6 ml/h) working distance of 19 cm, and acetone emerged as the best
parameter to nanofiber morphology and maximum observed percentage
effect of the additives and silane BNNS 1% . Then the 5 wt% nanofibers
produced with the best parameters was added to 100 g of vinyl ester resins
and curing is achieved and result of the all termal analysis it observed that
adding nanofiber and with increasing PMMA and BNNS content, vinilester
resin’s Tg was increasing.

1. Ozet

Elektro-egirme (electrospin) teknigi, son zamanlarda nano-boyutta [if
iiretimi i¢cin sik¢a kullanilmaktadir. Polimer esash nanofiberlerin liretimi i¢ in
en etkin yontem electrospinning (elektroegirme) yontemidir. Elektrospin
yontemine etki eden 3 temel parametre vardir; ¢ozelti 6zellikleri (Kullanilan
polimerin cinsi, molekiil agwhgi, ¢ozeltinin viskozitesi, konsantrasyonu,),
proses degiskenleri (voltaj, akis hizi, toplayici ile besleme {initesi arasmndaki
mesafe), cevre kosullari( sicaklik, nem, basmg, atmosfer cinsi). Bu
cahsmanin temel amaci elektrospinning parametrelerinin fiberlerin
morfolojik yapisma ve camsi ge¢is sicakligina etkisini gérebilmek ve segilen
en iyl parametrelerle elektrospinning yontemiyle iretlen PMMA ve
BNNS/Silan dan olugsmus fiberlerin vinilester regine iizerindeki olumlu
termal etkilerini gézlemlemektir. Uretimi yapilan nanoliflerin yapisi taramali
elektron mikroskobu (SEM) kullanilarak incelenmistir. Uretilen fiberlerin
ve kompozit plakalarm camsi gec¢is sicaklart Differansiyel taramah
kalorimetre (DSC) ile analiz edilmistir.

2. Materyal — Yontem

2.1. Materyal

Elektro spin yontemiyle nanofiber iiretimi icin farkli molekiil agrlkl
(81.000 g/mol,350.000 g/mol) PMMA, BNNS ve Silan tayin edildi. Nanolif
olugturmak i¢cin NS-24,Inovenso marka elektrospin cihazi kullanildi
Konsantrasyonu %2,%4 ve %6 olarak hazirlanan PMMA nm 100 ml lik
aseton, kloroform, toluen ve DMF/THF céziiciilerinde ¢6ziinmesi saglandi.
Bu cahsmada POLIYA Polives 701 bisfenol epoksi esasli vinil-ester
termoset regine kullanildi 100 gr vinilester regine %0.2 oranda Co ve %?2
oranda Biitanox M60 ile karistirildi Karigima daha sonra %35 oraninda
PMMA ve %1 oraninda BNNS/Silan igeren nanofiber katkisi yapildi.
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2.2.Yontem

Elektrospinning parametrelerinin fiberlerin morfolojik yapisina ve camsi
gecis sicakligna etkisini gorebilmek i¢in proses parametrelerinde degisiklik
yapilarak fiber iiretimleri gerceklestirildi. Ik olarak nanolif iiretiminde
¢Oziicli etkisini gézlemlemek i¢in kiitlece % 2,4,6 oranindaki averaj molekiil
agirhgi 81.000 g/mol olan PMMA ve %1 BNNS iceren karigim 100 er ml
olmak tzere aseton, kloroformtoluen, dimetilformamid/tetrahidrofuran
(DMF/THF 2:1) icerisinde manyetik karistricida karigtirilarak farkh
¢ozeltiler hazrlandiElektrospinning parametrelerinin tiretilen nanoliflerin
Ozelliklerine etkisini gozlemlemek i¢in yapilacak c¢ahsmalarda en iyi
¢oziiciiniin aseton oldugu belirlendi. Oncelikle konsantrasyon ve molekiiler
agrlik etkisini gorebilmek icin kiitlece % 24,6 oranindaki averaj molekiil
agrligr 81.000 g/mol ve 350.000 g/mol PMMA , %1 oranda BNNS ile
manyetik karwstricida karistrilarak ¢ozelti hazrlandi. BNNS/SILAN
miktarinm olusan fiberin Ozelliklerine etkisini gozlemlemek icin 4 gr
PMMA %0.5,1 ve 1.5 oranlarmda silan katkili ve katkisiz BNNS le
birlestirildi ve 100 ml aseton igerisinde manyetik karistiricida karigtirilarak
¢Oziinmesi saglandi.. Proses normal ¢evre kosullar1 altinda (yaklagik 23°C
sicaklik ve % 60 nem) yiiriitiildii. Akis hizinmn fiberin 6zelliklerine etkisini
gormek i¢cin 4,69 mlsaat akis hrzlariyla elektroda besleme yapildi
Elektriksel potansiyel farktan yararlanarak toplayici ve enjektor tipi ug
arasmda gerilimin fiberin 6zelliklerine etkisini gérmek i¢cin 22,25,28 kV
gerilim saglandi. Toplayic1 ve enjektor tipi ug¢ arasmdaki mesafenin fiberin
ozelliklerine etkisini gozlemlemek i¢in mesafe 13,15, 19 cm olarak
belirlendi.Silindir toplayic1 tizerine sarilan 50x30 mm boyutlarmndaki
dikdortgen aliminyum folyo toplayici olarak kullanildi Yapilan deneyler
sonucu en iyi fiber oluisumunun gerceklestigi paramatreler ; PMMA
konsantrasyonu %4, BNNS/Silan konsantrasyonu %1, voltaj 25Kv, akis hiz1
6ml/sa aralik 19 cm ve en iyi ¢0ziiciiniin aseton oldugu belirlendi. Belirlenen
parametreler uygulanarak tretilen fiberler(PMMA/BNNS/Silane) ve vinil
ester regineden olusan kompozit yapinmn {iretim asamasma gegildi
PMMA/BNNS/Silane katkismmm vinilester reginenin termal ve mekanik
ozelliklerine etkisini gozlemlemek amaciyla ilk olarak katkisiz 100 gr vinil-
ester regine(Poliver 701) %0.2 oranda Co ve %2 oranda Biitonox M60 ile
karistirildi. Karigim kaliba dokiiliip 120°C de 2 saat siireli kiirlenmeye
brrakildi. Daha sonra PMMA dan {iretilen fiberlerin graniil halde ki PMMA
dan farkn1 ve recinenin 6zelliklerine etkisini gézlemlemek icin 100 gr
vinilester re¢ine kaliba dokiiliip kiirlenmeye brakildi. Ayni1 prosediir elektro
egirme yontemi ile olusan fiberlerle de tekrarlandi Uretilen BNNS+Silan
katkil1 81.000 g/mol ve 350000 g/mol molekiil agirlikli PMMA dan olusan
nanofiberler vinilester regine igerisine atildi ve ¢oziinmesi sagladi ve kaliba
dokiiliip kiirlenmeye birakildi
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3. OnDegerlendirmeler

Yapilan deneyler sonucunda SEM kullanilarak morfolojisi incelenen
fiberlerle yapilan caliyma sonuglarma gore, en iyi nanofiber iiretimi %4
PMMA ile hazirlanan aseton ¢ozeltisiyle, 25 kv voltajda, 6 ml/sa akig hiziyla
ve 19 cm aralikla elde edilmistir. BNNS ve silan katkismin etkisinin en fazla
gozlendigi oran %1 dir. Daha sonra en iyi parametrelerle {iretilen
nanofiberler %5 kiitle oraniyla 100 gr vinil ester regineye katimistir ve
kiirlenmesi saglanmistr. Differansiyel taramah kalorimetre(DSC) cihaz
kullanilarak olusan kompozit plakanm Tg degerleri tayin edilmistir ve
katkisiz vinilester regine plaka ve graniil haldeki katkisiz PMMA ile
karsilagtrma yapilmistir. Yapilan karsilastrmalarda PMMA/BNNS/Silan
katkismin vinilester re¢inenin Tg degerinde artisa sebep oldugu goriilmiistiir.
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YESIL MiKROALGLERIN POLI(LAKTIK ASIT) (PLA)’NIN
IZOTERMAL OLMAYAN KRIiSTALiZASYON KINETiGINE
ETKIiSi

EFFECTS OF GREEN MICROALGAE ON THE NON-
ISOTHERMAL CRYSTALLIZATION KINETICS OF
POLY(LACTIC ACID)(PLA)

Mehmet Kodal, Togayhan Kutluk, Giiralp Ozkog
Kocaeli Universitesi Mithendislik Fakiiltesi Kimya Miihendisligi Bolimii,
41380 Izmit/Kocaeli
mehmet.kodal@kocaeli.edu.tr, togayhan.kutluk@kocaeli.edu.tr,
guralp.ozkoc@kocaeli.edu.tr

AMAC:

Seker kamist ve muswr nigastasi gibi yenilenebilir kaynaklardan elde
edilebilen poli(laktik asit) (PLA), plastik kati1 atik problemini bertaraf etmek
icin petrolden {iretilen polimerlere  alternatif  olabilecek  bir
biyobozunurpoliesterdir [1]. Yiiksek cekme dayanimi ve elastik modiile
sahip olmasma ragmen, kismen yiiksek olan camsi gecis sicakligi nedeniyle
PLA sert ve kirilgan bir polimerdir. PLA iimit vaat eden bir biyoplastik
olmasma ragmen, enjeksiyonlu kaliplama ve ekstriizyon gibi izotermal-
olmayan proseslerde oldukca yavas bir kristallenme davranisi1 gostermekte
ve bu durum endistriyel kullannm alanmmi = kisitlamaktadir.
PLA’ninkristalizasyon davranisi nano katki malzemeleri ile gelistirilebilir
[2]. Son yillarda, mikroalglerdenbiyodizel iiretimi nemli bir konu haline
gelmistir [3]. Biyodizel hammaddesi olarak kullanilan yaglar kuru
mikroalglerinekstrakte edilmesi ile elde edilirler ve bu islem sonunda 6nemli
miktarda kuru halde mikroalg olusur. Cevre dostu olan bu atiklar, PLA gibi

biyopolimerlerin mekanik ve/veya 111 Ozelliklerini iyilestirmede
kullanilabilirler.

Bu calismada, literatiirdeki ¢alismalardan farkh olarak ilk defa PLA/yesil
mikroalgkompozitlerinin  izotermal olmayan kristalizasyon davranisi
arastriimistr. Bu amagla diferansiyel taramali kalorimetri (DSC) ile elde
edilen verilerden farkli kinetik modeller c¢algimistr. PLA/yesil
mikroalgkompozitlerininkristalizasyon morfolojisi polarize optik mikroskop
(POM) ile analiz edilmistir. Bununla birlikte, mikroalglerin matris i¢indeki
dagilmu taramah elektron mikroskobu (SEM) ile incelenmistir.
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MATERYAL VE YONTEM:

PLA (PLIOOS) NaturePlast firmasindan satin almmistir. Mikroalg kiiltiirii
(Chlorellavariabilis) Medeniyet Universitesinden Dr. Turgay Cakmak’dan
temin edilmistir.Chlorellavariabilis, 8 L’lik bir foto biyoreaktorde 50 L/saat
hava akis1i altinda kiiltiire alimmistr. Isikklandirma, 4 adet 7W 2700K
degerinde LEDampiiller ile saglanmistir.Daha sonra, santrifiij yardimi ile
kiiltiirler siv1 besi ortamindan almmis ve 70 °C’de 12 saat siire ile etiivde
kurutulmuslardir.

Farkli yiikleme oramnda (%5, 10, 15, 20) yesil mikroalg iceren PLA
karigimlar1 kloroformda ¢oziindiiriilmiistiir. Ardindan, ¢ozeltiler Petri kabma
dokiilmiis ve c¢oziicii oda sicakliginda ortamdan uzaklastrilmistir. Son
olarak, elde edilen filmler ortamda eser miktarda ¢oziicii kalmasmi
engellemek icin 50 °C’de bir gece boyunca vakum altinda etiivde
kurutulmuslardr.

PLA/mikroalg kompozitlerinin izotermal olmayan kristalizasyon davranist
DSC’den elde edilen veriler ile Avrami, Ozawa ve Friedman gibi bilinen
kinetik modeller kullanilarak incelenmistir.Linkam THMSE 600 model
isitma/sogutma tablali POM (Nikon LV100 POL) cihazi ile PLA ve
PLA/mikroalgkompozitlerinin sferulitik morfolojisi ger¢ek zamanh olarak
icelenmistir. SEM ile mikroalglerin  PLA  matrisindeki dagilmi
belirlenmistir.

ON DEGERLENDIRMELER:

PLA/yesil mikroalgkompozitlerinin izotermal olmayan kristalizasyon
kinetigi ve sferulit morfolojisi DSC ve POM ile incelenmistir. Sonuclar,
yesil mikroalglerin PLA i¢cin bir ¢ekirdeklenme ajami gibi davrandiklarmi ve
yesil mikroalgler varhigmda PLA’nn sogutma esnasmnda kristalizasyon
baglangic  sicakliginn  yiiksek sicakliklara kaydigmi  gostermistir.
Birlestirilmis Avrami-Ozawa kinetik modelinden elde edilen veriler, %15
yesil mikroalg iceren PLA’nn en yiliksek kristalizasyon hizina sahip
oldugunu gostermistir. Bununla birlikte, Dobreva-Gutzow analizinden elde
edilen veriler de yesil mikroalglerin PLA i¢cin bir ¢ekirdeklendirici ajan gibi
davrandiklarini gostermistir. Yesil mikroalglerin diisiik yiikleme oranlarmda
PLA i¢cinde homojen bir sekilde dagildiklari SEM analiz sonuglarindan elde

edilmistir.
Anahtar kelimeler: Poli(laktik asit), mikroalg, izotermal-olmayan
kristalizasyon kinetigi, polarize optik mikroskop
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AlIM:

Poly(lactic acid) (PLA)a biodegradable aliphatic polyester obtained from
renewable resources such as sugarcane and cornstarch is alternative to
petroleum-based polymers to overcome the plastic waste problem [1].
Despite its high tensile strength and elastic modulus,PLA is a brittle and
rigid polymer due to its relatively high glass transition temperature.
Although PLA is a promising bioplastic, its slow crystallization rate is not
compatible with non-isothermal polymer processing techniques such as
extrusion and injection molding, which limits its widespread use in industrial
applications.It has been shown that nanofillerscould improve the
crystallization behavior of PLA [2].Biodiesel production from microalgae is
an increasingly important issue in recent years [3]. The oil used as biodiesel
raw material is extracted from the dry microalgae and then the microalgae is
formed in powder form in large quantities. These wastes are environmentally
friendly materials and it can be evaluated as additives to improve the
mechanical and/or thermal properties of biopolymers such as PLA.

In the current study, for the first time in the literature, it was aimed to
investigate the non-isothermal crystallization behavior of PLA/green
microalgae compositesvia differential scanning calorimeter (DSC) by
applying different crystallization Kinetics models.The crystallization
morphology of PLA/green microalgae composite was analyzed by polarized
optical microscopy (POM). Moreover, the dispersion of microalgaes in PLA
matrix was judged by scanning electron microscopy (SEM).

MATERIALS AND METHODS:

PLA  (PLIO05) was purchased from NaturePlast Company,
France.Microalgae strain (Chlorella variabilis) was obtained from Dr.
TurgayCakmak (Medeniyet University).First, Chlorella variabilis was
cultivated in 8-liter photo bioreactor and air was supplied to the reactor at a
rate of 50 L/h. Illumination was provided by a four-7W 2700K LED lamps.
Then, cells were harvested by centrifugation and then microalgae paste was
dried in an oven at 70 °C for 12 hours.

PLA mixtures having different green microalgae loading levels (5, 10, 15, 20
wt%) were solubilized in chloroform. After that, the solutions were cast on
glass Petri dishes, and the solvent was allowed to evaporate at room
temperature. Finally, all the films were further dried overnight under vacuum
at 50 °C’de to eliminate the residual solvent.

Non-isothermal crystallization behaviour of PLA/microalgae composites
were evaluated from common kinetic models such as Avrami, Ozawa and
Friedman by using the thermal data obtained from differantial scanning
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calorimetry (DSC).A polarizing optical microscope (Nikon LV100 POL)
equipped with a Linkam THMSE 600 hot stage was used to investigate the
spherulitic  morphology of the neat PLA and PLA/microalgae
composites. The dispersion of microalgaes in PLA matrix was evaluted by
using scanning electron microscopy (SEM).

PRE-ASSESSMENT:

The non-isothermal crystallization Kinetics and spherulitic morphology of
PLA/green microalgae composites were investigated with DSC and POM.
The results showed that green microalgaes acted as a nucleating for PLA and
crystallization onset temperature of PLA shifted higher temperatures upon
cooling in the presence of green microalgaes. Combined Avrami-Ozawa
kinetic model results showed that the highest crystallization rate of PLA
obtained from the composites including 15 wt% green microalgae.Moreover,
it was proved by Dobreva and Gutzow analysis that green microalgaes acted
as a nucleating agent in PLA. SEM analysis revealed that green
microalgaesdispersed uniformly in the PLA in lower loading levels.

Keywords: Poly(lactic acid), microalgae, non-isothermal crystallization
kinetic, polarized optical microscopy
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PERFORMANCE OF JUTE/PLA ALL-BIODEGREDABLE
OVERMOLDED ECO-COMPOSITES

JUT/PLA UZERINE KALIPLAMA YAPILMIS TAMAMIYLA
BiYOBOZUNUR EKOKOMPOZITLER

A.Alchekhw wis, Giiralp Ozkog

Kocaeli Universitesi Miihendislik Fakiiltesi Kimya Miihendisligi Béliimii,
41380, Izmit/Kocaeli

wismounem@gmail.com , guralpozkoc@gmail.com
ABSTRACT

Development of ecofriendly biocomposites to replace non-biodegradable
synthetic fiber composites is the main objective of this study. the plain
woven jute fabric (WJF) reinforced poly(L-lactic acid) (PLA) composites
were prepared by the hot press molding method. The mechanical and
thermal properties of the composites were investigated .The influence of
woven structure and direction on the mechanical properties i.e. DMA and
flexural properties was investigated. The average flexural strength (FS), and
flexural modulus (FM), of untreated woven jute composite (in 45 direction)
were improved about 95.2%, and 42.4% respectively. The results show that
the properties of the composites are better than those of PLA. When the
content of the fiber is 30%, the composites can get the best mechanical
properties. The dynamic mechanical analysis results show that the storage
moduli of the PLA/jute composites increase with respect to the PLA. It was
also found that the strengths and modulus of composites in 45 direction are
higher than those in 90 direction.

In the present study jute fibers were surface treated using two methods: i)
alkali (NaOH) and ii) alkali followed by silane (NaOH+Silane) separately.
Effects of surface treatments on jute fibers surface were characterized using
fourier transform infrared spectroscopy (FT-IR) ,thermo gravimetric analysis
(TGA) and (DSC) . The results from this investigation indicate that a 30 min
dipping of the fibers in 0.5% alkali solution followed by 24h 1.5% Silane
treatment leads to an increase in the tensile strength of up to 65%. The
increase appears to be due to fiber separation and removal of non-cellulosic
materials, which, in turn, resulted in an increased crystallinity.
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OZET

Biyolojik bozulmaya ugramayan sentetik elyaf kompozitlerin yerine gegecek
cevre dostu biyokompozitlerin gelistirilmesi bu ¢alismanmn ana hedefidir.
Diiz dokuma jiit kumas (WIJF) takviyeli coklu (L-Laktik Asit) (PLA)
kompozitleri  sicak pres dokiim yontemiyle hazirlandi Kompozitlerin
mekanik ve termal dzellikleri arastirildi. Dokuma yapmin etkisi ve mekanik
Ozellikler istiinde yonii, 6rnegin DMA ve biikiilgen 6zellikler incelendi
Islem gdrmemis jiit kompozitin (45 y&niinde) ortalama biikiilme kuvveti
(FS) ve biikiilme sabit degeri (FM swasiyla )% 92 ve % 42 civarmda
gelistirildi.  Sonuglar gostermektedir ki kompozitlerin 6zellikleri PLA
lardan daha iyidir. Elyaf icerigi % 30 oldugunda kompozitler en iyi mekanik
degerleri alabilirler. Dinamik mekanik analiz sonuglar1 gostermektedir ki
pLA/ Jiit kompozitlerin biriktirme katsayis1 PLA lara gére artmaktadir.
Ayrica 45 yoniinde kompozit deg erleri ve giicliniin 90 ydniindekilerden
daha yiiksek oldugu bulunmustur.

Bu cahgmada jiit fiberler iki yontem kullanarak yiizey islemine tabi
tutulmuslardir; i) alkali (NaOH) ve ii) alkali sonrasinda ayr1 olarak silan
(NaOH + Silan). Jiit elyaf yiizeyinde yilizey islemlerinin etkileri Fourier
Déniisiim Kizil Otesi Spektroskop (FT-IR), Termo Gravimetrik Analiz
(TGA) ve (DSC) kullanarak karakterize edilmislerdir. Bu arastrmanmn
sonuglar1 gostermektedir ki alkali bir eriyikte elyaflarm 30 dakika siire
batrrilmas1 ve sonrasinda 24 saat % 1,5 Silan islemine tabi tutulmasi gerilme
gliclini % 65 e kadar artrmaktadr. Artrmanm elyaf ayrmidan ve
seliilozik olmayan malzemelerin sokiilmesinden kaynaklandig1 goériilmekte
bu da  karsiigmda  artrilmig  bir  kristallik  saglamaktadir.
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DESIGN AND MANUFACTURING OF SMALL SCALE WIND
TURBINES: FIBER REINFORCED POLYMER COMPQOSITE
APPLICATION

KUCUK OLCEKLI RUZGAR TURBINI TASARIM VE iMALATTI:
FiBER TAKVIYELi POLIMER KOMPOZIT UYGULAMASI

Alaattin Kagal'", A.Emin Yildirm', A. Faruk Sacar’,
Faruk Akyiiz', Mustafa Ay*, M. Oktay Ozkaya'
' Dumlupmar University Simav Technology Faculty Manufacturing
Engineering Department Simav/Kutahya

ABSTRACT

Aim

In this study, a small scale wind turbine was produced and it was aimed to
produce electric energy for remote areas from the settlement. In order to
achieve this goal, firstly, the necessary calculations, modeling studies, the
production of turbine parts from composite materials and the examination of
the production capacity of electric energy are planned.

Material-Method

For this purpose, firstly wind speed of 8 m/ s was selected for Kiitahya from
Potential Atlas of Turkey Wind Energy. The wing length was calculated
according to the boundary conditions of 40 +£ 2 ¢cm and a wing profile was
determined. Wing profile determined by performed strength calculations was
modeled in SolidWorks software and a wing prototype was produced from
acrylonitrile butadiene styrene (ABS) polymer material with 3D printer to
eliminate possible errors. After the necessary improvements on the wing
profile, the molds prepared with the SolidWorks program were produced in
the CNC vertical machining center using cast polyamide, PA. With the
production of the necessary mold for the nose part, production of turbine
wing and nose has been started from composite material. Composite wings
were produced by vacuum infusion method using 6 layers of 300 g/ m? twill
glass fiber fabric and epoxy resin system. Composite wings and nose pieces
cured at room temperature for 24 hours were assembled on the body made of
polyamide (PA) material and the rear wing made of aluminum material and
assembly of the turbine was completed.

Preliminary evaluations

After the production activities, 20.4 Volt voltage and about 1-1.4 Amperes
current were obtained with the wind turbine which can move at a wind speed
of about 4 m / sec and exhibit a steady smooth return. This work was
completed within 2.5 months as a graduation thesis for the students of
manufacturing engineering. According to the findings, larger scale turbines
could be produced and energy production capacities could be increased.

191



5™ INTERNATIONAL POLYMERIC COMPOSITES SYMPOSIUM AND WORKSHOPS
V. ULUSLARARASI POLIMERIK KOMPOZITLER SEMPOZYUMU VE CALISTAYLARI

Keywords: Wind Turbine Wing, Fiber Reinforced Polymer Composite,
Renewable Energy

OZET
Amag
Bu ¢alismada kiiciik 6lgekli bir riizgar tiirbini iiretilerek yerlesim yerinden
uzak sahalar i¢cin elektrik enerjisi tiretimi amaglanmistr. Bu amaca ulagsmak
icin Oncelikle, gerekli hesaplamalar, modelleme c¢ahgmalari, tiirbin

par¢alarmm kompozit malzemeden iiretim ¢aligmalar ve sahada elektrik
enerjisi liretim kapasitesinin incelenmesi asamalari planlanmugtir.

Materyal-Yontem

Ik olarak fakiitemizin bulundugu Kiitahya ili baz almarak, Tiirkiye Riizgar
Enerjisi Potansiyeli Atlasinda belirtilen 8 m/sn riizgar hizi se¢ilmistir. Kanat
uzunlugu 40 + 2 cm smir sartlarma gore gereken hesaplamalar yapilmis ve
bir kanat profili belirlenmistir. Yapilan mukavemet hesaplamalar: ile
belirlenen kanat profili SolidWorks yaziliminda modellenerek olas1 hatalarm
giderilmesi i¢cin 3D yazic1 ile Akrilonitril Biitadien Stiren (ABS) polimer
malzemeden prototip liretimi yapilmistrr. Prototip kanat profili lizerinde
gerekli goriilen iyilestirmelerin ardndan yine SolidWorks programi ile
hazirlanan kaliplar Kestamid (dokme Poliamid, PA) malzemeden CNC dik
islem merkezinde tiretilmistir. Burun kismi i¢in gerekli kapaga ait kalibn
iiretilmesi ile kompozit malzemeden tiirbin kanadi ve burun iiretimine
gecilmistir. Kompozit kanatlar 6’sar kat halinde 300 gr/m’ agirlikl twill cam
elyaf kumas ve epoksi re¢ine sistemi kullanilarak vakum infiizyon yontemi
ile tretilmistir. Oda sicakhigmda 24 saat kiirlenen kompozit kanatlar ve
burun pargasi, aliminyum malzemeden yapilan arka kanat ve Poliamid (PA)
malzemeden {iretilen govde ilizerinde bir araya getirilerek tiirbinin montaji
tamamlanmigtir.

On Degerlendirmeler - Sonuclar

Uretim faaliyetlerinin ardindan yapilan saha ¢ahsmalarnda yaklasik 4 m/sn
riizgar hizmda harekete gecebilen ve siirekli diizglin bir doniis sergileyen
riizgar tiirbini ile 20.4 Volt gerilim ve yaklasik olarak 1-1.4 Amper akim
elde edilmistir. Bu ¢aligma imalat miihendisligi 6grencilerinin bitirme tezi
olarak 2.5 ay icerisinde tamamlanmistwr. Elde edilen bulgulara gore daha
biiytik olgekli tiirbinlerin {iretilebilecegi ve enerji iiretim kapasitelerin
arttrilabilecegi goriimistiir.

Anahtar Kelimeler: Riizgar Tiirbini Kanadi, Fiber Takviyeli Polimer
Kompozit, Yenilenebilir Enerjisi
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PRODUCTION AND CHARACTERIZATION OF ZINC BORATE
(2Zn0-3B203-:3H20) AS A FLAME RETARDANT IN POLYMERIC
COMPOSITES

POLIMERIK KOMPOZITLERDE ALEV GECIKTIRIiCi OLARAK
KULLANILAN CINKO BORATIN (2Zn0O-3B203-3H20) URETIMI
VE KARAKTERIZASYONU

Ali YALCIN'*, Mehmet GONEN', and Devrim BALKOSE®

1 Siileyman Demirel University, Department of Chemical Engineering,
32260, West Campus, Isparta, Turkey

2 Izmir Institute of Technology, Department of Chemical Engineering,
35430, Urla, Izmir, Turkey

ABSTRACT

Aim ofthe Study

Zinc Borate can be used as a fire retardant in PVC, Polyolefins, Elastomers,
Polyamides, and Epoxy resins. As a polymer additive, it serves as a fire
retardant synergist, char promoter, anti-drip agent, smoke and afterglow
suppressant, and modifier of electrical and optical properties. The synthesis
of zinc borate from boric acid and zinc oxide is the aim of this study.

Materials and Methods

Zinc borate was produced by the reaction between boric acid and zinc oxide
at 70 °C and 90 °C for 5 h and by using a B203/ZnO molar ratio of 2.0.
Diborontrioxide (B203) and zinc oxide (ZnO) contents of the obtained zinc
borate crystals were determined by analytical titration using NaOH and
EDTA, respectively. The physico-chemical properties of each zinc borate
sample were identified by X-Ray diffraction (XRD), Scanning electron
microscopy (SEM), Fourier transform infrared spectroscopy (FTIR), and
Thermal gravimetric analysis (TGA).

Preliminary Results

Zinc borate of 2Zn0-3B203-3H20 was produced for all cases since the X-
ray diffraction diagram and FTIR spectrum were identical to that of
27n0-3B203-3H20. All zinc borate samples started to lose mass at 290 °C
and mass losses occurred between 12.6-13.0 % which is comparable to the
calculated value of 12.69 % for zinc borate of 2ZnO-3B203-3H20.
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OZET

Cahis manin Amaci

Cinko Borat, PVC, Poliolefinler, Elastomerler, Poliamidler ve Epoksi
reginelerde bir yangmn geciktirici olarak kullanilabilir. Polimer katki maddesi
olarak c¢inko borat, yangm geciktirici bir sinerjist, komiirlestirme
hizlandirici, damlama o6nleyici ajan, duman giderici, kizarma baskilayici,
elektriksel ve optik ozelliklerin modifikatorii olarak islev goriir. Cinko
boratin borik asit ve c¢inko oksitten sentezi bu calismanin amacmi
olusturmaktadir.

Materyal ve Metot

Cinko borat, borik asit ile ¢inko oksit arasmdaki reaksiyonla, 70 °C ve 90
°C'de 5 saatte ve B203/ZnO molar oram 2 kullanilarak iiretildi. Elde edilen
¢inko borat kristallerinin, diborontrioksit (B203) ve ¢inko oksit (ZnO)
icerikleri swasiyla NaOH ve EDTA kullanilarak analitik titrasyon ile
belirlendi. Her bir ¢inko borat numunesinin fiziko-Kkimyasal 6zellikleri, X-
Ismi krmmmi (XRD), Taramali elektron mikroskobu (SEM), Fourier
doniistimilt kizilotesi spektroskopi (FTIR) ve Termal gravimetrik analiz
(TGA) ile belirlendi.

Sonuglarin Degerlendirmesi

X-1511 kirmmi diyagrami ve FTIR spektrumu pikleri 2ZnO-3B203-3H20
ile aynt oldugu i¢in, tim durumlarda 2Zn0O-3B203-3H20 numuneleri
iiretildi. Tiim ¢inko borat numuneleri 290 °C 'de kiitle kayb1 gdstermeye
bagladi ve kiitle kayiplar1 %12.6-13.0 araligindadr. 2ZnO-3B203-3H20 i¢cin
hesaplanan kiitle kayb1 (%12.69) bu araliktadir.
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ADHESION OF THERMOPLASTIC POLYURETHANE ON
STYRENE-ETHYLENE-BUTADIENE-STYRENE COPOLYMER
FOR SHOE SOLE APPLICATIONS: TRIBOLOGICAL,
MECHANICAL, THERMAL AND MORPHOLOGICAL
CHARACTERIZATIONS

AYAKKABI TABANI UYGULAMALARI iCiN TERMOPLASTIK
POLIURETANIN STIiREN-ETIiLEN-BUTADIEN-STIiREN
KOPOLIMERINE YAPISMASI: TRIBOLOJIK, MEKANIK, ISISAL
AND MORFOLOJIiK KARAKTERIZYONLAR

Alinda Oykii Akar ?, Umit Tayfun °

a Ravago Petrochemicals, R&D Center, Kocaeli, 41420, Turkey
alinda.akar@ravago.com.tr

b Izmir Technopolis, Izmir, 35430, Turkey
umit.tayfun@imgesens.com

ABSTRACT

Purpose:

Thermoplastic polyurethane (TPU) is widely used especially in footwear
industry including military applications thanks to its excellent abrasion
resistance and retaining high performance even in cold environments. While
TPU is preferred for extremely high abrasion resistance, Styrene-Ethylene-
Butadiene-Styrene copolymer (SEBS) is preferred for shoe soles for having
proper grip ability and lower costs. Howewer, TPU outsole over-molding on
SEBS midsole is very common from the performance and cost-effective
side. Moreover, grip ability of SEBS for anti-slip behavior even at snow and
icy surfaces and high abrasion resistance of TPU meet the requirements of a
shoe sole while being combined in a design, which becomes especially
important at hard climate conditions. On the other hand, due to polarity
difference between TPU and SEBS, their adhesion is poor.

In this study, TPU is modified with amine functionalized SEBS using melt
blending technique in order to improve adhesion properties. Properties of
block copolymers composed by the reactions between the urethane linkage
and amine groups of amine functionalized SEBS copolymer through 3
different polyurethane elastomeric compounds, that were prepared by the
reactive melt blending technique, were investigated through this study.
Afterwards, the tribological, thermal, morphological and mechanical
properties of prepared composites and blends were studied and compared
with neat TPU.
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Materials and Methods:

Thermoplastic polyurethane (Ravathane® R130A80) was selected in this
study as a commercial product of Ravago Petrochemicals (Kocaeli, Turkey).
It was a polyester-type TPU with a number-average molecular weight of
149,500 g/mol and its hard segment was formed by the addition of
butanediol to 4.4'-Methylene Bis(phenyl isocyanate). Amine functionalized
SEBS was supplied by Asahi Kasei under a trade name of Tuftec MP10 with
styrene/ethylene-butylene ratio of 30/70. The TPU was reactively blended
with functionalized SEBS using twin screw co-rotating compounder
(Leistritz, ZSE 27) at 200°C. The blends and composites of TPU and amine-
modified SEBS were prepared with weight ratios of 75/25, 50/50, and
TPU/modified SEBS/SEBS with weight ratio of 50/25/25. Test specimens
were injection molded for testing according to 1SO standards. After
extrusion process, the products were monitored by Fourier-transform
infrared (FT-IR) spectroscopy to detect product structures and conversions.
Characterization through gel permeation chromatography (GPC) was done
for determination of the effect of degradation on TPU chains by extrusion.
The adhesion surface properties were investigated with thermal (dynamic
mechanical analysis), mechanical (tensile test, shore hardness test), flow
(melt flow rate) and tribological (abrasion resistance) measurements are
done before blending process. The surface morphology of the TPU/SEBS
blends with or without compatibilizer was examined with scanning electron
microscopy (SEM).

Results and Discussion:

The sample with TPU/modified SEBS weight ratios of 50/50 gave the best
results among blend samples. 50% modified SEBS addition exhibited better
adhesion results as compared with 25% addition according to tensile tests.
The tensile strength at the adhesion layer was found as the highest among all
samples for 50/50 TPU/modified SEBS which means stitching effect of
compatibilizer starts. Tensile strength, modulus and tear strength of TPU
showed reduction after modified SEBS inclusions. However, adhesion layer
was much more tight over 25% modifier addition. It can be concluded that
reaction yield of TPU and modifier is higher when modifier composition that
fed to the reactor is increased.

Keywords: Polymer-Polymer Composites, Polymer Blends, Adhesion,
Mechanical Properties, Thermoplastic polyurethane.
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OZET

Amag:

Termoplastik politiretan (TPU) milkemmel asmma direnci ve soguk
ortamlarda bile korudugu yiiksek performansi sayesinde askeri uygulamalari
da kapsayan ayakkabi endiistrisinde yaygm olarak kullaniimaktadw. TPU
yikksek agmma direncinden dolay1 tercih edilirken, Stiren-Etilen-Biitadien-
Stiren kopolimeri (SEBS) ayakkabi tabani i¢in uygun kavrama &zelligi ve
diisiik maliyeti nedeniyle tercih edilmektedir. Yine de, TPU dig tabanin
SEBS orta tabana kaliplanmasi, performans ve maliyet agisindan oldukga
yaygmndir. Bunun yani srra, SEBS’in kar ve buzlu yiizeylerde bile kaymaya
kars1 direnci saglayan yiliksek kavrama 6zelligi, TPU’nun yiiksek asmma
dayammu ile tasarimda birleserek ayakkabi tabaninda 6zellikle soguk hava
sartlarmdaki gereklilikleri karsilamaktadwr. Buna karsm, TPU ile SEBS
arasmda polarite farki oldugundan bunlarm yapismalari zayiftir.

Bu calismada, TPU amin ug¢lu SEBS ile eriyik karigtrma yontemiyle
yapisma Ozelliklerinde iyilesme ve uyumlastrma amaciyla modifiye
edilmistir. Poliliretan elastomerinin uretan baglar1 ve SEBS kopolimerin
amin u¢ gruplarmm reaksiyonuyla ve reaktif eriyik karigtrma yontemiyle
olusan blok kopolimerin 0Ozellikleri bu caliymada incelenmistir. blok
kopolimerlerin iiretan baglar1i ve SEBS’in amin fonksiyonel gruplar1 ile
reaksiyonlar1 baz almarak reaktif uyumlastirma ile yapilmstr. ikincil amin
ile fonksiyonlandirilmis TPU reaktif karistrma ile hazirlanmistir.
Sonrasmda, hazirlanan kompozit ve harmanlarm tribolojik, 1s1sal, morfolojik
ve mekanik ozellikleri incelenmis ve saf TPU ile kiyaslanmustir.

Malzemeler ve Yontem:

Ravago Petrokimya’ya ait (Kocaeli, Tiirkiye) ticari bir riin olan
thermoplastic  polyurethane (Ravathane® R130A80) bu calismada
kullanilmistir. Poliester-tipinde olan TPU 149,500 gr/mol molekiiler
agrhgna sahiptir ve sert kismu biitandioliin  4,4'-Metil Bis(fenil izosiyanat)
ile katilmasi ile olusturulmustur. Stiren/etilen-biitilenin 30/70 oranmndan
olugan amin uglu SEBS, Tuftec MP10 ticari ismi ile Asahi Kasei’den temin
edilmistir. TPU ve amin modifiye SEBS ile ¢ift vidal karstiric1 (Leistritz,
ZSE 27) kullanilarak 200°C’de reaktif eriyik karistrma yapilmistr. TPU ve
SEBS  harman ve  kompozitleri  75/25, 50/50  oranlarinda,
TPU/uyumlastiricvSEBS, 50/25/25 oraninda hazirlanmistir. Test numuneleri
ISO standartlarina gére enjeksiyonla kaliplanmistir. Ekstriizyon isleminden
sonra {riinlere, doniigiimleri gérme amaciyla infrared (FT-IR) spektroskopisi
uygulanmistr. Kromatografi (GPC), ekstriizyonun neden TPU zincirlerine
neden oldugu degredasyonu saptamak amaciyla yapilmistir. Yapisma yiizey
ozellikleri, 1s1sal (dinamik mekanik analiz), mekanik (¢ekme testi, shore
sertlik testi), akis (erime akis lizi1) ve tribolojik (asmma direnci) dlgiimleri
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ile  arastmlmistr. TPU/SEBS  harmanlarmm  uyumlastrict  ile
uyumlastiricisiz ylizey morfolojileri taramali elektron mikroskopisi (SEM)
ile incelenmistir.

Sonuglar ve Tartigma:

50/50 oranmndaki TPU/SEBS o6rnek harmanlar arasmda en iyi sonuglar
vermistir. Cekme testine gore; %50 SEBS eklenmesi, %25 oranina kiyasla
daha iyi yapigma sonuglan sergilemistir. 50/50 TPU/SEBS i¢in yapisma
yiizeyindeki ¢ekme dayamimi O&rnekler arasmda en yiiksek olarak
bulunmustur. Bunun anlami uyumlastricmin dikis etkisinin baglamasidir.
TPU’nun ¢ekme dayanimi, modil ve kayma dayanimi SEBS ve
uyumlastirict eklemelerinden sonra azalma gostermistir. Yine de, yapisma
yiizeyi %25 uyumlastirict eklenmesi sonrasi olduk¢a sik1 bulunmustur. TPU
ile uyumlastric1 reaksiyon verimleri, uyumlastric1 orani artigi ile yiiksek
olarak saptanmustir.

Anahtar Kelimele[: Polimer-Polimer Kompozitler, Polimer Harmanlar,
Yapisma, Mekanik Ozellikler, Termoplastik poliiiretan.
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CELLULOSE EXTRACTION FROM APPLE POMACE WASTE
ATIK ELMA POSASINDAN SELULOZ EKSTRAKSIYONU

Arzu YALCIN MELIKOGLU*, Gézde KAHVECIOGLU, Melek YUCEL,
Tilbe BENZER, Seda BILEK
Ege University Engineering Faculty Food Engineering Department, izmir-
Turkey
*arzuyalcin@gmail.com

ABSTRACT

Objective: Cellulose is a valuable component of apple pomace that is
obtained from the production of apple juice. Cellulose is a biodegradable
biopolymer that is found in abundance and constructs the cell walls of
plants. It is known that cellulose has great potential to become a widely used
component in the production of eco-friendly composites. In this study we
investigated cellulose extraction methods from apple pomace wasteand their
effects on certain characteristics of cellulose.

Materials and Method: Cellulose was extracted from apple pomace waste
obtained from DIMES Fruit Juice Ind. Trade. Corp. by two different
methods (i) Method-1: cellulose acquisition from alkaline environments, (ii)
Method 2: acid hydrolysis. In both methods 30 g dried apple pulp was left in
500 ml benzene/ethanol (2:1 v/v) over overnight and at room temperature to
remove oils and waxes. The solution was passed through cheesecloth and the
residue dried for 24 hours at 500 C. In Method-1, 5 g of pre-treated sample
was added to 150 ml of distilled water, set to pH 11.5 (2% H202 4M NaOH)
and treated in a rinsing bath for 16 hours at 500 C. The samples were filtered
through cheesecloth and rinsed in distilled water until the sediment pH value
was 7 before being left to dry overnight at 600 C and being ground at the
following day. In Method-2, the samples were left in 1.4% sodium chloride
(1000 ml) with a pH value of 3-4 regulated by acetic acid for 3 hours at 700
C and this step was repeated three times until the lignin was completely
removed. After the samples were filtered through cheesecloth, they were
washed with distilled water. The samples were left in 600 ml 5% KOH
solution for 4 hours at 900 C and filtered after the hemicellulose was
removed. The residue was washed in distilled water a few times and dried in
a drying oven for 24 hours at 500 C before being ground. Some
characteristics of cellulose obtained from waste apple pulp using two
different methods such as color values (L*, a*, b*), and cellulose extraction
efficiency were determined. FTIR is also used to determine the
characteristics of cellulose.
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Preliminary Assessments: It was observed that cellulose recovery was
higher for Method-1 (24.3%=0.2) than Method-2 (21%=0.3). When color
values for the cellulose samples were examined, L* (lightness) was higher
for Method-1 (50.11+0.16) than Method-2 (37.2+0.04). The FTIR spectra
for the cellulose showed that both samples were compatible with the
characteristic band of cellulose and lignin had been completely removed
Keywords: Apple pomace waste, cellulose, biopolymer

OZET

Amag: Elma suyu iiretiminde atik olarak ortaya ¢ikan elma posasmin degerli
bir icerigi olan seliiloz, bitkilerde hiicre duvarmi olusturan ve bol miktarda
bulunan yenilenebilir, biyobozunur bir biyopolimerdir. Seliilozun, cevre
dostu kompozitlerin iiretiminde yaygm kullanim potansiyeline sahip oldugu
bilinmektedir. Bu ¢alisma kapsaminda elma suyu isleme tesisi atig1 olan
elma posasindan seliiloz ekstraksiyonu ve farkli ekstraksiyon yontemlerinin
seliilozun baz karakteristik 6zelliklerine etkisi incelenmistir.

Materyal-Yontem: DIMES Meyve Suyu San. Tic. A.S’den tedarik edilen
atik elma posasmndan seliiloz ekstraksiyonu 2 farkl yontemle (i) Yontem-1,
alkali ortamda selilloz eldesi, (i) Yontem-2; asit hidroliz yontemi ile
gergeklestirilmistir. Her iki yontemde de 6n iglem olarak 30 g kurutulmus
elma posasi 500 ml benzen/ etanol (2:1v/v) karigiminda bir gece oda
sicaklignda bekletilerek yag ve vakslarmdan uzaklastirilmasi saglanmistir.
Cozelti teleme bezinden gecirilerek elde edilen kalmnti 500 C’de 24 saat
kurutulmustur. Yontem-1’de 6n islemlerden geg¢mis 5 g 6rnek 150 ml’ye
destile su ile tamamlanarak pH 11,5°e ayarlanmis ( %2 H202 ve 4 M
NaOH) ve ¢ozelti 500 C’de calkalamali su banyosunda 16 saat muamele
edilmistir. Ornekler teleme bezinde siiziildikkten sonra ¢okeltinin pH’1 7
olana kadar destile su ile durulanmis ve ardindan 60 oC’de bir gece
kurumaya bmrakilmis ve Ogiitiilmiistiir. Yontem-2’de ise  ligninin
uzaklagtirilmasi icin % 1,4 sodyum klorit (1000 ml) ve asetik asit ile pH 3-4
ayarlanarak 700 C’de 3 saat 6rnekler bekletilmis ve bu islem basamag 3
kez tekrarlanarak ligninin tamamen uzaklastirilmas: saglanmistir. Ornekler
teleme bezinden siiziilerek destile su ile yikama igslemi gergeklestirilmistir.
600 ml %5 KOH g¢ozeltisinde 4 saat 900 C’de bekletilen &rneklerde
hemiseliilozun uzaklastirilmasi saglandiktan sonra Ornekler siiziilmiistiir.
Kahnt1 destile suda birka¢ kez yikandiktan sonra 500 C’de 24 saat etiivde
kurutulmus ve sonrasnda oOgiitiilmiistiir. Atk elma posasindan iki farkli
yontemle ekstrakte edilen seliillozun bazi karakteristik oOzellikleri, renk
degerleri (L*, a*, b*) ve selilloz verimi incelenmistir. Farkli yontemlerle
elde edilen seliillozun karakteristik Ozelliklerinin belirlenmesinde FTIR
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(Fourier ~Doniistimlii  Infrared  Spektrofotometre)  spektrumlarmdan
faydalamlmistir.

On Degerlendirmeler: Atk elma posasmdan Yontem-1 ile ekstrakte edilen
seliilozun %24,3+0,2 verim ile Yontem-2’den (%21+0,3) daha yiiksek
oldugu belirlenmistir. Seliiloz 6rneklerinin renk degerleri incelendiginde
Yontem 1’le elde edilen seliilozun L* (parlaklik) degerinin (50,11+0,16),
Yontem-2 (37,2+£0,04) ile elde edilen seliiloz 6rneklerinden daha yiiksek
oldugu belirlenmistir. Seliilozlarm FTIR spektrumlarina bakildignda her iki
yontemle elde edilen selilloz 6rneklerinin, selilloza ait karakteristik bantlarla
ve birbiriyle uyumlu oldugu ve lignin kalintis1 olmadigi ligninin tamamen
uzaklastmrildig1 belirlenmistir.

Anahtar Kelimeler: Atk elma posasi, seliiloz, biyopolimer
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PHTHALATE FREE PLASTICIZER SYNTHESIS FRIENDLY FOR
HUMAN HEALTH AND ENVIRONMENT

INSAN SAGLIGI VE CEVREYE DUYARLI, FTALAT iCERMEYEN
PLASTIFIYAN SENTEZI

Asl TOPTAS TAG, Kadri UZUN
DYO BOYA FABRIKALARI SANAYI ve TICARET A.S.
Atatiirk Organize Sanayi Bélgesi 10003 Sokak No:2 35620 Cigli/iZMIR-
TURKIYE
asli.toptas@dyo.com.tr, kadri.uzun@dyo.com.tr

ABSTRACT

Aim

Eco-friendly products are important issues for Europe and all the countries
of the world. With the increased environmental awareness, some chemicals
have been limited both in terms of environment and human health. In the
near future, the use and production of phthalates and phthalate based
products are foreseen to be completely prohibited. For this reason, the design
of phthalate free products are preferential. There are commercial products
that do not contain phthalates in the market. Some have failed to give
targeted performance, some distorted the film properties of coatings. In this
respect, it is aimed to develop a phthalate free product having high content
of solid and low content of solvent that can be used as a primary plasticizer
for solvent-based and water-based coating systems. The fact that the
synthesis of phthalate-free plasticizer carried out by our company will bring
a great prestige to our country as nationally. It is envisaged that the product
can be utilizable in many sectors because of the usability in solvent-based
and water-based systems.

Keywords
Plasticizer, plastifying, additives

Material-Method

Different types of glycols, alone or in mixtures, are used in the esterification
reaction with benzoic acid in the presence of a suitable catalyst and at a
certain temperature. If there is a color problem in the final product, a second
process can be used to remove the color. In this study, in order to avoid color
problem in the synthesis process, the addition of the appropriate color
removal agent to the reaction environment is an important step of the
project. The color of the plasticizer was determined according to the
standards of Gardner. Solid content was determined according to TS EN 1SO
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3251, viscosity measurements were done according to DIN 53211, ASTM D
1200 standards.

Results and Discussion

The temperature range for the synthesis is selected 200-240 OC. The type
and amount of the catalyst was differentiated and the reaction was carried
out until the acidity was lowered to 1% (as benzoic acid). The solid content
of the product was found to be 96 %. Viscosity was in the range of 80-100
cps. One of the main difficulties that can be experienced in transition from
laboratory work to serial production on an industrial scale is excess of the
reaction period. The choice of the appropriate catalyst and the optimize the
quantity of that are the subjects that will study for gain energy.

OZET

Amag

Cevre dostu iiriinler Avrupa’nin ve tiim diinya {ilkelerinin 6nem verdigi bir
konudur. Cevre duyarhiliginm artmasiyla birlikte bazi kimyasallara hem
cevre hem de insan sagligi agismdan smirlandrmalar getirilmistir. Y akin
gelecekte, ftalatlarm ve ftalath iirlinlerin kullanimi ve {iretiminin tamamen
yasaklanmasi1 Ongoriilmektedir. Bu sebeple, ftalat icermeyen iiriinlerin
tasarmm On planda tutulmaktadr. Pazarda ftalat icermeyen ticari trlinler
olmakla birlikte, bir kismi istenen plastifiyan performansini gdsterememis,
bir kismi {irline girdiginde {iriin film 6zelliklerini bozmustur. Bu dogrultuda
solvent bazli ve su bazli boya sistemleri i¢in, ftalat icermeyen ,yliksek katili,
diisiik solvent igerikli, tek basmna plastiklestirici olarak kullanilabilecek
(birincil plastifiyan) bir {iriin gelistirmek amaglanmaktadir. Ftalat icermeyen
plastifiyan {iriin sentezinin firmamiz tarafindan yapilacak olmasi, ulusal
anlamda iilkemize biiylik bir prestij kazandwacaktr. Hem su bazli hem de
solvent bazli sistemlerde kullanilabilirliginden dolay1 plastifiyanin pek ¢ok
sektorde kullanim alam bulacag: diisiiniilmektedir.

Anahtar Kelimeler
Plastifiyan, plastiklestirici, katkilar

Mate ryal-Yonte m

Farkli tip glikoller, tek basma ve karisim halinde kullanilarak, benzoik asit
ile uygun katalizor varliginda ve sicaklikta esterlesme reaksiyonuna girerler.
Sentez sonrasi nihai iiriinde renk sorununun olusmasi durumunda ikinci bir
proses ile iiriinden renk uzaklastirilmas1 yoniinde ¢algmalar mevcuttur. Bu
cahsmada ise sentez iiriinde renk sorunu ile karsilagilmamasi i¢in uygun renk
uzaklastiric1 ajanin reaksiyon ortamina ilavesi projenin 6nemli bir ayagmi
olugturmaktadir. Proje ¢iktis1 plastifiyan iiriinde renk dlctimleri Gardner, kati
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madde tayini TS EN I1SO 3251 standartlarma gore, viskozite dlgiimleri DIN
53211, ASTM D 1200 standartlarma uygun olarak gergeklestiriimistir.

Sonuclar ve On de gerlendirmeler

Sentez calismalarmin gergeklestirilmesi i¢in uygun sicaklik araligi 200-
2400C olarak belirlenmistir. Asitlik %1’in (benzoik asit cinsinden) alt
degerine diisene kadar 8-24 saat arahginda katalizér tipi ve miktar
farklandirilarak cahsmalar gerceklestirilmistir. Uriiniin kati madde igerigi
%96 olarak bulunmustur. Viskozite 70-80 cps arahgmdadr. Laboratuvar
calismalarindan endiistriyel boyutta seri iiretime geciste yasanabilecek temel
zorluklardan birisi de reaksiyon siiresinin laboratuvar 6lgekli ¢aligmalara
kiyasla daha uzun siirmesidir. Bu sorunun oOniine gecmek ve enerji
anlammda kazan¢ saglamak i¢cin uygun katalizr se¢imi ve miktarmm
optimizasyonu cahgilacak konular arasmdadr.

*Bu proje TUBITAK tarafindan TEYDEB 3151000 proje numarasi ile
desteklenmektedir.
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POLY(PROPYLENE FUMARATE) (PPF) BASED COMPOSITES AS
SCAFFOLDS FOR BONE TISSUE ENGINEERING

PPF BAZLi KOMPOZITLERIN KEMIiK DOKU
MUHENDISLIGINDE KULLANILMAK UZERE HAZIRLANMASI
VE KARAKTERIZASYONU

Avram Aruh, Erde Can, Gorkem Cemali
Yeditepe Universitesi

ABSTRACT

Autologous and allogenous bone grafts or permanent prosthetic implants
have been widely used in clinical treatment of bone damages. There are
various problems associated with these techniques such as availabililty and
adverse immune response, thus a biodegradable material which acts not only
as a structural support to the damaged area but also acts as a scaffold that
guides bone formation is a convenient solution to these problems.
Polypropylene fumarate (PPF) is an unsaturated polyester that can be cross-
linked with a suitable vinyl monomer to give a biocompatible and
biodegradable thermoset. N-vinyl pyrolidone (VP) is one monomer that is
widely used with PPF and there are various studies in literature on different
compositions of PPFA/P and their composites with inorganic additives
designed to be used as scaffolds for bone tissue engineering. In this study,
PPF was synthesized by a polycondensation reaction of fumaric acid and
propylene glycol. PPF pre-polymer was then cured with two different
phosphonic acid based monomers: vinyl phosphonic acid (VPA) and diethyl
vinyl phosphonate (VPES) in the presence of a radical initiator via thermal
cure,UV cure and body temperature cure (37 °C). The use of VPA and
VPES instead of vinyl pyrollidone is expected to increase both the
biocompatibility and osteoblast activity. In addition, beta-tricalcium
phosphate (B -TCP) was added to PPFA/PA and PPFA/PES formulations,
and composites were prepared in order to improve the mechanical properties
and osteoconductivity. Na2”Cl etching method was used to create a porous
structure for the composite materials. The prepared PPF pre-polymer was
characterized via FT-IR and 1H-NMR spectroscopy and its molecular
weight was determined via gel permeation chromatography (GPC). Cure
reactions of the prepared formulations were followed via DSC analysis. The
hydrophilicity of thermal and UV cured PPF/VPA/B -TCP and PPF/VPES/B
—TCP composites were examined by dynamic contact angle with water
measurements and equilibrium water content analysis. Compressive
properties of the resulting materials are determined via compression tests
and thermal stabilities of prepared materials were examined via
thermogravimetric analysis (TGA). The porosity of the prepared composites
were analyzed via SEM analysis and weight loss measurements upon
leaching.
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OZET

Giiniimiizde, otolog ve allojendz protez implant metodu ile tedavi yontemi
yaygmn olarak kullanilmaktadir. Ancak, bu ydntemlerin kullanmasinda,
malzeme bulunabilirligi veya ters bagisiklik sistemi etkilerinin bulunmasi
yeni bir metodun bulunmasinda oOnciilik gosterdi. Biyobozunur ve
biyocoziiniir malzemelering bu alanda kullanminda, implante edilen
malzemelerin sadece fiziksel destek saglamak digmda, insan hiicresi
biiyliimesinde de 6nemli derecede rol aldig1 goriildil.

Poli (Propilen Fumarat) (PPF), fumarat ¢ift bagi ile capraz baglanabilir,
doymamis dogrusal hidrofobik poliesterdir. Biyouyumlu, biyolojik olarak
parcalanabilir, biyobozunur, osteokondiiktif olabilir ve kolay uygulanabilir
ve enjekte edilebilir. Bu 6zelliklerinden dolay1r kemik doku miithendisligi
uygulamalar i¢in gelecek vadeden bir malzemedir. PPF, fumarik asit bazh
dogrusal bir poliesterdir. Oda sicakligmda vizkoz bir siv1 olan PPF'nin temel
dezavantaji, polimerin tutumunu biraz hantal yapar.

Bu projede, polipropilen fumarate sentezlenerek, vinil fosforik asit (VP A) ve
fosfonik asit dietil ester (VPES) bazli ki monomer varliginda kiir edildi ve
olusan polimerler karakterize edildi. Deneysel kisimda, polipropilen fumarat
iki metot ile sentezlendi ve yiikksek molekiil agwlikli ve diisik molekiiler
agrlikli PPF elde edildi. Yiiksek sicaklikta sertlestiriimis numuneler, 37° C
sertlestirilmis numuneler ve UV polimerizasyonu ile sertlestirilmis
numuneler ve ayrica bunlarm kompozitleri hazirlanarak karakterize edildi.
Yiiksek sicaklikta sertlestirilmis numunelerin hazrlanmasi i¢cin disiik
molekiil agrhklh PPF kullanildi. PPF/VPA veya PPF/VPES barlar
hazirlamak i¢in, dnceden belirlenmis miktarda VPA ve VPES monomerleri
ve radikal baglatic1 olarak bilinen benzoil peroksit kullanildi. Viicut sinda
kiir gahgmalar1 i¢in yliksek molekiil agirlikli PPF polimeri kullanildi. Viicut
sicaklig1 kiir ¢caligmalarinda, sicaklik, malzemenin enjekte edilebilir sekilde
kullanilmas1 i¢in viicut sicakligr olan 37 °C'ye ayarlandi 37 °C’de kiir
reaksiyonlar1 i¢in benzoil peroksite ek olarak reaksiyon katalizorii olarak N,
N Dimetil Toluidin kullanildi. UV kiir ¢alismalar1 i¢in ise, diisiikk molekiil
agrlikli PPF polimeri kullanildi. UV Kkiir i¢in, radikal baslatici olarak fenil-
bis (2,4,6-trimetilbenzoil) fosfin oksit (BAPO) kullanildi PPF polimeri,
genellikle Ozelliklerini gelistirmek i¢cin B-trikalsiyum fosfat (B-TCP),
kalsiyum karbonat veya kalsiyum siilfat gibi seramik malzemeler ile
birlestirilir. Bu calsmada ise, kompozit numuneleri hazrlamak i¢cin B-
trikalsiyum fosfat kullanild.

Kiir edilmis PPF polimer ve kompozit ¢rnekleri DSC ile analiz edildi ve
termal parcalanma profilleri TGA ile karakterize edildi. Ilaveten, UV kiir
edilmis PPF polimerlerinin biyobozunma hizlar1 agrlik kaybi1 ve pH
degisimi Olgiimleri analiz edildi.
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EVALUATION OF SCOTS PINE (PINUS SYLVESTRIS)
COMPONENTS IN POLYMER COMPOSITE PRODUCTION

SARICAM (PINUS SYLVESTRIS) ODUN BiLESENLERININ
POLIMER KOMPOZIT URETIMINDE DEGERLENDIRILMESI

Ayberk AYDOGMUS!, Sezen IRMAK?, Nilgiil CETIN®, Nihat Sami
CETIN'

' Department of Forest Industry Engineering, izmir Katip Celebi University,
Faculty of Forestry, Izmir, Turkey.
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ABSTARCT

Aim

Wood components are highly environmentally the reasons why are
biodegradable and renewable compared to petroleum-derived polymers. At
the same time, although the specific weight is low compared to other
polymers, it has sufficient strength properties. For this reason, wood is
generally used as a reinforcing material in polymeric composites. In recent
years, with the significant increase in the use of wood plastic composites, the
studies in this area have gained importance. In this study, it was aimed to
evaluate scots pine (Pinus sylvestris) wood, which is common in our
country, in composite production. In this study, the mechanical and
morphological characteristics of 3 different polymer composites, which one
of these produced from alfa - cellulose that was isolated from the scots pine
wood, another is flour and the others is bark, were investigated. High density
polyethylene (HDPE) was selected as a polymer matrix for the composite
products produced and the effect of these components was investigated by
adding 10 to 30% of scots pine component.

Material and method

Firstly, scots pine wood and shells have been made into flour by mechanical
grinder. Then the cellulose of the scots pine has been treated with alkali to
obtain cellulose. Polymeric composite production have been carried out by
means of a hot press with these three scots pine component with HDPE.
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FTIR, SEM, Mechanical and physical properties were performed on the
produced samples.

Discussion and recommendations

In general, wood components have been added as a reinforcing material in
the polymeric composite. Wood flour added up to a certain amount does not
cause a negative effect on the mechanical properties. If high mechanical
properties are not desired at the end-use site, incorporation of wood into the
composite material will be reduce the use of petroleum-derived polymers
and contribute to the production of more environmentally more aesthetically
pleasing and more lighter composite products.

Keywords: Scots pine wood, Scots pine cellulose, Scots pine bark, Wood
plastic composites, High density polyethylene, Polymer Composite

OZET

Amag

Odun bilesenleri petrol tiirevli polimerlere kiyasla biyolojik olarak
bozunabilir ve tekrar yenilebilir olmasi sebebiyle olduk¢a gevrecidir. Ayni
zamanda diger polimerlere kiyasla ozgiil agirlig1 disiik olmasma karsm
yeterli dayanim Ozeliklerine sahiptir. Bu sebeple odun, polimerik
kompozitler icerisinde genellikle takviye maddesi olarak kullanimaktadir.
Son yillarda odun plastik kompozitlerin kullanimmda o6nemli artiglar
goriilmesiyle birlikte bu alandaki ¢caligmalar 6nem kazanmustr.

Bu ¢ahgma kapsaminda iilkemizde yaygmn olarak bulunan sarigam (Pinus
sylvestris) odunun kompozit iiretiminde degerlendirilmesi hedeflenmistir.
Calismada, saricam kabuklarmdan, odun unundan ve sarigamdan izole edilen
seliilozdan {iretilen 3 farkli polimer kompozitin mekanik ve morfolojik
ozellikleri arastirilmistir. Uretilen kompozit iiriinlerde polimer matris olarak
yiiksek yogunluklu polietilen (YYPE) secilmis ve %10 ile %30 arasmnda
sarigam bileseni ilave edilerek bu bilesenlerin olugturdugu etki incelenmistir.

Materyal ve Metot

Oncelikle sarigam odunu ve kabuklar1 mekanik dgiitiicii vasitastyla un haline
getirilmistir. Daha sonra saricam odunundan alfa-seliilloz eldesi
gerceklestirimistir. Ardindan sicak pres vasitasiyla bu ti¢ sarigam bilesenin
YYPE ile polimerik kompozit iiretimi gergeklestirilmistir. Uretilen
kompozitlerin FTIR, SEM, mekanik ve fiziksel ozellikleri karakterize
edilmistir.
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Tartisma ve Oneriler

Genel olarak yapilan c¢ahsmalarda, odun bilesenleri polimerik kompozit
icerisine takviye maddesi olarak ilave edilmistir. Belirli bir orana kadar ilave
edilen odun unu mekanik Ozelliklerde olumsuz bir etkiye sebep
olmamaktadir. Sayet son kullanim yerinde yiiksek mekanik &zellikler arzu
edilmiyorsa kompozit malzeme igerisine katilmasi petrol tiirevli polimerlerin
kullanimin1 azaltacak buna paralel, daha ¢evreci daha estetik goriiniimlii ve
daha hafif kompozit {iriinler tiretilmesine katkida bulunacaktir.

Anahtar kelimeler: Sarigam odunu, Sarigam seliillozu, Sarigam kabugu,
Odun plastik kompozitleri, Yiiksek yogunluklu polietilen, Polimer Kompozit
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PRODUCTION OF NATURAL FIBER REINFORCED COMPOSITE
MATERIALS FROM THERMOPLASTIC PROCESS WASTE

TERMOPLASTIK PROSES ATIKLARINDAN DOGAL LiF
TAKVIYELI KOMPOZIT MALZEME URETIiMi
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ABSTRACT

Due to the difficulty in recycling composite materials, health and safety
concerns and a rise in awareness concerning ecology, the production of
“composites consolidated by natural fibers” has currently reached interesting
heights. Processability, concentration of consolidating agents, behavior of
these agents within the composite material and their effects on the
characteristics of the material are the focal points, particularly for the
production of composites consolidated by natural fibers.

The objective of this study is to evaluate natural fiber waste and
thermoplastic process waste. To this end, the potential of adding “jute” as a
natural consolidation agent in order to enhance strength and add modules to
PP raw material gained from the production of Polypropylene (PP) and the
characteristics of PP/Jute composite material were examined. Jute is a plant
fiber that originates in India, is cellulose based (70%) and contains
amorphous microfibers such as hemi cellulose (20%) and lignin (13%). Jute
is used to make sacks and after the textile is cut during garment production,
the waste is not used but burnt to save energy. Howeer this waste has the
potential to be used as a natural alternative to synthetic consolidation agents
such as fiberglass or Kevlar since it is cheap, easy to process and possesses
certain mechanical properties. This study evaluated jute cut offs from the
firm Ege Cuval (10 piece canvas: 311 gram/yard’). The waste jute from
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garment production was split into 15-18 mm strings and pressurized air was
used to form jut fibers. The oils, waxes etc. found on the oily strata of the
jute fibers were cleaned in a laboratory setting (23° C, 50% RH) and placed
in 2% NaOH solution for 2h before being dried in a drying oven for 24 h at
50° C. In order to facilitate the maximum adhesion between PP and jute, the
dried jute fibers were left in 0.3% Silane (Dow Corning, product code Z-
6030) for 2h. The PP/jute mixture was compounded at 170° C in a double
screwed extruder. Standard tensile specimens were produced from the mixed
PP/jute granules in an 180° C injection machine and the physical and
mechanical characteristics of the composite material were evaluated. The
control specimen that did not contain any natural consolidation agent (jute)
had a tensile strength of 28,3 MPa, whereas in the PP/Jute composite with
5% jute, the tensile strength increased to 29,6 MPa and the elongation at
break decreased from 7,9% (control) to 5,5%. In this study it has been shown
that jute was effective in enhancing the tensile strength but lowered the
elasticity, and that jute had potential as a natural consolidation agent in
composite production. It is concluded that there are cost and ecological
benefits to using plant fibers, especially jute, in the production of composite
materials.

Key words: thermoplastic process waste, natural fiber waste, composite.
OZET

Kompozit malzemenin geri doniisiimiinde karsilasilan zorluklar, sentetik
liflere iligkin artan saghk ve giivenlik endiselerinin yani swa artan ¢evre
bilinci nedeniyle, polimerik malzemelerin dogal lifler ile desteklenerek
“dogal lif takviyeli kompozitlerin” lretimleri ve kullanimlar1 giiniimiizde
dikkat gekici bir noktaya ulasmustir. Ozellikle dogal lif takviyeli kompozit
malzemelerin ~ tiretimi, proses edilebilirligi, takviye ajanlarmm
konsantrasyonu, kompozit malzeme igerisindeki davranisi ve malzeme
ozelliklerine etkisi gibi konular arastrmacilarm ilgi odag olmustur.

Bu calsmada; dogal elyaf atiklar1 ile termoplastik proses atiklarmm
degerlendirilmesi amaclanmistr. Bu amacla, Polipropilen (PP) garaniil
iretiminde toz halinde atik olarak ortaya ¢ikan PP hammaddeye yiiksek
mukavemet ve modiil kazandirmak amaciyla dogal takviye ajani olarak
“jit”’tin kullanm potansiyeli ve PP/Jiit kompozit malzemenin ozellikleri
incelenmistir.  Jit, anavatam Hindistan olan, toprakta kendiliginden
bozunabilen, seliiloz esash (%70), hemiseliiloz (%20) ve lignin (%13) gibi
amorf karakterli mikrofibriller igeren bitkisel bir liftir. Cuval {iretiminde
kullanilan jiit kumaslari, konfeksiyon sonrasmnda kesildikten sonra herhangi

bir sekilde degerlendirilmemekte, sadece yakilarak enerji kazanmi
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saglamaktadr. Oysaki bu atiklar, ucuz olmasi, kolay islenebilmesi ve
mekaniksel 6zellikleri nedeniyle cam elyaf ve kevlar gibi sentetik elyaflara
alternatif dogal takviye ajani1 olarak kullanim potansiyeline sahiptir.
Cahgmada Ege Cuval firmasmdan temin edilen jiit ¢uval kenar atiklari
(10’luk kanavice: 311 gram/yarda®) degerlendirilmistir. Konfeksiyon
sonrasmda atik olarak ortaya ¢ikan jit cuval kenarlar1 15-18 mm
uzunlugunda ipliklerine ayrilmis, basingh hava gonderilerek jiit elyaflarmm
olusumu saglanmigtir. Jiit elyaflar1 yiizeyindeki yag, vaks v.b yagh
tabakalarm temizlenmesi i¢in, laboratuvar ortaminda (23 °C, %50 RH de)
%2 NaOH c¢ozeltisi iginde 2h bekletilmis ardindan etiiv icerisinde 50 °C
sicaklikta 24 h siire ile kurutmustur. PP ve jiit ara yiizeyindeki maksimum
tutunmay1 saglayabilmek i¢in, bir onceki asamada kurutulmus olan jit
elyaflar 0.3% Silane (Dow Corning, {iriin kodu Z-6030) ¢ozeltisi icinde 2h
bekletilmistir. PP/Jiit karisimi malzemeler ¢ift vidal ekstriiderde 170 °C
sicaklikta kompaund haline getirilmistir. Elde edilen PP/jiit karigmimi
graniillerden enjeksiyon makinasmda 180 °C sicaklikta standart ¢ekme
cubuklar1 retilerek, kompozit malzemenin fiziksel ve mekanik
ozelliklerinin incelenmesi saglanmistir. Dogal takviye ajani igermeyen (jit)
kontrol numunesinin ¢ekme mukavemeti 28.3 MPa iken %5 Jiit iceren
PP/Jit kompozit malzemenin ¢ekme mukavemetinin 29,6 MPa’ya
yiikseldigi, kopmadaki uzama degerinin ise % 7,9 (kontrol), %5.5’e diistiigii
belirlenmigtir.  Gergeklestirilen c¢alismada, PP  malzemenin ¢ekme
mukavemetinin gelistirilmesinde jiitiin etkili oldugu ancak elestikiyetini
azalttigy, jitiin dogal takviye ajami olarak kompozit iiretiminde kullanim
potansiyelinin bulundugu belirlenmistir. Ozellikle bitkisel bir lif olan jiitiin
kompozit malzeme iiretiminde kullanimmin yayginlagmasmm maliyet
avantaj ve c¢evresel sorunlarin giderilmesine katki saglayacagi
diistiniilmektedir.

Anahtar Kelimeler; termoplastik atiklar, dogal elyaf atiklari, kompozit
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SYNTHESIS OF POLYURETHANE BIONANOCOMPOSITE FILMS
FROM RENEWABLE RESOURCES

YENILENEBILIiR KAYNAKLARDAN POLIiURETAN
BiYONANOKOMPOZIT FILMLERIN SENTEZLENMESI

Avysun Ekinci', Giilay Bayramoglu*

'Polymer Engineering, Faculty of Engineering, Yalova University,
Yalova, 77100, Turkey
ekinci_aysun@hotmail.com

ABSTRACT

In recent years, vegetable oil based polyols recieved large attention due to
availability, biodegradability and low toxicity compared to conventional
petroleum-based polyols in industrial applications. Vegetable oils are one of
the most important raw materials for bio-based thermosetting
polymers.Vegetable oil based polyurethan is obtained by the reaction of
polyol from vegetable oils and diisocyanate as environmentally friendly
material. Polyurethane/ nanocellulose fiber nanocomposite films were
prepared from epoxidized vegetable oils in various ratio epoxidized
vegetable oils with isophorone diisocyanate (IPDI) and characterize them.

Objective

In this study, our objective was to synthesize bionanocomposites from
epoxidized vegetable oils and nanocellulose fiber (NCF) via in situ free
radical polymerization reaction and characterize them.

Material and Method

Vegetable oil based polyols were prepared from rapeseed oil, corn oil and
hazelnut oil. Nanocellulose fiber was synthesized from agricultural crops
residues. bionanocomposites from  epoxidized vegetable oils and
nanocellulose fiber via in situ free radical polymerization reaction. The
epoxidation process of rapeseed oil, corn oil and hazelnut oil and curing
process  with isophorone diisocyanate (IPDI) invastegated by fourier
transform infrared (FTIR) and nuclear magnetic resonance (NMR)
spectroscopy using these technique. The curing behavior was determined
by following the consumption of the oxirane ring and emergence of the
urethane groups. The morphology of bio-based nanocomposite films were
systematically investigated by scanning electron microscopy (SEM). The
effect of increased nanofiller loading in thermal properties of the
nanocomposites was investigated by thermogravimetric analysis (TGA).
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Results and Discussion

Polyurethane/NCF nanocomposite films were prepared from epoxidized
vegetable oils in various ratio epoxidized vegetable oils and IPDI. The
polyurethane/NCF nanocomposite films of properties was shown dependent
on the vegetable oil composition, degree of epoxidation and ratio between
epoxidized vegetable oils and IPDI.

Keywords: Bionanocomposite, nanocellulose, polyurethane

Acknowledgement: This work was supported by TUBITAK project no
114M82.

OZET

Son yillarda, endiistriyel uygulamalarda bitkisel yag esash polioller petrol
esash geleneksel poliollere kiyasla, ulagilabilirlik, biyobozunurluk ve diigiik
toksisite 0zelliklerden dolayi biiyiik ilgi toplamaktadir. Bitkisel yaglar biyo
esasli termoset polimerler icin o©nemli bir hammadde kaynagi
olusturmaktadrr. Bitkisel yag esash ¢evre dostu poliiiretan {irlinler, bitkisel
yaglardan elde edilen polioller ve diizosiyanatin reaksiyonu sonucunda elde
edilir. Poliliretan/nanoseliiloz fiber nanokompozit filmler farkl oranlarda
epokside yag ve izofuran diizosiyanat (IPDI) kullanilarak hazrrlanmistir ve
karakterize edilmistir.

Amag

Bu c¢ahgmada, biyonanokompozitlerin epokside bitkisel yaglar  ve
nanoseliiloz fiber (NCF) kullanilarak in situ serbest radikal reaksiyonu ile
sentezlenmesi ve daha sonra sentezlenen bionanokompozitlerin il
Ozelliklerinin karakterize edilmesi amaglanmustir.

Materyal ve Yontem

Findik yagi, kanola yagi ve misr yagi kullanilarak bitkisel yag esash
polioller elde edilmistir. Tarmsal atiklar kullanilarak nanoseliiloz fiber
sentezlenmistir. Biyonanokompozitler epokside bitkisel yag ile nanoseliiloz
fiberin in situ serbest radikalik polimerizasyon reaksiyonu sonucunda
hazirlanmigtir. Fndik yagi, kanola yagi ve muswr yagmin epoksidasyon
stireci ve epokside bitkisel yaglar ile IPDI kiirlenme siireci Fourier
transform mfrared spektroskopi (FTIR) ve niikleer manyetik rezonans
(NMR) spektroskopi teknikleri  kullanilarak incelenmistir. Kiirlenme
davramigi, oksiran halkalarmin tiikenmesi takiben  iiretan gruplarmm
olusumunu izlemektedir. Biyonanokompozit filmlerin morfolojik 6zellikleri
sistematik olarak taramah elektron mikroskobu (SEM) kullanilarak
incelenmistir.
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On Degerlendirmeler

Nanokompozitlerin 1511 6zelliklerine, nanodolgunun yiikleme derecesinin
etkisi, 1s11 gravimetrik analiz (TGA) yontemi ile arastirilmistir. Epokside
bitkisel yaglar kullanilarak farkli oranlarda epokside yag ve IPDI
kullanilarak  poliiiretan/NCF  nanokompozit filmler  hazwrlanmistr.
Poliiiretan/NCF nanokompozit filmlerin 6zellikleri bitkisel yaglarm bilegimi,
epoksidasyon derecesi ve epokside bitkisel yag ile 1zofuran diizosiyanat
oranma bagh olarak degisim gosterdigi saptanmustir.

Anahtar kelimeler: Biyonanokompozit, nanoselilloz, poliiirethan
Tesekkiir: TUBITAK 114M828 nolu proje kapsammda desteklenmistir.

215



5™ INTERNATIONAL POLYMERIC COMPOSITES SYMPOSIUM AND WORKSHOPS
V. ULUSLARARASI POLIMERIK KOMPOZITLER SEMPOZYUMU VE CALISTAYLARI

DEVELOPMENT OF HIGH PERFORMANCE ANTIBACTERIAL
FOOD PACKAGING BASED NANOCELLULOSE

NANOSELULOZ ESASLI YUKSEK PERFORMANSLI
ANTIBAKTERIYEL GIDA AMBALAJI GELISTIRILMESI
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ABSTRACT

Biobased polymeric materials  are developed in various innovative
applications such as food packaging, medical products and composite
applications due to their improved mechanical, thermal and optical
properties as compared to petroluem based polymeric materials. Cellulose,
which is one of the most abundant biomass in the nature and extracted from
bacterial species, plants and agricultural products, has an important role in
production of biobased materials. It has various advantages such as low
cost, non-toxic, sustainable and lightweight. Also, 1ts film forming capacity
which make them an alternative to petroluem based currently food
packaging films.

Objective

The purpose of cellulose nanocrystal (CNC) based nanocomposite film is to
preserve the quality and safety. In this study, our objective was to synthesize
and characterize high performance biobased antibacterial food packaging
films which has biodegradable, renewable and sustainable.

Material and Method

Prepared epoxidized hazelnut-oil based polymeric matrix due to preparing of
antibacterial food packaging films. Cellulose nanocrystals (CNC) extracted
from agricultural waste. Nanocomposite film prepared via in situ free radical
polymerization reaction which are developed antibacterial activity.The films
were analysed in terms of mechanical and thermal behaviour. The vegetable
oil epoxidation process invastegated by fourier transform infrared (FTIR)
and nuclear magnetic resonance (NMR) spectroscopy.

Results and Discussion

The effect of CNC loading in thermal and mechanical properties of the
biyonanocomposites was investigated by thermogravimetric analysis (TGA)
and dynamic mechanical analysis (DMA). The bionanocomposite films was
shown oxygen barrier properties and lowest thermal degradation rate at 3
wt% CNC loading. Finally, specific properties of the biyonanocomposite
films were evaluated facing the possible use in packaging applications.
Keywords: Bionanocomposite, nanocellulose, epoxidation
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OZET

Biyoesasl polimerik malzemeler mekanik, termal ve optik oOzellikleri
sayesinde petrol esasl polimerik malzemelerinin kullanildig1 gida ambalajy,
medikal iriinler ve kompozit uygulamalar1 gibi c¢esitli yenilikei
uygulamalarda kullanilmaktadwr. Biyoesasli malzemelerde 6nemli rol
oynayan seliiloz, dogada en ¢ok bulunan biyokiitle iiriinii olup bakterilerden,
bitkilerden ve tarmmsal atiklardan elde edilmektedir. Selilloz ucuz, toksik
olmayan, siirdiiriilebilir ve hafif olmak gibi cesitli avantajlara sahiptir.
Seliiloz bu o6zelliklerinin yaninda film olusturabilme o6zelligi sayesinde
mevcut olarak kullanilan petrol esashh gida ambalajlarma alternatif
olusturmaktadir.

Amag

Nanoselilloz kristal (CNC) esash filmin amaci giivenli ve kaliteli koruma
saglamaktr. Bu c¢ahgmada, biyobozunur, yenilenebilir ve siirdiiriilebilir
yikksek performanshi antibakteriyel biyoesash gida ambalajlarmm
sentezlenmesi ve karakterize edilmesi amaclanmustir.

Materyal ve Yontem

Antibakteriyel gida ambalaj filmleri i¢in epokside findik yagi esash polimer
matris hazrlanmistr. Ayrica tarmsal atklar kullanilarak seliiloz
nanokristalleri (CNC) hazirlanmistr. Antibakteriyel 6zellikli nanokompozit
filmler in-situ serbest radikalik polimerizasyon reaksiyonu ile hazirlanmistir.
Filmler termal ve mekanik a¢idan incelenmistir. Bitkisel yagm epoksidasyon
stireci Fourier transform mfrared spektroskopi (FTIR) ve niikleer manyetik
rezonans (NMR) spektroskopi ile incelenmistir.

On Degerlendirmeler

Biyonanokompozitlerin 111 ve mekanik Ozellikleri CNC yiikleme
derecesinin etkisi, 151l gravimetrik analiz (TGA) ve dinamik mekanik analiz
(DMA) yontemleri ile arastrilmistr. Agrlikca % 3 CNC dolgulama ile en
diisiik 1511 bozunma hiz1 ve oksijen bariyer 6zellikli biyonanokompozit elde
edilmistir.  Sonu¢  olarak, biyonanokompozit filmlerin ambalaj
uygulamalarinda kullanilabilecegi goriilmiistiir.

Anahtar kelimeler: Biyonanokompozit, nanoseliiloz, epoksidasyon
Tesekkiir: TUBITAK 114M828 nolu proje kapsammda desteklenmistir.
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PREPARATION OF POLY(CAPROLACTONE)-
HYDROXYAPATITE-NANOSILVER BIOCOMPOSITE
MATERIALS AND THEIR ANTIBACTERIAL PROPERTIES
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BIYOKOMPOZITLERIN HAZIRLANMASI VE ANTIBAKTERIYEL
OZELLIiKLERi
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ABSTRACT

Aim

The aim of this study is the development of new antimicrobial biocomposite
polymer materials for the orthopedic medical implants and the food
packaging applications. For this reason, the production of nano Ag-
Hydroxyapatite(HAP)-Polycaprolactone composites were performed.

Material and Methods

In this study, firstly, the HAP particles were synthesized by using a classical
preparation methods and calcined at 600 °C. In the next step, the nanosilver
coating of HAP powder were carried out using the Ag” solutions in acetone
and poly(dimethylsiloxane) (PDMS) as the reducing agent. Then, the
nanosilver coated hydroxyapatite powders were incorporated into the melted
poly(caprolactone)(PCL). Finally, the nano Ag-HAP-PCL biocomposite
films were produced by using the roll-mill machine. The antibacterial
activity of nano Ag-HAP-PCL composite films was determined by the plate
counting method against Staphylococcus aureus ATCC 29213, Escherichia
coli ATCC 25922 and Staphylococcus epidermidis ATCC 12228.

Pre-assesments
According to the the TEM analysis of the nanosilver coated hydroxyapatite
powders, the size of the nanosilver particles was about 0-30 nm (Figure 1).
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Figure 1. TEM, SEM and the optic micr
powders.
Nano Ag-HAP-PCL biocomposite films with aproximately 0.25 mm
thickness were prepared by the roll-milling of PCL and nano Ag-HAP (30%)
(Figure 2).

Figure 2. SEM images and the photographs of nano Ag-HAP-PCL
composite films containing, 1) 0.13% Ag (no calcination of HAP), 2) 0.13%
Ag, 3) 1.28% Ag (no calcination of HAP),4) 1.90% Ag.

The composite films containing 1.28% Ag and 1.90% Ag showed 100%
antibacterial activity against Staphylococcus aureus ATCC 29213,
Escherichia coli ATCC 25922 and Staphylococcus epidermidis ATCC
12228. The composite films containing 0.13% Ag showed 100%
antibacterial activity against Escherichia coli ATCC 25922, 0% antibacterial
activity against Staphylococcus aureus ATCC 29213 and 99% antibacterial
activity against Staphylococcus epidermidis ATCC 12228 ( Table 1).

As a result, an effective antibacterial surface against E. coli and S.
epidermidis was produced by using 0.1% nano Ag in HAP-PCL composite
films. The use of 1.0-2.0% nano Ag in HAP-PCL composite films provided
100% antibacterial effectiveness against E. coli, S. aureus and S.
epidermidis.
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Table 1. The results of the antibacterial activity tests against E. coli, S.
epidermidis, S. aureus for nano Ag-HAP-PCL composite films.

Antibacterial Activity (R%)
B ; Control | Nano Ag-HAP in PCL polymer (30% nano AgHAP)
acteria
(30% 0.13% 0.13% 1.28% L9% A
HAP) | Ag* Ag Ag* =70 AQ
E. coli 0 100 100 100 100
S. epidermidis 0 99 99 100 100
S.aureus 0 0 0 100 100

* HAP is used without calcination.
Keywords: Hydroxyapatite, Composite, Nano Ag, Poly(caprolactone)
OZET

Amag
Bu ¢ahgmanin amaci, ortopedik medikal implantlar ve gida paketleme

uygulamalar i¢in yeni antimikrobiyal biyokompozit polimer mazemelerin
gelistirilmesidir. Bu nedenle, nano Ag-Hidroksiapatit(HAP)-Polikaprolakton
kompozitleri hazirland.

Materyal ve Metod

Bu c¢alismada, ilk olarak HAP tozlar1 klasik hazirlama yontemleri
kullanilarak sentezlendi ve 600 °C’de kalsine edildi. Bir sonraki adimda,
HAP tozunun nanogiimiisle kaplanmasi, asetonda Ag’ c¢ozeltisi ve
indirgeyici ajan olarak poli(dimetilsiloksan) (PDMS) kullanilarak
gerceklestirildi.  Nanogiimiis kapli  hidroksiapatit tozlar1 eritilmis
polikaprolakton (PCL) i¢ine dahil edildi. Son olarak nano Ag-HAP-PCL
biyokompozit filmler, roll-mill kullanilarak hazrlandi. Nano Ag-HAP-PCL
kompozit filmlerinin Staphylococcus aureus ATCC 29213, Escherichia coli
ATCC 25922 ve Staphylococcus epidermidis ATCC 12228 iizerindeki
antibakteriyel aktivitesi plate counting yontemi ile belirlendi.
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Onde gerlendirmeler
Nanogiimiis kapli hidroksiapatit tozlarmin yiizeyinin TEM analizine gore
nanogiimiis partikiillerinin biiytikkiigii 0-30 nm civarmdayd: (Sekil 1).

Sekil 1. Nano Ag-HAP tozlarin SEM ve optik mikroskop
gorlintiileri.

Yaklagik 0.25 mm kalinliga sahip olan nano Ag-HAP-PCL biyokompozit
filmler, PCL ve nano Ag-HAP (%30) roll-mill edilmesiyle hazrlandi (Sekil
2).

Sekil 2. Nano Ag-HAP-PCL kompozit filmlerin SEM goriintiileri ve
fotograflar1 , 1) % 0.13 Ag (kalsine edilmemis HAP), 2) %0.13 Ag, 3)
%1.28 Ag (kalsine edilmemis HAP),4) %1.90 Ag.

% 1.28 Ag ve % 1.90 Ag iceren kompozit filmler, Staphylococcus aureus
ATCC 29213, Escherichia coli ATCC 25922 ve Staphylococcus epidermidis
ATCC 12228 iizerinde % 100 antibakteriyel aktivite gosterdi. % 0.13 Ag
iceren kompozit filmler, Escherichia coli ATCC 25922 iizerinde %100,
Staphylococcus aureus ATCC 29213 iizerinde %0 ve Staphylococcus
epidermidis ATCC 12228 iizerinde % 99 antibakteriyel aktivite gosterdi
(Tablo 1).

Sonug olarak, HAP-PCL kompozit filmlerde % 0.1 nano Ag kullanilarak E.
coli ve S. epidermidis iizerinde etkili olan antibakteriyel yiizey hazirlandi
HAP-PCL kompozit filmlerde %1.0-2.0 nano Ag kullanimi, E. coli, S.
aureus ve S. epidermidis tizerinde % 100 antibakteriyel etkinlk sagladi.
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Tablo 1. Nano Ag-HAP-PCL kompozit filmlerin E. coli, S. epidermidis, S.
aureus tizerindeki antibakteriyel aktivite testleri sonuglari.

Antibakteriyel aktivite (%R)
- - 0,
Bakteriler Iﬁontrol Nano Ag-HAP-PCL (%30 nano AgHAP)
OO %013 [ o015 ag | %128 |1 a
E. coli 0 100 100 100 100
S. epidermidis 0 99 99 100 100
S.aureus 0 0 0 100 100

*Kalsine edilmemis HAP kullanildi.

Anahtar Kelimeler: Hidroksiapatit, Kompozit, Nano Ag, Polikaprolakton
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IMPROVING MODE-I FRACTURE TOUGHNESS OF WOVEN
CARBON FIBER/EPOXY COMPOSITES USING POLYAMIDE- 6,6
(PA 66) NONWOVEN FABRICS

DOKUMA KARBON FiBER/EPOKSI KOMPOZITLERIN MOD-I
KIRILMA TOKLUGUNUN DOKUSUZ POLIAMID- 6,6 (PA 66)
KUMASLAR KULLANILARAK [YILESTiRILMESI

Bertan Beylergil and Metin Tanoglu

Izmir Institute of Technology, Mechanical Engineering Department,
Gulbahge Campus, Urla, Izmir

bertanbeylergil@iyte.edu.tr, metintanoglu@iyte.edu.tr

Keywords: PA 66 nonwovens, fracture toughness, composites
AIM

The aim of this study is to investigate the effects of PA 66 nonwoven fabrics
on the Mode-I fracture toughness of woven carbon fiber/epoxy composites.

MATERIAL/METHOD

Plain woven carbon fabrics (fiber areal weight: 650 g/m®) were used as the
reinforcement material. The epoxy resin and its hardener (Momentive
L160/H160) were used with the weight ratio of 80:20, respectively. PA 66
nonwoven fabrics (areal density:17 gsm) were used as interleaf material. The
average fiber diameter was determined as 19.94+£1.79 pum (Figure 1).
Reference and PAG6 interleaved composite laminates were manufactured by
vacuum infusion with a [0/90]s fiber orientation. Double cantilever beam
(DCB) tests were performed on the prepared specimens to determine Mode-I
interlaminar fracture toughness of the composites in accordance with ASTM
D5528.

RESULTS AND DISCUSSION

Figure 2 shows the load-displacement curves of the composite specimens
under Mode-I loading. The average maximum force (Fn.) Of the reference
and PA66 interleaved specimens were determined as 83.5+3.0 N and
138.8+9.3 N respectively. The maximum force increased about 66% with the
inclusion of PA66 nonwoven fabrics in the interlaminar region of CF/EP
composites.
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Figure 2. Load displacement curves of CF/EP composites (a) reference and
(b) PA 66 nonwoven fabric interleaved specimens

The Mode-1 fracture toughness of the reference and PA 66 interleaved
composite specimens were determined as 530.3 J/m’ and 1376.4 J/m’;
respectively. The incorporation of PA 66 into interlaminar region led to
significant increase in Mode-I fracture toughness about 160% due to the
excessive fiber bridging during the crack propagation (Figure 3).

L

PA 66 fibers
Figure 3. Fiber bridging observed during DCB tests

Anahtar kelimeler: PA 66 dokusuz kumaslar, kiriima toklugu, kompozitler
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AMAC

Bu calismanm amaci dokuma karbon fiber/epoksi kompozitlerin Mod-I
kirlma toklugunun PA 66 dokusuz kumasglar kullanilarak iyilestirilmesidir.

MATERYAL/YONTEM

Diiz dokuma karbon kumaslar (alansal yogunluk: 650 g/m?) takviye elemam
olarak kullanilmistr. Epoksi regine ve sertlestirici (Momentive L160/H160)
agrlikca 80:20 oranmnda karistirilmistir. Araylizey malzemesi olarak PA 66
dokusuz kumasglar (alansal yogunluk: 17 gsm) kullanilmistr. Ortalama PA
66 fiber ¢ap1 19.94+1.79 um olarak belirlenmistir (Sekil 1). Referans ve PA
66 takviyeli kompozit plakalar vakum infiizyon yontemiyle tretilmistir.
Hazirlanan numunelerin Mod-1 kirilma toklugunu belirlemek amaciyla cift
ankastre kirig (DCB) testleri ASTM 5528 standardina uygun olarak
yapilmustr.

ON DEGERLENDIRMELER

Sekil 2’de DCB numunelerin yiik-deplasman egrileri gosterilmistir.
Maksimum ortalama yiik referans ve PA 66 takviyeli numunelerin i¢in
srrastyla 83.5+3.0 N and 138.849.3 N olarak belirlenmistir. Maksimum yiik
referans numunelere kiyasla arayiizeyde PA66 dokusuz kumas
kullanimas1yla %66 oraninda artrmstir.

Sekil 1. PA66 dokusuz kumaglarm SEM goriintiileri
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Sekil 2. Karbon fiber/epoksi kompozitlerin yiik-deplasman egrileri (a)
referans ve (b) PA 66 dokusuz kumas takviyeli kompozitler

Referans ve PA66 dokusuz kumas takviyeli kompozitlerin Mod-I kirilma
toklugu degerleri srasiyla 530.3 ve 1376.4 J/m® olarak belirlenmistir.
Kompozit laminalar arasi bolgede dokusuz PA 66 kumaslarm kullanilmasi
ile kirilma toklugu %160 oraninda artmistir. Bu artigin temel sebebi, stirekli
matriks icerisindeki PA 66 fiber yigmlarmin fiber yiizeylerine yapigsarak
neden oldugu kopriileme etkisidir (Sekil 3).

R

PA 66 fiberler
Sekil 3. PA66 fiber kopriileme mekanizmasi

226



5™ INTERNATIONAL POLYMERIC COMPOSITES SYMPOSIUM AND WORKSHOPS
V. ULUSLARARASI POLIMERIK KOMPOZITLER SEMPOZYUMU VE CALISTAYLARI

INFLUENCE OF POSS NANOPARTICLES ON
THE MECHANICAL AND MICROSTRUCTURE PROPERTIES OF
CARBON FIBER REINFORCED EPOXY COMPOSITES

KARBON ELYAF TAKVIYELI EPOKSI MATRISLI
KOMPOZITLERIN OZELLIKLERINE
POSS NANODOLGUSUNUN ETKILERI

Cenk Kurtulus+, Mustafa Kuyumcu +, Mehmet Atilla Tasdelen®*

JrDepartment of Polymer Engineering, Faculty of Engineering, Yalova
University, 77100 Yalova, Turkey
Fax: +90-226-811-5401; Tel: +90-226-811-5412; E-mail:
tasdelen@vyalova.edu.tr

ABSTRACT
PURPOSE

High performance composites are daily used materials in marine,
automotive, aerospace and defense industries. With the developing
technology, their properties should be improved to fulfill the novel
application’s requirements. Nowadays, the nanocomposites, which are one
kind of composite materials containing nanometer-sized inorganic
nanoparticles, can be utilized to improve physical properties of polymers.
The nanosized reinforcing materials, typically in the range of 1-100 nm, are
uniformly dispersed in and fixed to a polymer matrix. Depending on the
nanoscale dimension, nanosized reinforcing materials are categorized as
one-dimensional (graphites and clays), two-dimensional (nanofibers,
nanotubes, or whiskers) and three-dimensional (spherical silica, metal
particles, polyhedral oligomeric silsesquioxanes (POSS), and semiconductor
nanoclusters). Among them, the POSS nanoparticles are three-dimensional
oligomeric, organosilicon compounds with cage frameworks surrounded by
functional groups on the periphery. The inclusion of nanosized reinforcing
materials into a polymer matrix not only dramatically improves the
mechanical properties (e.g., strength, modulus, rigidity) but also reduces its
flammability, heat evolution and viscosity during processing. Moreover, it
brings advanced new functions in the final materials that finds applications
in many industrial fields. In this study, mechanical properties of carbon
fiber-reinforced epoxy composites were improved by addition of glycidyl-
POSS as nanosized reinforcing material. The aim of this study is to improve
the pyhsical properties of epoxy matrix by addition of glycidyl-POSS, which
contains reactive epoxy groups.
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MATERIALS AND METHODS

First of all, to determine the optimum POSS ratio; 1, 2, 4 and 8% glycidyl
POSS was added to epoxy resin by ultrasonication method. The
nanocomposites were characterized by mechanical analysis. The mechanical
properties of obtained nanocomposites were investigated in accordance with
the standard tests (1SO 527-2 and ISO 178). The optimum improvement has
been observed in the nanocomposites containing 2% glycidyl-POSS. After
that, two-dimensional (0°-90°) non-crimp carbon fiber reinforcements were
chosen in epoxy resin with 2% glycidyl POSS feeding ratio. The composite
samples were produced by vacuum bagging method. For these samples, the
mechanical properties were investigated in accordance with the standard
tests (1SO 14125, 1SO 14129 and ISO 14130).

CONCLUSIONS

The strength values of carbon fiber reinforced nanocomposites have been
improved from 3.78 up to 14,9%. Examination of the surface morphology
and interfacial debonding of the specimens was also performed via scanning
electron microscopy (SEM). In conclusion, the addition of glycidyl-POSS
not only enhance the interactions between carbon fiber and epoxy matrix,
but also improves the mechanical properties of final composites.

KEYWORDS: polymer composites, poss nanofiller, epoxy resin, carbon
fiber, interface, mechanical properties

OZET
AMAC

Yiiksek performansh kompozitler; denizcilik, otomotiv, uzay-havacilik ve
savunma sanayilerinde siklikla kullanilan bir malzeme grubudur. Gelisen
teknolojiyle birlikte bu malzemelerin  6zelliklerinin  iyilestirilmesi
beklenmektedir. Son yillarda yeni malzemelerin gelistirilmesinde
nanokompozitler 6nemli katkilar saglamaktadr. Nanokompozitler polimer
sistemleri icerisine en az bir boyutu 100 nanometreden kiiciik olan
parcaciklarin dagilmasi ile olusan heterofazli kompozit yapilardir. Kullanilan
nano boyutlu pargaciklarin ylizey alanmin ¢ok biiylikk olmasindan dolay1
ilave edildigi polimerlerin mekanik ve 1s1l dayanimlarini saf hallerine gore
arttrma potansiyeli vardr. Polimer nanokompozit iiretimi amagl kullanilan
malzemelerden biride ii¢ boyutuda nanometrik Olgtiide olan polihedral
oligomerik silseskuokzan (POSS) malzemesidir. Uygun yontemler
kullanilarak polimer igerisine POSS molekiilleri dagitilarak nanokompozitler
elde edilmektedir. Bu nano modifiye polimer sistemleri siirekli elyaflar ile
takviyelendirilerek, ozellikleri 6nemli Olglide iyilestirilmis  yiiksek
performansh kompozitler olusturulabilmektedir.

228



5™ INTERNATIONAL POLYMERIC COMPOSITES SYMPOSIUM AND WORKSHOPS
V. ULUSLARARASI POLIMERIK KOMPOZITLER SEMPOZYUMU VE CALISTAYLARI

MATERYAL VE YONTEM

Bu ¢ahgmamizda, matris sistemi olarak POSS katkili epoksi nanokompozit,
takviye sistemi olarak iki eksenli (0°-90°) kivrmsiz karbon elyaf kumas
kullanilmistr. Epoksi matris ile uyumlu olmasi1 amaciyla glisidil
fonksiyonalitesine sahip POSS nanodolgusu tercih edilmistir. POSS
nanoparcaciklarmin, karbon elyaf takviyeli epoksi matrisli kompozitlerin
mekanik 6zelliklerine etkisi arastirilmistir. Burada amag¢ matris sistemi olan
epoksi re¢inenin dayanmmmi arttrmak ve elyaf-matris arasi arayiizey
iyilestirmesi saglayarak kompozit yapinm mekanik 6zelliklerini
iyilestirmektir. Oncelikle %1, 2, 4 ve 8 oranlarmda POSS/epoksi
nanokompozitleri ultrasonikasyon yontemi ile hazirlanip, bunlarm mekanik
analizleri (ISO 527-2 ve ISO 178) sonucu optimum POSS yiikleme oram
belirlenmis. Ardindan karbon elyaf takviyeli kompozit plakalar vakum
torbalama yontemi ile Uretilmistir. Hazirlanan kompozit malzemelerin
mekanik karakterizasyonu; diizlem ici kayma, tabakalar arasi kayma
dayanimi ve i¢ nokta egme testleri (ISO 14129, ISO 14130 ve ISO 14125)
ile Ol¢lilmistiir. Sonuglar; POSS nanodolgusuz numunelerin sonuglar1 ile
kargilagtiriimis ve POSS varliginm kompozit 6zellikleri iizerine etkisi
incelenmistir. Ayrica mekanik testler sonucu hasar alan kirilma yiizeylerinin
SEM analizleri yapilip elyaf-matris araylizey ozelliklerine bakilmistir.

DEGERLENDIRME

Epoksi matris i¢cin %2 orannda POSS i¢eriginin optimum yiikkleme orani
oldugu belirlenmistir. Buna gore iiretilen %2 POSS/epoksi matrisli karbon
elyaf takviyeli tabakali kompozit yapmm mekanik karakterizasyonlari
gerceklestirimistir. Yapilan tiim mekanik testlerde POSS nanodolgusu
icerigine sahip kompozitlerin dayanim degerlerinde %3,78 ile %14,9 arasi
degisen oranlarda iyilesmeler tespit edilmistir. Bdylece karbon/epoksi
tabakali kompozit malzemenin mekanik 6zelliklerini iyilestrmek amaciyla
kullanilan POSS nanodolgusunun elyaf-matris araylizey dayanimmi
arttrdigi  goriilmiistiir. Bu durum nanoyapilarin varligmdan dolay1
araylizeyde giicli baglarin  olusmasma dayandrilmiys ve SEM
mikrograflariyla dogrulanmugtir.

ANAHTAR KELIMELER: polimer kompozitler, poss nanodolgu, epoksi
regine, karbon elyaf, arayiizey, mekanik ozellikler
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DEVELOPMENT OF ANTIBIOTIC LOADED CHITOSAN
COMPOSITE NANOSPHERES FOR BONE TISSUE ENGINEERING
APPLICATIONS
KEMIiK DOKU MUHENDISLiGi UYGULAMALARINA YONELIK
ANTIBiYOTIiK YUKLU KiTOSAN KOMPOZIT NANOKURELERIN
GELISTIRILMESI

Ceren Kimna®, Sibel Deger?®, Sedef Tamburaci® and Funda
Tihminlioglu®
Izmir Institute of Technology, Department of Chemical Engineering,
Giilbahge Campus, Urla, 35430, Izmir, Turkey
®zmir Institute of Technology, Graduate Program of Biotechnology and
Bioengineering, Giilbah¢e Campus, Urla, 35430, Lzmir, Turkey

ABSTRACT

1. Aim

Excess amount of oral antibiotic is used in order reach the adequate
therapeutic level in the defect region due to the poor circulation of blood in
the bone tissue. Thus, localised drug carrier systems for antibiotic release is
needed in the bone tissue transplantations to prevent the infection. While a
variety of devices have been used for controlled release drug delivery,
biodegradable polymeric composites are one of the advantageous types. In
this study, controlled antibiotic release with nanoclay reinforced chitosan
spheres was purposed to prevent inflammation in bone tissue defects. The
effect of clay reinforcement on particle size and morphology, chemical
structure, surface charge, antimicrobial activity and release profile was
investigated.

2. Materials-Method

2.1. Material

High molecular weight chitosan, acetic acid (Sigma-Aldrich) and
montmorillonite (OMMT) (Cloisite 10A, Southern Clay Products Inc.) as
nanoclay were used. Vancomycin (Anko-L 500mg, Mustafa Nevzat) was
selected as model drug.

2.2. Fabrication of antibiotic loaded spheres

2% (w/w) chitosan was dissolved in 90% acetic acid and mixed overnight.
3% (w/w chitosan) clay and vancomycin (10% w/w chitosan) were added to
polymeric solution for antibiotic loaded composite nanospheres production.
Microfluidizer (Microfluidics) was used with 10000psi pressure and 5 pass
operating conditions for homogeneous distribution of clay and antibiotic in
polymeric solution. Nanospheres were obtained with the electrospraying
method with operating conditions of 10cm of distance, 20kV voltage and
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5ml/h flow rate. The working parameters of electrospray were determined
with the optimization of voltage, flow rate and distance parameters.

2.2. Characterization

2.2.1. Particle size and morphology

The size and morphology of the chitosan/clay nanospheres were determined
with SEM analysis with Quanta FEG 250 (7x10 mbar ve 15 mA). Before
the analysis, samples were coated with Argon (Emitech K550X). Sphere
diameters were calculated with Image J software. In addition, the
hydrodynamic size of chitosan/clay nanospheres were determined with
dynamic light scattering (DLS).

2.2.2. Chemical characterization

Chemical characterization and the interaction between drug-polymer were
determined with FT-IR (ATR) (Shimadzu FTIR-8400S) at wavelengths
ranging from 4000650 cm™.

2.2.3. Zetapotential

The surface charges of chitosan/clay composite nanospheres were
determined with Nanoplus Zeta Sizer (Particulate System).

2.2.4. Antimicrobial activity

Antimicrobial activity of the antibiotic loaded composite nanospheres was
determined with disc diffusion method. Staphylococcus aureus (Gram-
positive) and Echerichia coli (Gram-negative) were used as model bacteria.
2.2.5. Release profile

Antibiotic loaded nanospheres fabricated with electrospraying method were
collected on a surface. The release studies of Vancomycin loaded
nanospheres in powder form were performed at 37°C, in phosphate buffer
saline (PBS, pH=7.4) with 75 rpm. Samples were taken in specific time
intervals and the quantitation was determined with UV-VIS
spectrophotometer (\Varioskan). The amount of vancomycin in release media
was determined with the calibration curve at 282nm.

3. Preliminary Results
Vancomycin loaded chitosan/clay nanospheres were successfully prepared

with electrospray method. SEM images showed that chitosan/clay
nanospheres fabricated with microfluidics method showed uniform spherical
structure and homogenous size distributions. The average diameter of
nanospheres was calculated as 166+4nm. The hydrodynamic size of
chitosan/clay nanospheres were found as 281nm. The clay addition to
polymer matrix was determined with the FT-IR analysis. Surface charges of
nanospheres were increased with the Vancomycin addition to matrix. In
addition, the antimicrobial activity of the spheres was determined against S.
aureus. Smaller zone diameters were observed in order to controlled
antibiotic release due to clay addition to polymer matrix. It was observed
that composite nanospheres showed better sustained release when compared
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with the control chitosan nanospheres due to the electrostatic interaction
between anionic clay and cationic chitosan.

OZET

1. Amag

Kemik dokuda yavas kan akist gézlemlenmektedir. Bu nedenle, defekt
bolgede terapdtik etki saglanmasi igin yliksek miktarda ilag yiiklemesi
yapilmaktadir. Bu sorunun engellenmesi i¢in, kemik doku transplantasyonu
operasyonlarmda enfeksiyon Onleyici lokal ilag salim sistemlerine ihtiyag
duyulmaktadwr. Biyobozunur polimerik kompozitler, kontrolli salim
sistemleri icerisinde 6n plana ¢ikmaktadwr. Bu calsmada, nanokil katkil
kitosan kiireler kullanilarak kemik doku defektlerinde inflamasyonun
giderilmesi amaciyla kontrollii antibiyotik salimi hedeflenmistir. Kil
katkismim malzemenin morfoloji ve tanecik boyutu, kimyasal yapisi, yiizey
yikii, antimikrobiyal aktivitesi ve sahm profili iizerindeki etkileri
incelenmistir.

2. Materyal-Yontem

2.1. Materyal

Kiire tiretimi i¢in yiliksek molekiil agrlhikli kitosan, asetik asit (Sigma-
Aldrich) ve nanokil katkis1 olarak montmorillonite (OMMT) (Cloisite 10A,
Southern Clay Products Inc.) kullaniimistr. Model antibiyotik olarak
Vankomisin (Anko-L 500mg, Mustafa Nevzat) kullanimistir.

2.2. Antibiyotik yiiklii kiirelerin iire timi

%2 (w/w) kitosan, %90 asetik asit ¢ozeltisi igerisinde ¢oziilerek bir gece
boyunca karstiriimistir. Antibiyotik ylikli kompozit kiire iiretimi i¢in %3
(w/w kitosan) kil ve Vankomisin (%10 w/w kitosan) polimerik ¢ozeltiye
eklenmistir. Kil ve antibiyotigin polimer ¢ozeltisi iginde homojen dagilmi
icin 10000psi basing ve 5 dongii kosullarmda mikrofluidizer (Microfluidics)
cihazi kullanilmistir. Nanokiireler; 10 cm uzaklik, 20 kV voltaj ve 5 mlh
akis hizi ¢aligma kosullarinda elektrosprey yontemi ile elde edilmistir.
Cahgma kosullar;; wvoltaj, akis hizi ve mesafe parametrelerinin
optimizasyonu ile belirlenmistir.

2.2. Karakterizasyon

2.2.1. Tanecik boyutu ve morfoloji

Olusturulan kitosan/kil nanokiirelerin boyut ve morfolojisini incelemek
amactyla SEM analizi Quanta FEG 250 (7x10”°mbar ve 15mA) ile
yapilmistir. Analiz 6ncesi malzemeler Argon gazi ile kaplanmistir (Emitech
K550X). Kiire ¢aplarinin hesaplanmasi i¢in ImageJ yazilimi kullanilmistir.
Ayrica, kil katkili kitosan nanokiirelerin hidrodinamik ¢apt DLS analizi ile
belirlenmistir.
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2.2.2. Kimyasal karakterizasyon

Antibiyotik iceren kitosan/kil nanokiirelerin kimyasal karakterizasyonu ve
ilag-polimer arasmndaki etkilesimin belirlenmesi amaciyla FT-IR (ATR)
(Shimadzu FTIR-8400S) spektrometre kullanilarak  4000-650 cm™
araligmda analiz yapilmistir.

2.3. Zetapotansiyeli

Kitosan/kil kompozit kiirelerin yiizey yikleri Nanoplus Zeta Sizer
(Particulate System) ile belirlenmistir.

2.4. Antimikrobiyal aktivite

Antibiyotik yiikli kompozit nanokiirelerin antimikrobiyal aktivitesi agar
difiizyon yontemiyle belirlenmistir. Model bakteri olarak Staphylococcus
aureus (Gram-pozitif) ve Echerichia coli (Gram-negatif) se¢ilmistir.

2.4. Salim profili

Antibiyotik yiiklii kiireler, mikrofluidizerden gegirildikten sonra elektrosprey
yontemi ile toz kiire formunda yiizey {izerinde toplanmistir. Yiizey iizerinde
toz formunda toplanan Vankomisin i¢eren kitosan/kil nanokiirelerin salim
cahsmalari, 37°C’de, fosfat tamponunda (PBS, pH=7.4) ve 75rpm karistrma
hiznda incelenmistir. Belirlenen periyotlarda 6rek almarak UV-VIS
spektrofotometre (Varioskan) ile okutularak miktar tayini yapilmistr. Salim
sivisindaki vankomisin miktar tayini, hazrrlanan kalibrasyon egrisine gore
282nm'de belirlenmistir.

3. On Sonuclar
Antibiyotik yiiklii kitosan/kil nanokiire leri elektrosprey yontemi ile basariyla

tiretilmistir. Mikrofluidizer kullanilarak elde edilen kiirelerin iiniform yapisi
ve homojen c¢ap dagilimi SEM analizi ile goézlemlenmistir. Kiirelerin
ortalama ¢aplar1t 166+4nm olarak hesaplanmistr. Kil katkili kitosan
nanokiirelerin hidrodinamik ¢ap1 282nm olarak bulunmustur. FT-IR analizi
ile kil katkismin yapiya dahil oldugu belirlenmistir. Vankomisin katkisi ile
elde edilen kompozit nanokiirelerin ylizey yiiklerinde artis gozlemlenmistir.
Uretilen ilag yiiklii kiirelerin S. aureus bakterisine karsi antimikrobiyal etki
gosterdigi  belirlenmistir.  Kil katkis1 ile  antibiyotik  salimmm
yavaglatilmasmndan dolay1 daha kii¢iik zon ¢aplar1 gézlemlenmistir. Anyonik
yapili kil ve katyonik kitosan arasindaki elektrostatik etki sebebi ile kil
katkili nanokiirelerde daha kontrollii bir salm profili elde edilmistir.
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PROTOTYPE LEVELS STUDIES FOR REMOVING CHROME ON
PLATED PLASTICS

KROM KAPLANMIS PLASTIKLERIN AYRISTIRILMASI ICIN
PROTOTIP DUZEYINDEKI CALISMALAR

Cagla Tiife kcil, Yasemin Giindogdu Ceylan1 ,
B-Plas Bursa Plastic, Metal, Construction, Energy, Mining,
Geothermal, Tourism, Civil Aviation and Agriculture Company

DOSAB Orkide Sok, 16369, Osmangazi/BURSA, Turkey

*caglaa@bplas.com.tr

ABSTRACT

The Purpose

Polymer components are routinely employed in a wide variety of situations
especially in the automotive industries because of their lightweight,
durability, ease of shaping and some other properties. For visible
applications, their aesthetic appeal is commonly enhanced by the application
of surface coatings, such as paints or chrome plate. During the coating
processes, it is commonly found that a significant number of components fall
below the quality specified and increases the costs of the process, therefore
some remedial actions are required. And also, at the end of component life
coating removal may be required to enhance its ability to be reused or
recycled. The complete reutilization of polymeric and metallic substrates and
the recovery of plating components, avoiding the contamination of the
environment has gained more importance.

The recovery of metal and plastics through chromium-plated plastic and the
recovery of defective coated plastic parts, together with a reduction in the
raw material consumption recycling rate, is a cost-effective and cost-
effective process. In this project study, it is aimed to recycle the copper,
nickel and plastic used in the coating process by separating the metal and the
plastic with the scrap products produced during the metal coating processes.
In this way, both environmentally friendly and more economical production
technology will be provided.

Material and Methods

In order to produce a successful product with the project, plastic and metal
recovery studies will be carried out at the laboratory level. Then the
production parameters will be determined during the prototype plant phase
and the most efficient method will be established. Experiments to be carried

234


mailto:*caglaa@bplas.com

5™ INTERNATIONAL POLYMERIC COMPOSITES SYMPOSIUM AND WORKSHOPS
V. ULUSLARARASI POLIMERIK KOMPOZITLER SEMPOZYUMU VE CALISTAYLARI

out on prototypes will be based on parameters such as the length of time the
pieces remain in the bath, the passage speeds of the bars, and the hanger
designs. Problems encountered at each stage of the process to be applied to
prototype testing, appropriate solutions will be found and optimization of the
process will be realized.

Discussion and Recommendation

Since it is determined that the production process is erroneous, the storage of
discarded parts and the parts that have reached the end of their life lead to a
great deal of idle capacity, and an unknown economic recycling process is
problematic. Metals used in coatings are a major economic resource and
have the potential to create uncontrolled stacking environmental risk. If the
proposed re-usability process is shown to be economical and feasible, a
significant solution will be obtained and market share development will be
possible by reducing the cost of production. Besides the acquisition of a
prototype that can be used and developed for different R&D studies later, the
establishment of an R&D culture in the firm is among the achievements of
the project.

Project is supported by TUBITAK TEYDEB 1501 Industrial R&D
Programme (N0:3140359).

OZET

Ama

Plastigli malzemeler hafif, dayamikl, kolay sekillendirebilir ve en Snemlisi
ekonomik olmalarmdan dolay1 basta otomotiv sektdrii olmak iizere giinliik
hayatmizm hemen hemen her noktasmda kullanilmaktadr. Ozellikle
gorlintlisii nedeniyle metal parcalarm kullanildigi birgok iirliniin hem agir
hem de pahali olmasi ayni goriintiiye sahip daha ekonomik pargalarm
arayisinil ortaya ¢ikarmistr. Bunun sonucunda daha hafif olan plastik
parcalarm metal kaplanmas1 son yillarda biiyiik 6nem kazanmustir. Ozellikle
aracm kapi kolu, vites kolu kaplama, gisterge ¢ercevesi gibi i¢ parcalarda,
0n 1zgara veya tampon iizeri gibi dig parcalarda miisteri albenisini arttrmak
amaciyla uygulanmaktadir.

Krom kaplanan plastik {izerinden metal ve plastigin geri kazanilmasi
projesinin amaci1 da hatali kaplanmig plastik parcalarm geri ddniisiimiiniin
saglanmasi ile birlikte hammadde tiiketimi geri doniisiim oranmin azalmasi,
maliyet diiserek daha ekonomik bir proses olmasidir. Bu proje ¢aligmasmda
metal kaplama islemleri srasinda ortaya ¢ikan iskarta {irinlerde, plastik ile
metal kaplamay1 ayrarak kaplama prosesinde kullanilan bakir, nikel ve
plastigin geri doniistimiinii saglamak hedeflemektedir. Bu yol ile hem daha
cevre dostu hem de daha ekonomik firetim teknolojisi kullanilmasi
saglanmis olacaktir.
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Mate ryal Metot

Proje ile basarili bir iiriin iiretebilmek i¢cin plastik ve metal geri kazanim
cahsmalar1 incelenerek laboratuvar diizeyinde gergeklestirilecektir. Daha
sonra iiretim parametreleri prototip tesis asamasinda belirlenerek en verimli
yontem olusturulacaktir. Prototip tesiste yapilacak denemeler kaplanmig
parcalarm sokiim denemeleri parcalarm banyolarda kalma siireleri, baralarm
gecis hizlar, aski dizaynlar1 vb. parametreler g6z Oniine almarak
yapilacaktr. Prototip tesiste uygulanacak olan prosesin her agamasminda
karsilagilan problemler tespit edilecek, uygun ¢oziimler bulunarak prosesin
optimizasyonu gergeklestirilecektir.

On Degerlendirmeler

Uretim siirecinde hatali oldugu belirlendigi icin iskarta durumundaki ve
kullanim Omriinii tamamlamis parcalarm depolanmasi biiylik bir atil
kapasiteye yol agmakta, kullanilan ekonomik bir geri doniistiirme isleminin
bilinmemesi sorun olusturmaktadir. Kaplamada kullanilan metaller biiyiik
bir ekonomik kaynak oldugu gibi kontrolsiiz istifleme cevre riski olusturma
potansiyeline sahip bulunmaktadir. Projede 6ngoriilen tekrar kullanilabilirlik
prosesinin ekonomik ve uygulanabilir oldugunun gosterilmesi halinde
o6nemli bir ¢éziim elde edilmis olacak, {iretim maliyeti diisiiriilerek pazar
pay1 gelisimi soz konusu olabilecektir. Daha sonra farkh Ar-Ge c¢alismalari
icin kullanilabilir ve gelistirilebilir bir prototibin kazanilmasi diginda,
firmada bir Ar-Ge Kkiiltiiriinin  yerlesmesi de projenin  kazanimlari
arasmdadr.

TUBITAK TEYDEB 1501 SANAYI AR-GE Programu kapsammda
desteklenmig 3140359 nolu projedir.
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PREPARATION OF NBR/LIGNIN ELASTOMERIC COMPOSITE
SYSTEMS: EFFECT OF LIGNIN ON THE THERMAL AND UV
STABILITY OF NBR

NBR/LIGNIiN ELASTOMERIK KOMPOZIT SISTEMLERININ
HAZIRLANMASI: LijiN’iN NBR'NIN ISIL VE UV
KARARLILIGI UZERINDEKI ETKISi

Davut Aksiit', Bagdagiil Karaagac’, Murat Sen'’,

'Department of Chemistry, Hacettepe University, Beytepe Campus, 06080,
Ankara, Turkey
’Department of Chemical Engineering, Kocaeli University, Umuttepe
Campus, 41380, Kocaeli, Turkey

ABSTRACT

Aim

Acrylonitrile butadiene rubber (nitrile rubber, NBR) is one of the most
common raw material for rubber industry and its physical and chemical
properties strictly depend on its acrylonitrile content. It is widely used for oil
and fuel resistant rubber goods such as fuel hoses, sealants, and o-rings.
Besides its good properties, main restrictions to use NBR are its poor
mechanical properties, poor ozone resistance, and mild thermal resistance.

Lignin is an amorphous natural polymer composed of carbonyl, hydroxyl,
methoxy, and phenylpropane units. Approximately 50 million tons of lignin
is produced each year by chemical treatment of wood in pulping step .
Lignin can meet great interest to use in engineering materials as a resin due
to its abundancy and low price *°. Lignin is also thought to be regarded as
a suitable  stabilizer against environmental effects as well as it can be used
as a filler / additive in polymeric materials. In this study, lignin has been
evaluated as a stabilizer for improving thermal and UV aging resistance of
NBR. A series of NBR based rubber compounds were prepared
incorporating various amounts of lignin, which was obtained directly from
the cellulose production, into the rubber compounds.

Material-Method

Commercially available NBR (Kraynac 3330) was used as main matrix.
Lignin was kindly obtained from Zonguldak Caycuma OYKA A.S. as raw
and with 76% dry content. Carbon black (HAF N330) and naphthenic oil
(OCTOPUS N 418, Petroyag) was used in compounding step as reinforcing
filler and process oil, respectively. The other compounding ingredients were
commercially used chemicals in rubber and tyre industries.

Lignin containing NBR compounds were prepared using a Met-Gur brand
internal mixer (banbury) with tangential blades and an gross volume of 4L.
Rheological properties of the compounds were measured by using a moving
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die rheometer (MDR, Technologies MDR 2000B) at 180°C after
conditioning the compounds for 24 h. Compounds were vulcanized and
molded in an hot press(Brabender) at the same temperature and under 200
bar pressure for their respective optimum cure times, which were determined
from the rheometer curves. The samples required for mechanical testing
were cutted from the vulcanized sheets in accordance with 1ISO 37 standard.
Mechanical tests were carried out using a Zwick Z010 universal tester with
of 100 mm / min crosshead rate. In order to determine the effect of lignin on
thermal aging behavior, vulcanized samples were aged in an oven for 2,4, 7
and 14 days at 70 °C, according to ASTM D573.UV aging was performed
according to ASTM G154 by using Q-Lab's QUV accelerated climate
conditioning tester.

Discussion and Recommendations:

Assessment of the rheological properties has shown that lignin acts as a co-
agent with accelerating effect in sulfur vulcanization system increasing
crosslink density. Furthermore, it has been concluded that, the presence of
lignin in the compounds provides improved thermal and UV aging resistance
of NBR.

Keywords: Lignin, nitrile rubber, thermal aging, UV aging

OZET

Amag

Lignin karbonil, hidroksil ve metoksi ve fenilpropan birimlerinden olusan
amorf bir dogal polimerdir. Her yil yaklasik 50 milyon ton lignin, odundan
seliiloz iiretimi srasmda atik olarak ¢ikmaktadwr. Ligninin, bol ve nispeten
diisiik fiyath bir madde olarak, fenol formaldehid re¢ineler, vb. miihendislik
malzemelerinde kullanmmi biiyiik ilgi gormektedir™?®.

Akrilonitril biitadien kaugugu (nitril kauguk, NBR), fiziksel ve kimyasal
ozellikleri polimerin nitril bilesimine bagh olarak degismektedir. Genellikle
yag, yakit ve diger kimyasallara karsi direnclidir. Otomotiv ve havacilik
endiistrisinde yakit ve yag tagima hortumlari, kegeler ve kendinden
sizdrmaz yakit depolari vb. yapmak i¢cin kullanilr. Nitril kaugugu
ekonomik, yag ve gres dayamimi, yirtilma mukavemeti, suya karsi direnci
yiiksektir. NBR'min uygulamadaki baslica smwrlayic1 ozellikleri zayif
mekanik ozellikleri, zayif ozon ve hava direnci ve makul 1s11 direncidir.
Ligninin, kauguk hamurlarinda kullanilabilecek uygun bir dolgu/katki olarak
da degerlendirilebilecegi diisiiniilmektedir. Lignin ¢evresel etkilere karsi bir
stabilizatér gorevi gormektedir. Bu ¢alismada seliiloz iiretimi swrasinda atik
olarak ortaya ¢ikan ligninin baglayic1 ajan olarak, NBR’1n kiikiirtlii pisirme
sistemlerindeki etkisinin degerlendirilmesi amaglanmistr.  NBR esasl
kaucuk hamurlarma artan oranlarda lignin eklenerek bir dizi hamur
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hazirlanmig, 1511 ve UV kaynakli yaslanma karsismdaki davranislan
karsilastrmali olarak incelenmistir.

Material-Yontem

Cahgmada kullanilan nitril kaugugun ticari kodu Krynac3330’dur. Lignin,
Zonguldak Caycuma OYKA Kagt Ambalaj Sanayi ve Ticaret A.S.
tesislerinden %76 kuru madde iceriginde ham olarak temin edilmistir.
Takviye edici dolgu maddesi ve proses yagi olarak sirasiyla HAF N330
karbon karasi ve Petroyag firmasmm OCTOPUS N 418 kodlu naftenik yagi
kullaniimistir.

Hamurlar, tanjantsal bigaklara sahip ve briit hacmi 4 L olan Met-Giir marka
dahili karigtiric1 (banbury) kullanilarak hazrlanmistwr. Hamurlarm reolojik
ozellikleri, 24 saat sartlandirilma sonrasnda, Alpha Technologies MDR
2000B model hareketli kalip reometresiMDR) ile 180°C” de 6lgiilmiistiir.
Reometre egrilerinden elde edilen optimum pisme siireleri uyarmca, 2 mm
kalmhgmdaki kaliplar i¢erisinde Brabender marka Polystat200T hidrolik
pres kullanilarak 200 bar basmng altmda ve 180 °C’de vulkanize edilmistir.
Plakalardan ISO 37 standardma uygun olarak mekanik test icin gerekli
numuneler ¢ikarilmigtir. Mekanik testler 100 mm/dk ¢ekme hiziyla Zwick
Z010 evrensel test cihazi kullanilarak gergeklestirilmistir. Ligninin 1s1l
yaslanma davranigma etkisini belirlemek amaciyla vulkanizatlar, ASTM
D573 standardma gére 70 °Cede, 2, 4, 7 ve 14 11l yaglanmaya tabi
tutulmustur. Ligninin UV yaslanma davranigina etkisini belirlemek amaciyla
ornekler, Q-Lab QUV hizlandirmali iklim sartlandrma test cihaz1
kullanilarak ASTM G154 standardma gore yaslandirilmistr. Yaslanma
sonrasi degisimlerin belirlenmesi i¢in mekanik testler yaslanmis &rnekler
iizerinden tekrarlanarak degisimler raporlanmustr.

On Degerlendirmeler

Reolojik 6zelliklerin degerlendirilmesiyle, ligninin, nitril kaugugun kiikiirtle
vulkanizasyonunda hizlandurma etkili bir koajan olarak rol oynadigi ve
carpaz bag yogunlugunu arttrdigi goriilmiistiir. Bunun yani sira; karigimda
lignin’in varligmin NBR elastomerinin 1s1l ve UV kaynakl yaslandrmasina
karsi direncini artrdigi  tespit edilmistir.

Keywords: Lignin, nitril kauguk, 1s1l yaglandirma, UV yaslandirma
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ABSTRACT

It is known that the chemical methods used in the industrial sector are more
advantageous to use the biological methods to reduce this harm than the
worst when the efficacy of the waste end-effecting substances on the
environment is taken into consideration. The binding of the nanostructured
material with the enzyme system that can be used for this purpose is a
preferred condition for immabilized enzymes. Within the scope of the study,
nano-sized p(GMA) nanopolymer will be synthesized by surfactant free
emulsion polymerization method. The size of the polymers will be
determined by nano scale by SEM (Scanning Electron Microscope) and
ZETA-sizer analysis. P(GMA) nanopolymers are derivatized with IDA then
modified with Cu®* to be specific for the laccase enzyme immobilization.
After this process characterization of the nanopolymer will be performed by
Fourier Transform Infrared Spectroscopy (FTIR), Scanning Electron
Microscope (SEM) analysis. Optimum conditions (pH, initial laccase
concentration, temperature, ionic strength) for laccase binding will be
determined, activity measurements will be made.

Mate rial-Method

GMA (glycidyl methacrylate), EGDMA (ethylene glycol dimethacrylate),
PVA (polyvinyl alcohol), KPS (potassium persulfate), IDA (iminodiacetic
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acid), (Cu(NO3)),, Na,COs, ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulphonic acid) diamonium salt) were provided from Sigma-Aldrich.

pP(GMA) synthesis

Surfactant free emulsion polymerization technique was used for the
synthesis of p(GMA) nanoparticles. Initially, as a stabilizator PVA was
dissolved in deionized water and transferred to a polymerization reactor.
Then, as a monomer GMA and a crosslinker EGDMA were added to the
PVA solution and slowly shaken for 30 s. After that initiator potassium
peroxy sulfate was added to the polymerization mixture and this solution
was incubated for 4 h at 70 °C. At the end of this polymerization process,
reaction mixture was cooled down to room temperature and washed with
ethanol and water several times in order to remove the unreacted monomers.

Modification p(GMA)-IDA nanopolymers

IDA was covalently bonded to the p(GMA) nanopolymers in order to
provide a chelating agent for Cu?*. For this, IDA solution (10 mg/mL pH
11.0) was mixed at 75 °C for 6 h. After this time period, unreacted IDA was
removed from the nanopolymers by several washing with acetic acid (5%)
and distilled water.

Chelation of Cu®" ions

In order to chelate the Cu** ions to the p(GMA)-IDA nanopolymers, 30 ppm
of Cu(NO3), solution (%10 HNO3 solution; pH 4.1) was mixed with
cryogel at 25 °C for 1h. Prepared p(GMA)-IDA-CU** nanopolymers were
washed seweral times with water and stored in the sodium azide solution
until it used.

Immobilization of laccase

With p(GMA-IDA)-Cu2" nanopolymers, the adsorption of laccase enzyme
which was isolated from T. versicolor is studied with acetate and phosphate
buffers at various pH values. The enzyme initial concentration was 0.5
mg/mL in each corresponding buffer. Adsorption experiments were
conducted for 120 min at 25 °C with continuous stirring. The effect of
temperature (4-45 °C) and ionic strength (0-15 M NaCl) on laccase
adsorption were studied. The amount of adsorbed laccase on the p(GMA-
IDA)-Cu** nanopolymers was determined by measuring the initial and final
concentrations of protein within the adsorption medium using UV-visible
spectrofotometer. Nanopolymers washed with corresponding buffer solution
after adsorption of laccase before activity assay and investigation of
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biocatalytic properties. The experiments were performed in replicates of
three and the samples were analyzed in replicates of three as well. For each
set of data present, standard statistical methods were used to determine the
mean values and standard deviations.

Assays of laccase activity

The assay of laccase activity of free and immobilized laccase were
determined as substrate ABTS [2,2'-Azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) diammonium salt], spectrophotometrically in 420nm.

Result Discussion

Modified GMA polymer has been synthesized and the enzyme binding
studies are still in the experimental phase.

OZET

Endiistri sektoriinde kullanilan kimyasal yontemlerin, atik sonucu agiga
¢ikan  maddelerinin  ¢evreye  verdikleri  etkileri g6z  Oniinde
bulunduruldugunda bu zarari en aza indirgemek icin biyolojik yontemlerin
kullanilmasmm daha avantaji oldugu bilinmektedir. Bu amacla
kullanilabilecek enzim sistemi ile nanotasiyici malzemelere baglanmasi
immobilize enzimler i¢cin tercih edilen bir durumdur. Calisma kapsaminda
nano boyutta p(GMA) nanopolimeri surfaktant igermeyen emiilsiyon
polimerizasyon yontemiyle sentezlenecektir. Polimerin boyutlarmim nano
oldugu SEM ve Zeta-boyut analizleri ile belirlenecektir. p(GMA)
nanopolimerleri iminodiasetik asit (IDA) ile tiirevlendirilip ardndan Cu®* ile
modifiye edilerek lakkaz enzimi immobilizasyonu icin spesifik duruma
getirildikten sonra nanopolimerin karakterizasyonu FTIR, SEM analizleri
ile gerceklestirilecek, Lakkaz baglanmasi i¢cin optimum kosullar (pH,
baslangic lakkaz derisimi, sicaklik, iyonik siddet) belirlenecek, optimum
kosullar belirlenip aktivite dlgtimleri yapilacaktir.

Materyal- Metod

GMA (glisidil metakrilat), EGDMA (Etilen metakrilat), PVA (Poli vinil
alkol), KPS (Potasyum persiilfat), IDA (Imniinodiasetik asit), (Cu(NO3),),
Na,CO;, ABTS (2,2'-Azino-bis(3-etilbenzothiazolin-6-sulfonik  asit)
diamonyum tuzu) Sigma-Aldrich’ten temin edilmistir.
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P(GMA) sentezi

p(GMA) nanopolimerlerinin  sentezi i¢cin  siirfaktansiz  emiilsiyon
polimerizasyon yontemi kullanilmaktadw. Baslangicta, dengeleyici olarak
PVA deiyonize suda ¢oziiliir ve polimerizasyon reaktdriine aktarilir. Daha
sonra monomer olarak GMA ve ¢apraz baglayici olarak EGDMA, PVA
¢Ozeltisine ilave edilir, yavas yavag 30 saniye calkalanir. Bundan sonra
baslatic1 Potasyum persiilfat polimerizasyon karigimma eklenir ve ¢ozelti
70°C'de 4 saat inkiibe edilir. Bu polimerizasyon igleminin sonunda reaksiyon
karigimi oda sicakligma sogutulur ve reaksiyona girmemis monomerlerin
uzaklastirilmasi i¢in etanol ve su ile birka¢ kez yikanr.

p(GMA)-IDA nanopolimerinin modifikasyonu ve Cu* ile selatlanmasi

IDA ¢dzeltisi, polimer ile birlikte 75 °C' de 6 saat karistirilir. Bu siirenin
sonunda reaksiyona girmeyen IDA, nanopolimerlerden, asetik asit ve
damitilmss su ile ardisik yikama yapilarak ¢ikarilir. Cu®* iyonlarmi p(GMA)-
IDA nanopolimerlerine selatlamak i¢in, Cu(NO3), solisyonu 25 °C' de
nanopolimerde 1 saat karstrilr. Hazrlanan p(GMA)-IDA-CU*
nanopolimerleri su ile birkag kez yikanur.

Lakkazin immobilizas yonu

P(GMA-IDA)-CU** nanopolimerlerinde, T. versicolor'dan izole edilen
lakkaz enziminin adsorpsiyonu i¢cin ¢esitli pH'larda asetat ve fosfat
tamponlar1 ile c¢aligilir. Sicaklik ve iyonik siddetin lakkaz adsorpsiyonuna
etkisi arastrilr. p(GMA-IDA)-Cu*" nanopolimerleri iizerindeki adsorbe
lakkaz miktary, UV-goriiniir spektrofotometre kullanilarak adsorpsiyon
ortami i¢indeki protein baslangic ve son derisimlerinin Slgiilmesi ile tespit
edilir. Serbest lakkaz ve immobilize lakkazin aktivitesinin tayini,
spektrofotometrik olarak 420nm’de substrat olarak ABTS [2,2'-Azino-bis (3-
etilbenzotiazolin-6-siilfonik asit) diamonyum tuzu] belirlenmistir.

On degerlendirmeler

Modifiye edilmis p(GMA) sentezlenmistir ve enzim baglama calsmalar
halen deney asamasmdadir.
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ABSTRACT

Aim ofthe Study

In this study, the influence of PTFE and wax on the tribological properties of
polyamide 6 composite filled with wt. 20 % carbon fiber was investigated.

Materials and Methods

The PTFE and wax filler contents of the composite were by wt. 10 % and
wt. 4 %, respectively. Carbon fiber, PTFE and vax materials has been mixed
and granulated on a twin screw extruder which has 26 mm L/D ratio and 11
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different heat area and the wear test specimens prepared on injection
machine. Wear and friction tests were carried out in a dry environment using
a pin-on-disc system at 10-20-30-40 N load and 0.4-0.8-1.2 m/s sliding

speed.

Fig. Pin on disc type wear test machine.

Results

As a result of the study, the coefficient of friction and wear rate increased
with increasing load and sliding speed. It has been determined that the most
important parameter which affects the coefficient of friction between the
applied load and shear rate ranges is the load. The coefficient of friction
increased due to the increased shear rate and also the wear rates of PA6
composite materials have been increased by increasing the slip speed.
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Fig. Friction coefficient-slip distance relationship of PA6 and PA6 polymer
composites.
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PTFE and wax additives significantly reduced the friction coefficient and
wear rate of 20 % carbon fiber filled PA6 polymer composites. The lowest
coefficient of friction and wear rate were obtained on the 4 % wax filled
P A6 composites.
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Fig. (a) Coefficient of friction-shear rate change, (b) Wear rate-shear rate
change; (Load: 20N).

Keywords: PAG6, Carbon fiber, Coefficient of friction, Wear rate
OZET
Amag

Bu ¢aligmada, kat1 yaglayici olarak kullanilan politetrafloretilen (P TFE) ve
Wax (vaks) katkilarm, agirlikca %20 karbon elyaf katkili PA6 (P A6/20KE)
polimer kompozitlerin tribolojik 6zelliklerine etkisi incelenmistir.

Malzeme ve Yontem

Cahgmada, PTFE katki oram agmrlik¢a % 10, vaks katki orami ise yine
agrrlikca % 4 oranmnda kullanilmigtr. Karbon fiber, PTFE ve vaks takviyeli
P A6 polimer graniillerin liretilmesinde 11 sicaklik bolgesine sahip ¢ift vidali
ekstruder (vida ¢apt 26 mm, L/D oram 46) ve asmma numunelerinin
iiretilmesinde enjeksiyon kaliplama yontemi kullanilmistr. Asmnma ve
strtlinme testleri 10-20-30-40 N yik ve 0.4-0.8-1.2 m/s kayma hiz1
aralklarmda, kuru ortamda, pin-on-disk  sistemi  kullanilarak

gergeklestirilmigtir.

246



5™ INTERNATIONAL POLYMERIC COMPOSITES SYMPOSIUM AND WORKSHOPS
V. ULUSLARARASI POLIMERIK KOMPOZITLER SEMPOZYUMU VE CALISTAYLARI

Sekil. Pim-disk agmma cihazi

Sonug¢

Calsma sonucunda, artan yik ve kayma hizma bagl olarak siirtiinme
katsayist ve asmma orani artmistr. Uygulanan yik ve kayma hizt
araliklarinda siirtinme katsayismi etkileyen en onemli parametrenin yiik
oldugu belirlenmistir. PA6 polimerine ilave edilen karbon elyaf ve kati
yaglayict olarak kullanilan PTFE ve vaks katkilan siirtiinme katsayismi
azaltmistir. Artan kayma hizina bagh olarak siirtliinme katsayisi artmistir.
Kayma hizmin artirilmasi ile PA6 kompozit malzemelerinin agmma oranlari

artmistir.
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Sekil. PA6 ve PAG6 polimer kompozitlerin siirtiinme katsayisi-kayma
mesafesi iliskisi.

%20 Karbon elyaf katkii PA6 polimerine ilave edilen PTFE ve vaks
katkilar1 siirtlinme katsayismi ve asmma oranini dnemli oranda azaltmigtir.
En disiik sirtinme katsayisi1 ve asmma orant %4 vaks katkili PAG6
numunede elde edilmistir.
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(Yiik: 20N).

Anahtar Kelimeler: PA6, Karbon elyaf, Siirtiinme katsayisi, Asnma orani.
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EFFECT OF CHEMICAL MODIFICATIONS ON COCONUT
WASTE SHELL/EPOXY COMPOSITES PROPERTIES

KIMYASAL MODIFiKASYON iSLEMLERININ HINDISTAN
CEVizi KABUQU ATIGI/EPOKSI KOMPOZITLERININ
OZELLIKLERINE ETKISi

Jannat Fouad Hakeem, Suheyla Kocaman, Gulnare Ahmetli

Selcuk University, Faculty of Engineering, Dept. of Chemical Engineering,
Kampus, Konya
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ABSTRACT

Aim

In this study, coconut shell waste (CW) was used as raw material to obtain
bio-based epoxy composite materials. The chemical modifications of CW

with alkali and acetic anhydride were performed and investigated the effect
on mechanical properties of composites.

Mate rial-method

Bisphenol F-type epoxy resin (ER)-NPEF 170, aromatic amine type
hardener and epoxy embedding medium accelerator 2,4,6-
tris(dimethylaminomethyl)phenol which purchased from Sigma-Aldrich
were used. Coconut as imported product was obtained from nearby local
market and the shell with coir powder were obtained by grinding in mill and
sieved.
CW was used as filler in 3 different forms:

e untreated CW,

e treated with 5% NaOH solution CW,

e modified CW with acetic anhydride (AA).
The grinded CW fillers (particle size<63 pum obtained by using 230 mesh
sieve) were mixed in various wt% (10-50 wt%) with epoxy matrix by
mechanical stirring and the mixture is ultrasounded for 1h at 60 °C.
Afterwards, the curing agent (30 wt%) and epoxy accelerator (1 wt%) were
added. The samples were formed in stainless-steel molds which were
prepared according to ASTM D 638 standard and cured at 60 °C.
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Discussion and recommendations

Table 1. Mechanical properties of composites

CWwW Elongation at || Tensile E-modulus
(wt%o) break strength (GPa)
(%) (MPa)
NPEF-170 (ER)
- 1.067 | 108 | 9.0
ER/untreated CW composites
10 1.234 114 9.3
20 0.974 132 9.5
30 0.921 134 9.4
40 0.666 98 9.7
50 0.659 104 9.9
ER/NaOH treated CW composites
10 1.010 133 6.8
20 1.002 1654 7.2
30 0.958 134 8.8
40 0.942 134 9.5
50 0.515 137 8.9
ER/AA modified CW composites
10 1.250 151 9.3
20 1.160 160 9.5
30 0.958 140 8.6
40 0.931 137 8.1
50 0.622 137 8.6

As seen from Table 1, the chemical modification significantly affected the
tensile strength and modulus values of the CW composites. The tensile
strength and elongation of the composites increased in the order of untreated
CW <NaOH treated CW <AA modified CW. The most appropriate filler
amount were determined as 30%, 20% and 20 wt% for untreated CW, NaOH

treated CW and AA modified CW, respectively.

Keywords : biocomposite, epoxy resin, mechanical properties
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OZET
Amag

Bu c¢alismada biyobazli epoksi kompozit malzemeler elde etmek i¢in
hindistan cevizi kabugu (HCK) kullanilmistr. HCK’nmn alkali ve asetik
anhidiritle kimyasal modifikasyonu yapilarak kompozitlerin mekanik
Ozelliklerine etkisi incelenmistir.

Mate ryal-yontem

Cabsmamizda matris sistemi olarak NPEF-170 olarak adlandirilan bisfenol-
F tipi epoksi regine, kiirlestirici olarak poliamin, hizlandrict olarak 2,4,6-
tris(dimetilaminometil)-fenol  (Sigma-Aldrich) kullanilmistrr.  hindistan
cevizi yerel marketlerden temin edilmistir. Hindistan cevizleri kirilarak
icinden (beyaz kisimdan) ayrilmis, kabuk kismmin tamamu lifle birlikte
kirtp  6giitiilmiistiir. Hindistan cevizi kabugu kompozitlerde 3 farkl sekilde:

e islenmemis ham haliyle,

e % 5’lik NaOH ¢ozeltisinde muamele edilerek,

e asetik anhidirtle (AA) modifiye edilerek kompozitlerin

hazirlanmasinda kullamlmistir.

Pargacikk boyutu <63 pum olan HCK Kkiitlece %10-50 oranlarmda epoksi
matris ile Oonce mekanik olarak, daha sonra 1 saat 60 °C’da ultrasonic
banyoda karistrilmistwr. Daha sonra %30 oraninda kiirlestirici ve %]l
oraninda hizlandrict ilave edilerek ASTM D 638 standartlarina gore
hazirlanan kaliplara dokiilmiistiir. Numuneler 60 °C’da kiirlenme islemine
tabi tutulmustur.
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On degerlendirmeler

Tablo 1. Kompozitlerin mekanik 6zellikleri

HCK Cekme uzamasi || Cekme E-modiil
(kiitlece %) || (%) dayaminm (GPa)
(MPa)
NPEF-170 (ER)
- | 1.067 | 108 | 9.0
ER/isienmemis HCK kompozitleri
10 1.234 114 9.3
20 0.974 132 9.5
30 0.921 134 9.4
40 0.666 98 9.7
50 0.659 104 9.9
ER/NaOH’le islenmis HCK kompozitleri
10 1.010 133 6.8
20 1.002 154 1.2
30 0.958 134 8.8
40 0.942 134 9.5
50 0.515 137 8.9
ER/AA’le modifiye HCK kompozitleri
10 1.250 151 9.3
20 1.160 160 9.5
30 0.958 140 8.6
40 0.931 137 8.1
50 0.622 137 8.6

Tablo 1’den goriildiigii gibi, kimyasal modifikasyon HCK kompozitlerinin
cekme dayanimi ve elastisite modiil degerlerini 6nemli derecede etkilemistir.
Kompozitlerde ¢ekme dayanmi swrasiyla; islenmemis HCK < NaOH ile
islenmis HCK < AA ile modifiye HCK seklinde artmistir. Kompozitler i¢in
en uygun dolgu orani; islenmemis, NaOH’le islenmis ve AA ile modifiye
edilmis HCK i¢in swrasiyla %30, %20 ve %20 olarak belirlenmistir.

Anahtar kelimeler: biyokompozit, epoksi re¢ine, mekanik 6zellikler
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TENSILE BEHAVIORS OF BASALT/EPOXY COMPOSITES AT
SEA WATER CORROSION CONDITION

DENIiZ SUYU KOROZYON ORTAMINDA BAZALT/EPOKSI
KOMPOZITLERIN CEKME DAYANIMI DAVRANISLARI
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ABSTRACT

There are many studies and applications about Glass Fiber and Carbon Fiber
Reinforced Polymer composites. Howewer, there are not sufficient wide
ranges of studies in literature about Basalt Fiber Reinforcement (BFR). In
addition, the effects of nanoparticle addition into polymer matrix by
reinforcing BFR to composites have not been researched enough especially
corrosion conditions. In this research, the effects of SiO, nanoparticle
addition into Basalt/Epoxy composite have been researched at the sea water
(mediterrian sea) corrosion condition. %4 wt. SiO, nanoparticles have been
filled into epoxy polymer matrix and stirring by ultrasonic mixture process.
%4 wt. SiO, nanoparticles filled and unfilled Basalt/Epoxy composites have
been exposed to sea water during 0, 10, 20 and 40 days. At the end of
corrosion waiting periods, SiO, nanoparticles filled and unfilled
Basalt/Epoxy composites have been applied to the tensile tests according to
ASTM D 3039/D 3039M. The tensile strengths of nanoparticle filled and
unfilled Basalt/Epoxy composites have been found and compared with each
other according to corrosion periods. The decreases of tensile strength of
nanoparticle filled and unfilled Basalt/Epoxy composites exposed to 0, 10,
20 and 40 corrosion days and the contributions of SiO, nanoparticle were
determined. The decreases of tensile strength of SiO, nanoparticle filled
Basalt/Epoxy composites was found as lower than unfilled Basalt/Epoxy
composites. In addition, same cases of SiO, nanoparticle filled BFR/Epoxy
composites were defined for sea water absorption. It was observed that sea
water absorption of Basalt/Epoxy composites related in and affected the
mechanical properties of them.

Keywords: Basalt fiber reinforcement (BFR), sea water corrosion,
mechanical properties, SiO, nanoparticle, nanocomposite.

253



5™ INTERNATIONAL POLYMERIC COMPOSITES SYMPOSIUM AND WORKSHOPS
V. ULUSLARARASI POLIMERIK KOMPOZITLER SEMPOZYUMU VE CALISTAYLARI

OZET

Cam elyaflar ve Karbon elyaflar lizerine bir¢ok calismalar ve uygulamalar
olmasma karsin basalt elyaflar ile ilgili yeteri kadar ¢aligmalar literatiirde yer
almamaktadir. Ayn1 zamanda korozyon ortammda nanopartikiil katkili basalt
elyaf takviyeli kompozitler ile ilgili ¢alismalar ise olduk¢a azdwr. Bu
arastrmada, Deniz suyu (akdeniz) ortammda Bazalt/Epoksi kompozitlere
SiO, nanopartikiil katkismin etkileri incelenmistir. %4 agrhkga SiO,
nanopartikiiller epoksi matrise mekanik ve ultrasonik karistiricilar
vasttastyla  karistrilmigtr.  SiO, nanopartikiil katkih  ve katkisiz
Bazalt/Epoksi kompozitler 0, 10, 20 ve 40 giin deniz suyu korozyonuna
maruz brakilmistir. Korozyon siireleri sonunda, ASTM D 3039/D 3039M
standardma gore SiO, nanopartikiil katkili ve katkisiz Bazalt/Epoksi
kompozitlere ¢ekme deneyleri uygulanmistr. Deney sonunda SiO,
nanopartikiil katkili Bazalt/epoksi kompozitlerin ¢ekme dayanimdaki
azalmalarm daha az oldugu gozlenmistir. Bununlar birlikte SiO,
nanopartikiil  katkisiyla Bazalt/Epoksi kompozitlerde deniz suyu
absorpsiyonun daha azoldugu gortilmiistiir.

Anahtar Kelimeler: Bazalt Elyaflar, Deniz Suyu Korozyonu, SiO,
Nanopartikiil, Nanokompozitler.
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VIBRATION PROPERTIES OF CARBON NANOFIBER
REINFORCED EPOXY/GLASS MICROBALLOON SYNTACTIC
FOAM

KARBON NANO FiBER TAKViyELi EPOKSI/CAM
MIKROBALON KABARCIKLI SUNGERIN TiTRESIM
OZELLIiKLERI
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Miihendislik Fak. Makine Miih. Bol, 25240, Erzurum
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ABSTRACT

By the development of the technology day by day, this prompts researchers
to find new and functional materials. It is desired that materials are
lightweight and have improved physical, mechanical, electrical and thermal
properties at the same time. In this context, composite materials take an
important place in research subjects.

With this study, in the first step polymer composite materials have been
made lightweight by adding hollow glass microspheres into the matrix
structure. The mechanical properties of manufactured composite products
are decreased due to the porous structure. In the second step, it is aimed to
improve the mechanical properties without sacrificing weight by using
carbon nanoparticles. Carbon nanofiber (CNF) is used as the nano filler to
strengthen the structure. Thirteen different composite materials are
fabricated including neat epoxy, syntactic foam without CNF and syntactic
foam with CNF. Two types of glass MB having nominal densities of 0.12
glem® and 0.21 glcm® were used to obtain syntactic foams. Also two
different volume fraction of CNF (0.25 and 0,50 vol.%) were added into the
matrix material to observe the effect of the CNF.

Fabricated composite samples were subjected to vibration tests and both
natural frequencies and damping ratios were determined with these tests.
From the obtained results, reinforcement material has an effect on the
mechanical and dynamical properties.

Keywords: Carbon nanofiber, microballoon, syntactic foam, vibration
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OZET

Teknolojinin giinden giine ilerlemesi arastrmacilart yeni ve fonksiyonel
malzeme arayislarma itmektedir. Malzemelerin hafif olmasi ve aym
zamanda gelismis fiziksel, mekanik, elektriksel ve termal 6zelliklere sahip
olmasi arzu edilir. Bu baglamda arastrma konular1 igerisinde kompozit
malzemeler onemli bir yer teskil etmektedir.

Bu caligma ile ilk asamada polimer matris i¢erisine i¢i bos mikro cam
kiireciklerin katilmasi ile kompozit malzemenin hafifletilmesi saglanmistir.
Elde edilen poroz yapili kompozit malzemenin mekanik 6zellikleri bosluklar
nedeniyle kétiilesmektedir. ikinci asamada ise yapmin giiclendirilmesi igin
matris yapi igerisine karbon nano partikiiller ilave edilerek agrliktan 6diin
vermeden mekanik Ozelliklerin iyilestirilmesi amacglanmistr. Yapmm
gliclendirilmesinde nano partikiil olarak karbon nano fiber tercih edilmistir.
Ham epoksi, mikro cam kiire ve nano fiber katkili 13 farkli kabarcikli siinger
kompozit malzeme iiretilmistir. Yogunluklar1 0.12 g/cm® ve 0.21 glem®
olmak tizere iki tiir cam mikro balon kullanilmistr. Karbon nano fiberler
matris yapi icerisine hacimce %0.25 ile %0.5 oraninda katilmustr.

Uretilen kompozit numuneler titresim testlerine tabi tutularak hem dogal
frekanslar1 hem de soniim oranlar1 belirlenmistir. Elde edilen sonuglardan
katki iirtinlerinin mekanik ve dinamik ozellikler lizerinde etkili oldugu

saptanmugstir.

Anahtar kelimeler: Karbon nano fiber, mikro balon, kabarcikli siinger,
titresim
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