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OZET
Organik foto-elcktronik teknoloji simflari: Organik  Fotovoltaikler (OPV &
DSSC), Organik LED lambalar (OLED) ve Organik Alan Etkili Transistorlerdir
(OFET). Bu teknolojiler de ki aygitlar gelede monomolekiiler organik yapilardan
olusmaktadir,  Bunun  nedeni mono-molekiiler  yvapilardan  foto-clektron
transferleri daha etkin ve uzun 6miirlic olabilmeleridir. Diger taraftan iletken
polimerlerin zengin fiziksel ve dzellikleri, mono molekiiler yapilara OPV, DSSC
(Boyar Maddeli Giines Hiicreleri), OLED ve OFET lerde kullanim i¢in tercih
edilebilmektedirler. Organik foto-elektronik teknolojierde.  clektron donor veya
elektron akseptor olarak kullamlan polimerler;' "'
] Surlyn 1702, ftalik anhidrit/polietilen  kompoziti.  Termoplastik
olarak kullamlmaktadir (Yumugama sicakhgr ~ 150 °C),
1) BYNEL bir ftalik anhidritpolictilen kompoziti. Termoplastik olarak
kullanilmaktadir (Yumusama sicakhgr ~ 200 “C),
1) PEDOT:PSS, poli(etilen dioksitiyofen): polistiren  sulfonik asit,
OPVler, OLEDIer de yiiksck iletken ézellikli konjuge polimer, clektron tagiyici
olarak kullanilmaktadir.
iv) PSS iletken bir polimer, OPV ve OLEDIerde clektron tagyici.
V) MDMO-PPV.  poli(2-metoksi-5-(3'7 -dimetiloktiloksi)-1.4-fenilen-
vinilen: iletken bir polimer olarak OPVler, OLEDIerde elektron tasyicr.
Vi) PTPTB. poli-(tioyofen-pirol-tivofen-benzotivadiazol): iletken  bir
polimer olarak OPVler, OLEDIerde elektron tagiyicr.

Vi) P3HT. poli(3-hegziltivofen): p-tipi br vari-iletken olarak  n-tipi yari-
iletkenler tizerinde kullaniimaktadir.

Viii) Poli(4-vinilpiridin-co-acrilonitril), DSSC lerde kimyasal baglayic
Jelator.
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Figtir 1. Organic Giines Hiicresinin temel yapisi.
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ABSTRACT

Organic photo-clectronic technologies are classified as: Organic Photovoltaics
(OPV & DSSC), Organic LED lamps (OLED) and Organic Field Eftect
Transistors (OFET). These technologies are constructed mostly by the
employment monomolecular organic — structures.  In general favorable photo-
clectron transfer processes are achieved under illumination conditions with
mono-molecular structures. On the other hand advantageous and rich physical
propertics of conductive polymers can compute ith the monomolecular structures
as an alternative in construction of OPVs, DSSCs (Dye Sensitized Solar Cell),
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OLEDs and OFETs. Commonly used polymers for m:anm photo-clectronic
technologies, as electron donors or electron acceptors are;

1) Surlyn 1702, a phthalic anhydride/polyethylene composite.
Used as a thermoplastic (softening temperature ~ 150 °C),

i) BYNEL a phthalic anhydride/polyethylene composite. Used as
a thermoplastic (softening temperature ~ 200 °C).

i) PEDOT:PSS, poly(cthylene dioxythiophene): polystyrene
sulfonic acid as a conductive polymers in OPVs, OLEDs, highly
conjugated polymer function as clectron carrier.

V) PSS as a conductive polymers in OPVs, OLEDs, highly
conjugated polymer function as clectron carrier.

V) MDMO-PPV, poly(2-methoxy-5-(3"7 -dimethyloctyloxy)-1.4-
phenylene-vinylene; as a conductive polymers in OPVs, OLEDs highly
conjugated polymer function as electron carrier.

vi) PTPTB, poly-(thiophene-pyrrole-thiophene-benzothiadiazole);
as a conductive polymers in OPVs, OLEDs highly conjugated polymer
function as clectron carrier.

vii) P3HT, poly(3-hexylthiophene): as p-type semiconductors on n-
type semi semiconductors.

viil) poly(4-vinylpyridine-co-acrylonitrile) as chemically cross-
linking gelator in DSSCs
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Figure 1. Basic structure of an Organic Solar Cell.
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OZET

Amac

Bu  sunumun  amaci,  polimerik  kompozitlerin,  yenilencbilir — enerji
uygulamalanmin - hayata  gegirilmesindeki  6nemini - gostermektir. 1850’1
villardan itibaren, endiistri  devrimiyle  beraber insanlik  fosil  yakitlan
tilketmeye bagladi. 1950°lerden sonra temiz komiir teknolojileri gelistirme
¢abalart yayginlagsmaya bagladi. Petrol krizinin ardindan, doga bizlere ilk
coztimiin, endiistride, cevlerde ve ulasimda, verimli enerji nihai-kullanimi
oldugunu 6gretti. 1973 yili herkesin niikleer silah  malzemesi  iiretim
tesislerinden elde edilen auk s kullaniminin gergek ¢6ziim olduguna ikna
oldugu yildi. Ancak 1978"den itibaren ABD’de yeni niikleer santral yapim
karari ¢itkmadi. 1980711 yillarla beraber yenilenebilir enerji ikinei bir ¢dziim
olarak aragtinlmaya. gelistirilmeye ve uygulanmaya baslandi. 1992 Rio
Konferanst’yla beraber fosil yakit kullamiminm iklim degisikligine olan ctkisi
asikar  hale geldi ve tartuisilmaya baslandi. 20117in  basinda Purdue
Universitesi’ndeki 150%inei Temiz Komiir Enerji Santrali girisimi iptal edildi.
Bugiin ise gergek ¢oziim, %6 100 yenilenebilir encrjinin nihai kullanimindaki
verimliligi saglamaktadir. Bu nedenle  yenilenebilir enerji teknolojilerine
ihtiyacimuz  vardir. Yenilenebilir enerji - teknolojilerinin - kullanimi  insan
faahiyetlerinin dogayla ahenk iginde olmasini gerektirir. Yenilenebilir enerji
teknolojileri riizgardan, dalgalardan ve diger yenilenebilir kaynaklardan enerji
elde etmek ig¢in daha gii¢lii olmalidir. Bu enerjiyi toplama ve doniistiirme igin
kompozit malzemeler ve diger polimerik malzeme tiirleri ¢ok kullanighdir.
Ornegin riizgar tiirbinleri, riizgar enerjisini ctkili ve verimli - sekilde
doniigtiirebilecck kadar gii¢lic ve aymi zamanda hafif olmalan gercktigi i¢in
polimer kompozit malzemeden iiretilmektedir.

Malzemeler ve Yontemler

Hafif ve gelismis acrodinamik kanat sekillerinin, minimum iscilik kullanilarak
kahplarda tretilebildigi - riizgar  tiirbini - pervaneleri kompozit  malzeme
kullanimimna  6zellikle uygundur. Dolayisiyla  kompozit  riizgar tiirbini
pervanelerinin mithendisligi ve diretimi de bugiin son derece ileri bir
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noktadadir. Ancak hali hazirda kullanilan sistemlerden 6grendigimiz kadanyla
daha biiyiik pervane diretimi (ve kiigtik pervanclerin toplu tretimi) konusunda
yasanan sikintilar, daha ileri tasarimlar ve iiretim yontemlerine de hala ihtiyag
olduguna isaret etmektedir.(2)

Uretimi ve islemesi uygun maaliyetli, uzun omirlic kullanima  dayanikh
olacak kompozit, plastik veya kauguk malzemeler bularak, enerjiyi dogayla
daha dost bir sekilde doniistiirebiliriz. Gelismeler, bu segenekleri ticari a¢idan
olanakh kilmak konusunda oldugu kadar yeni teknolojilerin uygulanmasinda
da devam eumektedir; ornegin tiirbinlerde  sekil  degistirebilen  polimer
kullanimi, boylece riizgar yon degistirdiginde pervaneler riizgar daha ctkin
sekilde yakalayabilmektedir. Bu enerjiden yararlanmak i¢in yeni fiziksel
yontemler kesfedildikge yeni yontemlere uygun yeni malzemeler de bulunup
gelistinlmektedir. [3]

Irdeleme ve Tavsiyeler

Fosil yakitlara alternatif olan, giines encrjisi gibi teknolojiler, bir¢ok
farkh arastirma alani iginde gittikge 6nem kazamyor. [4] Organik yarnletken-
bazlh giines pilleri, rulolarla basim tiretim teknikleri ile biiyiik miktarlarda
tiretilebilen,  disiik  maliyetli  fotovoltaik — teknolojilert —igin - gelecek
vadediyorlar.[5]

Polimer nanokompozitleri, yenilenebilir enerji i¢in ¢evre  dostu
malzeme arastirmalarini da kapsayan fonksiyonel malzemelerin mithendisligi
alaninda 6nemli bir arastirma konusu olmustur.[6]

Gegtigimiz on yil igerisinde, yenilenebilir kaynaklardan clde edilen
polimerlerin zayif mekanik ozelliklerini gelistirme, ya da dogada biyolojik
olarak bozunabilen sentetik polimerlerin maliyetlerini disiirme konusunda ki
zorluklart  asabilmek i¢in ¢ok  gesith kansimlar — ve  kompozitler
echistirilmistir.[ 7]

Kompozit yapilarin ckonomik uygulanabilirligi de dretilen dinite
sayisiyla beraber artmakta, tasarim, gelistirme ve isleme masraflar da amorti
cdilebilmektedir. Biiyiik boyuttaki yenilenebilir enerji cihazlarr i¢in metal
yerine diigiik agirhiktaki polimer kompozit malzeme kullanimi tagima ve inga
masraflarim da biiyiik 6l¢iide distirmektedir. Kompozitlerin biiylik ¢aph
enerji projelerinde  kullanmmim belki de en biyiik avantaji da bakim
masraflarinin 20-30 yillik bir servis siiresi boyunca olduke¢a diigiik olmasidir,
insansiz ¢alisan biiyiik cihazlar ve yapilar i¢in paslanma ve aginmaya karg
dayamkhhk. uzun vadede ckonomik uygulanabilirlik igin en  6nemli
ctkenlerdendir.[8]
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ABSTRACT

Purpose

The purpose of this presentation is to show the importance of polymeric
composites in renewable energy implementation.  Since 1850s together with
industrial revolution, humanity started to consume fosil fuels. After 19505
cfforts to develop clean coal technologies became popular. After petroleum
crisis we learned from nature that energy end use cfficiency in industry,
residences and transportation is the first solution. 1973 is the year when
evervbody was convinced that the waste heat from nuclear weapon material
production facilities is the real solution. But after 1978 there was no new
order of nuclear power plants in USA. Beginning with 1980s, rencwable
energy became popular to research, develop and demonstrate as a second
solution. Climate change effect of fossil fuels became apparent and discussed
after 1992 Rio Conference. 150th Clean Coal Power Plant were cancelled at
Purdue University at the beginning of 2011. Today the real solution is energy
end use cfficiency for 100 % renewable energy.So we need Renewable
Encrgy Technologies. Using renewable energy technologies requires human
activities in harmony with nature. Renewable energy technologies need to be
more strong to be able to extract the energy in the wind, waves and other
renewables.  In collecting and converting this energy there is much use for
composites and other types of polymer, for example wind turbines are made
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from polymer composites as they must be strong and lightweight enough to
effectively and efficiently convert the wind power. [ 1]

Materials and Methodology

Windmill blades are ideally suited for composite construction, as lightweight,
complex airfoil shapes can be produced from molds with minimal labor input.
Indeed, engineering and manufacturing processes for producing composite
windmill blades 1s quite mature. However, the challenges of producing larger
blades (and mass producing smaller ones) leaves room for development of
improved design and manufacturing as we learn from systems that have
alrcady been ficlded.[2]

By finding a composite, plastic or rubber that is cost-effective to make and
process and durable enough to have a long service life, we can convert energy
in a more environmentally friendly manner. Developments are ongoing. not
only in making these options commercially viable, there 1s application of new
technology too, like using polymers that can change shape in turbines so that
they can catch the wind more cffectively as it changes direction. As the
physics of new ways to harness this energy is explored, so the appropriate
materials for these new applications are found or developed.[3]

Discussion and Suggestions

Fossil fuel alternatives. such as solar energy. arc moving to the forefront in a
variety ol research fields.[4]  Organic semiconductor-based photovoltaic
devices offer the promise of low cost photovoltaic technology that can be
manufactured via large-scale, roll-to-roll printing techniques. [5]

Polymer nanocomposites are an important research interest in the arca of
engineering and  functional  materials, including  the search  for more
environmentally materials for renewable energy and materials. [6]

In order to overcome disadvantages such as poor mechanical properties of
polymers from renewable resources, or to offset the high price ol synthetic
biodegradable polymers, various blends and composites have been developed
over the last decade. [7]

The economic viability of composite construction increases with the number
of units produced, where the cost of design development and tooling can be
amortized. For large renewable energy devices, the reduced weight of
composite components when compared to metallic construction can greatly
reduce transportation and erection costs. Perhaps the biggest advantage of
composites for large energy projects is reduced maintenance costs over an
expected 20-30 year service life. For large, unmanned engincered structures.
corrosion resistance will be paramount for long-term economic viability.[§]
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ABSTRACT

Scope

Today, the cost, excellence and availability of raw materials are ol principal
importance. Due to environmental concerns, a very large number ol companices
are currently developing manufacturing processes using alternative materials for
their crop and in scarch of new markets for the sub-products ol their first-line
production.

Textle industry is an example of the reality that the industry is living these days.
With a significant production of waste fibrous materials, textile companices are
now looking for applications where waste materials could be an added-value
material,

Composites reinforced by fibres are being considered for several uses when high
performance is essential. The corrosion resistance, potentially high overall
durability, light weight, tailor ability and high specific performance attributes
enable the use of composite materials in arcas in which the use of conventional
material might be constrain due to durability, weight or lack of design flexibility.

The development of new lightweight materials, most of them composites with
fibrous reinforcement systems, has interest for building materials and textile
industries. However, thesematerials still do not have a significant implementation
in the building industry or, at least, this implementation is not being made
exploring all their potentialities.
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This paper describes the work that is being done at University of Minho
concerning the development of waste fibers reinforced composite materials.

Different waste fibers reinforced composite materials have been  produced
varying the density and the variation in ratio of resin and waste fibers. Waste
fibers have been collected within the Portuguese textile and processed in order to
individualize the fibers and to allow subsequent processing.

Material-Method

The materials used in this work are:

a) Waste fibers

The waste fibre material was collected from textile industries in the outskirt of
Minho arca in the northern part of Portugal. The fibre mass consists of many
unknown fibres, since it was collected from several textile industries producing a
various range of textile qualities and consequently using many different fibre
materials and fibre/fabric treatments. This collected textile waste fibre material
was used for the production of the nonwovens, which further were used to
reinforce the composite panels

The fibrous material in the waste was determined to consist of the following
composition:

83% cellulosic fibrous materials which most likely is cotton;

10% Polyester;

2% Wool;

a few % diverse: PP, PA among others.
b) Resin
The aminoplastic Urca-Formaldehyde in aqueous base FM 100 of Bresfor®, have
been used for the present study

The Abaqus 6.9.2 FEM packages were used to predict the mechanical behaviour
of bending, compression and tensile test. Thermal tests are simulated for such
applications.

Finally, prototype composite panels have been produced by compression
moulding technique, through the application of heat and pressure. Panel
thicknesses of 5 mm using resin amino plastic for urca-formaldehyde have been
produced. Materials thus obtained have been tested in tensile, bending.
compression test. The results obtained are presented. discussed and compared to
models.
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The thickness on the compression frame used was 5 mm. The Table |
summarizes the density and the percentage of resin used in the five pancels. In the
production of composite pancls, a number of parameters were varied in order to
understand their influence on the proprieties of the composite materials obtain.
As shown in the Table 2, there was variation in the percentage of resin al
constant density. Like, if maintained percentage variants resin density.

Table 1 - Density and percentage of resin in samples

Sample  Thickness(mm) Density(Kg/m3) % of resin

Pl 5 900 10
P2 5 ’ 1000 10
P3 5 1100 10
P45 900 15
Ps 5 900 ' 20

Discussion and Recommendations

This study with waste fibres reinforced composite materials have a importance
for a sustainable expansion of a waste fibres reinforced composite and their
relevance areas. Several possible applications this materials in wall pancls,
automobile interiors and arcas where in mechanical behaviour is not the most
important property.

The results obtained varying with density and percentage of resin. Depending on
the amount of reinforcing waste fibres, the amount of matrix polypropylene and
the ratio between the two components, the initial modulus differs widely over the
product range. The composites specimen varies in E-modulus from ~100MPa till
over 1200 MPa. in tensile tests, but varies ~8 MPa till over 16 MPa, for de
compressive tests.

The results obtained shows that composites panels have low mechanical
proprieties with varying their production parameters. The correlation between the
parameters study and the mechanical propricties are of type. The mechanical
proprieties are higher when the density and percentage of resin is higher.
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COMPOSITE PRODUCTION PROCESS
ENVIRONMENTAL MANAGEMENT & WASTE
MANAGEMENT
KOMPOZIT URETIM PROSESI CEVRE YONETIM VE
ATIK YONETIM
ipek Kostak ileriak

[PC (evre Miih. Mis. ve Damismanhk |, Tiirkiye

ipek(@ipecevre.com.tr

ABSTRACT

30% of 70% of the imported raw materials used in the chemical industry are met
through domestic production in the composite industry dependent on imports is
an mmportant part of organic chemical raw materials consumed and produced
many chemical  substances  are identified  as  hazardous chemicals,  the
environment and human health. the negative due to the effects of increased
investment  and  capacity issues  have an important role in the process.
Harmonization of EU environmental legislation, a lot of the chemical industry
sector is regulated. Legislation must be complied with EU directives., especially
due to the Ministry of Environment and Urbanization changing and new
regulations published by the Department of Chemicals continuously increasing
business requirements. In order to achieve the performance of an environmental
management standards in the European Union the necessary investments, SMEs
can adapt the level of only 30%. [1]

At the same time, medium and small scale sector investments planned process
development. process design. plant design, process integration with the new
regulatory requirements under the environmental effects are not taken into
account at the planning stage for the environmental permit procedures, there is a
need to sustain the significant additional financial resources.

By the EU Council Directive 96/61/EC Article 16 (2) was prepared in accordance
with Best Practice Techniques of Large Volume Organic Chemicals [2],
chemical.  water, waste water management, emissions control. pollution
prevention and control efforts guided by the document containing the reference
to the environment and human health susceptible to the development of
management  capacity - "Composite  Production  Process Environmental
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Management and Waste Management" paper prepared on the following topics
will be included i the summary of the working examples of good practice.

Environmental — Regulatory  Compliance  Recommendations  for  Planning
Example of the Environmental Impact Assessment
Good  practice  Technique - Waste  Management  case study
Environmental Permitting

Large Volume Organic  Chemicals Best  Avaliable  Techniques  -Waste
Management Overview

Recommendations  for  Sustainable  Environmental  Management  Planning
Management Responsibility and Lcadership
Environmental  Management  Committee  and  the  Responsibility  Matrix
Environmental Monitoring and Reporting.

The facilities proposed for the composite industry, Sustainable Environmental
Management Planning and reduction of environmental impacts as a result of the
production processes and activities, to ensure compliance with legal, operational
efficiency as a result of provision aimed to increase the competitiveness of the
sector.

OZET

Kullantlan hammaddenin %470°1 ithal edilen %307 ise yerli diretimle kargilanan
kimya scktorii i¢cinde  yer alan Kompozit  sektoriiniin - organik  kimyasal
hammaddelerinin 6nemh bir kismu ithalata bagimh oldugu, tikeulen ve dretilen
bircok kimyasal maddenin tehlikeli kimyasallar olarak tamimlandigi,  ¢evre ve
insan saghgr Gzerinde olumsuz etkileri nedeni ile yatrim ve kapasite artig
stirecinde yasanan sorunlar dnemli bir yer tutmaktadir, Kimya sektoric AB (evre
mevzuat uyumunda ¢ok fazla diizenlemeye tabi olan scktordir. Ozellikle AB
direktifleri nedeniyle uyulmasi gereken mevzuatn Cevre ve Sehircilik Bakanhg
Kimyasallar Dairesi tarafindan degisen ve yeni yonetmeliklerin yayinlanmasi
isletme yiikiimliliklerini strekl artirmaktadir. Avrupa Birligi standartlarinda bir
cevre yonetim performansina ulasabilmek i¢in yapilmast gereken yatinnmlara,
KOBI'ler ancak %30 seviyesinde uyum saglayabilmektedir, [ 1]

Aym zamanda sektorde planlanan orta ve kiciik Ol¢ek  yaturnmlarda  siireg
gelistirme,  siireg  tasarimi, tesis  tasanimi,  proses  entegrasyonu  kapsaminda
gevresel etkiler ile yeni mevzuat yiikiimliltkleri planlama asamasinda dikkate
almmadigr i¢in ¢evre izin siireglerinin stirdiirtilmesi i¢in onemli ¢k finansal
kaynak ihtiyaci ortaya ¢ikmaktadir.

AB Konsey tarafindan 96/61/EC Dircktifi Madde 16 (2) geregince hazirlanan
Biyiik Hacimli Organik Kimyasallar Iy Uygulama Teknikleri [2] kimyasal. su,
atik su yonetimi, emisyonlarin kontroli, kirlilik onleme ve kontrolii cahgmalarin
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iceren referans dokiiman  rehberliginde ¢evreye ve insan saghgina duyarh
yonetim kapasitesinin gelistirilmesi “Kompozit Uretim Prosesi Cevre Yionetim
ve Atk Yonetim™ konulu hazirlanan bildin 6zctinde 1yi uygulama drnekleri
¢alisma asagidaki bashklara yer verilecektir.
. (evre Yasal Uygunluk Planlamasi i¢in 6neriler
, Cevre Ftki Analizi 6rnegi
0 Iyi uygulama Teknigi - Atk Yonetimi 6rnek ¢alisma

(evre izin siireci nastl yonetilmeli?

. Sirdirtlebilir Cevre Yonetim Planlamas i¢in oneriler
) Yonetimin sorumlulugu ve liderlik
o (evre Yonetim Komitesi ve Sorumluluk matrisi

(evresel izleme ve raporlama

Kompozit sektoriinde yer alan tesisler i¢in 6nerilen Sirdiriilebilir ('evre Yonetim
Planlamas ile tiretim siire¢ ve faaliyetleri sonucu ¢evresel etkilerin azaltilmasi.
yasal uygunlugun saglanmasi, igletme verimhiliginin saglanmasi sonucu sektorde
rekabet giictintin arturilmasi hedeflenmistir,

Literatiir
[T Kimya Sektor Raporu 201 1/Sanayi Bakanlig

[2] Reference Document on Best Available Techniques in the Large Volume
Organic Chemical

Industry February 2003 / Integrated Pollution Prevention and Control
(IPPC)

EuroEnviron ACTION PLAN Final 2010 - EUREKA

Directive 96/61/EC - Integrated pollution prevention and control EUR-Lex

EKOK — Cevre ve Schircilik Bakanhig
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YENILENEBILIR ENERJI ALANINDA VAKUM
INFUZYON YONTEMI ILE KOMPOZIT KANAT
URETIMI

COMPOSITE BLADE PRODUCTION WITH
VACUUM INFUSION TECHNOLOGY IN
RENEWABLE ENERGY SECTOR
Yildizter Kemaloglu Altin

TPI Kompozit Kanat San. ve Tic. A.S.

¥

Y Altin(e tpicomposites.com

OZET

TPI Kompozit 40 yili agkin kompozit imalat teertibesi ile ABD. Mcksika, ('in
ve Tiirkiye'deki tesislerinde savunma sanayi, ulasim ve yenilenebilir encerji
sektorlerine yonelik kompozit ¢oziimler sunmaktadir. Riizgar tirbinleri igin
kanat imalatina 2001 yilinda Mitsubishi kanatlari ile baslayan TPI, yiiksck
kalite standartlanyla, boylar1 29 ila 50 metre olan, 10 binin izerinde kompozit
kanat tretimi gergeklestirmistir. TP, Rhode Island tesislerinde kanat imalat
icin kahp tasarmn ile tretimini gergeklestirmekte ve miithendishik ckibiyle
imalata yonelik proses gelistirme faaliyetlerini yiriitmektedir. TP Tiirkiye
fabrikasi Sasah, Izmir'de 2012 yihnda faaliycete gegmistir. 30 bin metrekare
kapali, 220 bin metrekare toplam alana sahip tesisimizde, 350 calisanimz ile,
2.5 MWLk riizgar tirbinleri ig¢in yaklasik 50 metre boyunda kompozit kanat
imalatr gergeklestirilmektedir. 2013 yihinda, Gretim hattina yeni eklenecek
kaliplarla kapasitemizin iki katina ¢itkmasi, ¢alisan sayimizin da benzer oranda
artmasi planlanmaktadir.

Kompozit kanat iiretim siireci malzeme hazirhik, kalip iginde tiretim ve Kalip
sonrasi diretim olmak iizere ii¢ ana adimdan olusur. Uriiniin boyutlarindan
otird her adim i¢in geniy alanlara thtiya¢ duyulmaktadir. Kanat modellen
teknolojimin gelismesi ile birlikte degistigi, boyutlart her gegen yil biiyiidiigii
ve dretim siirecinde otomasyon ¢oziimleri yiiksek maliyetli  yatrimlar
gerektigh icin yogun 1y giictine  thtiyag  duyulmaktadir.  Kullanilan
malzemelerin ve prosesin geregi ortam kogullan biiyiik énem tagimaktadir.
Kanat tasarumi, kalip tasanimi, dretimi ve kurulumu, malzeme test ve onayi,
prototip  kanat dretimi ve Kanat test asamalarindan  sonra seri Giretime
gegilebilmektedir.

Standart kanat tasarinm iginde tastyict “spar cap”lerin bulundugu, kanadin
acrodinamik  fonksiyonunu  saglayan iki  kabuktan (High Pressure/Low
Pressure Shells) ve kabuklar arast baglanuyr saglayan “shear web™lerden
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olusmaktadir. TPI'in izmir’de gergeklestirilen kanat imalatlarinda cam elyafi,
kopiik, balsa ve epoksi regine ana hammaddelert kullanilarak vakum infiizyon
yontemi ile diretimi gergeklestirilen  pargalar, elektrik 1sitmah kahplarda
kiirlenmektedir.

m wEHs Anatomy of @ Wind Turbine Blade (near Max Chord)

Web )
Lerwed (HP] Spar Cay

ABSTRACT

TPI Composites is a global provider of structural composites products for the
wind energy. military, and transportation markets in USA. Mexico, China,
and Turkey with 40+ year experience. TPI has built over 10 thousand
composite blades that are 29 to 50 m long with strictest quality standards
starting in 2001 for Mitsubishi wind turbines. TPI designs and manufactures
molds and other tooling for blades at Rhode Island facility. TPI Turkey started
its operations in 2012 in Sasali, Izmir. With 30.000 m2 closed, 220.000 m2
total arca and 350 cmployees. about 50 m long composite blades are
manufactured for 2.5 MW wind turbines. In 2013, with additional molds, the
capacity and number of employees are planned to be increased to double.

Composite blade production has three main steps; material preparation,
manufacturing in the mold, and finishing after demolding. Due to large sizes
of the products, large spaces are required for production. Due to constant
changes in blade models with new technologies. blades getting larger, and
high investment cost of automation, it is a very labor intensive process that
requires many labor hours. Due to material and process requirements, ambient
conditions are very critical. Serial production of blades starts after blade
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design, tooling design, manufacturing, and set-up, material qualification,
prototype blade manufacturing and fatigue test completion.

Standard blade design has two shells (High Pressure/Low Pressure) that form
an acrodynamic fairing and function to maximize energy capture with spar
caps to carry “flapwise™ bending loads and limit bending deflections. Shear
webs tic two skins together and provide the beam’s resistance to transverse
shear loads and shear deformation. For the blade production in TPl Izmir,
glass fabric, foam, balsa, epoxy resin are used in vacuum infusion process and
part are cured in electrical heated molds.

m SR Anatomy of a Wind Turbine Blade (near Max Chord)

Upper {LP}

Spat Cap

Sandww h Shel | l Sendwich Shell
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FABRICATION OF COMPOSITE TILES FROM
POLY(ETHYLENE TEREPHTHALATE) (PET) AND
MICRO-MARBLE PARTICLES REINFORCED WITH
GLASS FIBER MATS: COMPARISON OF RECYCLED
AND COMMERCIAL RESIN

'M. Galip leduygu. “Levent Aktas, "M. Cengiz Altan

'Chemical Engincering Department. A fyon Kocatepe University, Afyon,
03200 TURKEY.

“School of Acrospace and Mechanical Engineering. University of
Oklahoma, Norman, OK 73019 USA.

L P ~ ’ - . s ¢ . .
School of Acerospace and Mechanical Engineering. University of
Oklahoma, Norman, OK 73019 USA.

micduygu(aku.cdu.ir, aktasie ou.cdu, altangeou.cdu
Keyword: Polyester composite tiles, Marble clusters and Glass fiber mats
ABSTRACT
Scope
Developing low-cost composite materials with improved properties has been one
of the primary issues in a number of industrial applications. To achiceve this goal,
researchers implemented cost-effective processing methods and developed novel
material systems involving low-cost fillers.  One such material system is the
polyester composite tile (PCT), which is often synthesized by loading polyester
resin with high levels of fillers such as fine sand, limestone and CaCO; particles.

obtained from recycled PET and micro-marble clusters to fabricate polyester
composite tile. Tiles were fabricated by compression molding at temperatures
ranging from 40 to 120°C to identify the effect of cure temperature.  Three
different batches of marble particles with different particle size distribution were
used 1o identify the effect of particle size on the mechanical properties. Thermal
and mechanical properties are characterized by dynamic mechanical analysis.
thermo-gravimetric  analysis and three-point  bending  tests. Prospect  of
developing a hybrid, functionally-graded composite to alleviate the marginal
toughness and flexural properties of PCTs are explored. This i1s achieved by
fabricating the tiles with a single layer of randomly-oriented, chopped-strand
glass fiber mat placed at the top and bottom surfaces of the PCTs. Presence of
glass fiber mats leads to the formation of a graded particle size distribution across
the mat thickness when the coarse grade marble dust 1s used. This distribution
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resulted in significant improvements in flexural strength, stiffness and overall
toughness of the tiles by enhancing the interfacial region between the glass mats
and the PC tile. The mechanism of improvement is elaborated by studying the
crack propagation and fracture morphology.

Materials and Fabrication Method
Resin Preparation

The PET flakes were refluxed with propylene glycol and zine acetate at 200°C
for 8h. Glycolysis reaction was carried out by using 50 w/w propylene glycol
until reaching a hydroxyl value of 727 mg KOH.g". Glycolization products were
converted to unsaturated polyester by using adipic acid and maleic anhydride at
1.1:0.5:0.5 molar ratios. Mixture was initially heated to 80°C and kept at 80°C
for 1 h and the temperature of the mixture was then increased to 210°C at a rate
of 10°C/h. The total reaction time was approximately 8 hours. Marble clusters
and styrene were added into this resin and copolymerization was carried out in
the presence of methyl ethyl ketone peroxide (MEKP) and cobalt naphthalate
(CoNap). Amount of styrene, MEKP and CoNap were chosen as 40 wi%, 2 wt%
and 0.5 wt”, respectively.

Sample Fabrication

Composite tiles with and without fiber reinforcement was fabricated by
compression molding. The molding was carried out by pouring 44¢ of polyester
marble mixture into the mold cavity formed by an o-ring placed on a flat mold
surface. Before placing the mold in between the platens of a heated press, the top
mold wall is placed onto the o-ring, thus enclosing the mold cavity. To set the
final thickness of the PC tiles, 3-mm thick spacers were placed on the corners of
the bottom mold wall. Samples were molded at constant temperatures of 40, 60,
80, 100 and 120°C for | hour in order to characterize the effects of curing
temperature on the mechanical performance of the PC tiles. Two tiles for each
curing temperature and three different marble particle size were fabricated, thus
yielding a total of 30 PC tiles.

Characterization

The mechanical properties of PC tiles were characterized using three-point
bending tests. the microstructure was characterized using scanning clectron
microscopy, the thermal properties were studied using  thermogravimetric
analyses and dynamic mechanical analysis, and fracture behavior were studied
using optical microscopy.
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Discussion and Recommendations

The ules containing  smaller marble particles  yielded consistently  higher
mechanical properties compared to tiles fabricated using medium and coarse
grade marble particles when the glass fiber mats were not used. Samples cured at
120°C displayed a sudden drop in mechanical properties. This drop is attributed
to formation of formate and aldehyde from MEKP at clevated temperatures.
Excluding samples cured at 120°C, the flexural strength values are measured
between 32.9MPa and 42.0MPa. Use of glass fiber mats on the top and bottom
surfaces of PCTs yielded substantial improvements in flexural strength and
stiffness  for all grades of marble particles.  However, most  prominent
improvements are observed with tiles prepared using coarse grade marble where
the flexural strength, flexural stiffness and strain at failure improved 1389, 94.6
and 62.8%, respectively. Contrary to samples filled with fine and medium grade
marbles, samples filled with coarse grade marble registered improvement in
strain at failure as well.
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EFFECT OF MICRO AND NANOCELLULOSIC
WHISKERS ON PFA BASED BIOCOMPOSITES

Linda Z. Linganiso. Maya John. Rajesh D. Anandjiwala

CSIR Materials Science and Manufacturing, Polymers and Composites
Competence Area, Nonwovens and Composites Research Group. P.O.
Box 1124, 4 Gomery Avenue, Summerstrand, Port Elizabeth 6000, South
Africa.

L.Linganiso(a csir.co.za
ABSTRACT

In the present work. nanocellulosic whiskers and microfibrillated cellulose
(MFEC) were prepared from flax, kenaf, hemp, sisal, agave, cotton and pincapple
leal” fibres. All natural fibres. microfibrillated cellulose and nanocellulosic
whiskers were used to reinforce polyturturyl alcohol (PFA). An experimental
study of chemical composition, Fourier transform infrared spectroscopy (FT-IR)
and X-Ray diffraction (XRD) results indicated that to a large extent the
hemicellulose and lignin were removed in the nanocellulosic whiskers. Scanning
clectron microscopy (SEM), transmission electron microscopy (TEM) and
atomic force microscopy (AFM) were used to evaluate the dimensions of the
fibres. microfibrillated cellulose and nanocellulosic whiskers, respectively. SEM
results showed that sulphuric acid hydrolysis of cotton fibres gives rise to either
nanofibres and nanoparticles or both. The effect of the nature of nanomaterial on
mechanical properties of PFA/cotton composite was investigated.

By icorporating different fibres, microfibrillated cellulose and nanocellulosic
whiskers nto PFA, we prepared different types of composites. Thermal
behaviour, mechanical and thermo-mechanical properties of the composites were
determined using differential scanning calorimetry (DSC), thermogravimetric
analysis (TGA). dynamic mechanical analysis (DMA), tensile, flexural and
impact tests, respectively. The influence of the nature of microfibrillated
cellulose/manofibre on the mechanical and thermal properties of the resulting
biocomposites was investigated. According to the amount of microfibrillated
cellulose/nanofibres used as reinforcement the DMTA results showed  that
storage. modulus  improved  with  the  increase  in - microfibrillated
cellulose/nanofibre loading.

Sisal and Agave fibres belong to the same family of natural fibres; a clear
distinction between the two is examined and the experimental results showed that
there was not much significant difference in the properties of the composites. In
fact. mechanical properties of agave reinforced composites were slightly higher
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than that of sisal reinforced composites at optimum weight fractions. This study
provides the information on the judicious use of natural fibres, microfibrillated
cellulose or nanocellulosic whiskers as reinforcement materials.

Keywords: PFA, flax, hemp, kenal, sisal, pincapple leaf, agave, cotton,
microfibrillated cellulose, nanofibres/particles. composites
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KOMPOZIT ENDUSTRISINDE TAK\'iYg MALZEMESI
OLARAK KETEN LIiFLERI

FLAX FIBERS AS A REINFORCEMENT MATERIAL IN
COMPOSITE INDUSTRY

Burcu Karaca* Fsen Ozdogan. Necdet Seventekin
Ege Universitesi, Tekstil Miihendisligi, Izmir-Tiirkiye
IEge University. Textile Engincering, izmir- Turkey

burcu.karacacgc.cdu.tr

OZET

Giris

Keten liflert termal ve mukavemet ozellikleri gibi kendine 6zgii nitelikleri
sayesinde birgok alanda kullanmilmis en eski lif olarak bilinir. Keten lifleri kendine
Gzgii niteliklert sayesinde sadece tekstil endistrisinde ¢esithi amaglara yonelik
kumaslar olarak degil, hf takviyeh kompozitlerde takviye malzemesi olarak cam
liflerinin yerine kullanilabilirhi@i agisindan da dikkat ¢ekmektedir.

Cam  liflerinin - yerine  govde  liflerinin - kullanilmasy  iizerine  yapilan  son
zamanlardaki ¢ahsmalarda en ¢ok ilgi, gévde lifleri arasinda en esnck ve en ince
olan  keten  hiflerine  gosterilmektedir.  Keten  Liflert cam  Liflert  ile
karsilastirldiginda: maliyetinin az olmasi ile birlikte disiik yogunluk ve yeterli
Ozgiil mukavemet ozelliklerine sahip olmasi sayesinde veni siirdiiriilebilir bir
alternatif olarak gosterilmektedir. Ancak nem tutma oranimin yiiksek ve lif ile
matris arasmdaki bagdasmanim distik olmasi tretilebilirlik asamasinda bazi
sorunlart da beraberinde getirmektedir.

Lif ile matris arasindaki tutunma Ozelliklerinin iyilestirilmesi amaciyla keten
liflerinde  yiizey modifikasyonunun  gerekli oldugu  belirtilmektedir.  Cesitli
fiziksel ve kimyasal yontemlerin etkileri, liffmatris tutunmast ve diriin mekanik
ozellikleri agisimdan incelenmektedir.

Amag

Bu ¢alismadaki ana amag; keten liflerinin Lif takviyeli kompozitlerde takviye
malzemesi olarak kullanilmasinda avantaj, dezavanta) ve kisitlamalar hakkinda
bilgi vermek ve keten lifleri/matris bagdasma sorunu tizerine son villardaki yiizey
modifikasyon calismalarim gozden gecirmektir.
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Materyal ve Yontem

Lif ylizeyindeki fiziksel ve kimyasal modifikasyonlar korona veya soguk plazma
uygulamalan ile kimyasal baglanma saglayan maddeler ile islemler sayesinde
elde edilmigtir. Fiziksel ve kimyasal yontemlerin ctkinligi yizey enerjisi. yiizey
morfolojik yapisi ve ara yiizey mukavemeti agisindan incelenmistir,
Fartismalar

Keten Niflert ile takviye edilmis kompozitlerde mukavemet, sertlik ve tokluk
ozellikleri: lif ylizey enerjisi ve life uygulanan 6n islemlerin etkiledign lif/matris
tutunma seviyesi ile yakindan iliskilidir.

Anahtar Kelimeler: keten lifleri, keten takviyeli  kompozitler.  yiizey
modifikasyonlar

ABSTRACT

Introduction

Flax is known as the most ancient fiber used in various areas duce to its unique
characteristics such as thermoregulatory and strength properties. The unique
characteristics of flax have become an interest of not only as linen fabric for
many aspects in textile industry but also as reinforcement material to substitute
glass fibers in fiber-reinforced composites.

In recent studies on the substitution of glass fibers with bast fibers, the most
attention is paid 1o flax fibers due to being the finest and the most flexible fiber.
Compared to glass fibers, tlax fibers are introduced as new sustainable alternative
due to having acceptable specific strength properties, low density and low cost.
However the high moisture absorption property and the poor compatibility
between fiber and matrix bring some problems in processability.

Surface modification of flax fibers are pointed out as necessity in order to
improve the adhesion between fiber and matrix. The efficiency of various
physical and chemical methods is investigated in terms of adhesion
between the fiber/matrix and the mechanical properties of the product.

Aim

The main goal of this study is both to give information on advantages,
disadvantages and the hmits of flax fibers as a reinforcement material for fiber
reinforeed composites and to review recent rescarch on surface modification of
flax fibers to overcome the compatibility problem with matrix.

Material and Methods

Physical and chemical modifications on the fiber surface were achieved by
utilizing corona or cold plasma treatments and coupling agents. The clficiency



111. ULUSLARARASI POLIMERIK KOMPOZITLER SEMPOZYUMU, SERGISI VE CALISTAYU/
3rd INTERNATIONAL POLYMERIC COMPOSITES SYMPOSIUM, EXHIBITION AND WORKSHOP

of physical and chemical methods was investigated in terms of surface energy.
surface morphology and interfacial strength.

Discussions

Strength, stiffness and toughness of the flax fiber reinforced composites were
closely related with the level of fiber/matrix adhesion which was affected by the
surface energy of fiber and the applied pretreatments to the fiber.

Keywords: flax fibers, flax reinforced composites, surface modifications
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NATURAL FIBER POLYOLEFIN COMPOSITES:
TRADITIONAL COMPOSITES AND HIGHLY FILLED
FORMALDEHYDE FREE PANEL BOARDS

Anand R. Sanadi

Biomass and Ecosystem Science Division, Faculty of Science , University
of Copenhagen, Rolighedsve) 23, 1958 Frederiksberg, DENMARK
anrs(a life ku.dk

ABSTRACT

This talk will cover both traditional natural fiber composites and also talk about a
new technology where the thermoplastic molecules as as binders in highly filled
agricultural fiber composites. Traditional natural fiber thermoplastic composites
will be reviewed with filling levels of fibers at 60% by weight and below. A new
technique that has been developed to make highly loaded (up 1o 95%)
formaldchyde free natural fiber composite. In these  materials,  lincar
thermoplastic polymer chains act as an adhesive and the product resembles a
typical wood based pancl (e.g.. phenol formaldehyde fiber board). The process
involved the use of small amount of glycerine in the fiber to enhance
processibility in a thermo-kinetic mixer followed by hot pressing. 1tis likely that
the glycerine acts as a plasticizer and the key appears to be the icrease in the
mobility of the amorphous polymers such as hemicelluloses, lignin, and the
thermoplastic and complex shapes can be formed during molding. Chemicals
other than glycerine can be used in a similar way. In this talk, we report the
properties of 85% by weight kenaf fiber boards using polypropylene as the
adhesive. A maleated polypropylene was used to improve the adhesion and stress
transfer between the adhesive and kenaf fiber. The effect of pressure, polymer
type. and compatibilizer chemical characteristics on composite properties will be
reported. It is anticipated that any thermoplastic polymer can be used as long as
the processing temperature is below the degradation temperature of  the
lignocellulosic fibers. The addition of 2% by weight of glycerine based on the
dry weight of kenaf fiber resulted in the best properties of the boards. Differential
scanning calorimetric studies suggested that the glycerine had a hule effect on
the percent crystallinity of the matrix. Dynamic mechanical tests of the 83%
boards showed some differences compared to conventional 60% by weight
kenat-PP composites. This paper gives a broad overview of an initial study of
these new materials. Signiticant amount of research needs to be conducted to
improve some of the properties of these composites before they can be
commercialized.
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PARAMETRIC CONTROLS OF COMPOSITION
PROFILES IN POLYMERIZING FLUID FOR MAKING
FGPC
S. A. R. Hashmi

(C'SIR-Advanced Materials & Processes Research Institute
Hoshangabad Road, Bhopal 462064, India
sarhashmi@rediftmail.com
ABSTRACT

A functonally graded material provides opportunity to control the response of a
component by grading the material composition suitably. The property gradient
in the material is accomplished by a position-dependent chemical composition,
microstructure or atomic order. The objective of a composition gradient is to vary
material properties spatially as necessary for the functioning of a component. or
to reduce undesirable internal residual stresses. Accordingly Functionally Graded
Polymer Composites (FGPCs) are expected to provide smooth transition of
stresses, tor example thermal, mechanical or clectrical stresses across the
thickness and minimize the stress concentration at the interface of dissimilar
material., Different  techniques  such as joming  of layers ol different
compositions. simultancous mixing of two or more ingredients with varying
composition followed by their solidification, chemical vapour deposition. spray
atomization, sedimentation, centrifugation ete. are employed to make FGPCs.
The concentration of uniformly distributed particles in a fluid changes with tme
in the direction of gravitational or centrifugal force to form a concentration
gradient. Due to the velocity variation of particles in a fluid, a profile of desired
composition can be obtained by controlling process parameters. The mmportant
parameters that affect spatial arrangement of dispersed particles are; type of
dispersion, viscosity of polymer, temperature, cure Kinetics of resin. size. shape.
and density. surface characteristics of particles. the process parameters and final
size of sample. These parameters play important role in development of
controlled concentration profile of FGPC. In order to control these parameters,
process modeling can be utilized that helps in studying the etffectiveness and
optimization of parameters. Using modified cquation to determine  terminal
velocity of particles in polymerizing fluid, simulation was conducted to observe
composition profile with particles of different sizes and volumes. Such models
are capable of  explaining progress of clear zone, sediment zone and graded
concentration zone formed by multi particle system and ultimately development
of a desired FGPC.
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KOMPOZIT URUN URETIMINDE MESLEK
STANDARTLARI

JOB STANDARDS FOR MANUFACTURING
COMPOSITE PRODUCTS

Ismail Hakki Hacialioglu

Kompozit Sanayicilert Dernegi

ithacialioglu@ kompozit.org.tr

OZET

Meslek  standartlarmi temel  alarak. teknik ve mesleki alanlarda ulusal
veterliliklerin - esaslarmi - belirlemek:  denetim, dlgme  ve  degerlendirme,
belgelendirme ve sertifikalandirmaya iliskin faaliyetleri yiriitmek tizere 21
Evliil 2006 tarihli ve 5544 sayih Kanun ile Mesleki Yeterlilik Kurumu (MYK)
kurulmustur.Cahisma ve Sosyal Giivenlik Bakanhgi nin ilgili kurulusu olan
MYK kamu tiizel kistligini haiz, idari ve mali 6zerklige sahip, 6zel biitgeli bir
kamu kurumudur.

MYK nun amact Avrupa Birligi (AB) ile uyumlu Ulusal Mesleki Yeterhilik
sistemini kurmak  ve asletmektir. Mesleki Yeterlilik  sisteminde  meslek
standartlari,  smav  ve belgelendirme ile  akreditasyon hizmetleri MYK
tarafindan degil. MY K ' nun yetkilendirdigi kurum/kuruluslarca yapilmaktadir.

Meslek Standardi teknik bir uzlasma belgesidir. Bir meslegin bagan ile icra
edebilmest igin gerekli bilgi. beceri, tavir ve tutumlarin neler oldugunu
gosteren asgari normdur. Belirli bir meslek ¢ergevesinde icra edilecek is
faaliyetlerini tanumlar,

Bu amagla Kimya Ana ve Yan Scktérlert meslek standartlarimin hazirlanmasi
i¢in isbirligi yapan 18 Kurum ve Kurulug 25.03.2009 tarihinde isbirlig
protokolii imzalamiglardir.

Dernegimiz Kompozit Sanayicilert Dernegi bu protokole 03.05.2010 tarthinde
19.Kurum olarak dahil olmus ve o tarihten bu yana alu ¢ahistay diizenleyerck
Kompozit Uriin Uretim Elemam (El yaturmasi, Piiskiirtme, RTM, Vakum
infiizyon). Kompozit Uriin Uretim Elemam (HKB ve Sicak Kaliplama),
Kompozit Uriin Uretim  Elemam (Elyaf Sarma ve Savurma Dokiim),
Kompozit Uriin  Uretim Elemant (Pultruzyon), Kompozit Uriin Uretim
Elemant (Devamh Levha) meslek standartlarimin taslaklarmi olusturtmustur.
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ABSTRACT

Related to law No. 5544 dated September 21, 2006 Mesleki Yeterlilik
Kurumu (MYK) was established to organize the activites in order to
determine the pirinciples of national qualifications in technical and vocational
ficlds and to carry out the activites related with controlling supervision.
assessment and evaluation and certification on the base of professional

standards.

MYK is a Governmental Institution with special budget within the Ministiry
of Social Security with administrative and financial autonomy.

The aim of MYK is to set up and operate the National Vocational
Qualification System compatible with the European Union (EU) norms. In
National Vocational Qualification System the professional sandarts, testing,
certification activites and accreditation services are done by the authorized
Institutions approved by MYK instead of only by MYK itself.

The document  of Professional Standards 15 a documet of  techmical
compromise. It is the minimum norm, indicating the required kowledge skills,
attitudes and behaviores for successful performance of a job. It describes the
job activities to be performed in the framework of a definite job.

Fort his purpose 18 organization signed a joint cooperation protocol on 25th
of Marc, 2009 in order to prepare job standarts of chemicial industry and
related sectors.

Our association Turkish Composites Manufacturers Association (TCMA)
jJoined to this protocol as 19th member. Up to now in six different workshop
organization Composite Product Production Operator (Hand lay-up, Spray up
RTM and Vacuum Infusion). Composite Product Production Operator
(SMC.BMC and Hot Molding)., Composite Product Production Operator
(Filament winding, Centrifugal Casting) . Composite Product Production
Operator (Pultrusion), Composite Product Production Operator (Continuous
Lamination) job standarts are prepared.
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PREPARATION AND CHARACTERIZATION OF
FLEXIBLE POLYVINYLCHLORIDE- COPPER
COMPOSTE FILMS
ESNEK POLIVINYIL KLORUR BAKIR KOMPOZIT
FILMLERININ HAZIRLANMASI VE
KARAKTERIZASYONU
Emrah KURT, Cenk Yagiz Ozgelik, Senem YETGIN,

Filiz Ozmih¢t OMURLU, Devrim BALKOSE

Izmir Institute of Technology Department of Chemical Engineering. Urla,
lzmir
[zmir Yiiksek Teknoloji Enstitiisti, Kimya Miihendisligi Boliimii, Urla,
izmir

senemyctgini 1‘\lc.cduu. nh/u/nnhu tg |.\lk.k\lll.“.
devrimbalkosewyte.edu.tr

Key words: PVC, copper powder, static electricity, conductivity

ABSTRACT

Scope

Flexible PVC films are statically charged due to their low electrical conductivity.
This creates fire threat during its handling. Conductive materials are added to
films to prevent this. In the present study it was aimed to prepare PVC- copper
composite films by sol gel technique and characterize the prepared films. It was
aimed to increase the clectrical conductivity of the films by adding copper
powder.

Materials and the Method

Emulsion  type  PVC  powder(PETVINYL  38/74), dioctyl  phthalate
(DOP)(Aldrich). Viscobyk 5023 and copper powder(Aldrich) were used as
materials. The FTIR spectrum of copper powder was taken by using Shimadzu
FTIR spectrophotometer. A plastisol was prepared by mixing PVC, DOP and
viscobyk 5023. Copper powder was added to plastisol in different volume
fractions from 0.00 to 0.18. Plastisols was spread on glass plates as 500 pm films
by using SHEEN AUTOMATIC FILM APPLICATOR-1133N. The films was
gelled in a vacuum oven at 140°C for 1S minutes. The copper powder and gold
coated crossections of the films was examined by scanning electron microscopy.
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Ihe density of the films was measured by using Sartorius Archimides density kit.
Ihe clectrical resistivitty of the films was measured by using Keithley 6517A
according to ASTM D257.

Discussion and Recommendations

Fhe FTIR spectrum of the copper powder indicated that it was not pure, it
contained a small amount of hydrocarbon and the surface of the particles was
coated with copper oxide. As seen in the SEM micrograph in Figure la 5-100 pm

particles were sticked to each other to form agglomerates.
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The copper particles were also in agglomerated state in flexible films as seen i
Figure 1b. Copper particles were not dispersed evenly in the film that will create
a conductive path. The change of the density and volumetric resistivity of the
films with volume fraction of the copper in the films are reported in Table 1. The
densities fit to theorctical values. The electrical resistivity did not have the
expected values[1] that decrease with increasing copper volume fraction. On
contarary to expectations it increased with increasing volume fraction. It was
thought that the settling of high density (8.92 gem™) copper particles were settled
in liquid plastisol with 1.22 ¢ ¢cm™ density. The copper particles settled down 1o
bottom instead of forming a conductive network that covers the whole cross
section. Thus at the film crossection a plastic upper phase and a copper rich
lower phase were present. The film did not conduct electricity due to this uneven
distribution.

Further studies are being made to prepare nanosized copper powders and disperse
them evenly in PVC plastisols.

References

[1] Mamunya Ye.P. , Davydenko V.V.. Pissis P., Lebedev E.V., Electrical and
thermal conductivity of polymers filled with metal powders, Europcan Polymer
Journal 38, 8871897, (2002)

Anahtar Kelimeler: PVC. bakir tozu, statik elektrik, iletkenlik

OZET

Kapsam

Esnck PVC filmlerin clektrrik iletkenhgi ¢ok diistik oldugundan statik clektrikle
yiklenir. Bu da filmlerin kullanimi sirasinda yangim tehlikest yaratr. Bunu
onlemek i¢in film i¢ine iletken maddeler kauhir. Bu ¢ahsmada sol jel teknigi ile
polivinyil klortir(PVC) ve bakir tozu kompozit filmlerinin hazirlanmasi ve
karakterizasyonu amacglannistir.  Bakir tozu katkist ile PVC nin elekink
iletkenhiginin arttirtlmasi hedetlenmistir,

Materyal-Yontem

Materyal olarak emiilsivon tipit PVC (PETVINYL 34/74). dioctyl phthalate
(DOP)YALDRICH). viskobyk 5023 ve bakir tozu(Aldrich)  kullamldi. Bakir
tozunun Shimadzu FTIR spektrometresinde spektrumu alindi. Plasusol, PVC,
DOP ve viskobyk 5023 iin kanstiritlmasi ile hazirlandi. Hacimee 0-18 oraninda
bakir tozu plastsol ile karstirildi. SHEEN AUTOMATIC FILM APPLICATOR-
1133N kullanilarak  cam iizerine plastisol 500 um kalinhigmda ince bir tabaka
halinde yayildi. Hazirlanan bu karisim vakum finminda 140°C da 15 dakika
isiilarak  asitlarak plastijel haline getirildi. Taramah electron mikroskopu ile
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bakir tozunun ve altinla kaplanmis film kesitlerinin gortintiileri alindi. Arsimet
kiti ile film yogunluklar 6lgtildii. Farkh miktarda bakir tozu igeren filmlerin
clektrik direngleri Keithley 6517A ile ASTM D257 ye gore olgiildii

I'artisma ve Oneriler

Bakir tozlarim FTIR spektrumu tozon sat olmadigimi bir miktar hidrokarbon
icerdigini ve yiizeyvinin bakir oksitle kaph oldugunu gostermistir. Sekil 1 a da

verilen taramah elektron mikroskop fotogratinda 5-100 pm boyutundaki bakir
tancciklerin birbirine yapisarak aglomere oldugu gortilmektedir.

(b) (b)

Sckil 1. a. Bakir tozunun b. 0.18 oraninda bakir tozu i¢eren film kesitinin
taramal elektron mikroskop goriintiiler

[ablo 1. Bakir hacim kesrine gore olgiilen yogunluk ve resistivite degerleri

0

Bakir hacim kesn [ 'Yosunluk (gem™) Hacimsel Resistivite
[~ ‘ '
| ‘ (ohm-cm)
122 [ 210E+10
[ 1 17 - - =5
0.01 1.331 2.46E+10
| - - R
0.05 | 1.570 [ 3.46E+10
0.09 T 1843 [2.76E+12
| - el |
0.13 ‘ 2320 ‘ 2.06E+12
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0.18 2.390 2.1 0E+12

.00 8.92 1.67E+6

Sekil 1 b de plastijel filmi i¢inde de bakir tozlarimin birbirine yapisik olarak
bulundugu goriilmektedir. Bakir tozlan plastik icinde elekinigi ileten bir ag yapisi
yaratacak sckilde dagilmamanugur. Tablo 1 de bakir tozu hacim kesri ile
vogunluk ve hacimsel elekrik direncinin degisimi verilmistir. Yogunluk degerler
terorik yogunluk degerlerine uymaktadir. Elektrik direnci beklendigi gibr [1]
bakir hacim kesri arttik¢a azalan degerlere sahip degildir. Aksie bakir hacim
kesri artikga direng artmistir, Bunun sebebinin film hazirlanmasi sirasinda bakir
tozlarinin  yiiksek yogunluklari (8.92 gem™) nedeniyle yogunlugu 1.22 gem'’
olan sivi plastisol iginde filmlerin tabanina ¢okmesi oldugu digtiniilmektedir.
Bakir tozlan tiim plastik film kesitini kaplayan bir ag yapisi olusturmak yerine.
dibe ¢okmiistiir. Boylece film kesitinde tstte sadece plastik faz altta ise bakirca
zengin plastik faz olacak sckilde bir dagihm olmustur. Bu nedenle film elekirikee
iletken hale gelmemistir. Bundan sonraki ¢alismalar bakir tozlarim nanoboyutta
elde ederek plastisol iginde dagitmak ve istenen ag yapisimi olusturmak yontinde
devam etmektedir.

Kaynaklar

[1] Mamunya Ye.P. . Davydenko V.V., Pissis P.. Lebedev E.V.. Electrical and
thermal conductivity of polymers filled with metal powders,  European Polymer
Journal 38, 1887 1897.(2002)
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BAGLAYICI AJANLARIN CAM ELYAF TAKVIYELI PP
RASTGELE K()P()LiMERl:liRiNiN (PPRC) MEKANIK
OZELLIKLERI UZERINE ETKISI
EFFECTS OF COUPLING AGENTS ON THE
MECHANICAL PROPERTIES OF GLASS FIBER
REINFORCED PPRC (PP Random Copolymer)
SERHAT GULER, Dr. AREF CEVAHIR
CAMELYAF SAN. A.S.

Bayramoglu Sapagi, 41400 (ayirova Gebze- Kocacli

sereuleresisecam.com, ajavaherian( sisccam.com)

OZET

Plastik malzemelerden boru tretimi, ilk olarak 19307 larin sonlarina dogru,
Almanya'da, PVC kullanimi ile baslanmustur. Bu tarihlerde PVC borular sadece
temiz su dagiumi ve kanalizasyon sistemi borularinda kullamilmaktaydi.

1950 erde ise, Poliolefin drtinlert gelistirilmesi sonucu, PE malzemesi de bu
uygulamada kullantlamaya baslanmustir. 19807 lerde. Polipropilene gore crime
sicakhigr daha dusiik, esnck borularin tretimini saglayan %5 ctilen igerikli
rastgele Polipropilen kKopolimerleri sentezlenmistir. Sicak ve soguk su hatlarinda
kullantlan borularin mekanik direncini ve sckilsel stabilitesini iyilestirmek igin
genellikle cam clyaf katkisi tercih edilmektedir.

Bu ¢ahsmada, cam elyafi takviyeli PPRC kompozitlerinin sckilsel stabilitelerini
ve mekanik performans ozelliklerini gozlemlemek amacivla birgok baglayicr ajan
(malcik anhidrit ast kopohmeri) kullantinistir.,

Mekanik test sonuglar, kullamilan baglayicr ajan miktan arttikga mekanik
direncin de arttigim gostermektedir. Kullamlan baglayicr ajan miktarimin artmasi
veyva maleik anhidrit igeriginin artmasi ile eriyik akis indeksinin de artug
gozlemlenmistir.

Anahtar Kelimeler: PPRC. GFRPPRC. BORU. BAGLAYICl AJAN.
GFRPPRC,
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ABSTRACT

In late 1930°s PVC were used for the first time to manufacture of pipes in
Germany. In that time PVC pipes were installed for residential drinking water
distribution and waste water pipelines.

In the middle of 1950°s and with the development of polyolefin productions PE
were used to manufacture pipes in the USA.

In 1980°s random copolymers of polypropylene were synthesized in which 5%
cthylene were incorporated to enhance manufacturing of flexible pipe with lower
melting point than PP. To improve the mechanical strength and dimensional
stability of pipes during hot or cold water service remforcing of the pipes were
come into account and for this purposc mostly glass fiber were preferred.

In this study various types of coupling agents (maleic anhydride graft PP) were
utilized to observe the mechanical performance. melt flow behavior and
dimensional stability of the glass fiber reinforced PPRC.

Mecchanical test results indicated that increasing the amount of coupling agent
generally resulted to rising the mechanical strength. Also. increasing the amount
of coupling agents leaded to rising in the melt flow index, with ditferent extent,
according to the maleic anhydride content.

Keywords: PPRC, GFRPPRC, PIPE, COUPLING AGENT, GFRPPRC .
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OZET

Molckiiler baskilama yiksek tanima 6zelliklerine sahip polimerleri hazirlamak
icin hizla gehisen bir tekniktir ve bu teknikle hazirlanan molekiiler baskilannig
polimerler (MIPs),  kau-faz ckstraksiyonu kromatogratik ayirma, membran
ayirmalari, sensorler, tlag sahmlan, katalizorler, vb gibi bir¢ok bilimsel ve teknik
alanlarda molekiiler tanima malzemesi olarak  kullamlmaktadir [1-3]. MIPs,
polimerizasyon sirasinda fonksiyonel monomer ve hedef molekiil arasindaki
ctkilesimin - dogasma  bagh  olarak, kovalent, kovalent olmayan veya
semicovalent  yaklasim  kullamilarak — elde  edilip  edilmedigine  gore
siniflandirlabilir [4-6].

Anahtar Kelimeler: Molckiiler baskili  polimerler,  se¢imli - tanima
bolgelert, molekiiler baskilama

MIPS® in Sentezi

(esith sentetik protokoller bu polimerleri elde etmek icin gelistirilmistir. MIPs
ilk ¢ikisindan bu yana, en yaygm olarak kullanilan sentetik protokol gelencksel
polimerizasyon (TP) olmustur. Bu islemde. polimerlesebilen  fonksiyonel
monomerler organik  ¢oziicti i¢inde  hedel” molekiil etrafinda  ondiizenlenme
olusturur. Ortaya ¢ikan 6n polimer kompleksi, termal veya fotokimyasal kosullar
alunda bir serbest radikal baglaucr varhginda g¢apraz baglayicimin asinst ile
kopolimerize edilmektedir. Oziitleme ile hedefin geri alinmasindan  sonra,
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polimer matriks i¢inde hem sekil hem de kimyasal ozcllik agisindan olduk¢a
se¢imli ile hedefin yeniden baglanmasina izin veren hedet molekiilii tamamlayic
baglanma baélgeleri kahr [4.7]. Bununla birlikte. gelencksel yontemle hazirlanan
molekiiler baskili polimerler vakit alict ve karmasik bir hazirlama islemi, matris
pargaciklan iginde daha az tamma bolgelerine sahip olmak ve boylece yoksul
baglama kapasitesi ve hedef molekiiller i¢in MIPs’ ¢ diisiik baglama kincetigi gibi
bazi dezavantajlara sahiptir. Etkin bir sekilde bu dezavantajlarin dstesinden
gelmek igin, son yillarda yiizey baskilama yontemi gelistirtlmistir [1.2]. Yiizeyde
uygun baglayicr siteler bulunan malzeme yiiksek scgicilik, daha crisilebilir
siteler, hizli kiitle transferi ve baglanma kinetikleri olmak iizere birgok avanta)
sunmaktadir [2].

Baskilanmig  pargaciklarin - boyut ve scklindeki  diizensizliklerin - Gstesinden
gelmek ve bunlan clde cumek igin gerekli zamam azaltmak amacivla bazi
polimerizasyon  teknikleri — gelistirilnigtir. Bu - teknikler,  hem  kartus
paketlenmesini hem de analitin kiitle transferini iyilestirir,

TP sakincalart agmak i¢in gelistirilen teknikler arasinda, ¢okelti polimerizasyonu
(PP) kiiresel parcaciklar elde etmek i¢in en yaygin kullamilan tekniktir. Bu
yaklagimin temel prensibi ¢ozelti i¢inde biiytiyen polimer zincir belirli bir kritk
kiitleye ulastiginda, ¢ozeltiden ¢okelir.

Kiiresel pargaciklar clde ctmek i¢in bir baska yaklasim ¢ok adimh sisme
polimerizasyonudur (MSS). Bu teknikte, esit buyiiklikte olusturulan ¢ekirdek
parcaciklar su igerisinde stispanse edilir ve uygun bir organik ¢éziictiniin birkag
ilavesinden sonra baslangigtaki pargaciklarin son boyutu 5-10 pm araliginda
olacak sckilde siser. Parcaciklar istenen boyuta sistikten sonra, MIP iiretiminde
yer alan tiim bilesenler ¢ozeltiye ve sisme basamagindaki par¢aciklarm i¢ine
cklenir ve daha sonra polimerizasyon meydana gelir,

Kiiresel  pargaciklar  elde  etmek ig¢in farkh bir  yaklasim  stispansiyon
polimerizasyonu (SP) kullanmaktir. Bu durumda, polimerizasyon strecinde yer
alan biitiin bilegenler, uygun bir organik ¢ozgen iginde, bir arada ¢oziiliir ve bu
¢Ozelt, suyla kangmayan bir ¢6ziiciiniin daha biiyik bir hacmine ilave edilir,
Daha sonra, bu sistem damlaciklar sckline getirmek i¢in kuvvetli bir sekilde
karistirihr ve ardindan polimerizasyon reaksiyonu meydana gelir,

Agtlama, kiresel parcaciklar diretmeyi amaglayan diger bir polimerizasyon
teknigidir ancak bu kompozit malzemeler dretmek i¢in de kullamilir. Bu
durumda, silika  pargaciklart igeren baglangic materyali ve  polimerizasyon
stirecinde yer alan tiim bilesenler polimerizasyon islemi baslamadan énee bu
parcaciklar tarafindan adsorbe edilir. Polimer sekillendikten  sonra,  kiiresel
parcaciklarin son {riintint olusturmak i¢in i¢e isleyen silika uzaklasurilir ki
bunlar sirastyla ortjinal silika par¢aciklarimin aynasal yansimasidir [2].
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Yemis™ in doktora tezinde, ¢evre dostu ve pratik bir yolla MIP" in hazirlanmasi
icin yeni bir yontem onerilmistir. Bu yeni baskilama yonteminde, siilfolanmis
stiren-divinilbenzen regine hedef molekiil olarak Nitrofurantoin i¢eren dimetil
formamitte sisirilmistir [8].
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ABSTRACT

Molecular imprinting is a rapidly developing technique to prepare polymers
possessing high recognition properties. and molecularly imprinted polymers
(MIPs) prepared by this technique have been utilized as materials of molecular
recognition in many scientific and technical fields, such as solid-phase extraction,
chromatograph  scparation. membrane  separations, sensors,  drug  releases,
catalysts, cte. [1-3]. Depending on the nature of interaction between the
functional monomer and the template molecule during polymerization. MIPs can
be classified according to whether they are obtained using the covalent, non-
covalent or semicovalent approach. For the covalent approach. the interaction
between the template molecule and the  functional monomer  before  the
polymerization process and the interaction between the target analyte and the
MIP when the MIP is in use are through covalent bonds [4-6].

Keywords: Molecularly imprinted  polymers,  sclective  recognition  sites,
molccular imprinting

Synthesis of MIPs

Several synthetic protocols have been developed to obtain these polymers. Since
the first appearance of MIPs. the most widely-used synthetic protocol has been
traditional - polymerization (TP). In this process. polymerizable functional
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monomers are prearranged around a template molecule mn organic solvent. The
resulting pre-polymer complexes are copolymerized with an excess of crosslinker
in the presence of a free radical initiator under thermal or photochemical
conditions. After the removal of the template by extraction, binding sites
complementary to the template molecule both in shape and  chemical
functionality are left within the polymer matrices that allow rebinding ol the
template with quite specificity [4. 7). However, the molecular imprinted
polymers prepared by traditional method have some disadvantages, such as time-
consuming and complicated preparation process, less recognition sites inside
matrices particles thereby poor binding capacity and lower binding kinetic of
MIPs for the template molecules. In order to overcome these drawbacks
effectively, the surface imprinting technique has been developed in recent years
[I, 2]. The material with binding sites situated at the surface present many
advantages including high selectivity, more accessible sites, fast mass transfer
and binding kinetics [2].

Several polymerization techniques have been developed in order to overcome the
irregularities in size and shape of the imprinted particles and to reduce the tme
needed to obtain them. These techniques improve both packing of the cartridge
and mass transfer of the analyte.

Amongst the techniques  developed to overcome the drawbacks of TP,
precipitation polymerization (PP) is the most widely-used technique for obtaining
spherical particles. The basic principle of this approach is that, when the
polymeric chains growing in solution reach a certain critical mass, they
precipitate from the solution.

Another approach for obtaining spherical particles is by multi-step swelling
polymerization (MSS). In this technique, preformed uniformly-sized seed
particles are suspended in water and, after several additions of suitable organic
solvents, the initial particles swell to a final size in the range 5-10 pm. Once the
particles have swollen to the desired size, all the components involved i the
production of the MIP are added to the solution and incorporated into the
particles in this swelling state and afterwards polymerization is induced.

A different approach to obtaining spherical particles is to usc suspension
polymerization (SP). In this case, all the components involved in the
polymerization process are dissolved together in an appropriate organic solvent
and this solution is further added to a larger volume of an immiscible solvent.
Afterwards, this system is vigorously stirred in order to form droplets and then
the polymerization reaction is induced.

Grafting is another polymerization technique ammed at delivering spherical
particles, but it is also used to produce composites materials. In this case. the
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starting material comprises silica particles, and all the components involved in
the polymerization process are adsorbed within these particles before the
polymerization process starts. Once the polymer is formed, the silica is etched
away to reveal a final product of spherical particles. which are, in turn, the
specular image of the original silica particle [2].

In PhD thesis of Yemig, the novel method has been suggested for MIP
preparation in - environmental-friendly and practical ways. In this novel
imprinting method. sulphonated styrene-divinylbenzene resin was swelled in
dimethyl formamide in the presence of Nitrofurantoin as a template [8].
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ABSTRACT

As widely used thermosetting polymers, epoxy resins have several unique
characteristics, high adhesive strength, high strength and hardness. excellent
chemical and heat resistance. Epoxies have been widely used in various mdustrial
applications, particularly as adhesives for bonding and as matrix resims for
producing high-performance  fiber reinforced  composites. However  ¢poxy
systems show low fracture toughness, poor resistance to crack mitiation and
propagation, and inferior impact strength. Many cfforts have been made in the
past decades to improve the fracture toughness of epoxies by modifyimg epoxy
resins with additives such as rubbers, thermoplastics, and nano  particles.
However, morganic additives, such as nano silica. nano alumina and glass
particles, have been found in recent years to be more promising moditiers for
increasing the fracture toughness of epoxics.

When nano-particles are used as modifiers in epoxies, a homogencous dispersion
is required i order to achieve the nano-phase structure. As the particles tend 1o
agglomerate, special techniques have had to be developed and used to achieve a
homogencous particle distribution, including mechanical mixing using high shear
forces and ultrasonic vibration. In this study, we used to nano silica to improve
mechanical properties of cpoxy and fracture toughness. Three different additive
weights ratios of nano silica which is 15 nm size were usced. These addinve ratios
are 1%. 2% and 3%. To obstacle agglomerations and provide homogenous
dispersion silane surface modification were used. According to ASTM 638 D,
tensile strength specimens were produced for each mixtures. Then, to determine
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mechanical properties, tensile test were applied and to find the fracture toughness
of composites single edge notch fracture toughness method were carried out. In
this method. the notches were cut with a thin-blade coping saw 3 mm in length
for cach specimens. The crack propagations from notch tip were observed and
their images captured by high density CCD camera. End of tensile tests and
according to crack propagation lengths, fracture toughness (Kic) were calculated.

Keywords: Single edge notch, fracture toughness. nano silica, composites.
OZET

Yaygm olarak  kullantlan  termosct  polimerlerden  epoksi  regineler  yiiksek
adhesive dayamimi, yiiksek dayanmim ve sertlik, miikemmel kimyasal ve 1s1 direnci
gibr 1yi karakteristiklere sahiptir. Epoksiler farkh endstriyel uygulamalarda
vapistirict ve baglayici olarak adhesive ve yiiksek performans clde ctmek
amaciyla elyaf takviyelerde matriks malzeme olarak kullanilmaktadir. Bunlara
karsin epoksiler disiik kimlma  dayammi, kot gatlak ilerleme  direnci ve
ilerlemesi ve kot darba dayanum sergilemektedirler. Son yillarda epoksilerin
kirtlma toklugunu arttirmak i¢in epoksi reginelere kauguk. termoplastik ve nano
partikiil katilarak modifiye edilmektedir.

Nano silica, nano alumina ve cam partikiiller kirtlma toklugunun arttirilmasinda
one ¢ikan morganik Katkilardir.

Epoksiler nano takviyeler epoksilere modifiye olarak kullanildiginda, iyi bir nano
faz yapist i¢cin homojen dagihimin saglanmasi gerckmektedir. Nano partikiiller
topaklasmaya meyilli olduklarindan homojen partikiil dagilimini gergeklestirmek
icin ozel teknikler gelistirilmistir. Bunlar yiiksek kayma kuvvetleri kullanarak
mekanik  karistirma ve ultsasonik  titresimdir. Cahsmamizda ¢ farkh katki
oraninda 15 nm boyutuna sahip nano silica kullamldi. Bu katkilar 1%, 2% ve 3%
agirhk oranlanidir. Nano silikalarda olusan topaklasmayr engellemek igin silan
yiizey  modifikasyonu  kullantlmistir. Her bir - kanisim icin ASTM - 638D
standardina gore ¢ekme dayanmimi numuneleri Gretilmistir. Mekanik 6zelliklerin
tespiti igin gekme testleri uygulanms ve kompozitlerin kirtlma toklugunun tespiti
icin tek kenarh g¢entik kimlma toklugu metodu  kullanilmisur. Bu  metotta,
centikler ince agizh testere ile 3 mm her numune i¢in kesilmistir. Centikten
catlak ilerlemesi gozlemlenilmis ve yiiksek ¢ozindrlikli CCD kamera ile
goriintiilert  elde  edilmistir. - Cekme  testlert sonunda  ve ¢atlak ilerleme
uzunluklarma gore kirillma tokluklary tespit edilmistir,

Anahtar kelimeler: Tek kenarli gentik. kinlma toklugu. nano silika, kompozit
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ABSTRACT

Scope

Once of the most important representatives of the polyolefins family is ethylene-
vinyl acctate copolymer (EVA). A relatively high strength, resistance towards
aggressive media, elasticity at low temperatures, adhesion to different materials
and a number of other specific properties allow to use EVA for making technical
parts, clectrically insulating cable sheathings, films. compounds and blends with
other polymers. and various fillers. The high adhesiveness of EVA is explained
by carbonyl groups present in side chains of macromolecules. However, it is of-
ten impossible to control EVA adhesiveness within required limits only by vary-
ing the vinyl acetate (VA) concentration. The presence of only side VA pendants
incopolymer macromolecules does not ensure satisfactory miscibility and
compatibilizing activity of the copolymer in polymer blends. That is why EVA is
being modified. also by free-radical grafting of adhesion-active groups (anhy-
dride, carboxyl. isocyanate, cte.) in polymer melts using extrusion mixers-

reactors.

The present work is aimed at analysis of special features of EVA functionaliza-
tion by grafting trans-ethylenc-1.2-dicarboxylic acid during reactive extrusion
(RE); at studying the structure. rheological and high-clastic properties of melts,
and deformation behavior of EVA-g-TEDA.

Materials and Methods

The objects of investigation were EVA with different VA-concentrations as pro-
duced by Neftehim Sevilen Co., Russia. The monomer grafted — frans-ethylene-
I.2-dicarboxylic acid (TEDA), pure grade. was supplied by Kamtex, Russia. The
initiator was 1.3-bis(tert-butylperoxyisopropyl) benzene (Perk-14) produced by
Akzo Nobcl, Holland. The functionalization process was done by the RE method
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using the extrusion-granulating line based on the twin-screw extruder TSSK
35/40 (China); the screws being provided with special mixing elements (screw
diameters, 35 mm; L/D = 40; the number of heating zones, 10).

The monomer content grafted onto EVA macromolecules was determined by ti-
tration. The FTIR spectrophotometer Nicolet 5700 (USA) was used to record IR-
spectra of the extracted film samples of both initial and functionalized EVA. The
differential scanning calorimetry trechnique (DSC) was employed to determine
the thermal properties and structure of the materials. The tensile tests were done
on machine Instron 5567 (UK): the loading rate being 50 mm/min. The high-
clastic properties of molten initial EVA as well as those of functionalized EVA,
were estimated from their melt strength and jet swell ratio.

Results and Discussion

Functionahzation of EVA by TEDA grafting in the process of RE and employ-
ment of 1,3-bis(tert-butylperoxyisopropyl)benzene as initiator of free-radical re-
actions make it possible to produce grafted product EVA-g-TEDA with grafting
efficiency up to 70%. The EVA-g-TEDA output much depends — in addition to
initiator concentration — on the VA content in the EVA macromolecular struc-
ture. At low (12%) and high (28%) VA-concentrations the grafting efficiency
decereases.

In the course of TEDA grafting onto EVA competing sccondary reactions — deg-
radation an crosslinking of’ macromolecules — take place. Peroxide concentration
variations over a relatively narrow range (0.1-0.3 wt %) cause noticcable changes
in the mode and extent of macromolecular transformations owing to sccondary
reactions; their progress depends on VA content in the EVA used. With a low
peroxide concentration (0.1 wt %) degradation processes prevail that reduce melt
viscosity (increased MFI). This effect becomes stronger for EVA with a lower
initial melt viscosity and VA-concentration. With 0.3 wt% of peroxide. whatever
the type of EVA| processes prevail that lead to macromolecular crosslinking and
a higher EVA-g-TEDA viscosity.

Probable free-radical chemical reactions are proposed as taking place at EVA
functionalization. It is shown that ~CH; methyl groups belonging to vinyl acetate
fragments do not in fact participate in grafting reactions or secondary processes.
Variations in the molecular structure and mechanical property values happen at
functionalization. According to DSC findings EVA-g-TEDA forms an imperfect
crystal structure with a lower T, and crystallinity. The functionalized products
have enhanced rigidity and lower deformability as compared to the initial copol-
ymer.
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OZET

Amag:

Ulkemizde islenen yas ¢ay yapraklanndan ¢ikan auk miktanmn %  5-10
arasinda oldugu bilinmektedir. Ulkemizde oldukga biiyiik bir potansiyele sahip
olan ¢ay atiklarimdan gerektigi gibi yararlamlamamaktadir. Bu atiklar yakilarak
veya c¢lriimeye  birakilarak  yok edilmekte ve bu durum  6nemlhi gevre
problemlerine  yol agmaktadir. CAYKUR  Genel Miidiirligiintin® 2010 yih
verilerine gore: yaklasik olarak 590000 ton yas ¢aydan 147000 ton kuru gay
edilirken 7000 ton atik olugsmaktadir. Projemizin amaci asagida verilmistir:

1) Cay auklarnndan hgnin eldesi.
2) Ekstriizyon  yontemiyle polietilenden  lignin - katkihh - kompozit

malzeme yapimi.

b

3) Malzemenin antibakteriyel 6zelligimin arastirilmasi,

Yontem: Oncelikle literatiire gore ¢ay atiklarindan lignin elde edilmistir. Daha
sonra homojen olarak polictilene lignin katilmig ve ayni islem metalik giimiis i¢in
tekrarlannustir. Boylece  sirasiyla “Kompozit Malzeme-1" ve  “Kompozit
Malzeme-2"  elde  edilmistir. Son  olarak  kolloidal — giimiiy  etkilesimi
gergeklestirilerck “Kompozit Malzeme-3" elde edilmistir. Cay atigindan clde
cdilen lignin, polictilen ve kompozit malzemeler igin FT-IR ve DSC analizleri
vapiimistir. - Kompozit  malzemelerin - mikrobiyolojik analizleri  yapilnig  ve
antibakterivel aktiviteleri belirlenmistir.

Tartisma ve Oneriler: Sal polictilen ¢evresinde bakteri tiremesi olurken, % 2
lignin Katkih - kompozit malzeme ¢evresinde herhangi bir bakteri  {iremesi
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gergeklesmemistir. Sonug olarak, giintimiizde ¢esith alanlarda anubakteriyel
olarak kullanilan ve ckonomik olmayan giimiis ve biyosit gibi maddeler yerine,
her yil biyiitk miktarlarda olusan ve yakildigi ya da ¢lirimeye birakildigr igin
¢evre sorunlanna yol agarak ckolojik dengeyr ve biyogesitliligi olumsuz yonde
ctkileyen bir auktan elde edilen lignin, alternatif bir antibakteriyel madde olarak
kullamlabilir.
Anahtar sozciikler: Lignin, polictilen, ekstriizyon, kompozit.
ABSTRACT
Aim:
It is known that, in our country, the amount of waste materials that remains afier
the process of raw tea leaves is between 5 to 10%. However these wastes cannol
be used properly despite their huge potential. They are either destroyed by
burning or let to decay and this leads to serious environmental problems.
According to data from the General Directorate of CAYKUR the year 2010:
while approximately 147000 tons of processed tea is obtained out of 590000 tons
of raw tea, 7000 tons of tea is wasted.

Therefore the aim of our project is to:

1) Obtain lignin from tea wastes.
2) Produce lignin-added composite materials with polyethylene by the

extrusion method and
3) Investigate the antibacterial quality of these produced materials.

Method: At first, lignin was obtained from tea wastes as described in the
literature. Later, this lignin was added to polyethylene (PE) homogencously and
the same process was repeated with the metallic silver (Ag) also. Thus,
“Composite Material-1" and “Composite Material-2" were obtained respectively.
Finally, “Composite Material-3" was obtained by adding colloidal silver to PE.
FT-IR and DSC analyses were performed for the lignin obtained from tea wastes,
pure  polyethylene  and  the three composite  materials  respectively.
Microbiological analyses were performed for the composite materials and their
antibacterial activities have been identified after.

Suggestions and Discussion: While reproduction of bacteria was obtained
around the pure polyethylene, there was no indication of bacteria for the 2-
percent lignin-added composite material. As a result of this study. it 1s suggested
that lignin which 1s obtained from tea wastes and leads to environmental
problems such as disruption of the ecological balance and biodiversity can be
used as an alternative antibacterial additive instead of uneconomical silver or
biocide ones.

Key words: Lignin, polycthylene, extrusion, composite.
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SYNTHESIS AND CHARACTERIZATION OF
COMPOSITE MICROBEADS AND ADSORPTION OF
HEAVY METAL IONS FROM AQUEOUS SOLUTIONS
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OZET

Amac: Bakir, kursun. ¢inko, mangan, nikel, civa, kadmiyum, demir, krom vb.
agir metaller ¢evre sorunlarindan biridir. Insan saghgimi korumak ig¢in agir
metallerin uzaklastirlmasimda ctkili yontemlere ihtiyag vardir. Kullanilan bu
vontemlerden bazilar: kimyasal ¢oktiirme, dogal ve sentetik malzemelerle iyon
degisimi, membran filtrasyonu (diyaliz. clektrodiyaliz, ters osmoz). biyolojik
antim. koagiilasyon. yiizdiirme, sivi-sivi ekstraksiyonu ve adsorpsiyondur. Bu
¢ahsmada adsorpsivon: zaman alici olmamasi, ckonomikligi, zengin adsorban
cesithligi,  ¢evre  dostu olmast  nedenivle  tercith  edilmigtir.  Hedefimiz
sentezledigimiz - mikrokiirelerin — agir - metal  iyonlarnt  uzaklastirnilmasinda
kullantlabilirligini arastirmaktir.

Materyal ve Yontem: Sunulan ¢alismada; manyetik poli(divinil benzen-N-vinil
imidazol) [m-politDVB-VIM)| mikrokiireleri Fe:O; nanopartikiil varhginda
stispansiyon polimerizasyonu yontemiyle sentezlenerck agir metal iyonlarimin
uzaklastinlmasinda kullanilmistir. m-politDVB-VIM) mikrokiireleri elementel
analiz, N> adsorpsiyon-desorpsiyon izoterm testi, sisme testi, yogunluk él¢iimleri,
taramah clektron mikroskobu (SEM) ve manyetizma élgtimleri ile karakterize
edildi. Mikroktirelerin adsorpsiyon kapasitesi iizerinde etkili parametrelerden pH.
baslangi¢ agir metal iyonu konsantrasyonu. sicakhik, zaman ve adsorban miktari
ctkist incelendi. Adsorpsiyon kinetikleri incelenerck meveut sistem icin 4, 25, 45
ve 65°C de Langmuir ve Freundlich adsorpsiyon izotermlerine uygulanabihirlik
test edildi. Denge verileri Langmuir modeline uygun bulundu. Ayrica yalanci
(pscudo) 1. derece, yalancr (pseudo) 2. derece ve partikiil i¢1 difiizyon modelleri
de adsorpsiyon kinetiginin incelenmesinde  kullamldi. Gibbs  serbest eneryji,
entalpi ve entropi degisimi gibi termodinamik parametreler hesaplanarak sicakhk
ctkisi belirlendi. Bu gahismada adsorpsiyon siirccinin endotermik oldugu ve
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kendiliginden gergeklestigi belirlendi. Manyetik mikrokiirelerin rejencrasyonu da
incelendi. Aymt manyetik mikrokiireler kullamilarak adsorpsiyon-desorpsivon
dongiisii 10 kez tekrarlandi ve agir metal iyon kapasitesinde 6nemh bir degisim
gozlenmedi.

Tartiyma ve Oneriler: m-poli(DVB-VIM) mikrokiirelerinin spesifik yiizey alani
29.47 m"v“g, boyut dagilimn 53-212 pm, sisme oram “%44 ve ortalama e 0,
icerigi “610.2 olarak belirlendi. Mikrokiirelerin yapisindaki VIM miktarr 3.021
mmol/g polimer olarak bulundu. Bu durum m-poli(DVB-VIM) mikrokirelerinin
manyctik oldugunu ve N-vinil imidazol hgantimm polimerik yapiya girdigini
gostermektedir. Adsorpsiyon sonucu elde edilen adsorpsiyon kapasitesi degerleri
m-poli(DVB-VIM) mikrokiirelerinin sulu ¢ozeltilerden agir metal iyvonlarim
uzaklastirilmasinda etkili oldugunu gostermektedir.

Anahtar Kelimeler: Adsorpsiyon, agir metal iyonlan. manyetik polimerler,
divinil benzen, N-vinil imidazo

ABSTRACT

Aim: Heavy metals such as copper, lead. zinc. manganese, nickel. mercury.
cadmium, iron, chromium, cte. are one of the environmental problems. To
protection of human health, effective methods are needed for removal of heavy
metals. Some of these methods: chemical precipitation, ion exchange of natural
and synthetic materials, membrane filtration (dialysis. electrodialysis. reverse
osmosis), biological treatment, coagulation, flotation, hquid-liquid extraction and
adsorption. In this study adsorption has been preferred because ol is not time-
consuming, cconomic, and rich diversity of adsorbent and environment-friendly.
Our goal 1s investigate the usability of the obtained microspheres in heavy metal
removal.

Material and Method: In present study, magnetic poly(divinyl benzene-N-vinyl
imidazole) [m-poly(DVB-VIM)| microbeads were synthesized by suspension
polymerization technique in the presence of magnetite Fe;O4 nano-powder and
used for heavy metal 1ons removal studies. m-poly(DVB-VIM) microbeads were
characterized by clemental analysis, N adsorption-desorption isotherm tests,
swelling studies, density measurements, scanning electron microscope (SEM)
and magnetism  measurements.  Effects  of pH. mitial  heavy metal 1ons
concentration, temperature, contact time and adsorbent dosage were investigated
as the effective parameters on the adsorption capacities of the microspheres.
Adsorption kinetics have been tested and the applicability of the Langmuir and
Freudlich adsorption 1sotherms for the present system have been tested at 4, 25,
45 and 65"C. Equilibrium data agreed well with the Langmuir model. Also
pscudo-first-order, pscudo-second order and mtraparticle diffusion models were
used to describe the adsorption kinetics. The study of temperature effect was
quantified by calculating various thermodynamic parameters such as Gibbs free
energy, enthalpy and entropy changes. In this study, adsorption process was
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endothermic - nature and  spontancous. Regeneration of  the  magnetic
microbeads was easily performed.  Adsorption-desorption  cycles  were  be
performed ten-times by using same magnetic microbeads and any noticeable loss
was not determined.

Conclusion and recommendations: The specific surface arca of the m-
poly(DVB-VIM) beads was found to be 29.47 m*/g with a size range of 53-212
pum in diameter and the swelling ratio was 44%. The average Fe 0, content of the
resulting m-poly(DVB-VIM) microbeads was 10.2%. The incorporation of the
VIM was found 3,021 mmol/g polymer. It was determined that m-poly(DVB-
VIM) microbeads are magnetic and the ligand N-vinyl imidazole was inserted
into the polymer structure. Adsorption capacity values show that m-poly (DVB-
VIM) are eftective in removing heavy metal 1ons from aqueous solutions.

Key Words: Adsorption, heavy metal 1ons, magnetic polymers, divinyl
benzene. N-vinyl imidazole
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OZET

(evre bilincinin artmasiyla biyobozunur malzemelere olan ilginin artigr su
giinlerde, 6zellikle ambalaj ve otomotiv sektoriinde biyobozunur polimerlerin
kullanimi hizla artmaktadir. Poli(laktik asit) (PLA), gerek tiziksel ozelhiklermin
konvansiyonel polimerlere  benzer olusu,  gerekse de  endistriyel  dlgekte
tirctilmest sebebiyle biyobozunur malzemeler arasinda one ¢ikmaktadir. Bu
cahismada, plastiklestirilmis  ve  plastiklestiriimemiy  PLA/Halloysit  nanotiip
(HNT) nanokompozitlerinin - mekanik, termal  ve morfolojik — 6zellikler
incelenmistir. Ayni zamanda, yerh kaynaklardan elde edilen ve silan baglayicilar
ile modifiye edilen halloysitin - performansimin - referans  bir - halloysit ile
karstlastirilnistr,

Anahtar Kelimeler: Poli(laktik asit).  Halloysit,  Eriyik  Harmanlama,
Nanokompozit

Amag

PLA, gerek endistriyel olarak  elde edilmesi  gerekse  de  petrokimyasal
polimerlere yakin ozellikleri sebebiyle en sik kullanitlan bivobozunur alifatik
poliesterlerdendir.  PLA'min - kullanimimi kisitlayan  en olumsuz — 6zelligi,
toklugunun distik olmasidir. Bu problemin asitlmast amaciyla plastklestivic
eklenmesi  hiteratirde oldukga sik karsilasilan  bir  durumdur  [1]. Ancak
plastiklestirme sonucu gozlenen, ¢ekme mukavemeti ve modil degerlerindeki
gerileme. nano dolgu malzemeleriyle takviye konusunu giindeme getirmistir Bu
¢ahymada, halloysit nanotiipler  plasuklestirilmis  veya  plastuklestiritimemis
PLA'nm toklugu ile pekhigini dengelemek amaciyla kullamilnustir. Halloysit
nanotiiplerin PLA bazh nanokompozitlerin mekanik ve termal 6zelliklerine etkisi
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incelenmistir. Calisma sirasinda kullamilan iki gesit Halloysit™ ten bir tanesinin
yerel kaynaklardan diretilmis olmasi ve diger ithal halloyisitin referans olarak
kullamlacak olmasi ¢ahsmayi literatiirde bir ilk yapmaktadir.

Malzeme ve Yontem

Bu ¢alismada kullamlan Halloysit killeri ESAN Eczacibasi — Tiirkiye (ESAN
HNT) ve Sigma-Aldrich (Nanoclay HNT) firmalarindan temin edilmistir. Matris
malzemesi olarak kullantlan poli(laktik asit) ise Natureplast firmasindan temin
cdilen PLI00S tir. Nanokompozit hazirlanmast sirasinda vidalarn aym yonde
donen ve i¢ ice geemis ¢ift vidah laboratuvar 6lgekli karistirier (15 ml Micro-
compounder, DSM Xplore) kullantlmistir. Cahsmada kanstirma kosullar 100
rpm vida hizi, 180°C kovan sicakhgr ve 3 dk kanstirma siiresi olarak sabit
tutulmustur. Ertyik haldeki karisim, 12 ml DSM Xplore Microinjection kahiplama
cithaziyla kaliplanmistir. Elde edilen 6rneklerin mekanik. termal ve morofolojik
ozelliklert incelennustir.

Sonug¢lar ve Tartisma

Yerel halloysit mineralinin (ESAN HNT) karakterizasyonu amaciyla etilen glikol
ile sartlandirma gergeklestirilmistr [2]. Etilen glikol ile sartlandirilmis ESAN
HNT" nin karakterizasyonu incelendiginde bazal pik siddetinde azalma egilimi
gosterirken bazal olmayan pik siddetinin artu@ gézlenmektedir. Bu nedenle yerel
Killerin biiyiik oranda halloysit  mineralinden olustugu ve  kaolinit formu
icermedigi soylencbilir. incelenen XRD modelleri ESAN HNT® nin Gibsit,
Kuartz, Feldspar gibi safsizhiklar igerdigini agik¢a gostermistir. Uygulanan
¢oktiirme  yontemi ile Kuartz ve Feldspar safsizhiklarn HNT mineralinden
uzaklastirilmistir.

Polimer igerisine kaulan HNT® nin matris igerisindeki zayif' dagilimina bagh
olarak ¢ekme dayanim azalmis Young moduliinde ise artis meydana gelmistir.
Saflastinlnug ve saflastirlmamis ESAN ve Nanoclay HNT ile hazirlanan PLA
bazhi nanokompozitlerin mekanik 6zelliklert incelendiginde aralarinda bir fark
gozlenmedigr  fark  cdilmisur.  Plasuklestirilmis  nanokompozitlerde  ¢ckme
dayanmi ve modil degerlerinde belirgin disiigler meydana gelmistir ve bu
digiisler kil ilavesi ile gelistirilememistir. Bu problemin ontine ge¢gmek amaciyla
HNT yiizevlerinin modifiye edilmesi boylece HNT ve polimer matris arasindaki
viizey ctkilesiminin arttinilmasy gerekmektedir. Polimer matrisi igerisine katilan
verel ve ithal HNT minerallerinin matrise yiiklenmesiyle kristalinite yiizdesinde
azalma meydana geldigi belirlenmistir. Ozellikle yerel ESAN HNT, ithal HNT
ile karstlastinldiginda kristalinite degerinde daha biiyiik bir diistiy saptanmistir,
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ABSTRACT

Rescarch and  developments in - biodegradable polymers have gained  great
attention in recent years due to the widespread applications in environmentally
friendly packaging and automotive applications. Poly (lactic acid) (PLA) 1s one
of the promising biopolymers with full-scale commercial production and good
physical properties as commodity polymers. In this study, mechanical, thermal
and morphologic properties of plasticized and un-plasticized PLA Halloysite
(HNT) nanocomposites were mvestigated. In addition. The performance of a
local halloysite was compared to a reference one.

Keywords: Poly(lactic acid). Halloysite, Melt Mixing, Nanocomposite
Objective

PLA is one of the most widely used biodegradable aliphatic polyesters owing to
its industrial production and similar properties to petrochemical polymers. The
main drawback that restricts the application of PLA is its low fracture toughness.
In order to overcome this problem, plasticization of PLA is commonly applied
[1]. However, deterioration of tensile strength and modulus with plasticization
has brought the subject of reinforcement with nanofillers. In this study. halloysite
was used to balance the stiffness and toughness of the plasticized and
unplasticized PLA. Effects of halloysite addition on the mechanical and thermal
properties of the PLA based nanocomposites were investigated.

Material and Method

As nanofiller, two types of halloysite minerals were used in this work. The local
raw halloysite was provided by ESAN Eczacibasi — Turkey (ESAN HNT). The
second type of halloysite, which has the same chemical and morphological
structure of local halloysite was supplied from Sigma-Aldrich (Nanoclay THNT).
As polymer matrix, poly(lactic acid) manufactured by Natureplast with a trade
name of PLI00S was used. PLA based nanocomposites were prepared by using a
co-rotating twin screw laboratory scale compounder (15 mL Micro-compounder,
DSM Xplore). The processing parameters were kept constant at 100 rpm screw
speed. 180 “C barrel temperature and 3 min mixing time. The extrudate was
subscquently injection molded by 12 ml DSM Xplore Microinjection molder.
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Results and Discussion

In order to characterize the local HNT, ethylene glycol (EG) treatment was
performed [2]. After trecatment, ESAN clay sample with EG, the intensity of the
basal pcak decreases and the intensity of non-basal peak increases which strongly
points that the sample mainly comprised of halloysite mineral and does not
contain kaolinite mineral,

XRD analysis of ESAN HNT used in this work revealed the presence of
impuritics. which most likely resemble Gibbsite, Quartz and Feldspar forms. On
the other hand XRD peaks indicating quartz and feldspar impurities disappear
when the sedimentation procedure is applied indicating a successful purification

Inclusion of HNT mincral into PLA matrix results in a reduction in tensile
strength of the polymer matrix owing to poor dispersion of clay minerals whercas
vields a slight enhancement of Young's modulus. When the nanocomposites
prepared with purified ESAN, un-purified ESAN and Nanoclay HNT were
investigated it was scen that there is no difference between the mechanical
properties of them. There is huge reduction in the tensile strength and modulus
values of the plasticized PLA nanocomposites which cannot be recovered with
clay mineral addition. In order to overcome this reduction the surface of the HNT
minerals should be modified to yield a better surface interaction between HNT
and polymer matrix. When local and imported HNT minerals are added to the
polymer matrix, a decrease in crystalline percentage is observed. Especially for
local ESAN HNT reduction in crystallinity is higher compared to imported
Nanoclay HNT.

References

I Hu Y., Hu Y. S., Topolkaracv V., Hiltner A., Baer E.. Polymer. Vol. 44,
S681-5689, 2003,

2. MacEwan D.M.C.. Nature, Vol. 157, 157-160, 1946.

158



11 ULUSLARARASI POLIMERIK KOMPOZITLER SEMPOZY UMU, SERGISI VE CALISTAYI
Srd INTERNATIONAL POLYMERIC COMPOSITES SYMPOSIUM, EXHIBITION AND WORKSHOP

TEKSTIL MALZEMELERININ KOMPOZITLERDE
KULLANIMI
THE USE OF TEXTILE MATERIALS IN COMPOSITES
Deniz DURAN

Egce Universitesi Emel Ak Meslek Yiiksckokulu, 35100 Bornova. lzmir-
TURKEY
Ege University Emel Akin Vocational Training School, 35100 Bornova.
Izmir-TURKEY

deniz.durangeege.edu.tr

OZET

Tekstl takviyeli kompozit malzemeler, tekstil malzemesi niteligindeki lifli bir
takviye yapist ile giiclendirilmiy, matris adi verilen  bir  fazdan  olusan
malzemelerdir. Bu malzemeler, uzun yillar boyunca mihendishk uygulamalan
alanminda nispeten daha disiik maliyetli uygulamalarda kullantmislardir. 199071
yillarda gelismis dlkeler tarafindan teksul takviyesine gittikge artan bir ilgi
gosterilmeye baglanmisur. [1] Teksul takviyeli kompozitlerle ilgili son yillarda
yasanan onemli gelismelerde polimer sanayisinde ve tekstil teknolojisinde yasana
gehigmelerm biytik  payr  olmustur. Yeni tretim tekniklerinim  ve  yiiksek
pertformansh liflerin gelistirilmesi, kompozitler alaninda da ¢igir agnusur. (2]

Fekstul takviyeli kompozitler yiksek mukavemet, kolay sckillendirilebilme.
korozyona, 1siya, atese kargt dayamkhhik, clekiriksel 6zellikler gibi avantaglar
saglamaktadir. [3] S6z konusu 6zellikleri sayesinde tekstil takviyeli kompozitler
birgok uygulamada metaller gibi konvansiyonel malzemelerin yerini almaya
baslamisur.  Bu  malzemeler, ugak-uzay, savunma, yapi-ingaat, titketim
mallarinda, korozyon dayamimi gerektiren uygulamalarda, elektrik-elektronik,
demzcilik,  kara  asidaninda ve  6zel amagh  birgok  uygulamalarda
kullanmilmaktadir. Bu ¢alisma teksul malzemelerimin kompozitlerde kullanimi,
teksul takviyeh kompozitlerin 6zellikleri, kullamim alanlar ile ilgili genel bir
gergeve ¢izmektedir. [2]

Anahtar Kelimeler: tcksul takviyeli kompozitler, korozyon dayanimi. lifli
yapilar, hif takviyesi, kumas takviyesi
Referanslar:
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ABSTRACT

Textile reinforced composites are the combination of a fibrous textile
reinforcement material and a matrice phase. For long years, these materials have
been used in relatively low cost applications in engineering ficld. In 1990°s
composite materials started to receive an increasing attention from the developed
countries. [1] Recent developments in the polymer industry and textile
technology have a significant effect on the important developments regarding the
textile reinforced composites during the last years. Development of new
production techniques and high performance fibres opened a new cra in the field
of composites. [2]

Textile reinforced composites represent various advantages such as high tensile
strength. casy formability, resistance against corrosion, heat and flame. [3] Due
to mentioned properties, textile reinforced composites started to take the place of
conventional materials such as metals in many applications. These materials are
bemg used m a wide range of applications such as acrospace, defence, clectronic,
marine and construction industries. applications  which require corrosion
resistance and various applications with specific purposes. [2]

This paper draws an overview about the use of textile materials in composites,
textile reinforced composites, their properties, application fields.

Key Words: textile reinforced composites, corrosion resistance,  fibrous
structures, fibre remforcement, fabric reinforcement
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