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ONSOZ

Polimerik  Kompozit alaninda bilimsel teknolojik yenilikleri ve bunun
yaninda yasanilan sorunlari, uzmanlar aracih@hiyla iletmek, paylasmak,
dogru ve saghkh gelisme i¢in vazgegilmez bir asamadir. Bu nedenle, Kimya
Miihendislert Odasi Ege Bolge Subesi koordinasyonuyla 2006 °dan bu yana
gerek bilimsel, gerck sanayideki ilgilileri bir araya getirerck yapilmasi
gerekenleri saglamak  tizere yaptinm  giicii olan yetkin devlet kurulus
temsilcilerinin de bu toplanularda yer almasima 6zen gostermistir.

Bu tiir etkinlikler, gozlemlerimize gore, tiniversitelerdeki bilimsel ¢aligmalarda
yarar saglamakta, bunun yaninda sanayide de karsihkli - etkilesim
nedeniyle yeniliklerin ger¢eklesmesine firsat vermektedir. Bu etkinlikteki
sempozyumda 7'si yurt digindan olmak tizere 16 ¢agrihi konusmaci ile birlikte
48 sozli, 40 poster sunum yer almistir. Konular: kompozit temel yapi
malzemeleri, kompozit yapi tirleri ve uygulamalar, Gretim ve diretim
teknolojileri, tasanim ve karakterizasyon, atik yonetimi, yenilenebilir enerji,
standartlar, mevzuat, egitim, yeni yaklagimlar ve sirdirtlebilirlik alaninda
yer almistir. Panelde ise “Diinyada ve ilkemizde polimerik kompozit
scktortiniin -+ bugiinkii  durumu  ile  gelecege  yonelik  oneriler  ve
siirdiiriilebilirlik™  tartisiimasi  saglanacaktir. Cahstayda “ileri  Polimerik
Kompozit Uygulamalart ve Teknolojiler™ konusunda tiim giin siirecek 8
sunum, aktif bi¢imde tartisilacakur. Sergi alaninda ise 30 kurulug yer
almaktadir.

Bu ctkinligin gergeklesmesi ile nitelikli bir bilimsel ortam sunumlar ve
izleyen tartigmalarla saglanacak, sergi alanindaki kurumlarin verdikleri gorsel
bilgilerle de pekistirilecektir. Ote yandan, etkinligin gergeklesebilmesi igin
ayrica bilime, teknolojiye duyarli kurum ve kuruluslarimizin gerck maddi,
gerckse hizmet tiri destekleri buyiik yarar saglamisur. Bu nedenle, basta
IKMIB olmak iizere, HERKIM, TUBITAK, EBILTEM, Ege Universitesi
Miihendislik Fakiiltesi, Izmir Yiiksek Teknoloji Enstitiisii Miihendislik
Fakiiltesi, izmir Biiyiiksehir Belediyesi, Ege Bolgesi Sanayi Odasi, Izmir
Ticaret Odasi, Kompozit Sanayicileri Dernegi, Giines Enerjisi Enstitiisii,
Eurosolar Tiirkiye, Bayrakli Belediyesi, Boytek, Cimstone, Duratek, Literatiir
Kimya, Petkim, Poliya, Polkima, Prokom Kompozit, Sénmez Tekstil, Yiicel
Kompozit'e ve “'Kompozit Sektorii Teknik  Terimler Sozligi'™  niin
hazirlanmasi ve basilmasinda destek veren kurumlara tesekkiir ederiz. Ayrica
bu etkinligin gergeklestirilmesinde bagta KMO Ydénetimi olmak iizere, emegi
ile gece giindiiz cahsan Sckreterya gorevini stirdiiren meslektaglarimiza, Oda
¢ahisanlarimiza, ve destek veren tiim dyelerimze, kurum ve kuruluslarimiza
tesekkiir ederiz.

Sempozyum Yiiriitme ve Diizenleme Kurulu



. ULUSLARARASI POLIMERIK KOMPOZITLER SEMPOZY UMU, SERGIST VE CALISTAY
3rd INTERNATIONAL POLYMERIC COMPOSITES SYMPOSIUM, EXHIBITION AND WORKSHOP

INTRODUCTION

An important aspect of a healthy development in the polymeric composites
sector, delivering and sharing the scientific and technological innovations and
the related challenges 1s vital. For this reason, with the coordination of
UCTEA Chamber of Chemical Engineers Aegean Branch, great care was
shown to bring scientists and industrialists together, and to include authorized
government representatives in such meetings.

Based on our observations, these meetings are beneficial to university
researches and they also enable innovations in industry by gathering scientists
and idustrialists. In this year’s symposium, sixteen invited speakers will be
present, of which seven of them attending from abroad. Forty-eight papers
will be presented orally, and forty papers will be presented as posters. The
topics are including: fundamental components of polymeric composites, types
of polymeric composites and their applications, production and production
technologies, design and characterization, waste management, renewable
energy, standards, legislations, training, new approaches and sustainability. In
the Panel. the current state of polymeric composites sector in the World and in
Turkey and suggestions for the future and sustainability will be discussed. In
the Workshop, eight presentation regarding advanced polymeric composites
and their applications will be actively discussed throughout the day. 30 firms
will be present in the exhibition area. During the event, an event of high
quality will be enabled by the presentations and the following discussions, and
the event’s quality will be enhanced via exhibitions.

The event was realised by means of monetary and collaboration support of
firms that are sensitive to science and technology. For this reason we would
like to firstly thank IKMIB (Istanbul Chemical And Chemical Products
Exposters™ Associatons), and HERKIM, TUBITAK (The Scientific Research
Council Of Turkey), EBILTEM(Ege University Science and Technology
Center), Ege University Faculty of Engineering, Izmir Institute of Technology
Faculty of Engineering, Izmir Metropolitan Municipality, EBSO(Aegean
Region Chamber of Industry), iIZTO (Izmir Chamber of Commerce), Turkish
Composites Manufacturers™ Association, Solar Energy Institute, Eurosolar
Turkey, Bayrakli Municipality, Boytek, (imstone, Duratek, Literatur Kimya,
Petkim, Poliya, Polkima, Prokom, Sonmez Textiles, and Yucel Composites
and companies support preparing and publishing of “’Composite Industry
Dictionary of Technical Terms''. We would also like to thank the members
of the board of directors of the Chamber of Chemical Engineers, the
secretariat who prepared the activity with their hard work, the personnel of the
chamber, and all our members and all of the organizations and institutions.

Symposium Executive and Organizing Committee
i
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SEKTORDE iZ
BIRAKANLAR, ILKLER

PIONEERING LEADERS
OF THE SECTOR

TESEKKUR EDERIZ/
THANKS

Not: Bu bilgiler ulasabilen kaynaklardan alinmistir. kapsamaktadir. Diinya ve
Tiirkiye'de Sayin Ismail Hakki HACIALIOGLU nun emekle hazirladigr verileri
esas alinarak ve ayrica Ege Bolgesi'nde bu siiregleri yasamus degerli kisilerin
(Sayin Fikret TACER, Sayin Giircan GORGUN, dolayli olarak Sayin Alpaslan
EVCIMEN, ve 2008 yillarinda Henric DERMOND’un) anilaria dayanarak
verilmistir. Kendilerine ¢ok tesekkiir ederiz.

Note: The folowing iformation contains ones that were accessible, based on Mr.
Ismail Hakki HACIALIOGLU s valuable efforts, and also on the memoirs of the
people who have witnessed the processes (Mr. Fikret TACER, Mr. Giircan
GORGUN , Mr. Alper EVCIMEN, and Myr. Henric DURMOND) We thank them
for their contribution.
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DUNYADA KOMPOZITLERIN KILOMETRE TASLARI

1913- H.Farber, D.J. O'Connor: Formika, fenolik / aga¢ liflerinden
kompozit.

1917- Micarta: Bakalit / mika kompozit, clektrik uygulamalan
pervaneler.

1930- Owens-Corning: Camelyafi.

1930- Carruthers, Du Pont: Kondensasyon polimerizasyonu il
tiretim.

1936- C.Ellis, Ashland: Doymamis polyester regine tiretimi.

1940- Camelyafi / polyester kompozitlerin B-17 “Ugan Kale™
bombardiman ugaklarinda kullanimi.

1940- PPG: Doymamis polyester ve camelyafi tiretimi.

1942- ABD Donanmasi: CTP mayn tarama gemileri (antimanyetik).
1943- Mc Donnel-Douglas: Amerikan hava kuvvetiert igin kagit /
fenolik regine ile kanat alti yedek yakit tanklar.

1943- Elyaf sarma: Bazuka govdeleri.

1944- Yultee Aircraft: Kompozitlerde Sandvig konstriiksiyon.

1946- Piiskiirtme ile camelyafi-polyester kompozitler.

1947- Elyaf sarma tanklar ve roket gévdeleri.

1950- Kompozit radar muhafazalari.

1951- Pultruzyon: Olta kamslari.

1956- Roket burun konileri: Fenolik- Asbest kompozit.

1961- Union Carbide: Karbon elyafi.

1965- Hazir kaliplama bilesimleri (SMC, BMC), otomotiv pargalari.
1965- Dow: Vinyl ester regineleri: Derakanc 411, yer alu tanklan ve
kimyasal dayanimh pargalar.

1965- NASA: Bor elyafi / Apollo i¢in epoksi govde.

1965- GM Corvette: Tamamen kompozit spor otomobil.

1968- Boeing 747: 2000 kompozit parga.

1970- Tek parga kompozit banyo.

1970- F-16 lar i¢in bor-cpoksi diimen.

1971- Kevlar kursun gegirmez yelek.

1976- Karbon-Epoksi yaris bisikleti, Olimpiyat madalyasi kazamyor.
1980- California’da kompozitten, depreme dayanikh otoyol képriileri.
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MILESTONES IN COMPOSITES IN THE WORLD

1913- H.Farber, D.J. O’Connor: Formica, composites made from
phenolic/tree fibers.

1917- Micarta: Bakelite / mica composites in electrical applications /
blades.

1930- Owens-Corning: Fiberglass

1930-  Carruthers,  Du  Pont:  Production  via  condensation
polymerisation

1936- C.Ellis, Ashland: Unsaturated polyester resin production.

1940- Using fiberglas/polyester composites in B-17 “Flying Fortress”
heavy bomber aircraft,

1940- PPG: Unsaturated polyester and fiberglas production.

1942- US Navy: GRP minesweeper crafts (antimagnetic).

1943- Mc  Donnel-Douglas:  Auxiliary fuel tanks made by
paper/phenolic resins fot the US Air Force.

1943- Fiber spindle: Bazooka bodies.

1944- Yultee Aircraft: Sandwich construction in composites.

1947- Fiber spindle tanks and rocket bodies.

1950- Composite radar containers.

1951- Pultrusion: Fishing rods.

1956- Roket tip cones: Phenolic-asbestos composites.

1961- Union Carbide: Carbon fibers.

1965- Sheet Molding Compound (SMC, BMC), automotive parts.
1965- Dow: Vinyl ester resins: Derakane 411, underground tanks, and
chemically resistant bodies.

1965- NASA: Boron fiber, epoxy bodies for the Apollo.

1965- GM Corvette: Completely composite sports car.

1968- Bocing 747: 2000 composite parts.

1970- Single piece composite bathtubs.

1970- Boron-epoxy steers for F-16.

1971- Kevlar bullet prof vests.

1976- Carbon-Epoxy race bikes, wins Olympic medal.

1980- Earthquake resistant composite highway bridges in California.
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TURKIYE'DE ILKLER
e 1957: Tiirkiye'de ilk Doymamis Polyester Regine iiretimi 1957 yilinda
Sayin Viladimir Haralambof tarafindan kurulan Ilkalem sirketinin
ilkester markasi ile direttigi genel amagli polyesterdir.
¢ 1964: Izmir’de Dewilux firmasi, Saym Henric  Dermond un
katkilaniyle, polyester tretiminde dikkat ¢ekmektedir. Daha sonralan
bu alanda Dyo, Marshall devam etmistir.
¢ 1965: Tacer polyester tekne tiretmistir.
¢ 1967: ilk Anadol marka otomobil Nisan ayinda tiretilmistir.
¢ 1976: Tirkiye'de ilk Cam Elyafi, Tiirkiye Sise ve Cam Fabrikalan
A.S.'ne bagh olarak 1974 yilinda kurulan Cam Elyat Sanayii A.S.
tarafindan tiretilmistir.

¢ 2008: Tiirkiye'de ilk Karbon Elyafi AKSA tarafindan tiretilmistir.

Turkiye'de ilk CTP diretimleri Otosan, Sevket Cambol, Ziihtii Altin,
Enver Pakis, Haydar Yiicel gibi bir kag saygideger tekne ve su deposu
tircticisi ile baglamistir. Baslangigta 1950 li yillarda ithal cam clyafi ve
polyester regine ile baslayan iiretimler daha sonra yerli re¢ine ve cam
clyaf” direticilerinin devreye girmesiyle yerli hammaddelerle devam
ctmistir. Baglangigta CTP driinler genellikle eski Yugoslavya vatandasi
olup iilkemize yerlesmis bulunan go¢men Sirbistan, Bosna ve
Makedonya kokenli kisilerce el yatirmasi ontemi ile tretilmekte iken
daha sonralart CTP dretim metodlarimin bu  sektorde ¢ahisanlar
tarfindan 6grenilmesi sonucu yayginlasmistir.

Vi
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COMPOSITE PIONEERS IN TURKEY

1957: The first unsaturated polyester resin in Turkey was produced bu
ilkester brand, a part of ilkalem which was founded by Mr. Vladimir
Harambolof.

e 1964: Dewilux firm attracts attention in polyester production in lzmir,
with the effort of Mr. Henric Dermond. Afterwards Dyo, Marshall
continued in this ficld.

e 1965 Tacer produced polyester boats.

e 1967: The first Anadol brand car was produced in April.

e 1976: CAM ELYAF SANAYII A.S., which was founded in 1974 as a
branch of Turkish Bottle and Glass Factories Inc. Produced the first
fiberglas in Turkey.

e 2008: AKSA produced the first carbon fiber in Turkey.

GRP production in Turkey began with a few boat and water-tank
producers such as Otosan, Sevket (Cambol, Ziihtii Altin, Enver Pakis,
Haydar Yiicel, along with many other respectful producers. THe
production expanded to buttons and dental chairs. In the beginning of
1950, fiberglas was being imported, with the beginning of domestic
fiberglass production , the processes continued with domestic raw
materials. GRP products were generally produced via hand lay-up
technique by citizens who had immigrated from Yugoslavia. With the
training of personel in this field, various GRP production techniques
became common in Turkey.

vii
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COMPOSITE LAMINATES FABRICATED BY
BLADDER ASSISTED COMPOSITE
MANUFACTURING (BACM): MECHANICAL
PROPERTIES AND REDUCTION OF MICROVOIDS

M. C. Altan , J. P. Anderson
School of Acrospace and Mechanical Engineering
University of Oklahoma, Norman, OK 73019, USA
altan/a ou.cdu, jande(@ou.edu
Scope:

Bladder Assisted Composite Manufacturing (BACM) is an out-of-autoclave
process that can be used to fabricate geometrically complex, hollow polymeric
composite components. The BACM process utilizes a two part aluminum mold
and a flexible silicon bladder to apply the required consolidation pressure on
composite prepregs. The curing of components is facilitated by the circulation of
heated air inside the bladder. This process has been shown to reduce the energy
required to manufacture composite components while maintaining mechanical
propertics comparable to those of hot-pressed laminates. In this study, three
versions of the BACM processing technique are introduced to reduce void
content i the fabricated parts. In addition, these process variations allow the
control of fiber volume fraction for improved mechanical properties.

Materials:

In this study. the composite cylinders were manufactured using Newport”
32177781 prepreg. This prepreg is composed of a balanced cight-harness woven
E-glass fabric and an epoxy matrix with a recommended curing temperature of
[21°C and a glass transition temperature of 149°C. Newport™ 321/7781 and
similar woven glass/epoxy prepregs are commonly used in acrospace and
automotive applications due their relatively low cost and characteristically high
spectfic stiffness/strength.

Manufacturing/Experimental Techniques:

Fhree different BACM  techniques were used to investigate the effect of
restricting or facilitating resin flow on the void content of cured cylinders. These
three techniques were expected to vary the fiber volume fraction by controlling
resin outflow and reduce void content by inducing increased levels of resin
pressure during consolidation. The first technique involved the addition of a seal
between mold halves to reduce resin outflow and increase resin hydrostatic
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pressure. The second incorporated a porous bleeder to increase radial resin
outflow, thus increasing the fiber volume fraction. The final version was a
combination of the first and second techniques described.

Two 4-ply composite cylinders (OD-50.8 mm and L-101.6 mm) were
manufactured with a bladder pressure of 621 kPa for each of the three process
techmques. The effectiveness of cach version was examined by comparing their
void contents and flexural properties to those fabricated by the original BAC'M
process, which does not incorporate a scal or bleeder.

Discussion:

The void contents of the cylinders produced using the new BACM process
techniques were reduced by at least 35.71% (2.24% to 1.44%) when compared to
the original BACM process. The technique utilizing a seal resulted in the highest
reduction in voids, where in the void content reduced by 68.75% (2.24% o
0.70%). In addition, it was found that the the fiber volume fractions of the
cylinders could be varied from 51% to 58%% by sealing or incorporating a bleeder
in the mold.

The mechanical properties of the components were found to be comparable to
those reported in literature when the effect of the changes in fiber volume
fraction was accounted for. Voids were found to aftect the elastic moduli and
failure strength of the composite very differently. The elastic moduli were found
to be almost unaffected by the small variations in void content. However. the
increase in void content was found to considerably decrease flexural strength of
the samples. The decrease in strength became more prevalent as fiber volume
fraction increased. Scanning electron micrographs indicated that as the fiber
volume fraction is increased. the process-induced voids become clongated along
the fiber-matrix interface, hence weakening the interfacial region.

Keywords: bladder molding, composite manufacturing. composite tubes



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

NATURAL FIBRE COMPOSITES - PROSPECTS AND
POTENTIAL FOR DEVELOPING VALUE ADDED
PRODUCTS
Rajesh D. Anandjiwalal.2

INonwovens and Composites Research Group, Polymers and
Composites Competence Area, CSIR

Materials Science and Manufacturing, P.O.Box 1124, Port Elizabeth
6000, South Africa. E-mail: ranandiw csir.co.za

2Department of Textile Science, Faculty of Science, Nelson Mandela
Metropolitan University, Port Elizabeth 6070, South Africa. E-mail:
Rajesh.Anandjiwala@ nmmu.ac.za

Composite materials reinforced with natural fibres, such as flax, hemp. kenaf
and jute are witnessing a considerable growth in applications, particularly in
automotive, acrospace, shipping, built environment, consumer electronics and
packaging. Their specific benefits include light weight. competitive strength
and stiffness, improved encergy recovery, carbon dioxide sequestration, case of
manufacturing. environmental friendliness and possibility of developing rural
regenceration and economic development by growing natural fibre crops. The
market for natural fibre reinforced composites and biocomposites, including
wood fibres. i1s increasing at a rate of about 10-15% per annum in value. It is
projected that the market will reach USS$3.8 billion m 2015 from its 2010 level
of USS2.2 billion in 2010. The market scenario for natural fibre composite
applications is also changing due to the introduction of newer biopolymers
and synthetic polymers from bio-based feed-stocks.

While the automotive and building industries account for almost 50% of the
market share. newer manufacturing techniques and raw materials are also
providing new rescarch opportunities to develop high value added products
for other markets, such as aerospace, plastic clectronics and packaging
industries.  This presentation will provide information on such market
opportunitics and discuss our current research in developing the value added
products.
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CIFT VIDALI EKSTRUZYONLA HAZIRLANAN
DARBE DAYANIMI GELISTIRILMIS POLI (LAKTIK
ASIT)-ORGANOKIL NANOKOMPOZITLERI
IMPACT MODIFIED POLY (LACTIC ACID)-

ORGANOCLAY NANOCOMPOSITES PREPARED BY
TWIN SCREW EXTRUSION

e | % |« B
Baouz Touftik', Rezgui Farouk', Yilmazer Ulku

Laboratoire des Matériaux Organiques. Facult¢ de Technologic,
Département de Geénie des procédés, Université Abderrahmane Mira,
Béjaia 06000, ALGERIA

“Middle East Technical Uniy ersity, Chemical Engineering Department.
06800, Ankara, TURKEY

baouztoufikie yahoo.fr, rezgui-tarouk@ netcourrier.com
vilmazer metu.edu.tr

ABSTRACT

Ihe extensive use of petroleum based plastics and their disposal in nature
brought about environmental concerns all over the world. Biodegradable
polymers received great interest from researchers and industries as potential
alternatives to fossil based polymers. Polylactic acid (PLA) is a lincar
thermoplastic polyester derived from renewable resources such as corn and
beet sugar which makes it biodegradable and hence friendly to the
environment. PLA exhibits outstanding physical and mechanical properties
that compete with those of standard polymers such as high transparency,
strength and modulus comparable to those of polystyrene. However: its
brittleness (low ductility and impact strength) limits its room-temperature
applications. To get rnid of these drawbacks and spread its use, many
approaches have been reported in literature which include addition of fillers,
copolymerization, plasticization, and melt blending with flexible polymers
and rubbers.

A great deal of rescarch studies have been reported in the literature using
biodegradable and non-biodegradable rubbers as tougheners for PLA.
However: studies on simultancous use of impact modifiers and organoclay for
impact moditication of PLA are scarce.

N
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Materials and Method

In this study PLA was melt blended with a commercially available rubbery
impact modifier to enhance its toughness and impact resistance. An organo-
modified clay was used to counterbalance the loss in stiftness and tensile
strength due to the addition of rubber.

Binary blends (PLA/rubber). binary nanocomposites (PLA/organoclay) and
ternary nanocomposites (PLA/rubber/clay) were prepared using a twin screw
extruder. Specimens for characterization were prepared using a mini injection
molding press. Dispersion of the organoclay was evaluated using X-ray
diffraction (XRD) and Transmission Electron Microscopy (TEM). The
morphology was examined by Scanning Electron Microscopy (SEM) and
thermal properties were  determined by Dynamic Scanning  Calorimetry
(DSC). Mcechanical properties were evaluated by tensile and impact tests. The
cffects of the rubber and the organoclay on the rheology of the
nanocomposites were assessed by Melt Flow Index (MFI) measurements.

Discussion and Recommendations

XRD results showed that the nanocomposites exhibited a mixture of
exfoliated/intercalated structure with some residual tactoids. The morphology
was also confirmed by TEM observations. SEM micrographs of the binary
and ternary nanocomposites revealed a two phase blend of PLA and the
rubber, typical of an immiscible mixture. DSC measurements indicated that
the rubber and the organoclay slightly affected the cerystallinity and both of
them acted as nucleating agents. The MFIL which reflects the viscosity of the
mixtures was greatly affected by the presence of the rubber and the clay.

Key words: Poly (lactic acid). polymer blends, nanocomposite. rubber
toughening, organoclay.

OZET

Petrol bazh plastiklerin yaygin olarak kullamilmas) ve dogaya atilmasi tiim
diimyada ¢evre duyarhh@mi arttimmstir. Biyobozunur  polimerlere  gerck
arastirmactlar, gerekse endistrn tarafindan ilgi duyulmaktadir. Poli (laktik
asit), (PLA) musir veya pancar gibi yenilencbilir kaynaklardan clde edilen ve
bu nedenle biyobozunur ve ¢evre dostu lincer bir termoplastik polyesterdir.
PLA standart polimerler kadar yiiksck fiziki ve mekanik 6zellikler gosterir ve
polistiren ile karsilastirilabilir yiiksek sceffafhik, gerilme dayanimi ve gerilme
modiiliine sahiptir. Ancak, PLA 'min kinlganh@ oda sicakhigindaki kullanim
alanlanm simrlandirmaktadir. Bu engelleri ortadan kaldirmak ve kullanim
alanlarmi gemgletmek  amaciyla dolgu malzemesi cklenmesi,
kopolimerizasyon, plastifiyan eklenmesi, yumusak polimer ve elastomerle
criyik halde kanistimlma gibi gesithi yontemlere rastlanmaktadir.
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Literatiirde biyobozunur veya biyobozunur olmayan elastomerlerin PLA 'nin
darbe dayanimimi arttirmak igin kullanilmasi yaygindir, Fakat, bu amagla
clastomer ve organokillerle ayni zamanda kullanimina az rastlanmaktadir.

Malzeme-Yontem

Bu gahymada PLA darbe dayanimini arttirmak amaciyla  elastomerle eriyik
halde harmanlandi. PLA'nm sertlik ve  gerilme  dayanimimin azalmasini
dengelemek amaciyla organokil de kullanildi.

PLA/elastomer  ve  PLA/organokil ikili karisimlan ve gl
(PLA/elastomer/organokil) nanokompozit malzemeler ¢ift vidah ckstruder
kullanilarak hazirlandi. Karakterizasyon ig¢in gereken ornekler daha sonra
mini enjeksiyon cihaziyla kaliplandi. Organokilin dagilimi X-Ismlar kinmim
(XRD) ve Gegirgen Elektron Mikroskobuyla (TEM) incelendi. Malzemelerin
morfolojisi Taramali Elcktron Mikroskobu (SEM). termal o6zellikleri isc
Dinamik Taramalh Kalorimetre (DSC) ile ¢alisildi. Mckanik 6zellikler gerilme
ve darbe dayanimi deneyleri ile 6lgiildi. Elastomer ve organokilin reolojiye
olan etkilert Eryik Akis Endeksi (MFI) ol¢timleriyle tayin edildi.

Tartisma ve Oneriler

XRD = olgtimleri naokompozitlerin — sacilmug/tabakalar  aralannmy  yapida
oldugunu ve bazi taktoidlerin bulundugunu gosterdi ve bu sonuglar TEM ile
de dogrulandi. ikili ve t¢lii nanokompozitlerin SEM mikrograflart PLA ve
clastomerin tipik. karigmayan ki fazhi yapida oldugunu  gosterdi. DSC
Olgtimlert clastomer ve organokilin kristal yapiyr az da olsa ctkiledigini ve bu
malzemelerin her ikisinin de kristallenmeyi kolaylasuran ¢ekirdek olarak
vazite gordigini ortaya koydu. Malzemelerin viskozitesini belirten MFEI
Ol¢timleri elastomer ve organokilin viskoziteyi belirgin olarak etkiledigini
gosterdi.

Anahtar Kelimeler: Pol (laktik asit), polimer kangimlari, nanokompozit.
clastomerle darbe dayanimin arturilmasi, organokil.
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SUSTAINABLE BIOBASED GREEN COMPOSITES:
CHALLENGES AND OPPORTUNITIES IN THE
EMERGING BIOECONOMY

Amar Kumar Mohanty

Bioproducts Discovery and Development centre (BDDC), Department of
Plant Agriculture, Crop Scicnee Building and School of Engineering,
Thornbrough Building, University of Guelph, Guelph, NIG 2W 1, Ontario,
Canada
mohanty(@uoguelph.ca
Abstract: The incorporation of bio-resources, ¢.g. green plastics and natural
fibres/fillers into composite materials are gaining prime importance in the design
and engimeering of green composites. Biocomposites derived from natural fibers
and certain traditional polymers have been developed for automotive parts and
building structures. Renewable resource based bioplastics like polylactic acid
(PLA). polyhydroxyalkanoates (PHAs), biobased polytrimethylene terephthalate
(PTT). bio-polyolefin. bio-polyamide, cellulosic plastics. soy protein based
bioplastics and vegetable oils derived bioresins need value-added and diverse
applications. The co-products of biofuel industries in biobased composites uses
arc also moving forward for a sustainable biorclinery. The growth of lquid
biofuels like bio-ethanol and bio-diesel. creates a large amount of co-products.
The value-addition of co-products like distillers’ dried grains with solubles
(DDGS) and lignin in composite uses provide new opportunities both for biofuel
and manufacturing industries. Hybrid technology comprising bioplastics blends
and their hybrid reinforcements pose immense potential in composite uses. This
presentation  will highlight the recent development on  biobasedcomposite
materials and their growth in the market place. In the continuous development of
cco-friendly materials, 1t 1s critical that the environmental communication should
be clear unlike ambiguous and should be free from deceptive claim in the name
of green technology. The terminologies like sustainable, biobased. compostable,
biodegradable, recyclable as well as recycle content for the claimed eco-friendly
materials should be spelled-out clearly, correctly and boldly to the market place.

This will help a long term bio-innovation for a sustainable biocconomy.

Acknowledgements: The author sincerely acknowledges the Ontario Ministry
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Alternative  Renewable Fuel Plus rescarch program: Natural Sciences and
Engineering Rescarch Council of Canada (NSERC)-Discovery Grant; AUTO21;
Ontario Ministry of Economic Development & Innovation (MEDI) Ontario
Research Fund - Research Excellence Round 4 program and University of
Guelph-OMAFRA (Bioeconomy for Industrial Uses) program for their financial

supports.
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POLIOLEFIN NANOKOMPOZITLERDE
DENEYSEL VE TEORIK SONUCLARIN
KARSILASTIRILMASI
A COMPARISON OF EXPERIMENTAL AND
THEORETICAL RESULTS FOR POLYOLEFIN
NANOCOMPOSITES
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Ozet
Diinyada kullamlan plastiklerin % 80°1 termoplastik malzemelerdir. Yaygimn
olarak kullamlan poliolefinler ticari termoplastiklerin en  biiyilk  grubudur.
Poliolefinler genellikle ckstriizyon, enjeksiyon, sisirme ve donel kaliplama
metodlart ile islenirler.  Poliolefinler  dayamkli  ve  saglamdirlar:  diisiik
maliyetlerle, kolay islencbilirler.

Poliolefinler (PO). elastiklik modili, tokluk, boyutsal kararhlik ve diger
ozelliklermin  gehistirilmest igin - dogal minerallerle  karigtinlabildikler:  gibi
nanokompozit (NK) hazirlanmasi da poliolefinlerin dzelliklerini iyilestirme igin
kullanilan  yontemlerden biridir.  Tabakah silikat  katkili NK  hazirlanirken
tabakalar  polimer  matriste  ne  kadar  homojen  dagiulirsa  elde  edilen
nanokompozitin 6zellikleri de o kadar iyilestirilmis olur. PONK lerde. polimer
polar olmadigimdan, polar kil uzun zmcirh alkil aminlerle modifiye cdilerck
organokil haline getirilerck kullamilir. Ancak, bu durum, kil tabakalarimim PO
matris igerisinde homojen olarak dagihmm saglayamaz. Bunun i¢in sisteme
uyumlastiricr katilmasi gerekir.

Yaptugimiz ¢ahsmalarda, muhtelif poliolefinlerin, laboratuvarda hazirlanan
organokillerin ve uyumlastirictlarin kullaniimasi ile PONK'ler hazirlanmis ve
organokillerin ve bu 6rneklerin karakterizasyonlar yapilmistr. Ancak elde edilen
deneysel sonuglar, deneylerin muhtelif basamaklarinda teorik hesaplamalarla da
karstlasturilmistir.

Deneysel ¢ahsmalarda killer uzun zincirh alkil aminlerle modifiye edilmig,
uyumlagtinier ise itakonik asit (IA) veya monometil itakonatin (MMI) kendi
polimerine mikrodalgada asitlanmasi ile hazirlanmisur. Orcekler uygun sicaklik
ve vida hizinda ¢ift vidali ckstruderde, tek  basamakh  criyik  Karstirma
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yontemiyle diretilmistir. PONK 6rnekleri, poliolefin matrise %05 organokil ve %5-
15 uvumlastiner eklenerck hazirlannustir,

Sentezlenen PONK'lerden dogrusal algak vogunluklu polictilen (DAYPE) ile
hazirlanan 6érneklerin teorik incelemesi de yapilmistir, Teorik incelemede dnce
tabakalar aras uzakhgimn modifiye ajanin molekiil sayisi ile degisimi incelenerek.,
organokillerin igerdigi modifiye ajan molekiil sayisi teorik olarak belirlenmistir.

Elde cdilen PONK driinlerin mekanik karakterizasyonu sonuglar yardimuyla
nanokompozitteki taktoitlerin en’boy oranlari (I't) Halpin-Tsai mikromekanik
hesaplama yontemiyle bulunarak. XRD ile dlgiilen deneysel tabakalar arasi
uzakhk sonuglarn ile karsilastinlmstir. XRD ile belirlenen tabakalar arasi uzakhk
ve hesapla bulunan “It™ degerlerinm biyiikligi, kil tabakalarmim PO matriste
dagilmasinin gostergesidir ve bu ¢alismada deneysel ve teorik sonuglarm uyumlu
oldugu bulunmustur.

Sonug olarak, tabakalar arasi uzakhgin artmasinin, mekanik ézelliklerde iyilesme
sagladigi, buna organokil tipinin, uyumlastiricr tipi ve miktarmimn etkisi deneysel
ve teorik olarak belirlenmistir.

Anahtar kelimeler: Poliolefin, nanokompozit, Halpin-Tsai yontemi
Kaynaklar:
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[2] Utracki, L.A.. Clay-Containing Polymeric Nanocomposites (vol.1& 2), Rapra
Technology Ltd, Shropshire, UK., 2004,

[3] Yung, K.. C., Wang, J., Yue, T., M., ] Reinf. Plast. Comp.. 25, 847, 2006.

[4] Mago, G.. Kalyon, D. M.. Jana. S.C.. Polymer Nanocomposite Processing,
Characterization, and Applications 2011 J. Nanomaterials. Vol. 2011, 201 1.
Abstract

Approximately. 80% of plastics used in the world are thermoplastic materials.
Polyolefins (PO) are the largest group of commercial thermoplastics and they are
widely used. Polyolefins are generally processed by extrusion. injection,
blowing, rotational molding techniques. Polyolefins have high strengths and they
can be processed casily with low costs.

PO can be mixed with natural minerals to improve their properties such as
clasticity modulus. toughness, and dimensional stability. One other way for
improving these properties is to prepare nanocomposites (NC). In the preparation
of layered silicate nanocomposites the layers should be dispersed in the polymer
matrix. homogencously in order to have better nanocomposite propertics. In
polyolefin nanocomposites (PONC). because the polymer is not polar. polar clay
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is moditied with long chain alkyl amines to produce organoclays: but this cannot
provide homogeneous dispersion of clay layers in PO matrix. In order to provide
homogencous dispersion, compatibilizers should be added to the system.

In this research, a number of PONC were synthesized using organoclays and
compatibilizers prepared in the laboratory in various polyolefin matrix and
characterization of” organoclays and PONC samples were made. Also the
experimental results were compared with theoretical calculations at various
stages of the experiments.

In experimental work, clay was modified with long-chain alkyl amines.
Compatibilizers were prepared by grafting itaconic acid (IA) or monomethyl
itaconate (MMI) to its polymer in microwave oven. The synthesis of the samples
was accomplished in twin-screw extruder at optimum temperature and screw
speed using one-step melt mixing method. PONC samples were prepared by
adding 5% organoclay and 5-15% compatibilizer to the polyolefin matrix.

Theoretical investigations of PONC samples synthesized using lincar low density
polyethylene (LLDPE) were also made. In this part, the variation of interlayer
distance with the number of modifier molecules contained by organoclays was
theoretically determined.

Mechanical characterizations of prepared PONCs were made. In this way aspect
ratio of tactoids (I/t) i the nanocomposites were determined by Halpim-Tsai (-
T) micromechanical calculation method and the results were compared with the
experimentally obtained interlayer distances. The mterlayer spacing  values
obtained from the XRD measurements and the magnitude of calculated It
values indicate the dispersion of the clay layers in to the PE matrix and the
theoretical and the experimental values appeared to be consistent.

It was concluded that, icreasing the mterlayer distance improved mechanical
properties and the effect of the types of organoclay: type and amount of
compatibilizer were also experimentally and theoretically determined.

Key words: Polyolefin. nanocomposite, Halpin-Tsai method
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NANOCELLULOSE ENHANCED NATURAL FIBRE
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Interests in environmentally friendlicr products and the public’s growing demand
for greener materials  have driven the use of cellulosic  materials  as
reinforcements in composites. Cellulosic materials such as natural fibres have
distinet advantages over conventional synthetic fibres; low cost, low density.,
high toughness and most importantly. biodegradability. However, natural fibres
are inherently hydrophilic in nature due to the presence ol large amounts of
hydroxyl groups. This 1s a major drawback for their utilisation in composite
materials, often resulting in poor compatibility between hydrophobic polymer
matrices, such as polypropylene or polylactide. Numerous attempts have been
made to improve the compatibility between  hydrophilic natural fibres and
hydrophobic  polymer matrices.  These include  silylation, acetylation,
benzovlation, the use of maleated coupling agents, isocyanate treatment and
polymer grafting of natural fibres. Even though the surfaces of natural fibres
have been rendered more hydrophobic through these chemical treatments, large
amounts of hazardous chemicals are involved and the chemical waste must be
handled and disposed of appropriately. Morcover, chemical treatments of natural
fibres do not always translate into composites with improved mechanical
performance duce to the anisotropy and high lincar thermal cocfficient of
expansion (LTCE) of natural fibres. In this work, the use of bacterial cellulose to
cnhance the fibre-matrix interface and hence. the mechanical properties of the
resulting hierarchical  composites are  discussed.  Bacterial cellulose (BC)
possesses a highly crystalline structure (<90%) and high Young's modulus of
about 14 GPa. This value 1s comparable to conventional glass fibre (70 GPa)
considering that bacterial cellulose has much lower density (1.5 ¢ em™) than
glass fibre (~2.5 g em™). Itis also inherently a nano-sized material and possesses
a high surface arca of about 55 m” g'. More importantly, bacterial cellulose
possesses low thermal expansion coefficient of 0.1 = 10" K. Coating BC onto
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sisal fibres could be a potential solution to the aforementioned high LTCE of
natural fibres during thermal processing of the composites. BC, with its low
LTCE could potentially bridge the gap between the fibres and the matrix. This
paper will discuss the progress to date of attaching BC onto natural fibres in great
details.
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ABSTRACT

Carbon fibres are among the most cfficient reinforcements used in polymer-
based composites for structural applications. In addition. they are extremely
lightweight compared to their conventional counterparts. Therefore, carbon
fibre reinforced plastic (CFRPs) composites are the next generation materials
for designing lightweight parts for various transportation applications such as
i automotives  and acrospace.  Recently, an increasing trend in the
development and utilization of green plastics and composites produced from
sustainable and environmentally friendly resources has been  observed.
Production of CFRPs by incorporating traditional carbon fibres into
bioplastics and bio-based plastics to substitute petroleum based plastics has
also been observed for various applications. Renewable resource based
precursors for carbon fibre feedstocks are currently being rescarched to
replace  pitch  based carbon  fibres. The overall cost of CFRPs and
dependencies on petroleum based resources can be reduced by producing fully
green composites using bioplastics and renewable resource based carbon
fibres derived from lignin as its reinforcement. This presentation will
highlight studies on a range of melt processed biocomposites that are
developed from carbon fibre and green plastics such as polylactides (PLA).
polyhydroxyalkanoates (PHASs) and polytrimethylene terephthalate (PTT).

This rescarch s financially supported by the the Natuwral Sciences and
Engincering Research Council of Canada (NSERC)Discovery grant; NSERC
Nenvork  for Innovative Plastic Materials and Manufacturing  Processes
(NIPMNP): NSERC Biomaterials and Chemicals Strategic Network project.
NSERC NCE Auto2l: the Ontario Ministryv of Agriculture, Food and Rural
Affairs  (OMAFRA)-Universitv - of  Guelph-OMAFRA — (Bioeconomy — for
Industrial Uses Program 2009 & 2010); OMAFRA -New Directions Research
Programs 2009,
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OZET
Ham petrol ve dogal gazdan baglayan Petrokimya endiistrisi tiim endiistriyel ham
maddeler ve son dirtinler zincirinin ortalarinda yer almaktadir. Diinya ticaretinin
2087, tim kimya driinlerinin ise %3 unu olusturan bu sanayinin ticaret
potansiyeli yilda yaklasik SO0 milyar S civarindadir.

Son wyillarda diinya ¢apinda bas gosteren krize ve petrol  fiyatlarindaki
dalgalanmalara ragmen  petrokimyanim  ana  sektorlerinden  olan  plastik
endustrisindeki bliytime, diinyadaki ortalama biiyiimenin tizerindedir. Yillik % 4-
3°lik biyiime hizi ile baghca termoplastikler iiriinlerinden olan polietilenin
kiiresel talep 71 milyon tona. polipropilenin talebi ise 47 milyon tona ulagmistir.

Tiirkiye'de petrokimya tiriin talebi 2011 yilinda 4.7 milyon ton olsa da son 10
yillik bityiime hizina gore 2015 yilinda 7.0 ve 2020 yilinda ise 11.2 milyon tona
ulagmasi beklenmektedir. Termoplastiklerde ise bu talebin 3.7 milyon tondan,
sirast ile 5.6 ve 6.9 milyon tona ulasacag tahmin edilmektedir.

Tiirkiye'dekr en biiyiik petrokimya direticisi olan Petkim’in ana hammaddesi
nafta olup olefinler, poliolefinler, klor-vinil zinciri, aromatikler ve digere temel
Kimyasal dirtin gruplarmda tiretim yapmaktadir. Petkimdeki diretim hacimlerine
gore i1k bes petrokimyasal tGriin PVC, AYPE, PP, benzen ve ACNdir. Petkim,
yurt iginde 2011 yih itban ile petrokimya iriinlerine gore vaklagik 2623,
termoplastiklere gore (PVC, AYPE. YYPE ve PP) isc %20 pazar payina sahiptir.

Polimerik  kompozit sektoriine baktigimmizda. 2009 yilhinda diinya kompozit
pazarmin 65 milyar USS ve yaklasik 5 milyon ton, 2011 yilinda ise 100 milyar
USS ve 8.7 milyon tona ulastigi goriilmektedir.,

Kompozit pazart 2011 yiliigin bolgeler bazinda:

ABD, 3 milyon tonluk tirctimle 35 milyar USS

Avrupa“da 2 milyon tonluk tiretimle 34 milyar USS

Asya. 3.7 milyon tonluk tiretimle 31 milyar USS olarak gergeklesmistir,

Tiirkiye™de ise kompozit malzeme iiretim  hacminin- Kompozit  Sanayicileri
Dernegi verilerine gore 2011 il itibari ile 120.000 ton oldugu bilinmekte ve
otomotiv, insaat, yenilenebilir enerji ve altyapr scktorlerindeki kullanimimin
artmast nedeni ile kompozit sektoriin % 10 biiyiime géstermesi beklenmektedir.
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Tarkiye'de Petkim drtinlerinin kompozit dretiminde Kullanim miktarimm 2011
yiliigin yaklagik olarak 27.000 ton oldugu tahmin edilmektedir. Bu tirtinler esas
olarak PP EH 102 ve PP EH 241 tiirlerinden olusmaktadir.

Petkim'de tretilmekte olan polipropilen, polietilen ve polivinil Kloriir gibi
termoplastik ~ bazhi  polimerlerin - kompozit — malzemelerin - tiretiminde
kullamlabilmest  ve akrilonitril - gibi  drtinlerin - kompozit  malzeme  ana
bilesenlerinin diretilmesinde kullanilmasi nedeniyle Petkim, kompozit endiistrisi
ile dogrudan ve dolaylh olarak ilgilidir,

Petkim, tiretmekte oldugu tirtinlere veya yan trtinlerine katma deger yaratmak ve
veni kullanim alanlart gelistirmek amact ile kompozitlere yonelik olarak kendi
biinyesinde veya ¢esithi kurum ve kuruluslarla Ar-Ge faaliyetleri yirtitmektedir.
Bunlara 6rnek olarak,

-Halojen igermeyen alev  geciktirict  katkili polimerik  kompozit  malzeme
gelistirilmesi

-Dogal nanotiip (halloysit)- poliolefin nanokompozitlerin hazirlanmasi
-Grafit-YYPE iletken nanokompozitlerin gelistirilmesi

-Silan astlanmig diisiik molekil agirhkh poliolefinlerin Gretimi ve emilsiyona
alimmasi

-Wollastonite dolgulu termoplastik elastomerlerle modifiye edilmiy polipropilen
kompozitlerin hazirlanmasi

-Olefinik nanoambalaj tiretimi

gibi ¢ahismalar verilebilir,

ABSTRACT

Petrochemical industry starting from crude oil and natural gas is located on the
mid of the chain of whole industrial raw materials and end  products.
Petrochemical industry with the 8% of world trade and about 30% of the total
chemical products has a market value of about 500 billion dollars.

Although the global economic crisis during the last years and price volatility in
crude oil, the growth in plastics industry which is the major scctor of
petrochemicals is over the global growth.

The petrochemical demand of” Turkey which 1s 4.7 million tons in 2011 15
expected to reach 7.0 million tons in 2015 and 1.2 million tons in 2020 duce to
the growth rate in the last 10 years. Thermoplastics demand is forecasted 1o grow
from 3.7 million tons to 5.6 and 6.9 million tons respectively.

Owing naphtha as the main feedstock of Petkim, the major petrochemical
producer of Turkey, has a production in olefins, polyolefins, chlor-vinyl cham,
aromatics and other basic chemical groups. In comparison to production volume.
LDPE, PVC, PP, benzene, and ACN are the first five petrochemicals in the
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production range. Petkim has a domestic share of petrochemicals and
thermoplastics (PVC, AYPE. YYPE and PP) as 23% and 20% in order.

For the composite industry, it is indicated that the volume of the global market is
reached to 8.7 million tons and 100 billion US S, in 2011. Composites market by
region for 2011 s as follows:

USA : 35 billion USS with 3 million tons of production
Europe : 34 billion USS with 2 million tons of production
Asia 2 31 billion USS with 3,7 million tons of production

Production volume of composites in Turkey is 120.000 tons in 201 15 according to
the Turkish Composites Manufacturers  Association.  Composites  sector is
expected to grow 10% with increasing usage in automotive, construction, wind
turbine, and infrastructure arcas.

Totally, 27.000 tons of polypropylene was used in composites sector in 2011 as
Petkim products grades in Turkey.

As the producer of thermoplastics such as polypropylene, polyethylene, and
polyvinylchloride which are used in production of composite materials and as the
producer of acrylonitrile which is used in the production of carbon fiber as raw
material in composites, Petkim is interested in directly and indirectly  with
composites industry.

Petkim have several ongoing R&D projects carried alone or together with
universities to get high value-added products and develop a new area of usage for
its main and side products. Some of studies is as follows:

-Production of a polymeric composite material filled with halogen-free flame
retardant

-Preparation of natural nanotube (halloysite)- polyolefin nanocomposites
-Developing conductive graphite-Y YPE nanocomposites
-Preparation of silane grafted polyolefins and their emulsions

-Wollastonite-filled  polypropylene  composites modified  with  thermoplastic
elastomers

-Preparation of olefinic nanopackaging

-Probing clay dispersion quality and related physical properties in polymer/clay
NanoCcoOmMposites.
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COMPETITION BETWEEN NATURAL AND
SYNTHETIC FIBERS (INDUSTRIAL APPLICATIONS)

DOGAL VE SENTETIK ELYAFLARIN ARASINDAKI
REKABET ( ENDUSTRIYEL UYGULAMALARI)
Aref CEVAHIR
CAMELYAF SAN. AS.

Bayramoglu Sapagi, 41400 Cayirova Gebze- Kocacli

ajavaberiangesisecam.com

ABSTRACT

It is well known that light weight of natural fibers make 1t as an attractive
alternative instead of mineral fibers and fillers specially in the automotive
applications and in the form of thermoplastic composites. Material choice i any
engineering application depends on the balance of  price-processibility-
performance and in this respect variables like anisotropic structure of natural
fibers should be considered. Anisotropic structure in the natural fibers leaded to
weakness in the mechanical performance of the composites in the direction
perpendicular to the longitudinal axis of the natural fiber. Anisotropic properties
of natural fiber 1s due to the non-circular cross-section of fiber and it varies
according to the type of fiber. In this collected work natural and synthetic fibers
are compared. also. advantage and disadvantages of cach is discussed.

Keywords: Natural fiber, Synthetic fiber, Anisotropy, Cross-section. Light
weight
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KARBON ELYAF KOMPOZIT MALZEME
HAZIRLANMASINDA YENI TEKNOLOJILER

NEW TECHNOLOGIES FOR MANUFACTURING
CARBON FIBER COMPOSITES
M.Ozgiir Seydibeyoglu
Izmir Katip Celebi University
Materials Science and Engineering
seydibey@ gmail.com
ABSTRACT:
The carbon fibers were first discovered in 1879 by Thomas Edison and they
were produced from cellulosic fibers. Till 1960°s, carbon fibers were not used
in structural parts. In 1958, Roger Bacon at Union Carbide discovered that
rayon based fibers could be used to manufacture high strength fibers. 1960°s a
lot of research was conducted to use carbon fiber in structural applications.
1970°s. there was dense research to use carbon fiber-epoxy composites in
acrospace applications. 1980°s, carbon fiber composites were used in Fl
automobile cars by McLaren introduction. In 1990's, the use of carbon fibers
were spread o be used in sporting goods, marine applications, and wind
energy. Currently, all the auto manufacturers are trying to find ways to have
low weight cars to reduce CO2 emissions and they scarch for new methods to
manufacture carbon based composites in an efficient way and cost effective
method.
Composite manufacturing 1s a very imnovative arca that can bring many
novelties everyday providing a variety of different materials and propertices.
Conventional composite manufacturing techniques include. weaving, hand
layup. filament winding. pultrusion, resin infusion and resin transfer molding.
However with the new recent developments, the processing of carbon fibers
became highly important for the advanced composites.

Among the new  techniques, novel  weaving  techniques.  braiding,
thermoplastic prepregging, chopped carbon fiber thermoplastic compounding,
automatic tape placement, automatic fiber placement offers numerous new
materials and structures. The novelties of these techniques will be in depth
explained during the workshop.

Novel weaving techniques helps to weave blend of fibers, weave fibers with
polymers and obtain novel structures. There is currently an important shift to
thermoplastic resins due to easy processing and recyclability and there is an
urgent need for thermoplastic prepregs.
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Another important processing technique is the automatic tape placement and
automatic fiber placement techniques that combine the robotic approaches
with the fiber based composite manufacturing and helps to create structures
that cannot be create without any other method. Furthermore, automatic
techniques help to manufacture parts without any defect and with very few
personnel that helps to minimize cost of manufacturing. Furthermore, these
methods help to form excellent forms of the fiber reinforced materials.

Three dimensional braiding techniques helps to explore an infinite number of
different structures with unlimited number of different fiber orientation.
Braiding helps to align fibers in extraordinary forms to create state of art
structures and thus composites.

The last technique will be based on the thermoplastic compounding that
utilizes  chopped carbon  fibers that is mixed with high performance
thermoplastic resins using twin screw extruders. The final mixture 1s formed
into the desired shape with the use of injection molding. Many forms can be
created using these plastic processing tools,

The talk will summarize all these new developments in the composite area
and will open the doors to many valuable discussions during the workshop
with academics and especially industry people.
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NEW POLYMERIC FOAMS AS CORE MATERIAL IN
SANDWICH PANELS

Francesco Simioni( 1), Michele Modesti( 1), Massimo Orsini(2)

(1) Dipartimento di processi chimici dell’ingegneria, Universita degh studi
di Padova, 35131

Padova, Italy. (2) SO.TE.CO. Spa. 34070 Savogna d’Isonzo (GO), ltaly. ¢-

ABSTRACT

New rescarch has led to realize polymeric alloys expandable with classical
methods, constituted by polymers with adjustable crosslinking density. These
foams show good mechanical properties and optimal toughness.Since fatigue
behaviour is one of the vital features for core material in sandwich panels. as they
have to withstand dynamic loads which cause failure at lower stress values than
ultimate static strength, fatigue test on sandwich panels was carried out according
to Germanischer Lloyd standard by using the cyclic four point bending method.
In order to accurately evaluate the new Atlas HPE foams, some sandwich pancls
were prepared with different core materials keeping unchanged main dimensions,
faces nature and preparation process. Polymeric foams actually used in sandwich
application, like cross-linked PVC and PET, were chosen as reference materials.

Due to its optimal morphology (i.¢ very small cell dimensions). Atlas HPE foams
show a lower resin absorption than PVC ones and therefore the specific mass of
the sandwich panel remains unchanged even using an higher density core foam.
In this way, as confirmed by peeling test carried out on the different pancls, an
higher peeling energy can be achieved for Atlas HPE with respect traditional core
foams. Fatigue behaviour of Atlas HPE is greatly better than that of” other
traditional core materials, as it keeps constant the stiffness with number of cycles
and shows higher fatigue resistance values as detectable by relative Wohler
curves.

The new toams show also ccological advantages to be worth noting since they
are completely halogen-free materials (therefore, their disposal is much more
economic), recyclable and the energy consumption for their manufacturing is
much lower than that ot PVC core foams.
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ES.\'};:K__PV(‘-siLiKA KOMPOZITLERININ SUDA
COZUNEN BOYALARI ADSORPLAYAN BiR
MALZEME OLARAK KULLANIMI

FLEXIBLE PVC-SILICA COMPOSITES AS

AN ADSORPTIVE MATERIAL FOR WATER
SOLUBLE DYES
Sevgi ULUTAN'*, Senem YETGIN", Devrim BALKOSE’
1Ege Universitesi, Kimya Miihendisligi Boliimii, Bornova-lzmir
SIzmir Yiiksck Teknol. Enst., Kimya Miihendisligr Boliimii, Giilbahge
Kampiisii, Urla-1zmir
seveil.ulutan(@ege.cdu.tr

OZET

Dioktil ftalat (DOP) ile plastiklestiriimis polyvinil klortir (PVC) matrise silika
katilmasi ile bir kompozit malzeme iiretilmis ve boya adsorpsiyonu i¢in yigim ya
da pelet olarak kolon dolgu malzemesi olmaya aday olabilecek bu malzemenin
adsorpsiyon sigast incelenmistir.

Giris

Polimerik  adsorpsiyon  reginelert  sulu  sistemlerden  ¢esith kirleticinin
uzaklastimlmast igin potansiyel malzemedir.  Bu malzemenin boya adsorplama
stgasinin - artirtlmasy,  sulu - ¢ozeltilerden  boya adsorpsiyonu,  plastiklerin
boyanabilirligi, tizerine baski vapilabilirligi, baskinin olumsuz dis kosullarda
kalicthgr gibi uygulamalar i¢in 6nem tasir. Silika jel 1yi bir adsorplayicr olmakla
birlikte. sudaki dagihmu bulanmikhga neden olur. Silikanim plastik matris i¢ine
gomiilmesi plastigin adsorpsiyon sigasint artirirken silikanin sivi tazi kirletmesini
onler.

Bu ¢alismada plastisol-plastijel teknigr ile tiretilen gézenekli vapidaki esnek
PVC-silika kompozitlerinde yapisindaki bilesenlerin kompozitin metilen mavisi
(MM) adsorpsiyonuna etkist icelenmistir. Goriiniir bolge  spektroskopist ve
optik mikro fotograflar ile denge durumu degerlendiriimistir. Kompozitlerin MM
adsorpsivon kinetigi de ¢ahsilmistr.

Malzemeler

Bu ¢ahsmada kompozit bilesenlert olarak PVC (emiilsiyon, < 63pm, Petkim
A5, DOP (Dioktl ftalat, Sankim A.S.). ESBO (Epoksitlenmis Soya Yagu,
Akdeniz Kimya A.S.). Kalsiyum ve (inko Stearatlar (CaSts ZnSt.,. Merck),
Silika (Zco 49, Huber Corp., USA) kullaniimistir.
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Yontemler

Agirlikga 100 kisim kurutulmug PVC, 60 kisim DOP ve yeterli miktarda sil
kararli kihcr ile laboratuar tipi hamur kangtinieida yogrularak matrisi olusturan
homojen bir karisim (plastisol) elde edilmiy, bu plastisollere havanda 3.2-25.6
kisim silika eklenmistir. Matris ve kompozit igindeki hava vakumda uzaklastinhip
140£2°C sicakhk ve 5MPa basingta 16 dakika jcllestirilerck 320-660 pm
kalmhginda levhalar  aretilmiytic,. Omckleringe DSC (Diferansiyel  Taramali
Kalorimetre) egrileri Setaram DSC 92 cihazinda 25° C'den 1607 Cye 10
C/dakika isitma hizi ile ¢ikilarak alinnistir.

Kompozit bilesenleri ve levhalardan altt mm ¢apinda kesilen 6rnekler dizerinde
MM adsorpsiyonuna iliskin denge ve kinetik deneyleri. 257 Cde ¢ahsilnistir.
MM ¢ozeltlerinin - gortiintir - bolge  spektrumu - Jasco 7800 UV - Vis
spektrofotometre ile almmigtir. MM ¢ozeltisinde bekleyen drneklerin mikro
fotograflari Orthomat-Polarize lsik Mikroskobu ile 11k gecirimi modunda ve
25X biiyiitmede alinmisur. Silikamin DOP ya da su adsorplama scgimlilig
Shimadzu IR-470 spektrofotometre kullantlarak alinan kizil Gtest spektrumlary ve
silikanin adsorpsiyon denge kitlesini 6lgerek ¢alisilmustir.

Sonuglar ve Tartisma

Levhalarin DOP ve ESBO matris iginde ¢oziinmis PVC ve dagilnmg haldeki
PVC, CaSt: ve ZnSt;"dan olustugu, DSC egrilerinden agik¢a anlagilmaktadir,
Uzerinde DOP ve ESBO adsorplanmms olan dagilmis silika da ayn bir faz
olusturmaktadir. Levhalarin heterojen bir yapisi oldugu agiktir. Silikanin MM
adsorplama sigasi ¢ok yiiksek, 25.6 kisim silika igeren PVC'nin ise orta
degerdedir. Kinetik ¢ahismada gosterilen 6zene kargm, Fick tiirii olmayan
davranis nedeniyle levhalardaki MM yayimirh@imin sadece 10-"" m’s-' diizeyinde
oldugu saptanabilmistir. Bununla birlikte, artan silika oraninm kompozitin MM
adsorplama  sigasii  arurdi@r - optik - mikroskopi  fotograflarmdan  agik¢a
anlasilmaktadir.

Kompozitler sulu MM ¢ozeltisine daldinldiginda su, MM ve DOP tagmin
birbiriyle yarisir.

Su ve MM kompozitin igine, DOP ise kompozitten sulu faza tagmir. Kompozitin
stlika igerigine bagh olarak degisen su alimi, 19,8 kisim silika i¢ceren kompozit
icin 9% diizeyine ulasir.

Su ve DOP ile islem gormis silikanin kizil 6tesi spektrumunda DOP un 2910 ¢cm
" deki CH. gerilme, 1720 em ™" deki C=0 gerilme ve silikanin 1100 cm " deki Si-
O gerilmeleri gozlenmistir, Silika, DOP/su emilsiyonundan kuru kiitle bazinda
2556 su, %16 DOP adsorplamaktadir. Bu durumda, kompozit iginde silika
yiizeyindeki  DOP'un, suda ¢oziinebilen MM boyasinin  adsorpsiyonunu
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engelledigi digtintilebilir,

Dengede ¢ozeltide ve katida bulunan boya derisim orani ve ¢ozeltide kalan boya

miktarimm kompozit i¢indeki silika miktarina bagh olarak degisimi adsorpsiyon
stirccinde 6nem tasir,

Kompozit i¢inde silika orani arttik¢a. adsorpsivon sigasmin artuigi, baslangi¢
derisimi aym olan boya cozeltisinden alinan kompozitin goriiniir bolge 151k
absorbansinm artmasmdan ve sulu fazda boya derisimmin azalmis olmasindan
anlasiimaktadir,

MM nin tepe noktast verdigi goriiniir bolge absorbansinim 610nm’den 660nm’ye
kaymasi, MM nin yapisal degisime ugradigim diistindtiirmektedir. MM tepe
noktasiin bagil absorbansin artisi, kompozitin silika i¢erigi ile dogrudan orantih
olusu, MM boyalr 6rneklerin - optik  mikro  fotograflart ile  de  uyumluluk
gostermektedir.

Yorum

Plastisol-plastijel teknigi kolon dolgu malzemesi olabilecek esnek PVC-silika
kompozit levhalarin Giretimi i¢in basit ve ucuz bir yontemdir. Kompozitin silika
bileseni yiiksek adsorpsiyon sigasint saglarken, PVC matris silika taneciklerini
bir arada tutarak ¢ozeltinin dagilan silika ile kirlenmesini 6nlemektedir. Bu
kompozitlerle 0.02 gdm " MM c¢izeltisinin %90 oraninda aritilmasi basarilnustir.
Silika bileseni asil adsorpsiyon noktalarimi bulundurdugundan, silika oraninin
artirthmasi ile adsorpsivon sigasi da artacaktir. Bu kompozitlerde MM yayimirhgi,
zeolit dolgulu PVC kompozitler ile aym dizeydedir. Bu esnck kompozitler.
boyanabilirligin istendigi yerlerde kullanima uygundur. Bu tir PVC-silika
kompozit levhalarimm kolon dolgu malzemesi olarak kullanimi kolon dolum
stiresini azaltip boya vayinmasina elverigli alani artiracakur.

Anahtar sozciikler: PVC-silika kompozitleri, Metilen Mavisi, Adsorpsiyon,
Suda ¢oziiniir boya, Metilen Mavisi adsorpsiyonu,

ABSTRACT

A composite material having silica incorporated into a plastic matrix composed
of plasticized polyvinylchloride (PVC) with dioctylphtalate (DOP ) has been
produced and characterized m terms of the adsorption capacity of the system
which is a prospective material for dye adsorption and can be conveniently used
as stacked or pelletized in column applications.

Introduction

Polymeric adsorption resins offer a great potential for the removal of a vast
variety of contaminants from aqucous systems. Improvement of dye adsorptivity
of the material is of importance for dye adsorption from aqucous solutions,
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dycability of plastics, printing on plastics, keeping the colors of printed material
on plastics under severe outdoor conditions. Although silica gel 15 a good
adsorbent for dyes, its colloidal dispersion in water creates turbidity. Embedding
silica into a plastic matrix both improves dye absorptivity of the plastic and
prevents the contamination of the aqueous phase by silica.

Flexible PVC-silica composites, having a porous structure, which were examined
herein, were produced by using plastisol-plastigel technique. Contribution of the
cach species in composite formulation to the Methylene Blue (MB) adsorptivity
was investigated. Visible spectroscopy and optical microphotographs were
utilized for equilibrium uptake evaluations. A kinetic study was performed for
the MB adsorption of composites, as well.

Materials

PVC (emulsion, < 63um, Petkim Co., Turkey). DOP (Dioctyl phthalate, Sankim
Co, Turkey). ESBO (Epoxidized Soybean Oil. Akdeniz Kimya Co. Turkey),
Calctum Stearate (CaSt,, Merck, Germany) Zine Stearate (ZnSt, Merck), Silica
(Zco 49, Huber Corp.. USA) are used as they are, to produce composites.

Methods

Previously dried PVC was mixed with 60 phr (parts per hundred resin as mass)
dioctyl phthalate (DOP) plasticizer and with stabilizer mixture to obtain a
homogencous plastisol, which is the matrix material of the composite. in a
laboratory type dough kneader. Silica (3.2-25.6 phr) was mixed with small
aliquots of plastisol. in a mortar. The air entrapped in matrix and composites was
cvacuated and the plastisols were pressed at 140+£2°C under SMPa pressure for
16 minutes to produce 320-660 pm thick sheets. DSC (Differential Scanning
Calorimetry) measurements of composite samples were carried out employing
Setaram DSC 92 instrument heating the samples from 25° C to 160" C with 10
C'min heating rate.

Adsorption equilibrium and rate experiments were conducted on the composites
by using the pellets of six mm diameter cut out of the composite sheets and the
components in MB solution at 257 C. Visible spectra of MB solutions were taken
by using Jasco 7800 UV - Vis spectrophotometer. The microphotographs of the
pellets immersed in MB solution were taken at 25X magnifying ratio. with
transmission technique, using Orthomat-Polarized Light Microscope. Sclectivity
test of silica to DOP or water was performed taking IR spectra using Shimadzu
IR-470 Spectrophotometer and measuring the mass of silica before and after the
adsorption equilibria.

Results and Discussion

All the sheets are consisted of a matrix of PVC dissolved in DOP and ESBO and
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dispersed phases of PVC. CaSt., and ZnSt, as explicitly understood from DSC
curves. In addition. dispersed silica on which DOP and ESBO are adsorbed
constitutes another phase. Therefore, the heterogeneous structure of the sheets is
obvious.

Adsorption capacity for MB is great for silica, and moderate for the 25.6 phr
silica composite of PVC. A rate study although was elaborately performed,
diffusivity of MB through the composites could be determined only as an order
(10-"" m’s-") because of a non-Fickian behavior. The improved MB adsorption
capacity as the silica ratio increased was obvious on the optical microscopy
photographs.

When the composites were immersed in aqueous MB  solution competitive
transport of mobile species: water. MB. and DOP takes place. While water and
MB diffused towards the interior of the composites. DOP diffused out of the
composites into the aqueous phase. The water uptake of the composites was
dependent on the silica content and reached at a level of 9% for 19.8 phr silica
loading.

The IR spectrum of the dried silica. treated with water and DOP has peaks at
2910 em’' for CH, stretching and at 1720 em™ for C=0 stretching of DOP and
1100 ¢m™' Si-O stretching of silica. It was found that silica adsorbed 56°6 water
and 16% DOP on dry basis. from the DOP/water emulsion. The presence of DOP
on the surface of silica in the composite was likely to prevent the adsorption of
water soluble MB dye.

The ratio of the cquilibrium dye concentration of solution and solid, and, the
percent dye remaining in the solution with respect to the fraction of silica in solid
phase is of importance in the adsorption process. The higher the amount of silica
in composite, the higher the adsorption capacity of the composite as detected on
the absorbance at visible region and the less the dye concentration is in aqucous
phase for the same iitial concentration. Change of molecular structure of MB in
the composite is likely resulted in shifting the peak of MB from 610 nm to 661
nm in the composite. The relative intensity of MB peak increased directly
proportional to silica content being in line with the optical microphotographs of
MB dyed composites.

Conclusion

Plastisol-plastigel technique provides a simple and inexpensive method to
produce the flexible PVC-silica composite sheets as column packing. While the
stlica component provides high adsorption capacity, PVC matrix keeps the silica
particles coherent and hinders the contamination of the solution with dispersed
silica. Ninety pereent clarification of a 0.02 gdm™ MB solution was achieved
through the use of present composites. Since silica component is the main
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adsorbing site, the more the silica added into the composite, the higher the
adsorption capacity to be introduced. The apparent diffusivity of the present
composites has the same order as that of zeolite filled PVC.

These flexible polymer composites can be used wherever the dycability with
water soluble dyes is a merit. Making use of such PVC-silica composite sheets as
column packing, the packing time will be reduced and the surface available for
diffusion will be increascd.

Keywords: PVC-silica composites, Methylene Blue, Adsorption, Water soluble
dye, Methylene Blue adsorption
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