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OZET

Ru derleme dis dolpu kompozitlerin formiilasvonundaki ve ll,\"gllI:Im:l\llld;lkl
cksikliklert gidermek agisindan Gnem tasir. Polimerlesme sirasindaki duoyiik
doniistim orani, saghk sorunlarina ve biiziilmeye neden olarak, sonucunda olusan
mikrobosluklara ve kullanim sorunlarina yol agar. Bu mikrogatlaklar venilenen
diy ¢tirtiklerinin alt yapisim hazirlar.

Anahtar Sozciikler: Dis dolgu kompozitleri. dontistim orani, kiirfleme 1sin
kaynadi

Giris:

Dy dolgularmda kullamlan kompozitler akrihk monomerlerden ve  dzellik
kazandiran dolgu maddelerinden olusur [ 1], Uygun dis formunu, dokusunu, ve
rengini saglamak i¢in gerekli dolgu kompozitleri odontolojide 6nem tagir [2].
Mikrobosluklar doldurmak i¢in kullamlan bu kompozitlerin kullanmm giin

gegtikge artmaktadir. Dolgu kompozitlen organik faz. morganik matns ve katki
maddesini regimeye baglayan baglayier maddeden olusur

Dimetakrilat (BisGMA) ve tnetilen ghkol dimetaknilat (TEGDMA) organik
fazda en ¢ok yeglenen monomer gesitlenidir. Serbest radikal polimerlesmesini
baslaticy olarak dimetilaminocetil metakrilat (DMALM), ctil-4-
dimctilamimobenzoat (EDMAB). veya NN et ctlunthin (CENA) ve
benzoil peroksit kullanthr. Khimik  uygulamalarinda kompoziin - viskozitesi
onemhidir ve  monomer  seyrelticr yardmm ile kompozit - akiskanlastinhir,
Genellikle  dimetakrilat tipt seyreluciler kullamhr [3]. Ani polimerlesmeyi
onlemek ve reaksiyonu kontrol altinda tutmak i¢m kararh kiheilar kullanihr.
Hidrokinon monometil cter {iriin raf 6mriin yiikselten bie Kararh kiheidir.
Biiziilmeyi onlemek tizere, genellikle silisyum  dioksit. bor silikat, htyum-
aliminyum silikat ve kuvars gibi dolgu malzemelert kullanihr [3. 4.

Tedavi edilecek bolgenin derinligi. polimerlesme  oram @bt birgok  faktor
Kompozit basarinim kisitlar. Kir derinhign ve doniisim  derccesi malzeme
kompozisyonuna, kullamlan g kaynagima, recine formiilasyonuna, kullamlan
Katalizor  ¢esidine ve  miktarina,  kullantlan  dolgu  malzemesine  gére
degismektedir [§)

Pohimerlesme  siiresince  reaksiyona  girmeyen  monomer  kalintisi— agiz
mukozasinda tahrige ve alerpk reaksiyona neden olabihr [2]. Polimerlesme
dogrudan kompozit derinhgine baghdir. Derinlik artukea doniisiim oranmm
diigmest mekanik dzelliklerin zayilamasia neden olur [6]. Yiiksek doniistim
derecest ase gigli igmlama yogunlugu ile saglamir [5]. Obicr ve arkadaslan
(2006) 2250 ticart kompozitin doniisiim derecelering degisen dermbiklerde ve
farkh kiirleme g kaynaklan kullanarak mcelemislerdir. Foto-aktifleme ark
plazma (PAC) 1. mavi asin vayan diod (LED) ve kuvars-tungsten halojen
(QTH) agmr ile saglanmigtir. Sonug olarak, viizeyde ve [-2 mm kompozit
derninhigine kadar g kaynaklannin bir fark yaratmadign. 3-4 mm kompozit
dermliginde LED kaynagimin diger asin kaynaklarma gore daha ctkili oldugu
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anlagtlmistir. Kirleme-igin kaynak cesidi kompozit boyunca polimerleymey
ctkileyen bir etken olarak distntilmektedir [5].

Mendes ve arkadaglan  (2005) ticari tip kompozitlerin kompozit derinhgi
boyunca ger¢eklesen dondsiim derecelenint FTIR anahizi ile arastirmuslardir. Bu
caliymanin sonucunda doniiyiim derecesinin derinlik arttikga 2040-50"lere kadar
azaldigimi ve  ciddi miktarda  tepkimeye  girmeyen  monomer  kaldigim
gozlenuglerdir. Bu sonuglar insan saghgr agisindan krinkur [2].

Tartiyma ve Oneri:

Bu derlemede goriildiigi iizere, dis kompozitleri, distk polimerlesme sonucu
kullanim siiresinde oluyan buzilme sorunlarmdan dolayr, hala cksiklern olan
malzemelerdir. - Polimerlesme kinetigi. regine ve kompozit formilasyonu gibi
kompozit 6zelhikleri tizerine daha ¢ok ¢ahymalar yapilarak bu  cksikhigin
giderilmest gerekmektedir.
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ABSTRACT

This review is of importance to highlight the issue of dental restoration
composite formulations. The low degrees of conversion  during  the
polymerization cause health effects and usage problems such as shrinkage
that causes microcavities. These microcavities are responsible for the tooth
decay.

Keywords: Dental composites, degree of conversion., light-curing sources
Introduction:

Dental resin composites are composed of an acrylic monomer matrix and
fillers that is subsequently polymerized to form a solid [1]. Odontology takes
care of dental restoration composites to reproduce the proper form, texture
and color of teeth elements [2]. These composites are finding increased use
day by day in tooth cavity restorations. Dental composites contain the organic
phase. the morganic matrix, and a coupling agent to bond the filler to the

organic resin,

Dimcethacrylate (BisGMA) and triethylene glycol dimethacrylate (TEGDMA)
are the most used monomers which is the main part of the organic phase. The
free radical polymerization curing of monomer is induced by an initiator such
as: dimethylamioethyl methacrylate (DMAEM), cthyl-4-  dimethylamino
benzoate (EDMAB), or N.N-cyanocthyl-methylaniline (CEMA) and benzoyl
peroxide. The viscosity of the composite becomes important during the
clinical handling therefore the monomer is diluted with viscosity controllers
of dimethacrylate type [3]. Resins require stabilizers to avoid spontancous
polvmerization. Stabilizers are also used to control the reaction of activators
and resin mixtures. Commonly hydroquinone monomethyl ether is used to
maximize the product’s storage life. Fillers such as silicon dioxide. boron
sihicates, lithium aluminum silicates and quartz are used in dental composites
to reduce shrinkage upon curing [3. 4].

Several factors limit the performance of the composites. especially depth of
cure and degree of conversion (DC). The material composition. characteristics
of the light source. resin formulation, type and concentration of catalyst
system, shade and translucency of the organic matrix, filler type influence the
depth of cure and DC [S]. During the polymerization a certain amount of
monomer remains non-reacted which cause irritation in the oral mucous and
promote allergic reactions in the patients [2]. The  failure  of the
polymerization directly depend on the depth of the composite: the greater the
depth the Tower the degree of conversion, causing decrease of mechanical and
wear propertics [6]. Higher DC values may be obtained by applying high
power density [5]. Obici er al. (2006) studied the DC of Z250 resin composite
at different depths. using a variety of light-curing sources. Photo-activation
was performed with plasma are (PAC) light, a blue light emitting diode (LED)
and four different exposure scenarios using quartz-tungsten- halogen (QTH)
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light. They demonstrated that for the surface and depths of 1 and 2 mm,
conversion values did not differ significantly between lights or exposure
treatments. At 3 and 4 mm depths, the LED source showed signiticantly
higher DC than did the PAC light. It is clear that the light curing sources
affect directly the polymerization among the depth of the composite [5].

Mendes er al. (2005) investigated the DC as a function of depth for the
commercial type composites. They followed the polymerization degree by
using FTIR as a characterization technique. As a result they observed that DC
showed a tendency to decrease with increasing depth. attaining values i the
range of 40 50% and indicating that a high amount of residual monomer has
remained. These results are very critical for the human health [2].

Discussion and Suggestions:

As seen from the researches there are still problematic issues on dental
composites. The more researches are needed about the polymerization kinetic.
resin formulations, erc. to enhance the usage time and quality of them.
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OZET

Son yillarda  rejeneratift ubba  yonelik  biyomateryal  ¢alismalar.  doku
miithendishigi igin yeni yapr iskeleleri  (scaffoldlar)  gelistirmesi  iizerine
vogunlasmistir. Yapr iskelesi olarak son dénemde bir¢ok sentetik ve dogal
polimer biyomalzeme olarak kullanmlmaktadir. Bunlar arasinda 6zcllikle dogal
polimerler. canli organizmalarin dogal bilesenleri olarak dokularla kimyasal ve
biyolojik benzerlikler gosterdigi i¢in 6zel ilgi ¢ekmektedir. Dogal bir polimer
olan kitosan N-asctil glukozamin ve N-glukozamin birimlerinden olusan dogal
katyonik bir polisakkarittir. Kitosan ve tiirevleri porozlu yapilari, jel olusturma
ozcelhkler,  kimyasal  modifikasyonlarimin - kolay olmasi,  biyobozunur  ve
biyouyumlu yapilar, antibakteriyel ozellikleri ve in vivo makromolekiillere
vitksek affinite gostermerleri nedeniyle doku miihendisligi uygulamalarinda
vayem olarak kullamlan biyomalzemelerden biridir. Ortopedik uygulamalara
vonelik kemik  graftlart olarak birgok polimer kompozit sistemleri iizerine
calistimaktadir. Bunun nedeni kemigin inorganik ve organik olmak iizere iki
fazdan olugan kompozit bir yapiya sahip olmasidir. Bununla birlikte kompozitler
sal” polimerlerle kiyaslandiginda, belirgin bir bi¢imde gelismis mekanik, termal
ve  fizikokimyasal  ozellikler  gostermektedirler. Son  dénemde  yapilan
calismalarda. bivopolimer ve silika nanopartikiillerden olusturulan kompozitler
bivomedikal uyvgulama alanlarmda  potansiyel  vaad etmekiedir.  Silika
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nanopartikiiller, yapida modulus  ve mukavemette 6nemh olgide iyilesme
saglayarak sentetik ve dogal polimerlerin mekanik 6zelliklerini arttirmaktadir.
Bunun yamsira silika katkist kemik doku rejenerasyonunu desteklemektedir.
Kemik doku miihendishigine  yonelik  yapilan  ¢alhismalarda  silikat igeren
biyomalzemelerde kemik hiicresi tutunumunda ve kemik doku olusumunda
onemli olgiide artiy gozlenmistir. Silikanin bu biyolojik ve fiziksel 6zellikleri g62
ontine ahndiginda, dogal silika kaynagr olarak Diatomlarin, gerek mikroyapisi
gerekse kimyasal olarak inert yapilan nedeniyle biyomedikal uygulamalar i¢in
uygun bir dolgu malzemesi olabilecegi distiniilmektedir.

Bu ¢ahgmanin amact kemik doku mihendisliginde  kullanilabilecek  diatom
katkist igeren kitosan kompozitlerinin doku iskelesi olarak diretilmesidir. (Calisma
diatom katkisinin ve kompozisyonunun, kimyasal, yapisal ve yiizey ozelliklerine
olan ctkilerinin, in vitro sitotoksisite, ve proliferasyon testleri ile biyoaktivite
Ozeliklerine olan etkilerinin belirlenmesini igermektedir.

Diatom katkili kitosan kompozit malzemeler %0l Lk asctik asit ¢ozelusi
icerisinde  ¢ozduriilecek, sonikasyon islemi ile  katkimin polimer igerisinde
homojen dagilimi saglannus  ve liyofilizasyon yontemi ile  yapr iskeleler
olusturulmustur.  Kimyasal  karakterizasyon i¢in - FTIR analizi. mckanik
Ozelliklerin belirlenmesi i¢in basma testi, ylizey ozelliklerinin belirlenmesi igin
de temas agisi, SEM analizi ve protein adsorpsiyonu testlert yapilmsur. /i vinro
biyoaktivite tayini igin MTT ve osteoblast proliferasyonu yaptlmaktadir.

Bu ¢aligma sonucunda elde edilen kitosan-diatom kompozit filmlert sal” Kitosan
film ile kiyaslandiginda Young modiiliinde artis gozlenmig, diatom katkisinin
mekantk mukavemeti arturdi@nr gézlenmistir.  Kitosan filmin Young modiilii
132MPa iken, %05 lik diatom ig¢eren kitosan kompozit filmin Young modiilii
166.7 MPa olarak o6lgilmiistiir. Temas agist sonuglar incelendiginde kitosan
filmin temas agist 86.5 Y iken %S lik diatom igeren kitosan kompozit filmin
temas agist 82,4 © olarak ol¢ilmiistir. Diatom ilavesi ile yiizey daha hidrofilik
Ozellik  gostermigtir.  Mikroyapr analizlerinden  diatomun kitosan i¢erisinde
homojen dagilim gosterdigi ve katkimin polimer i¢indeki arayiizey etkilesiminin
iyt oldugu gozlenmistir.

Anahtar Kelimeler: Kitosan, kompozit, Diatom
ABSTRACT

Nowadays studies on biomaterial studies for regencrative medicine  focused on
the development of new scaffolds for tissue engineering. Recently numerous
synthetic and natural polymers are being used as scaffold. Among these, natural
polymers in particular, draw attention to the similarities in chemical and
biological tissues because of being the natural components of living organisms.
As a natural polymer chitosan is a cationic polysaccharide composed of N-acetyl-
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glucosamine and N-glucosamine units. Chitosan and its derivatives arc widely
used  biomaterials for tissue engineering applications due to their porous
structure, gel forming properties, case of chemical modifications, biodegradable
and biocompatible structure, antibacterial properties and high affinity to in vivo
macromolecules. There have been studies on numerous polymer composite
systems as bone grafts for orthopedic applications. The reason is that bone has a
composite structure consisting two phases as inorganic and organic. In addition
to this,  composites compared to the pure polymers, showed improved
mechanical, thermal and physicochemical properties distinetly. In recent studics
composites consisting biopolymers and silica nanoparticles show potential in
biomedical applications. Since silica particles can improve mechanical propertics
of synthetic and natural polymers by providing enhancement in the structure,
modulus and strength. On the other hand. silica content supports bone formation.
In the studies related to bone tissue engineering. significant increase in bone cell
adhesion and bone tissue formation were reported. Considering these biological
and physical properties of silica, Diatomeae as natural silica source show
potential in biomedical application arcas duc to the their microchannels and
having chemically inert structure.,

Therefore, the objective of this study is to fabricate diatom-reinforced chitosan
composite materials that can be used in bone tissue engineering. characterization
ol these composite materials by using different ratios of diatom as filler and
determination of bioactivity by in vitro cytotoxicity and proliferation tests.

Diatom-reinforced chitosan composites were prepared by dissolving chitosan in
1% acctic acid  solution,  then diatom is  added to  polymer solution,
homogenization of the diatom in polymer was succeeded by sonication process,
finaly scaffolds were formed by lyophilization. Chemical characterization was
performed by FTIR analysis. mechanical properties were determined by
compression test. surface properties were observed by contact angle, SEM
analysis and protein adsorption tests. /n vitro bioactivity is being determined by
MTT and osteoblast proliferation.

It was observed that both Young modulus and mechanical strenght increased
with an increase in diatom content. Young modulus of chitosan film was found as
132 MPa, as Young modulus of 5% diatom reinforced chitosan film was
measured as 166.7 MPa. Contact angle of piire chitosan was measured as 86,5 °,
while 3% diatom reinforced chitosan composite film was found to have a contact
angle of 824 “ It was found that chitosan-diatom composite films have more
hydrophilic properties. It was observed that diatom had homogenous distribution
in chitosan matrix and good interfacial interactions achieved between polymer
matrix and filler according to SEM results.

Keywords: Chitosan. composite. Diatomeac
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KOMPOZIT SEKTORUNE GENEL BiR BAKIS
GENERAL OVERVIEW OF COMPOSITE INDUSTRY
ismail Hakki Hacialioglu
Kompozit Sanayicileri Dernegi
thacialioglu@ kompozit.org.tr

OZET
TAKVIYELI POLIMERIK KOMPOZITLER

Yasam alanlarimizin her verinde bizlere modern ve ¢agdas  ¢oziimler
sunmaktadir.

Bindigimiz otomobilde ve toplu tagima araglarinda, yasadigimiz binalarda,
kentimizin alt ve dist yapisinda, denizde, havada, savunmada ¢ok yonlii
malzeme ve dirtin olarak kullamlmaktadir.

Kompozit sektorii. tim  diinyada, 1kame malzemelerden de pay alarak
biiyviimektedir.

» Kriz éncesinde. diinya kompozit iiretim ve tiketiminde % 3,7 oraninda bir
biiyiime goriilmekteydi.

)

* Yine aym donemde.  gelismig dilkelerdeki  biiviime  orami % 1-1.5
mertebesinde kalirken, gelismekte olan dlkelerde, %4 8 dolayinda bir biytime
gergeklesmekteydi.

* Kriz sonrast yillarda da biytme, tekrar %0 3.5 - 4 arasinda bir seyir
izlemektedir.

Kompozit scktorii, Tiirkiye'de, Avrupa ve diinya biytime oranlarmin tizerinde
bir biiyiime gistermektedir.

Kriz oncest yillarda, " 8-12 arasinda biiytime goriilmistiir,

Kriz sonrast yillarda da. %6 9-10 oraninda bir biiyiime 1zlenmektedir.
SEKTORUN BUYUKLUGU

* Diinya“da: (2011)

* 6.2 Milyon Ton

49.6 Milyar Luro

* Avrupa'da: (2011)

1.4 Milyon Ton

» Turkiye'de: (2011)

38



11 ULUSLARAKASI POLIMERIK KOMPOZITLER SEMPOZYUMU, SERGISI VE CALISTAYI
3rd INTERNATIONAL POLYMERIC COMPOSITES SYMPOSIUM, EXHIBITION AND WORKSHOP

200.000 Ton

TURKIYE KOMPOZIT SEKTORU

- 150 - 200 Sirket (orta ve biytik olgekl)

- 700 - 800 Sirket (kismen kompozit isinde)
- Yaklasik 5.000 (ahsan

- 200.000 Ton Toplam Uretim Hacmi

- 1 Milyar € Uretilen Toplam Deger

Kisi Bagma Kompozit Tiiketim Miktari, Artik Bir “Gelismislik Kritert™
Olarak Kabul Ediliyor

* Diinyada : 4 - 10 kg
* Tirkiye'de : 2,500 g / kigi
TURKIYE'DE LOKOMOTIF SEKTORLER

« Kompozit malzeme hafiflik ve diizgiin yiizey saglama avantajlar ile
OTOMOTIV sektériinde ;

« Hafiflik avantaji ile INSAAT sektoriinde;

« Hafifhk, yizey dizginligii ve uzun kullamm  omrii avantalarn ile
YENILENEBILIR ENERIJI sektoriinde ;

+ Korozyon, kimyasal dayamm, hafiflik ve uzun kullanim 6mrii avantap ile,
ALTYAPI yaurimlarinda, SERACILIK uygulamalarmda ve DENIZCILIK
sektortinde ;

vazgegilemez malzeme olma 6zelligini korumaktadir.

KOMPOZIT UYGULAMA ONGORULERI

Yiiksek biiyiime potansiyeline sahip KOMPOZIT uygulamalari sunlardir:
Karbon Elyafi Uygulamalan

Boru Uygulamalar

Otomotiv ve Tasimacilik

Seracihik Uygulamalar

Riizgar Enerjisi

Giines Enerjisi Panelleri

insaat Donatilar

Pencere ve Kapi
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PPRC Isitma Borular (Kombri)

Miihendislik Plastikleri

Denizeilik

ABSTRACT

REINFORCED POLYMERIC COMPOSITES

Composites are offering to us modern and up to dated alternatives in all fields
of life. Composites are used in the car and public transportation. the buildings
we live in, the infrastructure and upper structure of our city, sea, air, defense
as a very versatile material and multi functional product.

Composite industry is growing all over the world by taking share from
alternative  matenials.  « Before the cnsis, the world  production and
consumption of composite scen a growth of 3.7%.

* During the same period, the order of 1-1.5% growth rate observed in
developed countries, while in developing countries. growth was taking place
around 8%. « growth rate in the years after the crisis are at the level of % 3.5
to 4 again.

Composite sector in Turkey experiencing a grow rate above the European and
world growth rate. «In the years before the crisis, growth was between 8-12%),
safter the crisis a growth rate of 9-10% observed.

Size of the sector « World: (2011) «6.2 Million Tons «49.6 billion Euros
« In Furope: (2011) «1.4 Million Tons
* Turkey: (2011) « 200,000 tons

COMPOSITE SECTOR IN TURKEY - 150-200 Company (medium and
large) - 700-800 Company (partially in composite business) - Approximately
5.000 employees - 200,000 tons Total Production Volume - 1 Billion € Total
Production Valuc

Per Capita Consumption of composite is regarded as a "Development
Criteria” .« Worldwide: 4-10 kg « Turkey: 2.500 g / person

Turkey's leading Sectors « Composite materials in the automotive industry
with the advantages of light weight and providing smooth surface:
Construction sector, with the advantage of lightness: » With the lightweight,
smoothness, and long life advantages in the renewable energy scctor: « With
the advantages of corrosion and chemical resistance, hght weight and long
service life, in infrastructure investments, greenhouse applications, and the
maritime industry: continues to be an indispensable material.
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PROJECTIONS OF COMPOSITE APPLICATIONS Composite applications
with high growth potential are as follows: Carbon Fiber Applications Pipe
Applications Automotive and Transportation Greenhouse Applications

Wind Energy Solar Power Panels Construction Materials Windows and Doors
PPRC Heating Pipes Engineering Plastics Marine
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HALOJEN iCERMEYEN ALEV GECIKTIRICi
KATKILI POLIMERIK KOMPOZIT MALZEME
URETIMI

PRODUCTION OF A POLYMERIC COMPOSITE
MATERIAL FILLED WITH HALOGEN-FREE FLAME
RETARDANT
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OZET

Amacg

Bu  projede, AYPE/EVA  (al¢ak yogunluk polictilen/  etilen-vinil  asetat
kopolimeri) esasli, kablo sanayinin kullanimima uygun, halojensiz alev geciktirici
olarak aliimina trihidrat (ATH) katkih polimerik kompozit yapih bir malzeme
gelistirilmistir.

Giris

Policulen (PE) - EVA kangimlan kablo kihfi gibi yiiksck sicakhk
uygulamalarinda sik¢a kullanthirlar. EVA kopolimerinin PE {izerine eklenmesi;
tokluk, saydamlik, dolgu tagtyabilmesi ve g¢evresel gerihm ¢atlama dayaninn
(ESCR) gibi 6zelliklerini gelistinir. Diisiik bozunma sicakhgindan otiirii, EVA ve
AYPE gibi proses sicakhgr diisiik polimerlerle ATH kullaninmi énerilir.

Aliimina trihidrar (A1-O:.3H,0: A(OH);) 180-200 "C de endotermik bozunma
sonucunda su buhar ve altiminaya ayrisir:
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ATH, bozunma tepkimesi sirecinde 1050 kJ'kg enerji sogurarak polimer
malzemenin sogumasina veya sicakh@imin digsmesine katkida bulunur, Agiga
¢ikan su buhart 1se yanicr gazlart seyreltir. Bunun yaninda, ALO; koruyucu bir
isil yalitim tabakasi olusturur. ATH kullanimi ile birlikte, 1s1 sahim hizi diiser.
duman olugumu azahr.

Diger yandan, ATH katkili polimerler, yiikseck ATH nmuktarlan igerdiklerinde
uygun alev davramslar sunarlar.

Tiirk kablo endistrisi kablo tiretiminde yurt disindan saglanan, kullanima hazir
halojensiz alev geciktiricili karisimlar kullanmaktadir. Bu nedenle bu ¢alismada
tireticilerin kendi kablo formilasyonlarii tiretebilmeleri i¢in kullanabilecekler
verileri saglamak iizere AYPE/EVA/ATH kompozitleri dretilerck  mekanik,
reolojik ve alev geciktrici ozellikleri ticart karisimlar ile karsilastirmali olarak
incelenmistir,

Malzemeler

Cahiymada criyik akis indisleri farkli olan iki AYPE (Pctkim) ve iki EVA
(Dupont) kopolimeri kullamlmistir. Arayiiz baglayici olarak malcik anhidrd
agtlannus polietilen (PEgMA: DuPont, Fusabond™ E226. Eriyik Akis Indisi: 1.5
2/10 dakika, yogunlugu: 0.93 g/cm') ve halojensiz alev geciktirici olarak ATH
(Nabaltee, Apyral”™ 40CD; tane boyutu 1.3 pm, 99.5 % saflikta) ve engellenmis
tiyofenol yapida antioksidan (Chemtura; Lowinox TBP-6) kullanilnistir.
Yontem

Degigen PE/EVA oranmi ve tipi ile toplam %40 polimer bileseni ve °660 ATH
iceren kompozit kansimlar, kesikli i¢ kanstricr kullanilarak  hazirlannsur.
Hazirlanan kompozit 6rneklerinde, 1s1l davranislarin incelenmesinde diferansiyel
taramali kalorimetri (DSC) ve sil gravimetrik analiz (TGA) yontemlerinden
vararlanilmistir. Orneklerin mekanik 6zellikleri gekme testleriyle. akis ozcllikleri
ise reometrik  Olgtimlerle  belirlenmig, yanicihiklart ASTM  D2863  standardi
uygulanarak smir oksijen indisi ile saptanmistir. Kompozitlerin hazirlanmasinda
kullamlan AYPE, EVA ve ATH ¢esitli yontemler ile karakterize edilmistir,
Sonuglar ve Tartisma

Polimerlerin DSC analizinde AYPE orneklerinin yaklagik ayni kristal crime
sicakh@mr gosterdigi saptanmistir. EVA kopolimerlerin vinil asetat igeriginin
2028'den %040’a ¢ikmasi ile kristal oram digmektedir. Kompozitlerin i¢erdigi
EVA miktan %26'dan %65°¢ ¢ikugida depolama  modilinin % 180-220,
viskozitenin %61-107 artugi. kopma modiiliiniin ve kopma gerihminin yaklasik
Y650 oranminda distiigii saptanmistir. Kompozit i¢inde ATH bozunma sicakhg
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baslangici 219 °C*den 225 °C’ye yiikselmekle birlikte, simir oksijen indisi (LOI)
degerini 30 dan 34" ¢ ¢ikmasi, kompozitlerin yanma direncinin - artigini
gostermektedir.

Yorum

Urctilen kompozitler kablo uygulamalarinda ticari iiriinlere esdeger mekanik,
reolojik ve alev geciktirici dzellikler sergilemistir,

Anahtar Sozciikler: AYPE, EVA, ATH. Halojensiz Alev Geceiktirici, smir
oksijen indisi (LOI)

ABSTRACT

Aim

In the present project a composite material to be used in cable industry. which
has LDPE/EVA (low density polyethylene/ ethylenc-vinyl acetate copolymer)
polymer blend and alumina trihydrate (ATH) filler. which is a halogen-free flame
retardant (HFFR). has been developed.

Introduction

PE/EVA blends are frequently used in high temperature like cable sheaths.
Addition of EVA copolymer onto PE improves the properties of composites in
terms of toughness. transparency, filing capacity. environmental stress crack
resistance (ESCR). Because of its low decomposition temperature, use of ATH is
preferred with the low processing temeprature having polymers such as  EVA
and AYPE.

Alumina trihvdrate (AL,O.3H,0: AI(OH);) dissociates into water vapor and
alumina upon endothermic decomposition at 180-200 "C':

ATH, absorbing 1050 kJ'kg energy during decomposition cools the polymer
down and contributes to the temperature lowering while the evolving water vapor
dilutes flammable gases. In addition, ALO: forms a protecting layer of thermal
insulation. drops the rate of heat release and smoke formation.

On the other hand. ATH filled polymers provide sufficient flame retardancy
when they have high filling ratios.

Turkish cable industry utilizes exported “ready to use™ HFFR having mixtures.
Therefore. the present study has been conducted to provide data for the cable
producers to make possible the production of their own cable formulation and
LDPE'EVA/ATH composites were produced and taken under investigation in
terms of their mechanical. rheological and flame retardant properties comparing
with the commercial mixtures.
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Materials

In the present study two LDPE (Petkim) and two EVA copolymer (Dupont)
differing in melt flow indices (MFI) as polymers, maleic anhydrid grafted
polyethylene (PEgMA: DuPont, Fusabond" E226, MFI: 1.5 g/10 minutes.
density: 0.93 g/cm’) as coupling agent, ATH (Nabaltee. Apyral” 40CD: particle
size 1.3 pm, 99.5 % purity) as HFFR, and hindered thiophenol type antioxidant
(Chemtura: Lowinox TBP-6) were used.

Method

Composite blends having 40% polymer component with changing PE/EVA ratio
and type and 60° ATH were prepared by using a batch type internal mixer.
Thermal behavior of the prepared composite samples was examined by using
Differential Scanning Calorimetry (DSC) and  Thermo-Gravimetric Analysis
(TGA) methods. The mechanical and rheological properties of composites were
investigated through the tensile tests and a rheometer, respectively, while their
flame retardancies were determined applying ASTM D2863 standard (Limiting
Oxygen Index, LOI). LDPE. EVA, ATIl used in the present study were
characterized by using several methods.

Results and Discussion

DSC analysis of LDPE samples revealed that both polymer samples gave almost
the same melting temperature. Crystal content of EVA copolymer decreases as
the vinyl acetate content increased from %628 (o %40,

As the EVA content of composites increased from 26% to 63% the storage
modulus and viscosity increases by 180-220% and 61-107%., respectively,
Modulus of Elasticity and tensile strength decreases by about *650. Although the
starting point of decomposition temperature of ATH increased from 219 “C 1o
225 °C in the blend, increasing LOI value from 30 to 34, depicts the decreasing
flammability.

Conclusion

The present composites produced herein exhibited mechanical, rheological and
flame retardant properties comparable to those of commercial products used in
cable sheath applications.

Keywords: LDPE, EVA, ATH, HFFR. LOI
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CAM ELYAF TAKVIYE EDILMIS
POLIPROPILEN/ALUMINYUM SANDVIC
KOMPOZITLERIN LAMINASYONU VE ARAYUZEY
OZELLIKLERININ GELISTIRILMESI
LAMINATION AND INTERFACIAL PROPERTIES
DEVELOPMENT OF GLASS FIBER REINFORCED
POLYPROPYLENE/ALUMINUM SANDWICH
COMPOSITES
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OZET

Amag

Metal/polimer  tabakali  kompozitler yiiksek yorulma dayanimi, darbe
dayanmmmi, darbe toleranst gibi 6zellikleri sebebiyle elektronik, otomotiv,
savunma, uzay endistrilerinde  kullanim  potansiyeline  sahiptir.  Farkh
malzeme  yiizeylerini  uygun  yontemlerle  birlestirmek  kompozit - yapi
tirctiminde kritik bir siiregtir. Bu ¢calismanin amaci alumimyum/cam clyaf
takviye edilmis polipropilen (AVCEPP) laminalarin gelistivilmesi ve gesitli
viizey aslemlert ile AVCEPP kompozitlerin - baglanma  mukavemetinin
arturilmasidir,

Materyal-Yontem

Laminalar aliiminyum levhalar ve fiber hacim orant %60 olan birbiri i¢inde
karnismis Orili iplik i¢eren cam ve polipropilen clyaftan imal edilmistir, Z-
6032 silan baglayicist Dow Corning™ den temin edilmistir. Distile su ve
glasial ascuk asit silan ¢ozceltist hazirlamak ¢ kullanilnistir,

Al numune viizeyi ivi bir baglanmanim saglanabilmesi i¢in ascton ve su ile
ivice temizlenmis,  100°C7de 15 dakika boyunca kurutulmustur. 1 giin
beklemeden sonra numuneler  Z-6032 silan ¢ozelusi igerisine daldiminustir,
Silan ¢ozeltisinin hazirlanmasi i¢in agirhikea %o l6hik glasial asetik asitten 1,
distile sudan 5 oraninda olmak tizere kanistinlmus, pH degeri 20 oran silan
¢ozelusi ile  glasial asetik asit ¢ozeltisinin birlestirilmesi ile 2'ye ayarlanmis
ve mekanik kanstinier ile yarim saat kanstirma islemleri uygulanmistir. Al
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numuneler soliisyon icerisinde 15 dakika brakilmistur, Cikanldiktan sonra
numuneler bu silan baglayicist ig¢in en ctkili kurutma doéngisi olan 90°C 45
dakika boyunca kurutulmusgtur. Kompozit/metal ara yiizeyindeki baglanma,
aluminyumun amino bazh silan baglayicr ajan ile 6nislenmesi, poliolefin bazhi
yapistiricr film eklenmesi ve Al ara yizeyinin agirhkga 6 20 maleik anhidrid
polipropilen (PP-g-MA) i¢eren polipropilen bazh film ile modifikasyonu ile
elde edilmistir. Bu ¢esitli yiizey on islemelerin etkilerini degerlendirmek igin
farkh  yontemler ile  hazirlannug  AVCEPP  tabakali  yapilarin - mekanik
ozellikleri (kayma, aynlma ve cgme mukavemetleri) incelenmistir. Ayrilma
testinden sonraki kirnik yiizeyler taramah clektron mikroskobu (SEM) ile
incelenmistir,

Tartisma ve Oneriler

Yiizey islemi gormemis kompozitlerde Al ve CEPP arasinda baglanma ¢ok
zayif olmasma ragmen, silane ile modifiye edilmis Al kullanilan kompozitie
arayiizey kayma mukavemeti 2.03 N/mm?” ye ulasmisur. Amino bazli silanin
(Z-6032) arayiizey kayma mukavemectini arturdigr gortilmiistir. Bu arts
beklenildigi gibt polipropilen ile silanin amino grubu arasindaki Kimyasal
baglanma sonucunda olmustur. Aynca agirhkga %620 MA igeren PP-MA
filmlerin AVCEPP katmanlari arasma konulmasi ile ayrilma mukavemeti ve
arayiizey kinlma toklugu degerlerii arttirildigr bulunmustur.

Al ile CEPP arasinda simirli baglanma bulundugu i¢in islem  gérmemis
kompozit numunclerin ayrilma  mukavemet  degerleri oldukga  diistiktiir.
AVCEPP nin; silan ile islem gormiis olan, polyoletin bazh adesit” film ile
birlestirilmis olan ve polipropilen bazh film ile modifiye edilmis olup kiitlece
2020 polipropilen igeren arayiizeyler ile ayrilma mukavemet degerleri sirasiyla
0.53, 2.67 ve 6.61 N/'mm’ye ¢ikanlmistir. En iyi baglanma kiitlece %420 PP
iceren PP bazh filmin AVCEPPin tabakalarn arasina uygulanmasiyla celde
edilmistir. Ayrilma mukavemeti degerlerine gore polyelefin bazli adhesif
filmin  birlestiriimesiyle  olusan — sistemle  kiyaslandigimda  silan yiizey
modifikasyonlarimin daha disik sonug¢lar vermistir.

Silan ile iglem goren AVCEPP kompozit, polioletin bazh yapistiricr film ile
birlestirilen ve agirhkga %620 PP-g-MA i¢eren modifiye edilmis PP bazl
filmin  e¢gme mukavemeti degerlert sirasiyla 29.54, 69.96 and 90.79 N/mm
olarak bulunmustur. PP-g-MA ile modifiye cdilen AVCEPP laminalar ¢n
yiksck mukavemet degerlerini gostermis ve yik alunda ani kinlmalar
gostermemektedir.

SEM  kink yiizey incelemeleri PP-g-MA ile  baglanmiy  AVCEPP
kompozitlerin en yiiksek ara yiizey yapismasima sahip oldugunu gostermistir,

Anahtar kelimeler: AVCEPP laminalar, adhesif baglanma mukavemeti, yiizey
islemlert
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ABSTRACT

Objective of the study

Metal/polymer composite laminates have potential to be used in a wide
variety of applications in electronics, automotive, defence and acrospace
industriecs due to their excellent fatigue strength, impact resistance and
damage tolerance. The joining of separate constituents using a suitable
technique is a critical issuc in the manufacture of composite structures. The
aim of this study is to develop aluminum/glass fiber reinforeed polypropylene
(AVGEPP) Taminates and to improve the adhesive bond strength of those
laminates using various surface pretreatment techniques.

Materials-Method

The laminates were manufactured from sheets of aluminums (Al) and a
woven cloth consisting of co-mingled glass and polypropylene fibers (GFPP)
with a fiber volume fraction of 60 wt. *. A silane coupling agent (Z-6032)
was provided from Dow Corning™. Distilled water and glacial acetic acid
was used in order to prepare silanol solution.,

The Al surfaces were treated with acetone at room temperature for fully
degreasing and rinsed with water to provide a neutral bonding surface. The Al
samples were dried and held at 100°C for 15 minutes. After waiting for | day
in ambient air Al plates were dipped into the Z-6032 silane solution which
was prepared by using mixing of 16 wt. % solution of glacial acetic acid with
a ratio of 1 parts glacial acetic acid to 5 parts distilled water and sctting pH
value to 2 by incorporation of 20 parts Z-6032 silanc coupling agent into to
the 16 wt. % solution of glacial acetic acid, blending using mechanical stirrer
for another 30 minutes and samples were left with in the solution for 15
minutes. After removal of the samples from the solution, the samples were
then dried at 90°C for 45 minutes, which is an effective drying cycle for this
silane coupling agent. Incorporation of polyolefin based adhesive film and
modification with PP based film containing 20 wt. % a malcic anhydride
modified polypropylene (PP-g-MA) was also studied. The mechanical
properties (shear, peel and bending strength) of the adhesively bonded
AVGEPP laminates were investigated to evaluate the effects of  various
surface treatments. The fracture surfaces have been examined by scanning
electron microscope (SEM).

Results and Discussions

Untreated AVGFPP samples exhibited almost no bonding between Al and
GFPP. However interfacial shear strength value of 2.03 N/mm’ was obtained
by silanc treatment of Al surfaces. It was revealed that amino based silane (Z-
6032) provided some improvement in the interfacial shear strength over the
untreated specimens. This improvement was due to the chemical bonding
between polypropylene and the amino group of the Z-6032 silane as expected.
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It was also found that the introduction of PP based film containing 20 wt. %4
PP-g-MA into the AVGEPP interlayer resulted in substantial improvement of
the fracture strength and toughness of the adhesive joint.

Peel strength values were found to below for untreated AVGEPP samples
indicating limited bonding between Al and GEPP, The peel strength values of
AVGEPP silane treated, polyolefin based adhesive film incorporated and
modificd with PP based film containing 20 wt. % PP-g-MA were increased to
0.53.2.67, and 6.61 N/mm. respectively. The best adhesion was achicved by
the introduction of PP based film containing 20 wt. %6 PP-g-MA into the
AVGEFPP interlayer. According to peel strength values. silane was less
effective surface treatment as compared with the incorporation of polyolefin
based adhesive film.

The bending strength values of AVGEPP silane treated, polyolefin based
adhesive film incorporated and moditied with PP based film containing 20 wt.
% PP-g-MA were found as 29.54, 69.96 and 90.79 N/mm, respectively. In
casc of AVGFPP laminates modified with PP-g-MA | these laminates exhibited
no sudden drop of the load and the highest strength values compared with
other surface modification techniques.

SEM images for fractured surfaces of AVGFPP with incorporation of PP-g-
MA into the AVGFPP interface revealed the highest interfacial adhesion
between Al and GFPP was examined.

Keywords: (AVGEPP) laminates, adhesive bond strength, surface treatment
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OZET

Giris

Giintimiiziin iiretim teknolojilerinde  malivet/performans agisindan  kullanmilan
malzemelerin bir cok 6zelligi bir arada barindirmasi istenmektedir. Bu ozellikleri
saglayan kompozit malzemelerin vaklagik %9071 polimer esash matrislerle
iirctilmektedir.

Otomotivden insaata bir¢ok alanda kullanilan Sheet Molding Compound (SMC)
basingh  kahplama ile dreulen  polimer kompozit  yontemlerinden  bindir.
Kimyasal dayanim, yiiksck kalitede yiizey kalitesi, disiik agirhik gibi 6zelliklerin
yani sira daha 1yi mekanik 6zelliklerin elde edilmesi SMC ile {iretimin tercih
edilmesinin nedenlerinden yalnizea bir kacidir. Bu ¢alismada, daha iyt mekanik
Ozelliklerr elde etmek i¢in farkh  kombinasyonlarda takviye malzemeleri
kullanifarak SMC plakalarla denemeler yapilnmiy ve sonuglar karsilastirihip
yorumlannmistir.

Materyal-Yontem

SMC malzemeler tiretilmeden dnce pestil (prepreg) olarak bilinen hammaddenin
hazirlanmast gerckir . Pestl igerisinde matris malzemesi, takviye malzemeleri
(genellikle fiber), dolgu maddeleri ve gesitli fonksiyonlar olan katki maddeleri
bulunur. Olgunlagmasi igin belli bir siire bekletilen pestiller daha sonra 120 - 160
“C asiilan kahiplar iginde 80-140 barlik yiiksek basinglara maruz birakilarak
istenen sekilde parcalar dretilir. Kaliplama sonucu clde edilen nihai iriiniin
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mekanik ozelliklert genellikle takviye malzemelerinin cinsine, hacimsel oranina,
matris igerisindeki dagihmina dogrudan bagimhdir. Bu malzemelerin cinsi, oran
ve dagilimi degistirilerek malzemenin mekanik 6zelliklert degistirilmiy olur.

SMC levhalann diretimi i¢in gerckli olan pestiller farkh takviye kombinasyonlari
ile hazirlanarak bir siire olgunlagmasi i¢in bekletilmistir. SMC pargalar sicaklik
ve yiiksek basing etkisi altinda tretildigi igin kullanilan kahbin bu sartlara uygun
olmasi gerckmektedir. Bu gartlara uygun ¢aligabilmesi s ve yitksek basimca
dayanmikh ¢ehk kahp yapurilmisur. Isitmanin saglanabilmesi i¢in kaliba rezistans
baglanmig, basmer saglamak i¢in ise kahip hidrolik prese  sabitlenmistir.
Olgunlagmasint  tamamlayan  pestller  kalip igerisinde  levha  bigiminde
sckillendirilmistir. Plaka scklinde diretilen levhalar uygun boyutlarda kesilerck
test numunelert hazirlanmigtir. ('ekme ve egilme gerilmesi degerlerini belirlemek
icin bu test numuneleri deney test cihazlarina baglanmustir. Cihazlardan elde
cdilen mekanik  sonuglar ile farkli takviye kombinasyonlu bu malzemeler
karsilastirlnustir,

Tartisma-Oneriler

Enerji ve ¢evre problemlerinin arttigr dilnyamizda bu sorunlarin ¢oziimii istenen
ozelliklert saglayabilecek iistin nitelikli kompozit malzemelerin dirculmesi ile
miimkiindiir. Kompozit malzemeler  daha iyi 6zellikler sunarken, iiretim
yontemlerinin gehistirilmest ve bilesimindeki malzemelerin iyilestirilmesi. bu
malzemelernnt  daha  da  mikemmel  yapmaktadir.  Kompozit  malzeme
yontemlerinden biri olan SMC ile tiretilen pargalarda kimyasal ve fiziksel bir ¢ok
ctken onlarm mekanik 6zelliklerini etkilemektedir. Bu etkenlerin kontroliiniin
saglanmasi daha 1yt kompozit malzemelerin tiretilmesine imkan vermektedir. Bu
cahsma ile  parcamin  mekanik  6zelliklerinde  tartismasiz en 6nemli
parametrelerden birt olan takviye malzemelerinin farkli kombimasyonlarda
kullanimimin etkist incelenmeye ¢ahisilmusur.

Malzeme igerisinde kullanilabilecek takviye malzemelerinin hepsinin tek bir
cahsmada denenmesi mimkin degildir. Gelecek ¢alismalarda SMC igerisinde
kullamlan mevcut takviye malzemeleri ile daha dénce kullanilmanuy takviye
malzemelerinin bir ¢ok kombimasyonu denenerck daha dstiin nitelikli veya
kullanim amacina uygun malzemeler elde cdilebilir.

Anahtar Kelimeler: Sheet Molding Compound (SMC). Polimer kompozit,
Basmgh kaliplama

ABSTRACT

In today's manufacturing technologies. to achieve the the cost / performance
advantage, combination of many features for materials are required. The
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composites meeting these requirements are by 90% produced with the use of
polymeric matrices.

Sheet Molding Compound (SMC) is a method of polymer composite processing
produced by high-pressure molding which is used in many fields of industry like
construction and automotive. Main reasons for the preferance of SMC usage are
chemical resistance. high-quality surface finish. as well as low weight to obtain
better mechanical propertics compared to other material alternatives

In this study, different combinations of  reinforcement materials are used to
produce SMC plates and their mechanical properties are compared and discussed

Materials-Method

Before the SMC part is produced. the raw material known as the prepreg should
be prepared. Prepreg consists of matrix material, reinforcement material (usually
fibers). fillers and additives with different functions.

Prepreg s held for specific time to mature, then is processed in a preheated
mold at 120-160 * C temperature at a high pressure of 80-140 bar to obtain the
desired part. The mechanical properties of the final product is usually obtained
by the type of reinforcement material. its volume fraction. and its distribution in
the matrix. The mechanical property differs by changing the type of material and
the distribution ratio.

The prepregs necessary for the production of SMC are prepared with different
combinations of supplements and are hold for a period of maturation. SMC parts
are manufactured under the influence of temperature and high pressure therefore
the mold must meet these requirements. To obtain these conditions the mold was
cquipped with resistance and was connected to a high pressure hydraulic pres to
obtain high pressure levels. The prepregs with completed maturation were
formed mto test plates in mold. Test specimens were produced via cutting into
appropriate sizes and geometries. To determine the tensile and bending stress
values the test samples are connected to test equipment. Materials with different
reinforcement combinations were compared according to the results obtained by
different test devices.

Discussion-Recommendations

Increased energy and environmental some problems in our world can be solved
with production of high quality composite materials. Composite materials
provide high level characteristics. the improvement of production processes and
development of new reinforcement materials and polymers will lead to solutions
at top standarts.
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Variety of factors including the chemical and physical matters affect the
mechanical properties of SMC parts. Ensuring control of these factors allows for
better production of composite materials. In this study the different combimations
of reinforced materials at different ratios are studied to sce their cffect on
mechanical properties.

A promising start has been done to try different fiber variations in composites. Of
course it is not possible 1o try all the possible variations of fibers in a single test
plate. In future studies, combining the present materials used in SMC and newly
designed unused reinforcement materials with of superior quality and mechanical
limits will lead to high end materials.

Key Words: Sheet Molding  Compound  (SMC),  Polymer  Composite,
Compression mold
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BENDING AND ELECTROMAGNETIC SHIELDING
PROPERTIES OF BIAXIAL STICHBONDED CARBON
FABRIC COMPOSITES
IKIi EKSENLI STICHBONDING KARBON KUMAS
KOMPOZITLERIN EGILME VE ELEKTROMANYETIK
KALKANLAMA OZELLIKLERI
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ABSTRACT

Composite structures have gained importance in recent years as cngineering
applications  of" fiber-reinforced materials  have increased. The design of
composite materials involves “tailoring™ the matenal itselt, choosing the number
ol layers. their orientation in - order to obtain the desired cngineering
characteristics.

The purpose of this study is to develop the stitchbonded fabric which has biaxial
structures  for strengthening the wall coating and clectromagnetic shielding
effectiveness of fabric sample as protective layer at wall coating. The most
commonly used and known biaxial carbon fabrics fort his purpose are those
oriented at + 457,

Figure 1.Stichbonded biaxial fabric used in experimental study.
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The biaxial carbon fabric with stiched carbon fibers is supplied by Telateks. The
arcal weight of the fabric is 584 g/m?.

Three point bending tests are carried out according to ASTM D 790, by using a
Instron Testing Machine (ITM) equipped with a 5 KN load cell.

The internal structure of fabric is described together with bending tests to
vestigate the impact of stichbonding pattern on mechanical properties of biaxial
carbon fabric composites.

Keywords: Biaxial. Carbon Fiber, Composite, Stichbonding Pattern.

OZET

Son yillarda mithendislik uygulamalarinda hif takviyeli kompozit yapilari 6nemi
artmaktadir. Kompozit - materyallerin - dizayni; materyalin - kendisine, tabaka
sayisinm  segimine, istenilen mithendislik  karakteristiklerini elde etmek igin
oryantasyonuna yeni bir bigim vermeyi gerektirir,

Bu ¢alismanin amaci: iki cksenli yapiya sahip kumasin duvar kaplama igin
dayamkhhgmi ve duvar kaplamada koruyucu tabaka olarak kumas numunesinin
clektromanyetik kalkanlama etkinlih@ini gelistirmektir. Bu amag i¢in, baslangigta
en ¢ok kullamlan ve bilinen iki cksenli karbon kumaslar + 45 de
yonlendirilmistir.

— e~ ——
t‘?l-*:-—-e_.._, R
s, 3
ey

Sekil 1. Deneysel ¢ahsmada Kullamilan stichbonded iki eksenli kumas

iki cksenli karbon kumas Telateks'ten tedarik edilmistir. Kumas karbon lif
kullanilarak dretilnistir. Kumas agirhigr S84 g/m™ “dir. U¢ nokta egilme testi
ASTM D 790 standardina gore, 3365 mod da Instron Test Cihazt kullanilarak 5
KN(kilo newton) basingta uygulanmstir,

Kumasm igvapisi. iki eksenli karbon kumas kompozitlerin mekaniksel davranisi
tizerine stichbonding numunenin ¢arpma siddetini arastirmak i¢in cgilme testi ile
birlikte tanimlannustir.

Anahtar Kelimeler: Iki cksenli. Karbon Lif, Kompozit. Stichbonding numune
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ABSTRACT

Scope

The increased need to save material and cnergetic resources, allied with a
growing concern on the environmental issues and incertitude on the evolution of
the economy. and has impelled minimalist-approaches to Architecture and
Engineering, reducing to the minimum necessary expression the building
clements.

The development of new lLightweight materials, most of them composites with
fibrous reinforcement systems, has interest for building materials and textile
industries.  However.  these  materials  sull do not  have a  significant
implementation in the building industry or, at least, this implementation is not
being made exploring all their potentialities.

Non load bearing interior partiion walls are thin clements built to divide the
indoor space into rooms or other compartments. Porous materials applied in
interior partition walls have a significant importance in these building elements
because sound insulation is an important requirement.

An alternative to more commonly used plasterboard panels, fiber cement panels,
wood and cement agglomerate, OSB panels. etc.. composite panels based on
composites reinforced with polyurethane fabrics have been developed i this
research work.

In the present study it will be considered a lightweight interior partition wall
composed by insulation material and layered within two membranes. This article
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predicting mechanical behavior of sandwich composite pancls based on PU
foams and PE foams using finite element method (fem)

Material-Method

The process of selecting materials for the interior partition wall is a challenging
task. This paper compares the results of functional performance (acoustic and
thermal) materials such as polyurethane foam (POL XAF 30 SCA®, Flexicel)
and polyethylene foam (UR ETER 25 FR®, Flexicel) to discuss its potential as
insulation or membrane materials used in interior partitions technologiesThe
polyethylene foams and polyurcthane were impregnated with unsaturated
polyester resin (Poliplast R96.02 D®R) through Vacuum-assisted Resin Transfer
Molding.

Vacuum-assisted resin transfer molding (VARTM) has grown significantly in
popularity over the past decades in part due to advantages of significantly
reduced environmental footprint and lower manufacturing cost. Considerable
research has been conducted till date on the single skin composites manufactured
by VARTM technique. However. only a few efforts have been directed toward
manufacturing of composite structures using VARTM.

The Abaqus 6.9.3 FEM package was used to predict the mechanical behaviour of
the sandwich composite panels. Von Mises criteria were used to predict the
fatlure behaviour of foams fabrics and composite panels respectively, considering
the elasto-plastic behaviour of the foams fabrics.

Finally, composite samples were produced using the defined condition and
subjected to mechanical tests. The comparison between the FEM simulations and
experimental results are discussed.

Discussion and Recommendations

Thermal conductivity values of PU and PE-impregnated polyester resins are
0.116 W/mK and 0.148 W/mK respectively. It appears that the cell size
influences the thermal conductivity. The table resumes the proprieties of foams.
It is found that the PE performs better than the mechanical PU, due to its cellular
structure.

Finally, composite samples were produced using the defined condition and
subjected to mechanical tests. The comparison between the FEM simulations and
experimental results are discussed.

The comparison between the FEM simulations and experimental results are

discussed.

: 2 rvae
Material |[E (MPa) |F o, (N)|0,,, (MPa) (mm)

PE_ | 0,0221 | 11,7400 0,0071 3,7080 | 6,1800 0,148
2 11,7167 0,0071 6,0317 | 10,0528 0,116

emy (%) |7 (Wm*k?)
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INORGANIK VE ORGANIK KATKILI
POLIKAPROLAKTON (PCL) KOMPOZITLERIN
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CRYSTALLIZATION KINETICS OF
POLYCAPROLACTONE (PCL) COMPOSITE FILMS
WITH INORGANIC AND ORGANIC ADDITIVES UNDER
ISOTHERMAL CONDITIONS
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ABSTRACT

Polycaprolactone (PCL) was one of the earliest polymers synthesized by
the Carothers group in the carly 1930s. It is a biodegradable polyester and
produced from crude oil. It has a high crystallinity. Today, the importance
of PCL has been increasing, because it 1s degraded by microorganisms.
Due to its potential as a new material in biomedical and pharmaceutical
applications, packing and environmental protection, PCL has been
receiving much attention due to its biocompatibility, non toxicity and
biodegradability in human body, as well in soils.

Synthetic  polymers show unique features in their nucleation and
crystallization. Understanding the mechanism of nucleation and crystal
growth is critical for manufacturing process and determination of the final
product properties, such as crystal size distribution, thermal stability and
mechanical properties.

Polymer crystallization gives the scientific interest in several ficelds.
Because crystallization occurs during the manufacture of  polymeric
materials, the understanding of its mechanism is necessary for macroscopic
structure design and control of final product propertics.
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Because of low melting point and glass transition temperature, PCL has a
high crystallinity. Due to this property, it is improved by adding other
polymers for example polypropylene; some inorganic additives like
forsterite, nano-hybrids-ZnAl-layered double hydroxide-,
octyl/methoxyandecyl  a-  zirconium  phosphonates, iron phosphate,
isopropyl ortho titanate, hydroxyapatite, clay, bamboo cellulose, starch.

The  present  resecarch mostly aimed at cvaluating the isothermal
crystallization kinetics and growth rate phenomena of PCL with various
additives. In this study, our motivation arises from the lack of literature
since there is no study related to improvement of PCL crystallinity
behavior by using both organic and inorganic additives. Therefore, this
study attempts to control the crystallization behavior of PCL by using both
inorganic additives as zinc oxide, organoclay and hydroxyapatite and
organic additives as oleic acid and glycerol monooleate together.

Composite films were prepared by the solvent casting technique. The
solvent selected is dichloromethane (DCM). Crystal structure of composite
films was identified by X-ray diffraction (XRD). Effect of additives on
isothermal crystallization of composite films was investigated by DSC
analysis. Melting temperatures were calculated by Flory Huggins model
and compared with experimental results. Melting temperature of solvent
cast films (1" melting) were higher than that of the PCL crystallized from
the melt (2 melting). There is no significant difference between the 2+
melting temperatures of neat PCL and composite films. Degree of
crystallinity values which are obtained from DSC and XRD analysis are
slightly different from each other.

Isothermal crystallization kinetics was investigated applying  Avrami
model to experimental DSC results. Avrami exponent, n, was between
1.22-2.66. In ideal situation the value of »n equal to 2 indicates that circular
disk-shaped growth. Growth rate constant, K, was increased with oleic acid
and decreased with GMO. K values are only increased with ZnO, decreased
with clay and increased up to % 1wt. loading of HA as inorganic additive. K
values decreased with ZnO-GMO, Clay-GMO and HA-OA composite
films. %1 (wt). addition of ZnO with oleic acid rather increased the
crystallization rate. It was observed that the crystallinity, nucleation and
growth rate and crystal morphology of crystallization that could be changed
by addition of organic and inorganic additives one by one or together.

Key Words: Polycaprolactone composites, isothermal crystallization
kinetics, degree of crystallinity, Avaami Model.
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OZET

Amag

Bu ¢aligmada inorganik (¢inko oksit, organo kil, hidroksiapatit) ve organik (oleik
asit ve gliserol mono oleat) katki maddelert ile PCL’in kristallik derecesinin
degisiminin takibi ile istenen 6zelliklere sahip kompozit malzeme elde edilmesi
amaglanmstir.

Anahtar Kelimeler: Polikaprolakton kompozitleri, izotermal kosullarda
kristalizasyon, kristallik derecesi, Avrami Modeli

Materyal-Yontem

Bu ¢ahsmada polikaprolakton (PCL) (Aldrich; Mn:70000-90000), ¢6zgen olarak
diklorometan (DCM) (Merck), inorganik katki maddesi olarak ¢inko oksit (ZnQ)
(Merck), Organo Nanokil (nanomer ®[34TCN, hidrojene edilmis donyagi
amonyum bromiir yiizii igeren agirhikga %25-30 metil dihidroksictil ile moditiye
edilmis montmorillonit kil) Kil (Aldrich), ve hidroksiapatit (HA) (Aldrich)
organik katki maddesi olarak oleik asit (O), (Riedel) ve gliserol mono oleat (G).
(Kimpeks  A.S) kullamilmigtir.  Kompozit  filmler ¢6zgen dokiim  yontemi
kullanilarak hazirlanmustir.

Kompozit filmlerin kristal yapilar, X-igim Kinminu cihazi (XRD-Philips Xpert-
Pro), kristalizasyon kinetigi izotermal kosullarda DSC (TA instrument-Q10) ile
¢ahsilmistir. 1zotermal kosullarda kristalizasyon kinetik  parametreleri Avrami
modeli ile mcelenmistir,

Tartisma ve Oneriler

Tablo 1'de PCL kompozit filmlerin XRD ve DSC ile elde edilen 1. ve 2. erime
endotermlerinden hesaplanan yiizde kristallik derecelerinin katki tiirtine gore
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degisimi vertlmistir. Yiizde kristallik derecesini oleik asit katkisi arttinrken GMO
ditgtirmiigtiir. En yiliksek kristallik derecesi degeri kil katkisiyla, en diigiik
degerler HA katkisi ile elde edilmistir. Az miktarda kil ve oleik asit katkisiyla
yiiksek degerler, yiiksek oranda kil katkisi ile azalan degerler elde edilmistir.
Sonuglar, yiiksek oranda inorganik katk ile kristalik derecesinin azaldig literatiir
bildirimlert ile uyumludur [1,2]. Kristalizasyon kinetigi Avrami modeli ile
incelenmis, kristalizasyon vartlanma siiresi, ¢ekirdeklenme ve biiyiime hiz
sabitleri ve sifertlit bitytime morfolojileri elde edilmistir. Avrami dissel sabitleri,

(Sckil 1).

Tablo 1. PCL kompozitlerin izotermal kosullarda yiizde kristallik dereceleri

Kristallik Derecesi %

Qrgamk DSC
Katki XRD
1. Erime 2. Erime
4\"' l\’rl A2
% wt [Tiirii
700 |Kil [HA [ZnO[Kil [HA [ZnOKil |HA
0 458 147.8160.1/55.2 [57.3[50 [37.5 [42.7[35.7
I 44.9 181,9]56,6/59.2 [64.1[53.8/42.6 [60 [38.5
= 5 48.2 |473]57.6]58.2 [53.4]50.4]42.7 [44.537.7
< 15 5 (27 [ [sesls71 [sasfasaai2 a2 shos
=
5 [0 45,8 |47.8/60 [55.2 57,350 [37.5 [42.7]35.7
}™
ERD 50.7 [45.1]56.3]53.2 [60.1]53.6/41.2 [42.239.1
ER _ |55 [ae]s71]5437[59.4[53,9[36.9 [41.538.5
S 5 > [53 [47.4]56 [44.7 [57.6/48 [36.2 [40.7[35.2
2 )
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Sekil 1. Avrami iissel sabiti n’in katki tiirtine gore degisimi
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EROZIF ASINMA DAVRANISININ INCELENMESI

INVESTIGATION OF EROSIVE WEAR BEHAVIOR OF
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OZET:

Poliamid 6 (PAO6), yiiksek kimyasal dirence, asinma direncine, mekanik
ozelliklere ve asil 6zelliklere sahip bir mithendislik termoplastigidir. Bununla
birlikte PAG nin eksik yanlar, siireg kararsizhgi, kahp i¢inde biiziilmesi, boyutsal
kararsizhgr ve suya karsi ilgisidir [1]. Akrilonitril-biitadien-stiren (ABS) ise
yiiksek tokluga, boyutsal kararlilia ve iyi yiizey karakterine sahip bir
terpolimerdir [2]. Ancak solventlere karst gostermis oldugu direng az olup.
mekanik ozelliklert (¢ekme  ve egilme) ve yiiksek  sicakhiklarda  boyutsal
kararlihigr disiiktiir [3]. ABSin PA6 ya gore daha diisiik maliyetli olmasi ve PAG
ile karistinldigimda kanisimi boyutsal kararhhgr. islencbilirligini ve toklugunu
arttirmast ABS/PA6 karisimlarim ticari olarak cazip hale getirir [4]. ABS/PAG
kangimlart ya da bu polimer kansimi kullamlarak hazirlanan kompozitler,
araglarda erozif aginmanin meydana geldigi ayna tutuculan, jant kapaklari gibi
par¢alarin yapiminda  kullamihirlar [5]. Erozif asinmanin yaratugr cn biyiik
problem, asinan parcalarin degistirilmesidir. Boyle bir durum, harcanan s
glictiniin artmasina, tretkenligin azalmasina ve dolayl olarak cnerji kaybina
scbep olmaktadir.

Bu ¢alismada, sadece cam [iber takviyeli, sadece kalsit (CaCOy) takviyeli ve cam
fiber/CaCOy partiktl takviyeli ABS/PA6 matrisli kompozitler hazirlanmistir.
ABS/PA6 matris ile farkli oranlardaki takviye malzemesinin karistrilmasi islemi,
laboratuar tipi ¢ift vidali mini ckstruder (DSM Xplore 15ml Micro-compounder)
kullanilarak 235 °C kanstirma  sicakhg ve 100 rpm  kanstrma  hizinda
gergeklestirilmistir. Hazirlanan kanisimlar laboratuar tipi enjeksiyonla Kaliplama
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cthazr (DSM Xplore 12 ml Micro-injection Molder) kullantlarak kahplanmistir.
Kahplama sirasinda kovan sicakhg 235 °C ve kalip sicakhig 80°C olarak
belirlenmigtir. Her kompozitin mekanik, termal, morfolojik 6zellikleri ve erozif
asinma davramgindaki degisim, takviye malzemesi tirtine, miktarina ve ¢arpma
agisia bagh olarak, ¢ekme ve sertlik testleri, diferansiyel taramali kalorimetri
(DSC), taramali elektron mikroskobu (SEM) ve kat partikiil erozyon testi
yardumyla incelenmistir. Cekme testi sonuglar. hibrit kompozitlerin ¢cekme
dayanmimi ve modiill degerlerinin, sadece fiber takviyeli ve sadece CaCOs
takviyeli kompozitlerin ¢ekme dayanimi ve modiil degerleri arasinda bir degerde
olduklarmi  gostermistir. DSC analizi sonuglari, kompozitlerin T, ve T,
degerlerinin takviye malzemesinin tiiriiyle degismedigini ancak kristalizasyon
derecesinin takviye malzemesinin  tiirtine ve  miktarina  duyarh  oldugunu
gostermistir. Ayrica ¢arpma agisinin, kompozitlerin erozif agmma davraniglar
tizerinde 6nemli bir etkist oldugu ve en fazla erozyonun 30771k ¢carpma agisinda
olustugu bulunmustur.

Anahtar Kkelimeler: Cam fiber, partikiil takviyesi,  Polimer  matrisli
kompozitler, Mckanik 6zcellikler, Eroziv agmma

ABSTRACT

Polyamide 6 (PA6) 1s a major class of engineering plastics with good chemical
resistance, wear resistance, mechanical and thermal properties. On the other
hand, it has some drawbacks such as processing instability, high mold shrinkage.
dimensional instability and high water affinity [1]. In addition, Acrylonitrile-
butadiene-styrene (ABS) has high toughness, dimensional stability and good
surface texture [2]. However, ABS shows poor solvent resistance, insufficient
mechanical (tensile and flexural) properties, and low dimensional stability at high
temperatures [3]. The blends of PA6 with ABS have commercial interest because
of the relatively low cost of ABS and its contribution to the blend’s dimensional
stability, processability and high toughness [4]. PA6 and ABS blends or their
composites are often used as automotive components where erosive wear occurs,
such as mirror housing, front shield and axle cap [5]. In general the problems
associated with crosion are the costs arising from the replacement of worn parts,
increased labor, loss of productivity and indirect losses of energy.

In this study, only glass fiber. only CaCOj; particle and glass fiber/CaCOy particle
reinforced  ABS/PA6 blend based composites were prepared by using a
laboratory scale co-rotating twin-screw mini extruder (DSM Xplore 15ml Micro-
compounder) at 235°C, 100 rpm. The compounds were subscquently injection
molded with a laboratory type injection molding machine (DSM Xplore 12 ml
Micro-injection Molder). The barrel temperature and mold temperature were 235
C and 80 "C. respectively. The variation of mechanical. thermal, morphological
properties and crosive wear behaviour of cach composite was examined in terms
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of reinforcing agent type, composition and impingement angle, by using tensile
tests, hardness, differential  scanning  calorimeter (DSC), scanning clectron
microscopy (SEM) and solid particle erosion tests. It was observed that the
tensile strength and modulus values of hybrid composites gave a value between
tensile strength and modulus values of only fiber reinforced composites and only
particle reinforced composites. From DSC analysis it was revealed that T,and T,
of composites were not significantly affected by reinforcement; however, degree
of crystallinity was found to be sensitive to reinforcement type and composition.
The impingement angle was found to have a significant effect on the crosive
wear behaviour. The results indicated that composite materials  exhibited
maximum crosion rate at impingement angle of 307 conforming their ductile
crosion wear behaviour,

Key words:  Glass fiber,  Particle-reinforcement,  Polymer-matrix
composites, Mechanical properties, Erosive wear

NOT: Bu ¢alisma TUBITAK tarafindan 110M025 nolu Hizli Destek projesi
kapsaminda desteklenmistir.
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ACID)/THERMOPLASTIC POLYURTEHANE BLENDS
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OZET

Amag

Son yillarda yapilan bir¢ok ¢alisma ile sentetik ve biyo-bozunur polimerlerin,
hiicre  biiyiimest  ve  doku yenilenmesi konularinda  gegict  yapr  iskelesi
gelistirilmesi i¢in,  doku  miithendisligi - ¢ahgmalarindaki  potansiyeli
arastinimaktadir. Gelistirilecek yapay yapi iskelesinin biyo-uyumluluk. biyolojik
bozunurluk. aym zamanda veterli mekanik 6zellik ve gozenekli yapr ile birlikte
uyumlu yiizey kimyasi, vb ézellikleri sergilemesi beklenmektedir.

Bu ¢alismada. yumusak doku miihendishgi uygulamalarmda kullanilmak iizere
bivo-uyumlu  ve  biyo-bozunur  poli(laktik — asit)/termoplastik — poliiiretan
(PLA/TPU) kansimlarimin hazirlanmast ve bu esnada diizosiyanat esash bir
uyumlastiricr ile uyumlastirilmasi hedeflenmektedir.

Materyal ve Yontem

(ahsmada, PLA (Natureplast, PLI 005), TPU (3 farkh sertlik, Lubrizol,
ESTANE) ve uyumlastimer  olarak  1.4-phenylene  diizosiyanat — (PDI)
(Aldrich)'tir. ilk olarak PLA'nin dayanimim gelistirmek iizere ¢esitli agirlikga
yiizdelerde PLA/TPU kansimlan hazirlanmsur. ikinci olarak ise bu karigimlar
icerisinden secilen belirhi bilesimlere PDI ilavest ile PLA/TPU kansimlarinda
kansabilirligin - gelistirilmest amaglanmistir. Kangimlar  laboratuar tipi mini-
ekstriiderde  (DSM Xplore 15 ml  microcompouder)  hazirlannmg — olup,
enjeksiyonlu kaliplama  cthazi (DSM Xplore 12 ml injector) yardimm ile
sckillendirilmistir. Karakterizasyon i¢in ¢gekme testi, DMA. DSC ve reoloji, SEM
analizi gibi ¢esitli teknikler kullanilnustir.

Tartisma ve Oneriler

Yapilan ¢ahsmada ilk olarak PLA/TPU karigimlar hazirlannug, sonrasinda ise
karisimlarin uyvumlulugu diizosiyanat esash bir uyumlastirier ile gelistirilmeye
¢ahsilmistir. Calismada siireg parametreleri sabit tutulmustur.
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Malzeme parametresi olarak TPU tiiri, miktan ve diizosiyanat yiikleme oraninin
ctkist incelenmistir. - Hazirlanan - polimer  kangimlarin - yapisal  ve mckanik
ozelhiklert SEM, ¢ekme-testi ve DMA, DSC ve reoloji analizlern ile incelenmistir.
Kangimlar laboratuar tipi  mini-ckstriderde  hazirlannis - olup.  enjeksiyonlu
kaliplama cihazi yardimi ile sekillendirilmistir. Harmanlama  sirasinda, TPU
tirtinden bagimsiz olarak kansimdaki TPU bilesimi artukga karigimim eriyik
viskozitesinin artugr - gozlenmistir.  Benzer  sonug  reoloji analizi ile  de
desteklenmigtir. Bunun yani sira herhangi bir PLA/TPU bilesiminde, PDI ilavesi
ile eriyik viskozitenin artu@r gozlenmistir. Mckanik ozelliklere bakildigimda sal
PLA ya kiyasla hazirlanan PLA/TPU kansimlarinda ¢ekme dayanimi ve modiil
kKismen diserken, kopmadaki uzama degeri artmustur, Farkh TPU tirlert igeren
kansimlarda uyumlastricr kullamldiginda 6zellikle 650 oraninda TPU igeren
kangimlarin - mekamk  6zelliklerinde iyilesme  gozlenmektedir. DSC analizi
sonuglarinda, karigimlardaki TPU ve diizosiyanat miktarindaki degisim ile T,
degerinde  belirgin  distgler  dikkati - ¢ekmektedir.  SEM - analizleri  ile
uyumlastirmanin faz boyutu dagihimim gelistirdigi gozlenmistir.

(alisma sonunda:

I Sat PLAya kiyasla PLA/TPU kansimlarinim esnck bir yapi kazandigi,
i PLA/TPU karisimlarinin PDI etkisi ile uyumlastinlabildigi,
1. PDI tiirtintin belirgin etkisi goriilmedigi

sonuglarna varilnsur.

Anahtar kelimeler: PLA. pohiretan, polimer karisimi, zincir uzaticilar. fiziksel
ozellikler

Tesekkiir: Bu ¢ahsma Kocacli Universitesi BAP Birimi tarafindan 2011/84
numaral proje ile desteklenmektedir.

ABSTRACT

Aim

In recent years, many studies have been focused on the potential usage of
synthetic biodegradable polymers in tissue engineering applications as temporary
scaffolds for cell growth and tissue regeneration. The material to be used as a
scaffold must satisfy a number of” requirements such as biocompatibility,
biodegradability, non-toxicity, cnough strength, appropriate surface chemistry
and porosity.

In this study. biocompatible and biodegradable PLA/TPU blends were
prepared to satisty the mechanical property requirements for soft-tissue
engineering applications, such as flexibility and toughness. It was aimed to
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compatibilize incompatible PLA/TPU system with a diisocyanate based
compatibilizer.

Materials and Methods

PLA (PLI 005) supplied by Natureplast Company. Three types of TPU (with
different hardness) were provided by Lubrizol Company. The chain extender was
I.4-phenylene diisocyanate (PDI). purchased from Sigma-Aldrich. PLA/TPU
blends were prepared with different weight ratios in a laboratory twin-screw
compounder (DSM Microcompounder). PDI (chain extender) was used to
improve compatibility of PLA/TPU blends in varying ratios. The injection
molded samples were characterized by saccning electron microscopy (SEM),
tensile test, dynamical mechanical analysis (DMA). differential scanning
calorimeter (DSC) and rheological analyses. Processing parameters were kept
constant throughout the processing studies. The effects of TPU type. PLA/TPU
ratio and diisocyanate ratio in blend were examined as the material parameters.

Discussion and Recommendations

It was obscrved during compounding that the melt viscosity of blends increased
with increasing TPU ratio in the blend. The rheological analyses supported this
finding. Melt viscosity decreased with the addition of PDI as the blending ratio
was kept constant. The tensile strength and modulus of PLA decreased with the
incorporation of TPU, whereas elongation at break increased upon addition of
TPU. The positive impact on the mechanical properties of blends was clearly
obscrved at higher TPU ratios. Furthermore, the compatibilization of PLA/TPU
system with diisocyanate compabilizer was proved by decreasing dispersed phase
size, as observed from SEM. DSC analysis implied that the cold-crystallization
temperature decreased with both diisocyanate and TPU.,

The conclusions that can be drawn from the results of the study are as follows:

I PLA/TPU blends are flexible whercas neat PLA is rigid
. PDI can be used to compatibilize PLA/TPU blend system
i, TPU type is found to be as a non-dominant parameter in terms odf

mechanical properties.
Key words: PLA, polyurethane, blends. chain extender. physical properties

Acknowledgement: This study is granted by Kocacli University, (Grant No:
2011/84).
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3-BOYUTLU DOKUMA SANDVIC KOMPOZITLERIN
BASI YUKLEMESI ALTINDAKI MEKANIK
DAVRANISININ ARASTIRILMASI

INVESTIGATION OF MECHANICAL BEHAVIOR OF 3-
DIMENSIONAL WOVEN SANDWICH COMPOSITES
UNDER COMPRESSION LOADING
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OZET

Giriy

Bu ¢ahismada, farkh kor kalimhiklarma ve koptik yogunluklarina sahip 3- boyutlu
(3B) birlesik dokuma sandvi¢ kompozitlerde kalinhk ve kopiik yvogunlugu
degisiminin tek cksenhi basi yiiklemesi alunda mekanik 6zellikler tizerindeki
ctkist arastirilmistir. Elde edilen sonuglar, kor kalinhgi, képik yogunlugu ve
pancl agirhklart dikkate almarak optimize edilmislerdir. Test edilen numunelerde
meydana gelen hasarlar rapor edilmistir. Klasik koptik kor sandvi¢ kompozitlerle
kiyaslandiklarinda. 3B entegre sandvig kompozitlerin mekanik  6zelliklerimin
daha distiin oldugu ve kor kisminda bulunan pile iplikleri ve kopiik birbirlerini
desteklediklert igin, ani bir kor kirilmasi meydana gelmedi@i ve baylece yvapimin
yiik tasima kabiliyetinin stirdiiriilebilir oldugu sonucuna varilmstr.

Materyal ve Yontem

3B dokuma sandvi¢ kompozitlerin tiretiminde dort farkh kor kalmhgmda (10, 15,
I8 ve 22 mm) E-Cam lifinden orta kismi bosluklu olarak dokunmusg 6zel bir
dokuma kumas kullamilmistir.  Atlac 580 AC 300 tpi vinil ester regine
kullanilarak el yaurma tekmigi ile kompozit plakalar idretilmig, daha sonra
plakalarin orta kisimlarindaki bosluk 6z¢l bir kalip iginde politiretan (PU) kopiik
ile doldurulmustur. Kopiik dolgu. 100, 120 ve 130 olmak dzere 3 farkh
yogunlukta uygulanmistir.

Uretilen numuneler test i¢in 60x60 mm cbatlarinda kesilmis ve basi testine tabi
tutulmuslardir. Basi testlert ASTM C 365 ¢ uygun olarak yaptlnistir.  Basi
mukavemetinin (o) ve modiilinin (£) hesaplanmasinda asagidaki esithikler
kullanilmistir.
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Burada Py maksimum yiiktiir, 4 alandir ve w/ basi gerinimidir.

Tartisma ve Sonug

Elde edilen sonuglara gore, tiim numuneler i¢in kor kahnhgina bagh olarak
vapilan degerlendirmede, 10 mm kor kahmhgindaki numuneler igin, 15, 18 ve 22
mm kor kahinhgmdaki numuneler ile kiyaslandiklarinda basi modiilleri sirasiyla
21,41 ve 55%, pik stres degerleri ise sirastyla 26, 42 ve 49% oranlarinda daha
yiiksek clde edilmistir. Kor kalinhgr i¢in birim agirhga bagh olarak yapilan
degerlendirmede 10 mm kor kalmhgindaki numune igin spesifik bast modiilii 13,
I8 ve 22 mm kor kalmbiklarma gore, sirasiyla 11, 62 ve 71% oranlarinda, spesiftik
pik stres ise 26, 38 ve 50% oranlarinda daha yiiksek elde edilmistir.

Kopiik yogunluguna bagh olarak tiim numuneler i¢in yapilan degerlendirmede
ise, 100, 120 ve 130 yogunluklarindaki kopiik dolgulu numuneler igin basi
modiilii kopiik dolgusuz numuneye gore sirastyla 66, 88 ve 132% ve pik stres
sirastyla 30, 114 ve 138% oranlarinda artig gostermistir. Birim agirhiga bagh
olarak yapilan degerlendirmede ise. 100, 120 ve 130 yogunluklanndaki kopik
dolgulu numuneler i¢in spesifik basi modiilii kopiik dolgusuz numuncye gore
sirastyla 98, 311 ve 340%, spesifik pik stres ise 138, 194 ve 222% oranlarinda
artig  gostermustir. Sonuglar  kor kalnhgr azalmasimin ve ozellikle  kopiik
yogunlugu artiginin basi modiilii ve pik stres iizerinde dramatik bir etkisinin
oldugunu gostermektedir.

Basi yiiklemesi altinda 3B kompozitler, kopiik. bal petegi ve kafes yapr gibi diger
kor malzemeleri ile kiyaslanabilirler hatta kopiik dolgulu olarak kullanilmalar
durumunda daha 1yi bir performansa sahiptirler.

Anahtar Kelimeler: 3B sandvi¢ kompozitler, statik 6zellikler, hasar toleransi.
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ABSTRACT

Introduction

In the current study the effect of the changing of thickness and foam density in 3-
dimensional (3D) integrated woven sandwich composites on  mechanical
properties under uni-axial compression loading was investigated. Obtained
results were optimized by taking core thickness, foam density and panel weights
into consideration. Damages that occurred on the tested samples were reported.
When compared to conventional foam core sandwich composites, it was
determined that 3D integrated sandwich composites have superior mechanical
properties and due to the fact that the pile yarns in the core and the foam support
cach other, contrary to conventional sandwich composites no catastrophic core
breakage occurs under load, thus the load bearing capacity of the structure is
sustainable.

Material and Method

A special fabrie had different the hollow core thickness (10, 15, 18 and 22 mm)
woven with E-Glass has been used to produce the sandwich composites.
Composite plates have been produced with hand lay-up technique with an Atlac
580 AC 300 type vinyl ester urethane resin then core of plates filled with Poly
Urethane (PU) foam with three different densities (100, 120 and 130 g/cm’) in a
special mold.

The samples were cut with 60 x 60 mm dimensions and subjected to compressive
test.  Flat wise compression tests were conducted in accordance with ASTM C
365. Following equations were used for calculating compression strength (o)
and modulus (£).

i
()'( - T ( l )
o
B 2
Yol h) ()

Here P is the maximum load, A is the arca and w/h is the compressive strain.
Discussion and Summary

According to the obtained results, in the assessment made for all samples based
on core thicknesses. when the samples of 10 mm core thickness is compared o
the samples of 15, 18 and 22 mm core thicknesses. respectively 21%, 41% and
55% higher compression modulus and again respectively 26%, 42% and 49%
higher peak stress values were obtained. In the assessment made for core
thickness on the basis of unit weight, the specific compression modulus of the
sample of 10 mm core thickness were obtained 1%, 62% and 72% higher than
those of the samples of 15, 18 and 22 mm core thicknesses, while the specific
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yeak stresses of the sample of 10 mm were 26%. 38%% and 50% higher than that
| I g
ol the compared samples.

As for the assessment made for all samples on the basis of foam densities, for the
samples with densities of 100, 120 and 130 compression modulus values
increased by 66%, 88% and 132% in comparison to the unfoamed sample, while
the increases in peak stress were 30%, 114% and 138%. For the assessment
made on the basis of unit weight, the specific modulus values of samples with
densities of 100, 120 and 130 increased by 98%, 311% and 340% in comparison
with the unfoamed sample, while the increases in the specific peak strength
values were 138%, 194% and 222%. The results indicate that decreases in core
thickness and particularly increases of foam densities have dramatic effects on
compression modulus and peak stress valucs.

Under compression loading 3D composites exhibit comparable, and with the use
of foam filling even superior properties, from other core materials such as foam,
honeycomb and lattice.

Key Words: 3D integrated sandwich composites, quasi-static properties,
damage tolerance.
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SANDVIC KOMPOZITLERIN HASAR DAVRANISI
DAMAGE BEHAVIOR OF SANDWICH COMPOSITES

Cesim Atas . Akar l)ogdn , Alper Bd.\md(.l
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OZET

Bu ¢alismada, sandvi¢ kompozit plaklarm hasar davramslan deneysel olarak
incelenmistir. Cahsma iki kisimdan olusmaktadir. Birinei kisimda sandvi¢ bir
plakanin distik hizli darbeli yiikler alundaki hasar davramsi, ikinei kisimda ise
mekanik baglant hasart incelenmistir. Deney numunelerine ait grafikler. hasar
resimlert ve yorumlara yer verilerek ¢esitli dneriler sunulmustur.

Anahtar Kelimeler: Sandvi¢ kompozit. darbeli yiikleme, mekanik baglant.
hasar

ABSTRACT

In the present study, damage behavior of sandwich composites 1s examined
experimentally. The work consists of two parts. In the first one, the damage
behavior of sandwich composites under low velocity impacts is examined; while
the mechanically fastening joint damages are examined in the second part. For
the test samples, graphs. images of damaged samples and discussions are
provided along with some recommendations.

Keywords: Sandwich composite, impact loading, mechanical fastening, damage
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OZET

Polimerik kompozitler yiiksek mukavemet, boyut ve termal kararhhk. sertlik.
agimaya karst dayamkhlik ve duisiik yogunluk gibi ozellikleri ile pek ¢ok
avantaj  sunarlar.  Bu avantajlarmim  yaninda,  giinimiizdeki - kompozit
malzemelerin en 6nemhi sikintilarindan birt ara katmanlarm birbirleri ile zayvif
tutunmalarindan  kaynaklanan  dayamikhibiklarmm  dismesidir.  Arayiiz
kuvvetlendirilmesindeki  esas  dikkat edilmesi  gercken  hususlarin - basinda
nanoboyuttaki malzemenin kimyasi ile onu saran polimer matrisin kimyasi
arasindaki uyumdur. Hem kompozit malzemenin butiinltgiint saglayan polimer
matris ile uyumlu hem de nanoboyutta daha tstiin mekaniksel 6zellik gosteren
arayliz kuvvetlendirme nanomalzemeleri ile ara katmanlardaki zayil tutunma
problemi iyilestirilebilir. Bu noktadan hareket ederek. yiizeyinde epoksi iceren
(PSt-ko-GMA) bazh clektrospin yontemiyle dretilen nanolifler ilk asamada saf
epoksi sistemlerinde test edilmis, daha sonrasinda ise son uygulama sathast olan
karbon clyaf/epoksi temelli yapisal kompozitlere entegre edilmistir.

Agirhikga %2 (PSt-ko-GMA) nanolif ve ¢apraz bagh P(St-ko-GMA)/EDA
destekli epokst nanokompozit sistemler mekanik  performansin ciddi diisis
gosterdigi camsi gegis sicakhgr asildiginda bile, sat epoksiye gore sirasiyla 2.5 ve
10 kat daha kuvvethidir. Epoksi ile uyumlu olan ve aromatik halkalar igeren P(St-
ko-GMA) aynmi zamanda karbon nanotiip igerecek  kompozit  nanoliflerin
tirctiminde polimer matris olarak da elveriglidir. Agirhik¢a %ol ¢oklu duvarh
karbon nanotube igceren (MWCONTs) MWCONTs/P(St-ko-GMA) rasgele dagilmis
kompozit  nanoliflerin = epoksi  re¢ine  kuvvetlendirilmesinde  kullaniimasi
gostermektedir ki yine agirhikga %02 kompozit nanolifin kullanilmasi, camsi gegis
sicakhigr asildiginda saf” epoksiye gore 18 kathik bir artiy gostermektedir. Bu
sonuglardan yola ¢ikilarak (PSt-ko-GMA) ve agirhkga %1 MWCONTs/P(St-ko-
GMA) nanolifler karbon fiber/epoksi prepreg yiizeylerine ara Katmanlar olarak
uygulanmis ve ¢ok katmanh bu yapilar ¢esitli mekanik testlere tabi tutulmustur.
Mekanik mukavemet sonuglarinin yaninda yiiriitiilen kinhma yitizey ve yan kesit
arastirmalary gostermistir ki, nanolif’ takviyest yapisal kompozitlerin Kirtlma
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sckillerini degistirebilmekte ve kirtlmayr geciktirmektedir. (PSt-ko-GMA) ve %1
MWONT/(PSt-ko-GMA) ara katmanlan agirhk¢a °61 den daha az olmalarina
ragmen, yapisal kompozitlerin delaminasyon direncini sirasiyla %55 ve %70
artirmistir. Buna ¢k olarak, liflerin matris uyumu aymi zamanda matris
¢atlamasia olan direnci de sirasiyla %15 ve %25 arttrmustir,

Engineering  Chemistry  of  Electrospun  Nanofibers  and  Interfaces  in
Nanocomposites for Superior Mechanical Properties, Ozden Elil; Menceloglu
Yusul Z.: Papila Melih, Acs Applied Materials & Interfaces, Volume: 2 Issue: 7
Pages: 1788-1793 JUL 2010

MWCONTS/P(St-co-GMA)  composite  nanofibers  of engineered  interface
chemistry for epoxy matrix nanocomposites, Ozden Yenigiin, Elif; Menceloglu,
Yusuf; Papila, Melih, ACS Applied Materials & Interfaces, Volume: 4 Issue: 2
Pages: 777-784, FEB 2012

Strength - Of Laminates With  Surface  Modified  Polymer/Mwents  Nano-
Composite Interlayers, K.Bilge, E.Ozden, E.Simsek. Y.Z Menceloglu, M.Papila,
Composites Science and Technology, 72 16391645, (2012)

ABSTRACT

Nanoscaled constituents in polymer composites are of interest because of their
potential for significantly improving the composite material properties Nano- to
sub micrometer-scale polymeric fibers formed by clectrospinning, for instance,
have recently been explored for their reinforcing ability in polymeric composites.
Strong interfacial bonding has been crucial to benefit from the unique properties
of’ nanofibers for composite reinforcement. Strong surface interactions enable
good mechanical interlocking  with  surrounding  polymer chains. thereby
strengthening  the nanocomposites. The surface chemistry of P(St-co-GMA)
nanofibers by clectrospinning is expected to improve interfacial bonding with the
cpoxy based polymer matrix, as the glycidylmethacrylate (GMA) structure
contains  epoxide  ring-promoting  crosslinking across  the interface.
Thermomechanical tests under flexural loads indicated that incorporation of low
weight- fraction (2 wt %0) crosslinked P(St-co-GMA)EDA nanofibers in epoxy is
10 and 2.5 times higher than neat and P(St-co-GMA) nanofiber-reinforced epoxy,
respectively, even beyond the glass-transition temperature 7g. P(St-co-GMA) has
an aromatic ring that would assist in the long-term stabilization of MWCNTS in
polymer  solution during nanofiber formation and enable us 1o produce
MWOCNTs/P(St-co-GMA)  composite  nanofibers. Under  the  same
thermomechanical test’s conditions, beyond the Tg of the composite material. the
storage modulus reached a platcau. where the increase was around a factor of 18
compared to that of the neat epoxy.
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In the light of these experiments P(St-co-GMA) copolymer and P(St-co-
GMA)YMWCOCNT fibrous mats are placed onto a conventional carbon fiber/epoxy
prepreg as interlayer reinforcing material. Experimental observations are used to
demonstrate  excellent epoxy wetting and structural compatibility of  the
interlayers chemically tuned for the epoxy matrix. Comparisons of increase in
mechanical  performance by incorporating  P(St- ¢co-GMA) and  P(St-co-
GMA)YMWCNT interlayers also show the contribution of MWCNT presence in
the copolymer nanofibers. Flexural strength and stiffness of (0/0/0) and (90/0:90)
laminates increase up to 17% when the nanocomposite interlayers are integrated.
Crosssectional SEM analyses of the failure surfaces suggest reinforcing ability of
interlayers  both against  transverse  cracking  and  delamination.  Further
examination for the delamination resistance is presented by the End Notched
Flexure (ENF) tests. An improvement up to 70% in mode 11 strain energy release
rate (Glle) is recorded for the laminates with nanocomposite interlayers. The
resistance against transverse matrix cracking in the presence of interlayers is also
claborated. Charpy-impact and transverse-tension tests result in up to 20% and
27% increase in the impact energy absorbance and transverse tensile strength,
respectively.

Engineering  Chemistry  of  Electrospun  Nanofibers  and  Interfaces  in
Nanocomposites for Superior Mechanical Properties, Ozden ELf; Menceloglu
Yusuf Z.: Papila Melih, Acs Applied Materials & Interfaces, Volume: 2 Issuc: 7
Pages: 1788-1793 JUL 2010

MWCOCNTSs/P(St-co-GMA)  composite  nanofibers  of  engineered — interface
chemistry for ecpoxy matrix nanocomposites, Ozden Yenigin, ELf: Menceloglu.
Yusuf; Papila, Melih, ACS Applied Materials & Interfaces, Volume: 4 Issue: 2

Pages: 777-784, FEB 2012

Strength Of  Laminates With  Surface Modified  Polymer/Mwents  Nano-
Composite Interlayers, K.Bilge, E.Ozden, E.Simsek. Y.Z Menceloglu, M. Papila,
Composites Science and Technology, 72 16391645, (2012)
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ABSTRACT

Coagulants are water soluble polymers which are used for neutralizing and thus
precipitating the colloidal particles suspended in wastewater by bringing them
together. Cationic polymers used as coagulants for color removal are called
decolorants. Clays have also high specific surface area and are widely used for
the adsorption in water treatment [1]. Nanocomposite polymeric materials which
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arc obtained by the combination of layer structured clay and polymer arc uscd as
adsorbent in adsorption and coagulation [2]. Colored wastewater can be casily
decolorized by coagulation process. This application is important for reuse of
colored wastewater or for the discharge of wastewater into watercourses within
legally allowed color limits.

Polyamides which are used as organic coagulants can be classified into three
groups, namcly dicyandiamide/formaldehyde,  epichlorohydrin/amine,  and
dicyandiamide/amine derivatives|3]. In this study, dicyandiamide-formaldehyde
resin (DCD-F) and its Na-Montmorillonite (MMT) containing nanocomposites
(DCD-F-MMT) were prepared and used as adsorbent for decolorization of
wastewaters. In the preparation of nanocomposites. Na-MMT having cation
exchange capacity (CEC) of 92.6 meq/100 g was used in the proportions of 2 %

4 % and 8 %. DCD-F resin was .synlhuv.ud by condensation polylmn/almn.
DCD-F-MMT was produced by the addition and vigorous mixing of swelled
MMT to the polymer solution just at the time when the polymerization reaction
was terminated. The adsorption performance of synthesized samples were
investigated after their physical and spectroscopic characterizations were made.

The adsorption performance of nanocomposite resins was tested in water that
was colored with anionic acid dyes. namely Acid Red and Acid Yellow). In the
decolorization process. coagulation was carried out due to ASTM D 2035 — 0%
method using jar test. The adsorption capacity (q,) of the adsorbent (defined as
mg dye adsorbed per g of adsorbent) was followed as a function of time and the
cquilibrium adsorption capacity (i.c., the maximum adsorption capacity that is
obtained at cquilibrium) was calculated. It was observed that cquilibrium
adsorption capacity increased with increasing percentage of clay. The highest
cquilibrium adsorption capacity was obtained with DCD-F-MMT 8% sample.

The cffects of mass of adsorbent, dye concentration, temperature, and pll on
equilibrium adsorption capacity were studied using DCD-F-MMT 8%. In cach
set of experiments, the applicability of adsorption data on various rate equations
was investigated and it was found that the data fitted psceudo-second order rate
equation [4]. Activation energy for adsorption (E,) was calculated applymg
Arrhenius equation using rate constants obtained from pseudo-second order rate
equation. Thermodynamics parameters (AG', AH", AS”) were determined using
van’t Hoft equation.

For both dyes, the results of the experimental work showed that equilibrium
adsorption capacity increases with

- decreasing pH,
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- increasing dye concentration,
- increasing temperature.

Positive sign of AH" indicated that adsorption is endothermic. Also. the
magnitude of AH" pointed physical adsorption. In this work. it was observed that
addittion of MMT increased the cquilibrium adsorption capacity of DCD-F,
consequently improved the decolorization efficiency. It is concluded that these
organic-inorganic  hybrid materials can substitutec  DCD-F  resins in - the
decolorization of colored wastes especially textile wastewaters.

Keywords: Coagulation. Nanocomposite Resin, Adsorption
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OZET

Koagiilantlar, atik suda siispansiyon olusturmus partikiiller ve kolloid yapilar
notralize  ederck topaklastiran  ve ¢okmelerini  saglayan  suda  ¢6ziiniir
polimerlerdir. Renk  giderimi i¢in - kullamlan  koagiilantlar  katyonik yapili
polimerlerdir ve renk giderici olarak da adlandinhirlar. Aynmi zamanda killer de
sahip olduklar geniy viizey alanlar sayesinde auk suda renk gideriei adsorban
olarak sik¢a kullamhrlar [1]. Polimer ve tabakali yapili kilin birlesimiyle elde
cdilen polimerik nanokompozit malzemeler de adsorpsiyon ve koagiilasyon
islemlerinde renk giderici olarak kullamihirlar [2]. Renkli atik sulara koagiilasyon
islemi uygulanarak kolayca renk giderimi saglamr. Bu uygulama renkli atk
suyun endiistriyel olarak tekrar kullanilabilmesi ya da yasal olarak belirlenmis
renk limitlerine uygun degerlerde desar) edilebilmesi ig¢in 6nemlidir.

Atk su aritma islemlerinde organik koagiilantlar olarak kullamilan poliamidler
distyandiamid/formaldehit (DCD-F). epiklorohidrin/amin ve disiyandiamid/amin
tirevleri olarak simflandinhirlar [3]. Bu ¢ahsmada. DCD-F reginesi ve bu
recinenin Na-Monmorillonit  (Na-MMT) i¢eren  nanokompozitleri (DCD-F-
MMT) auk sulardan renk giderimi i¢in  adsorban olarak  kullanilmustir.

Nanokompozitler. katvon degistirme kapasitesi (KDK) 92.6 mesdeger/100 g olan
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Na-MMT °% 2. % 4 ve % 8 oranlarinda kullanilarak hazirlanmisur. DCD-F
reginesi kondenzasyon polimerizasyonu yontemiyle sentezlenmistir. DCD-F-
MMT nanokompozitleri de  DCD-F  polimer ¢ozeltusine  polimerizasyon
sonlandirldigi - anda  su ile  sisindmis . Na-MMT in hizh o kanstirmayla
eklenmesinden elde edilmistir. Bu  orneklerin - fiziksel  ve  spektroskopik
karakterizasyonlan yapildiktan sonra adsorpsiyon performanslart incelenmistir.

Nanokompozitlerin adsorpsiyon performanslar anyonik asit boyalarnyla (Asit
Kirmizi ve Asit Sari) renklendirilmis su kullamlarak test edilmistir. Renk
giderimi i¢in koagiilasyon islemi ASTM D 2035 08 metoduna gore jar test
kullanilarak yapilnustir. Adsorpsiyon kapasitesi, . (mg adsorplanan boya / g
adsorban), zamana bagh olarak izlendi ve denge adsorpsiyon kapasitesi (dengede
ulagilan maksimum adsorpsiyon kapasitesi) hesaplandi. Dency sonuglart, denge
adsorpsiyon kapasitesinin kil yiizdesi artuk¢a artugmi gosterdi. En yiiksck
adsorpsiyon kapasitest % 8 kil i¢eren re¢ine (DCD-F-MMT 8%)  Orneginin
kullanilmasiyla elde edildi.

Adsorban kitlesinin, boya konsantrasyonunun, sicakhigm ve pH'nin denge
adsorpsiyon kapasitesine ctkileri, DCD-F-MMT 8% érnegi kullanilarak ¢ahsildi.
Farkli parametrelerin kinetik ¢alismalarindan clde edilen verilerin yalanci ikinci
dereceden hiz denklemlerine uydugu belirlendi [4]. Kinetik ve termodimamik
parametreleri elde edebilmek i¢in farkh sicakhiklarda gergeklestirilen deneylerin
sonuglarindan yararlamldi. Yalanci ikinei derece iz denkleminden bulunan hiz
sabitlerinden. Arrhenius denklemi kullamlarak adsorpsiyon aktivasyon enerjisi
(E,) hesaplandi. Termodinamik parametreler (AG”. AH", AS") van’t Hoff
denklemi kullamlarak elde edildi.

Kullamlan her iki boya g¢ozeltisi i¢in de, deneysel sonuglar denge adsorpsiyon
kapasitesinin

- azalan pH ile

- artan boya konsantrasyonu ile

- artan sicakhkla artigim géstermektedir.

. PR T ¢ ( @ R i 3 3
Adsorpsiyon prosesi igin elde edilen AH" degerinin isaretinden adsorpsiyonun
endotermik oldugu, buyiikliigiinden ise prosesin fiziksel adsorpsiyon oldugu
sonucuna varilmistir. Yapilan ¢ahsmada, MMT katkisimin DCD-F'nin denge
adsorpsiyon kapasitesini artirdigr, dolayisiyla daha iyi bir renk giderim verimi
sagladigi ortaya konulmustur. Bu tiir organik-inorganik hibrid malzemelerin
basta tekstil auk suyu olmak iizere diger renkh auk sulardan renk gideriminde
DCD-F reginesi yerine kullanilabilecegi goriilmektedir.
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OZET
Amag

Polimerin kullamim alanlarimin giderek artmasiyla 6zelliklerinin gelistirilmesi
¢alismalar artmis ve nano oleekteki Katkilarim ozelliklert ¢ok gelistirdiginin
bulunmasiyla birlikte hangi katki malzemelerinin daha ctkili oldugu yontinde
¢alismalar baslatlmistir. Dogal olarak tabakali yapida olan Killerin polimer
icinde dagilabilmest nedeniyle ¢ok iyi katki malzemesi olabildikleri anlasilnstr.
Boylece kil/polimer nanokompozitlerin - hazirlanmasi,  karakterizasyonlarr ve
ozelliklerinin belirlenmesi ile ilisik calismalar baslamisur,

Cahsmada vermikiler kilinin PVA polimeri ile etkilesimini arastirmak ¢
¢ozeltilerin  birlestirilmest  yontemi ile nanokompozitler  hazirlamip,  bu
kompozitler FTIR ve XRD analizlenn ile karakterize edilmig; nanokompozit
yapilart belirlenmistir ve mekanik ile termal 6zelliklerine bakilmistir.

Malzeme ve Yontem

Vermikiler ya da vermikiilit; genellikle mika  minerallerinin ve  kloritinin
degisimi sonucu olusan 2:1 tabakali fillosilikal mincralidir. i1k kez 1824 yilinda
ABD Massachusetts eyaleti yakinmda bulunan plastisitesi yiiksek ve kollowdal
yapi 6zelligi gosteren bir ¢esit kile vermikiler adi verilmistiv. Tabaka arasy yiikii,
kolayca ¢oziilebilir ve degistirilebilir. Kimyasi aym olan bir vermikiiler iig¢
boyutlu diizenden neredeyse diizensize kadar degisen yapisal ozelliklere sahip
olabilir. Tabakali yapiya sahip vermikiiler kilinin en bilinen 6zelhgr sicakhik
cetkisi altinda akerdiyon gibi agilmasidir. Dogal haldeki vermikiilitin endistriyel
kullanimimin sinirh olmasia karsihik islenmis vermikiiler, 6zellikle isil ve yvahinm
amach olarak yaygim kullanim alanina sahiptir.
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Vermikiiler numunest Gold Butte District, Clark County, Nevada, Amerika
Birlesik Devletlerin’den almmistir. Kil numunesinin karakterizasyonu X -isimlan
difraktometresi ve Fourier Transform Infrared analizleri ile yapilnustir.,

Polivinil alkol (PVA) suda ¢o6ziinebilen ama ¢oziindrliigi disiik olan  bir
polimerdir. 20°C nin altindaki  sicakhiklarda ¢oziilmeyen bir  polimerdir.
Polimerin ¢oziintirligi arturmak igin yitksek sicakhklarda ¢6zmek  gerekir.
Kullamilan  Polivinil alkol Fluka firmasindan ahnmiy olup molekil agirhg
145.000 gr/mol “diir.

Kil-polimer nanokompozitlerini  hazirlamak i¢in = ¢6zeltilerin - birlestirilmesi
yontemi kullanmilmistir. llave edilen killerin kati oranminin nanokompozitlerin
yapist ve ozellikleri tizerine etkisi arastinlnstir,

Tartisma ve Oneriler

Cahsmalarda XRD, FTIR analizleri ile Hidrate edilmis Vermikiiler olarak
tamimlanabilen numune tle ¢alisilmistir.

Vermikiiler numunesinin karakteristik yapi incelenmesinde numunenin, hidrate
edilmis vermikiiler kili oldugu tespit edilmistir. Yapr su igerisine konuldugunda
tabakalar aras1 mesafe azalmaktadir. Bu vermikiilerin karakteristik bir dzelligidir,

%0 0.5.1.2.3 ve 4 lik konsantrasyonlarda hazirlanan dispersiyonlarin reolojik
Ozelliklert incelenmis, sistemlerin Bingham plastik akis modeline uyduklan,
tiksotropik davramg gostermediklert belirlenmistir,

Vermikiiler dispersiyonlarm kati oran arttikga jel bir yapr olusturduklar reolojik
parametrelerdeki (plastik  viskozite) artislardan tespit edilmistir. Artan kau
miktart ile plastik viskozite degerlert artmis son konsantrasyonda vermikiilerin
viskozite degerlert sabit kalmistir. Bu vermikiilerin su ile sismesinin doyuma
ulastigim gostermektedir.

Elektrokinetik dl¢timler ile zeta potansiyel degeri -17.4 mV olarak belirlenmisdir.
Numune ¢okme egilimi gosteren, Kararsiz yapidadir,

Cozeltilerin - bilerlestirilmesi  yontemi ile  Kil-polimer  nanokompozitlerini
hazirlanmigtir. Hazirlanan nanokompozitlerinin yapisal karakterizasyonlart XRD
ve FTIR analizleri ile yapilmistir,

XRD analizi sonuglarina gore vermikiiler kilinin PVA i¢erisinde %0.5 ile %l
konsantrasyonlarinda yapraklanmsg, %62 ile %3 konsantrasyonlarinda da nispeten
tabakalanmus sckilde bulundugu gézlenmistir.

FTIR analizi sonuglarindan vermikiiler ve PVA arasinda hidrojen baglarmin
olustugu tespit edilmistir,
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Vermikiler  Katkisi PVA - polimerinin - sicakhk — dayanmmuni — gelistirmedigi
gozlenmektedir. Buna Karsihk mekanik dayamiminda oda sicakhginda 2, 6. 3
kathk artiglar gozlenmistir. Yine 100 "C nin {izerindeki sicakhklarda %2 ve %63
kil katkili nanokompozitlerde. PVA'ya gore elastik modiiliiniin daha yiiksck,
20.5 kil katkili numunede ise PVAmin elastik modiiliine yakin bir degerde
oldugu goriilmistiir.

ABSTRACT
Scope

Nowadays, the studies to improve the properties of polymers increase because of
the area of usage of the polymers are spread out. The physical and engineering
properties of polymers are mmproved by addition of nanosize particles so. the
effective addition is tried to be found. It was understood that clay particles are
appropriate additives to polymers because of their natural nanosize and layered
structure. When clay particles and polymers are combined, the polymer shows
superior properties comparing to the virgin polymer. Hence, the studies of the
preparation and characterization of clay-polymer nanocomposites were started.

In this study, vermiculite and PVA nanocomposites were prepared by pre-
solution method to determine the interaction of vermiculite and PVA. These
nanocomposites were characterized by XRD and FTIR methods to examine the
structural  types of the composites. Besides, the mechanical and  thermal
properties of the samples were analyzed.

Materials and Methods

Vermiculites, 2:1 phyllosilicates, are  generally composed  of macroscopic
particles, similar in appearance to micas, from which they originate by
alternation. Vermiculites are in the great majority of cases trioctahedral minerals
with layers similar to those in tale. Isomorphic substitutions create a deficit of
positive charge, compensated by interlayer cations that can be casily exchanged
and solvated . Its dimensions vary from microscopic particles of clay mineral to
lustrous brown sheets up to half a meter in size, the particle diameter is usually in
the range of I mm to 1 em. Most vermiculites when heated quickly to above 230
‘(" lose their interlayer water and this results in the flakes exfoliating to form
concertina-shaped  granules.  Being lightweight  and  resistant  to  thermal
decomposition, this exfoliated vermiculite is valuable as an insulation material
and filler, among its many other uses.

Vermiculite sample obtaied from Gold Butte District, Clark County, Nevada,
USA. The XRD (X-ray diffractometer) and FTIR (Fourier Transform Infrared)
instruments were used to identify clay mineral type.
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Poly-vinyl Alcohol (PVA) is a water soluble polymer, but the solubility 1s
limited. The polymer can not be solved under 20°C. The solubility of the
polymer increases at higher temperatures. The PVA used in this study is taken
from Fluka and the molecular weight is 145000g/mol.

The pre-solution method was used to prepare the clay-polymer nanocomposites.
The structure and the properties of the nanocomposites were investigated with

the effect of the solid content of the clay particles.
Discussions and Recommendations

In this study. vermiculite sample was characterized by XRD and FTIR methods.
The interlayer of the clay was found for dehydrated sample. When the clay 1s
placed into water, the interlayer distance is reduced duc to the characteristic
properties of the vermiculite.

The rheological properties of vermiculite of concentrations 0.5, 1. 2, 3. and 4%
were determined and it is predicted that the clay particles show Bingham Plastic
behavior and non-thixotropic behavior.,

Increasing solid contend of vermiculite caused to increase in plastic viscosity of
the dispersions. The concertina-like particles adsorbs the water molecules so,
more particles caused to higher viscosity values. Nevertheless, the particles
saturated by water molecules at the last concentration of the vermiculite
dispersions, so the plastic viscosity values became stable.

The zeta potential value of the vermiculite sample was determined as -17,4mV
by electrokinetical measurements. This value shows that the sample is not stable
and tends to show the flocculation.

The pre-solution method was used to prepare the clay-polymer nanocomposites
and the structure of the nanocomposites was determined by XRD and FTIR
methods.

According to the XRD results, the vermiculite in PVA exfoliated for the 0.5%
and 1% additions, but nearly intercalated for 2% and the higher concentrations of
the clay.

The FTIR results showed that there are hydrogen bonding between  the
vermiculite and PVA polymer.

The addition of vermiculite did not improve the thermal properties of the PVA,
In contrast to the thermal behavior, the mechanical properties improved almost 2,
6, 3 times higher at the room temperature. Besides, at higher temperatures than
1007C. 1t 15 predicted that the elastic modules are higher than PVA for the 2, and
3% additions.
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_ PLA’NIN .N_lEKANiK, MORFOLOJIK VE ISIL
OZELLIKLERINE POSS NANO PARCACIKLARININ
ETKISI

EFFECTS OF POSS NANOPARTICLES ON THE
MECHANICAL, MORPHOLOGICAL AND THERMAL
PROPERTIES OF PLA
Mchmet Kodal, Hiimeyra Sirin, Giiralp Ozkog

Kocaeli Universitesi Miihendislik Fakiiltesi Kimya Miihendisligi Bolimii,
41380 Izmiv/Kocacli
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OZET

Amag:

Ozellikle ambalaj sektorii plastik tiketimi bakimindan  basi ¢eken  sektor
konumundadir. Ambalaj scktoriinde  kullamlan bashca polimerler poli(etilen
teraftalat)y (PET), al¢ak yogunluklu polictilen (LDPE), yiiksek yogunluklu
polictilen (HDPE), poli(vinil kloriir) (PVC), polistiren (PS) ve polipropilen
(PP)’dir. Bu polimerlerin diinya genelinde en ¢ok tiiketilen polimerler oldugu goz
ontine alindiginda ciddi bir ¢evre problemi olusturacagr agik¢a gorilmektedir.
('evre bilincinin hizli bir sekilde artmasiyla birlikte biyobozunur polimerlerce olan
ilgi de artmaktadir. Bu dogrultuda yenilenebilir kaynaklardan clde edilebilen ve
biyolojik olarak pargalanabilen yeni malzemelerin gelistirilmesi igin - ¢aba
harcanmaktadir. En ¢ok bilinen biyobozunur polimerler alifatik poliesterlerdir.
Bunlarm arasmda poli(laktik asit) (PLA), gerek fiziksel 6zellikleri gerekse musir,
patates, bugday gibi yenilenebilir kaynaklardan ekonomik olarak tiretilmesi gibi
nedenlerden dolayr 6ne ¢ikmaktadir [1]. Yiiksek camst gegis sicakhigr nedeniyle
oda sicakhginda diisiik uzama ve tokluk ve yiiksck elastik modiile sahiptir. Bu
nedenle saf” halde iken PLA’min 6zellikle ambalaj endistrisinde kullanilmasi
olduk¢a simirhdir [2.3]. Bu noktadan harcketle PLAya istenilen 6zelliklerin
kazandimlmasy icin - gesitli - nanotakviye  malzemeleri  ile harmanlanmasi
(compounding) konusunda arastirmalar yapilmistir [4]. Son  yillarda  gerek
sagladiklart esnek fiziksel ve kimyasal 6zellikler ve gerekse de sanayi dlgeginde
kullanildiklarinda (biiyiik kapasitelerde) ekonomik oluslari sebebiyle poli(hedral
oligomerik silseskuiokzan)’lar (POSS) 6ne ¢ikmaktadr.
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Bu ¢ahiymada PLA'nmm ambalaj scktoriinde kullanmilmast hedeflenerck, elastik
modiiliinde 6nemli kayiplara meyil vermeyecek sekilde peklik/tokluk dengesinin
ikt farh POSS tiirii kullamilarak iyilestirilmesi amaglanmistir,

Materyal ve Yontem:

POSS tiirii olarak dort farkh yiikleme oraninda (%1. 3, 7. 10) trisilanolizobiitil-
POSS (T-POSS) ve glisidilizobiitil-POSS (G-POSS) eriyik harmanlama yontemi
ile 100 rpm vida lmizinda. 3 dakika boyunca 15 ml hacme sahip DSM Xplore
marka bir ¢ift vidali harmanlayicida 180 °C sicakhkta kanstirdmustr, Eriyik
halindeki kangimlar DSM Xplore model enjeksiyon kaliplama cihazi ile 10 bar
basing altnda SO 527-2/5A ve ISO 80 standartlarma uygun olarak
kaliplanmistir. Elde edilen kompozit malzemelerin mekanik 6zellikleri ¢ekme ve
darbe testleriyle, asil dzellikleri diferansiyel taramah kalorimetri (DSC) ile,
morfolojik  6zellikleri taramali elektron mikroskobu (SEM) ile ve eriyik
vizkoziteleri ise dikey kuvvet dlgiimleri (VF) ile analiz edilmistir.

Tartisma ve Oneriler:

Dikey kuvvet élgtim sonuglarindan her iki POSS tiirtiniin kullaniimasiyla birlikte
hazirlanan kanisimlarin eriyik viskozitelerinde saf PLA ile kiyaslandiginda
onemli azalmalar oldugu tespit edilmistir. Bu durum enerji tiiketimi agisindan
onemli avantajlar saglamaktadir. SEM analiz sonuglan T-POSS un tiim yiikleme
oranlarmda PLA matris i¢inde homojen bir sekilde dagildigini, G-POSS un isc
yiiksek yiikleme oranlarinda topaklandigini gostermistir. T-POSS ve G-POSS
iceren kompozitlerin akma dayanimi ve elastisite modiilii degerleri saf’ PLA ile
kiyaslandiginda daha diigiik oldugu goriilmiistiir. Ancak bu azalma her iki POSS
tirti i¢in de en yiiksek yiikleme orami olan %10°da bile akma dayanim igin
Yo 1871, elastisite modiili i¢in %61 171 gegmemcktedir, Disiik yiikleme oranlarinda
is¢ saf’ PLA ile neredeyse aym degerler clde edilmistir. Bununla birlikte saf
PLA nin diisiik olan %puzama ve tokluk degerleri POSS kullanimiyla birlikte
artmistir. Tiim yiikleme oranlarinda her iki POSS tirii de PLA'nmin darbe
dayammmi onemli derecede iyilestirmistir. Mckanik analiz sonuglan POSS
kullanmuyla PLA'min peklik/tokluk  dengesinin saglandigimi - géstermektedir.
DSC analiz sonug¢larimdan POSS larm bir plastiklestirici gibi davranarak camsi
geels sicakhgmi (T,) distrdagi, G-POSS igeren kompozitlerin tiimiiniin %
kristalinite degerinin saf PLA dan daha yiiksek oldugu tespit edilmistir.

Anahtar Kelimeler: Poli(laktik asit), POSS, mckanik ozellikler, sil 6zellikler,
morfolojik 6zellikler

TESEKKUR: Bu ¢alisma TUBITAK tarafindan 111M514 numarah proje ile
desteklenmektedir.
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ABSTRACT

Aim:

Plastics are mostly consumed as packaging materials nowadays. The mamn
polymers used in packaging industry are PET. PE, PP, PVC and PS. They are the
most consumed polymers throughout the world. which constitute a serious
environmental problem. Biodegradable polymers have received increased
attention due to the rapid increase in environmental awareness. In this respect.
scientific rescarches focus on the production of biodegradable plastics from
renewable resources. The well-known members of biodegradable  polymers
family are aliphatic polyesters. Poly(lactic acid) (PLA) is the most widely used
biodegradable polymer among the others as a result of its relatively better
physical propertics, full-scale commercial production and availability from
renewable resources like potato, corn and wheat [1]. PLA has high clastc
modulus and low toughness and elongation properties in ambient temperature
duc to its high glass transition temperature. Therefore, it can not satisty the
requirements of packaging industry inquiring a balanced stiffness and toughness
[2,3]. Literature scarch shows that PLA was compounded with some
nanoparticles to provide desirable properties [4]. In recent years, polyhedral
oligomeric silsesquioxanes (POSS) nanoparticles come into prominence since
they have flexible chemical and physical hybrid properties and its lower cost.

In this study, it is aimed to balance the sutfnes and toughness of PLA without
substantail loss in its elastic modulus. In this respect. PLA was compounded with
two types of POSS, wnisilanolisobutyl-POSS (T-POSS), glycidylisobutyl-POSS
(G-POSS) in molten state. The POSS content was 1. 3. 7 and 10 wt %y,

Materials and Methods:

PLA/POSS composites with different POSS loadings were prepared via melt
blending in a laboratory twin-screw microcompounder (15 ml Microcompounder,
DSM Xplore) with a screw speed of 100 rpm. The mixing time was kept constant
at 3 min. The barrel temperature of microcompounder was sct to 180 “C. Molten
compound was subsequently injection molded using a DSM Xplore 10 mL
injection molding machine to obtain ISO 527-2/5A tensile and 1SO 180 1zo0d
bars. The mjection and holding pressures were set to 10 bars. Mechanical.
thermal, morphological and melt viscosity properties of PLA/POSS composites
were carried out by performing tensile and impact tests, differential scanning
calorimeter (DSC) analysis, scanning clectron microscopy (SEM) and vertical
force measurements (V).

Discussion and Recommendations:

VE is an indication of the melt viscosity of the compounds. Melt viscositics
showed that composites including T-POSS and G-POSS have lower VF
compared to neat PLA. This provides significant advantages in terms of energy
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consumption in compounding. It was obscrved from SEM analysis that T-POSS
was dispersed homogeneously at all loadings: however G-POSS particles were
well dispersed at lower loadings but agglomerated higher loading levels. Yield
strength and clastic modulus of composites were slightly lower than that of
composites regardless of POSS type and loading level. Besides, POSS filled
composites  have higher clongation at break and tensile-toughness values
compared to neat PLA. Significant improvements in impact properties of PLA
have been observed by adding POSS particles. The mechanical analysis showed
that enhancement in stiffness/toughness ratio of PLA was achieved by
incorporating POSS types into PLA. It was concluded from the differential
scanning calorimetry (DSC) results that glass transition temperature (T,) of PLA
decreased by using POSS due to plasticizing effect of side groups attached onto
the POSS cages. Moreover, all G-POSS filled composites have higher percent
crystallinity values compared to pure PLA.

Keywords: Poly(lactic acid). POSS, mechanical properties, thermal properties,
morphological properties

Acknowledgement: This study is granted by TUBITAK (Project No: 1IMS514)
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OZET
Amag

Polimerler igerisine ilave cdilen nano boyutlardaki  katkilar polimerlerin
ozelliklerini - gehistirmektedir.  Killerin - 6zellikle  polimerlerle — etkilesimlerini
artirmak amaciyla  1950°lerde  kil-polimer nanokompozitleri  sentezlenmeye
baslanmistir. Inorganik bir maddenin (kil) organik bir matriks (polimer)
icerisinde homojen olarak daginlmasiyla elde edilen, boyutlart 1 ila 100 nm
arahginda olan  kil-polimer nanokompozitler termal ve mekanik 6zellikleri
agisindan oldukga {stiin olmalarn sayesinde son yillarda bircok malzemeye
alternatif olarak kullanmilmaktadir.

(ahismada 1gne yapih sepiyolit kilinin, HEK (Hidroksietil Seliiloz) polimeri ile
ctkilesimini  arastirmak — i¢in  ¢ozeltlerin - birlestirilmest — yontemiile
nanokompozitler hazirlanip. bu kompozitler FTIR ve XRD analizleri ile
karakterize edilmis; nanokompozit yapilari belirlenmistir ve mekanik ile termal
ozelliklerine bakilmisur,

Malzeme ve Yontem

Sepiyolit magnezyum ve silisyum esaslh ana kaya parcalarmm yerin muhtelif
dermliklerindeki  baskalasim  katmanlart  ig¢inde,  hidrotermal  ctkilerle
hidratlagmas) sonucunda olusmus kayaclarda bulunan bir kil mincralidir. Bu
kayaci farkeden bir alman mineralog (E. F. Glocker) taratindan 19, yiizyil
ortalarinda sepiyolit olarak adlandinlnustir. ilk kimyasal analizi ise 18.yy'm
ikinet yarisinda Eskisehir laletast piposu formundaki sepiyolit kili tizerinde
yaptlmistir.  Lifli - yapidaki  sepiyolitlerin - en bilinen  ozcelliklert  sicakhga
gosterdikleri yiiksek dayammdir. Ozellikle bu dzellikleri nedeni ile kil-polimer
nanokompozitleri igin ¢ok uygun bir numunedir.
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Hidroksictil Seliloz polimeri selillozdan elde edilen jellestirici ve kalinlastiric
bir etken maddedir. Temizlik madde diretimi, kozmetik sanayi ve ev tipi malzeme
endiistrisinde kullammi oldukga yaygindir. Hidroksietil seliiloz ve metil seliiloz
ilaglarm.  mide  bagirsak  kanah  sivilarmda  ¢6ziilme  oranlarim  arttirma
yeteneklerinden  dolayr  hidrofobik ilaglarin kapstl  formilasyonlarinda  da
kullanihr.

Kil-polimer nanokompozitlerini  hazirlamak i¢in - ¢6zeltilerin  bilestirilmesi
yontemi kullamilmigtir. Tlave edilen killerin kati orammm nanokompozitlerin
yapist ve ozellikleri iizerine etkisi arastirlmistir.

Tartisma ve Oneriler

Cahsmalarda XRD, FTIR analizleri ile Sepiyolit olarak tanmimlanabilen numune
ile cahistlmustir.

% 0.5,1.2.3 ve 4 lik konsantrasyonlarda hazirlanan sepiyolit dispersiyonlarin
reolojik  ozellikleri mcelenmig,  sistemlerin Bingham plastik - akis modeline
uyduklari, tiksotropik davrams gosterdiklert belirlenmistir.

Sepivolit numunesinin akma gerilme ve plastik viskozite degerleri benzer bir
davrany gostermekte ve artan kat konsantrasyonu ile artmaktadir. Ortamdaki
pargactk sayisimin artigi etkilesimleri de artinp ortamda tiksotropik jellerin
artisina neden olmaktadir,

Elcktrokinetik dl¢timler ile zeta potansiyel degeri -18.9 mV olarak belirlenmistir.
Numune ¢okme egilimi gosteren, kararsiz yapidadir.

Cozeltlerm  bilestirilmesi yontemi ile  kil-polimer  nanokompozitleri
hazirlanmistir. Hazirlanan nanokompozitlerinin yapisal karakterizasyonlart XRD
ve FTIR analizleri ile vapilmistir,

XRD anahizi sonuglan ile sepiyolit kilinin HEK igerisindeki  dagilimlar
belirlenmistir. FTIR analazi sonuglarimdan sepiyolit ve HEK arasinda hidrojen
baglarimim olustugu tespit edilmistir,

Sepiyohit katkist HEK polimerinin sicaklik dayanimina ve mekanik ozelliklerine
ctkileri sirasiyla diferansiyel kalorimetrik analiz ve dinamik mekanik analiz
yontemlert ile belirlenmistir,

ABSTRACT

Nanofillers added in polymers improve the properties of polymers. In 1950°s
clay-polvmer composites are started to synthesized to improve the properties of
polymers especially with the clay additions. Nanocomposite are created by
distributing an morganic material (clay) in an organic matrix (polymer). They
have nanometer sizes like Inm to 100nm in one dimension. They are used as an

94



L ULUSLAKAKANSI POLIMERIK KOMPOZITLER SEMPOZYUMU, SERGISIT VE CALISTAY/
3rd INTERNATION POLYMERIC COMPOSITES SYMPOSIUM, EXHIBITION AND WORKSHOP

alternative materiel to many materials because of the fact that they exhibit
excellent mechanical and thermal properties.

In this study, sepiolite and HEC (hydroxyethyl cellulose) nanocomposites were
prepared with the pre-solutions method to examine the interactions between the
needle type sepiolite and the polymer.

The nanocomposites characterized by FTIR and XRD analysis methods. The
structure of the nanocomposites was predicted and then, their mechanical and
thermal properties were determined.

Materials and Methods

Sepiolite is a clay mineral, formed by hydradization of particles ol
conglomerated stones, which are complex of magnesium and silicon. in deep
metamorphosis  layers  of carth  with  hydrothermal effects. A German
mineorologist E. F. Glocker, who realized this stone in the middles of 19th
century, named the mineral as sepiolite. The first chemical analysis i1s made on
the sepiolite in the form of Eskischir meerschaum pipe in the sccond period off
I8th century. They have fibrous form. Their most significant property is the high
thermal strength. Especially for this property. they are prefered to be used in
clay-polymer nanocomposites.

Hydroxyethyl cellulose is an agent derived from cellulose. It has gelling and
thickening effect. It is widely used in cleaning solutions, cosmetics and other
houschold products. Hydroxyethyl cellulose and methyl cellulose can improve
the drugs' dissolution in the gastrointestinal fluids. Because of this property they
are frequently used with hydrophobic drugs in capsule formulations.

The clay-polymer nanocomposites were prepared with the pre-solutions method
to examine the eftects of the addition of clays on the structure and properties of
nanocomposites were studied.

Results, Discussions and Recommendations

In this study, the clay sample which was determined a sepiolite by XRD and
FTIR analysis methods was used.

The rheological properties of sepiolite of concentrations 0.5, 1, 2, 3, and 4% were
examined and it is predicted that the clay particles show Bingham Plastic
behavior and thixotropie behavior.

Increasing solid content of sepiolite caused to increase in plastic viscosity and the
yield value of the dispersions. The increasing particle number in the dispersion
causes to increase of the interactions of the particles and as a result increases
thixotropic gel structures in the medium.,
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The zeta potential value of the sepiolite sample was determined as -18.9 mV by
clectrokinetical measurements. This value shows that the sample is not stable and
tends to show the flocculation.,

The pre-solution method was used to prepare the clay-polymer nanocomposites
and the structure of the nanocomposites was determined by XRD and FTIR
methods.

According to the XRD results. the types of the nanocomposites were predicted
and the FTIR results showed that there are hydrogen bonding between the
sepiolite and HEC polymer.

The effect of the thermal behavior and the mechanical properties of the addition
of sepiolite to HEC polymer were examined by differential calorimetric analysis
and dynamical mechanical analysis respectively.
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