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Tabakali kompozit malzemelerin  diigiikk hizhi darbe cevabi kapsaml olarak
arastinlmaktadir. Ancak yaymlanan g¢alismalann bilyiik bir ¢ogunlugunda egri
yapilar yerine diizlem levhalann diisiik hizh darbe cevabi tizerine yogunlagiimigtir.
Bu ¢alismada, bir¢ok mihendislik uygulamalaninda kullamilan filaman sarim
teknigiyle diretilmig cam takviyeli plastik, CTP borularin diigiik hizli darbe cevabi
aragtirlmigtir. (+55°), agih filaman sarim CTP borulara 2.0, 2.25, 2.50, 2.75 ve 3.0
m/s’lik garpma hizlarinda diigiik hizh darbe testleri yapilmistir. 15.5 kg kitleli
24mm yan kiiresel vurucu ile yapilan deneyler sonucunda elde edilen kuvvet-
zaman, kuvvet-yer degistirme degisimleri incelenmigtir. Aynca farkh ¢arpma
hizina bagh olarak numune {izerinde olugsan hasar alanlan incelenerek
degerlendirilmigtir.

Anahtar Kelimeler: Filaman sanim CTP boru, diisiik hizh darbe, agirhk diigtirme
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Ozet

Bilindigi gibi, dmiir, iizerinde kolay ¢ahsilabilirlik, maliyet gibi igletme unsurlan
dikkate alindiginda denizel alanda en sik bagvurulan, yaygin bir kabul gérmiiy olan
kompozit malzeme Cam Takviyeli Plastiklerdir (CTP). CTP ile gergeklestirilen
tekne imalatinin dikkate deger boyutta atik malzeme tirettigi de bir ger¢ektir. Buna
ek olarak, teknelerin hizmet 6mrii tamamlandiginda bizzat kendileri birer CTP
atgina doniigmektedirler. CTP auklan, temel olarak cam elyafi ve polimerin bir
bilesimi olup bu tir atuklarin bertaraf sekli olan topraga gémme yontemi ise
giiniimiizde bilyilk g¢evresel yikimlarin  sorumlularindan  kabul edilmektedir.
Yiiriirliikteki ve gehistirilmekte olan atik yonetimi konusundaki yasal diizenlemeler,
tekne diretim endistrisi tizerinde CTP atiklarin giderilmesi segeneklerine gonderme
yaparak baski olusturmaktadir. Yeni diizenlemeler, atiklarin hiyerargik olarak
giderilmeleni iizerinde durarak, CTP auk yonetiminde yeniden kullamim ve
doniigiim segencekleri yonlii baski kurmaktadir. CTP endiistrisi, auklarimin topraga
gomiilmesi suretiyle bertarafi  segeneginden vazgegebilmek yolunda  katki
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koyabilmek amaciyla, kisa siirede iiriinlerini tasarlarken bu diriinlerin ckonomik
omril sonunda malzemeleri ve yapi bilesenlerini daha kolay sokilebilir, yeniden
kullamlabihir ve donigtirilebilir bir bicimde tasarlanmasi agamasina gegmelidir.

Bu deneysel gahiyma, auk CTP partikiillerinin kullamldigr iki geri déntigiim
segeneginin verimlilikleri tizerinedir. ik se¢enck, auk CTP tozunun siradan yol
asfalumin agregasina, bu malzemeyi kame edecek sekilde eklenmesi tizerinedir. Bu
segenekte kullamlan toz auk CTP malzeme bir tekne diretimi siirecinde yer alan
panel kesimleri sirasinda toplanmigtir. Marshall denge testleriyle optimum agrega
miktan belirlenen sicak kansim asfalta, auk CTP agrega agirhginin %1, %3 ve %5
oranlarinda eklenmistir. Dolayli ('ekme Mukavemeti Testleri ise en 1yi CTP katki
oranini belirlemek iizere gergeklestirilmistir. %3 CTP tozu igerigi ise, bu baglamda
onerilebilecck oran olarak ortaya ¢ikmistir,

Atk CTP tozunun bitiimlii polimer ¢ati kaplamasinda bir katki malzemesi olarak
kullanmak ikinci geri doniisiim yontemi segenegi olarak g6z oniine alinmugtir.
Oncelikle gergeklestirilen viskozite dlgiimleri ve penetrasyon testlerinden partikiil
boyutu kiigilldiikk¢e katki malzeme performansinin arttigi sonucuna vanlmigtir.
Ardindan partikiil boyutu en uygun atik CTP tozu, %5, %7 ve %8 olmak {izere iig
farkli agirhk oranlarinda bitiimlii malzemeye cklenmistir. Penetrasyon, yumugama,
Fraas kinlma noktasi, gibi testler ve viskozite, 0zgiil agirhk gibi malzeme
niteliklerine iligkin Slgtimlerin yorumlanmastyla %S5°lik katki oraninin tavsiye
edilebilir nitelikte oldugu gorilmiistir. Caligmanin son asamasinda bu oranda bir
katkiyla dretilen bitimli ¢att kaplamasi yaglanma (UV yaslanma ve asin
sicakliklarda yaglanma) testlerine tabi tutularak bu etkiler altindaki davramslan
Taramah Elektron Mikroskobu yardimiyla incelenerek yorumlanmgtir.

Anahtar Sozciikler: CTP Auklarnin Geri Doniisiimii; Tekne Insaati; Bitiimen
Esasli Malzemeler; Asfalt; Catt Kaplama Malzemeleri

Summary

The most widely accepted composite material in marine field is the glass reinforced
plastic (GRP) due to the fact that it is a good choice in terms of durability,
workability and cost. The GRP boat manufacturing process produces considerable
quantities of unfinished products as waste materials. Additionally GRP waste
materials have been often disposed off by the boats after their service life is over.
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GRP waste is basically a combination of glass fiber and polymer and disposal of
such solid waste to landfill becomes a major environmental hazard. Current and
impending waste management legislation will put more pressure on the industry to
address the options available for dealing with GRP waste. Such waste legislation
focuses on dealing with waste through the waste hierarchy and will therefore, put
more pressure on solving GRP waste management through recycling and reuse. To
assist in the transition from disposal in landfill to recycling, the GRP industry
needs to consider designing materials and components for casier deconstruction,
reuse and recycling at the end of the product life.

This experimental study is on the efficiencies of two recycling alternatives which
use particles of waste GRP. First alternative was the using of waste GRP powder as
an additive substituting aggregate in ordinary pavement asphalt. During the
experiments for this option, an amount of powder waste GRP obtained from the
panel cutting workshop during a boat building process. After determining the
optimum content by the Marshall stability test, the waste GRP were added into the
hot mix with the dosages of 1%, 3% and 5% waste material by weight of the
aggregate. The Indirect Tensile Strength Tests were then performed to find out the
optimum waste GRP amount. 3% GRP powder content has been seen as an
optimum percentage. By adding this amount of waste GRP, significant
improvements were observed in terms of tensile strength and cracking resistance of
the asphalt.

Using waste GRP powder as an additive in polymer bituminous roof covering
material was considered as the second alternative recycling method. Firstly, it was
seen from viscosity measurements and performance tests of the roof materials that
smaller sized particle waste materials show the higher performance. Then, waste
GRP powder materials whose better particle size were added to the bitumen in
three different percentages in weight: 5%, 7% and 8%. By performing several tests
including penetration, softening, Fraas fracture point tests and measuring some
properties such as viscosity, specific weight, the optimum percentage of additive
was found as 5%. At the last stage of this experimental study, aging tests (UV
aging and aging in extreme temperatures) for optimum mixture was done and the
performance of the mixture was observed by using SEM image.
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1 Giris

CTP ile dretilmig teknelerin hizmet O6mrii sonunda bizzat kendileri de atk
niteliginde ortadan kaldinlmasi gereken kiitlelere donismektedir [1,2]. CTP
atiklan, polimerler ile cam liflerinin bilesiminden olugan bir kat auk cinsi olup
¢ogunlukla topraga gdmme yontemiyle ortadan kaldirlmaktadir, ki bu yontem
ciddi ¢evresel zararlara yol agmaktadir [3].

Yiiriirlitkteki ve yakin gelecekte yiirtirliige girmesi beklenen auk yonetimine iliskin
yasal diizenlemeler, CTP auklan konusunda meveut uygulamalan gegersiz kilarak,
atklann geri donisimi ve yeniden kullanimi yolunda ¢oziimler dretilmesini
zorlamak suretiyle ilgili endiistri dali iizerinde yogun bir baski olusturacaktir.
Daha once de belirtildigi gibi, mevcut topraga gémme yoluyla atik giderme
segenegi (disposal, ortadan kaldirma) geri doniigiim segeneklerine yonlendirilecck
olan endistrinin, malzemeleri ve tekne bilesenlerini iiretirken, hatta tasarlarken
tirtiniin hizmet Omrii sonunda daha kolay sokiimiinii, yeniden kullanimini ve geri
doniigiimiinit goz oniine alma gereksinimi dogacaktr [4].

Tekne tiretimi sirasinda ve isletme émrii sonunda olusan atiklarin yildan yila artan
miktarlan, yasa koyuculan yukarnida amilan oénlemleri almaya sevk ctmektedir.
Diinyadaki plastik titketimi 170 milyon ton civannda olup, bu miktar yillik
ortalama %4 oraminda artiy egilimi  gostermektedir. Kompozitlerin ise  bu
tiketimdeki agirhkg¢a payr gorece olarak diigitk (%4-5) olmakla birlikte, deger
olarak paylan yiiksektir (%12). Kompozitlerin yilhk titketim artigt orant ise %4-7
arasinda olup, plastik endistrisinin bir biitiin olarak biiyiime oranidan yiiksektir.
Aynica, tiiketilen kompozitlerin yaklagik %31 inin matris malzemesi termoplastik
olup, %69'u termosetlerden olusmustur. Gemi ingaat sektoriinde ise %6 oraninda
termoset plastik kompozitler titkketilmektedir [5]. Son olarak, Asya ilkelerinde ileri
kompozitler konusunda géze ¢arpan bir gelisme olmamakla birlikte, kompozit
tekne tiretiminin CTP kékenli oldugu bilgisi eklenebilir.

Omegin, Omriinii Tamamlamig Araglar (End of Life Vehicles, ELV) ve Elektrik ve
Elektronik Donanimlanin Auklan (Waste Electrical and Electronic Equipment,
WEEE) baslikhi olanlar gibi Avrupa Birligi direktifleri de, 2015 yili itibariyle,
Omriinii Tamamlamis  Araglarin sadece %10'nun enerji saglamak amaciyla
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yakilabilecegini, %5'nin ise gémiilebilecegini fakat en az %85’inin yeniden
Kullaniminin veya geri doniigiiminiin saglanmasi gerektigini vurgulamaktadir [6].
Bu da gostermektedir ki, CTP tedarikgileri, dretimlerinin dmrit sonunda yemden
kullanimi veya gen déniigtimiing saglayamadiklan takdirde pazar paylarini metal
malzeme tedarikgilerinin lehine kaybedeceklerdir [4].

Kompozitlerin gert doniisiimiinde yasanan zorluklann baghca nedeni, anilan
malzemenin son derece karmagik olan dogasidir, Kompozitler birbirileriyle igige en
az iki malzemeyi (matris ve gii¢lendirici) biinyelerinde baridirmaktadirlar.
Ozellikle gemi ingaatinda kullamlan kompozitlerin ¢ogunlugu, ¢apraz baglar igeren
ve bu nedenle yeniden gekillendirilemeyen polimerler olan termoset matrislerle
tasarlanmaktadir. Daha az kullanilan termoplastiklerin geri doniistimii isc, tekrar
enitilip sekillendirilebildikleri i¢in nispeten daha kolaydir

Kompozit malzemelerin geri doniigiimii i¢in oldukga genig bir se¢enck arahginda
teknolojiler onerilebilir. Bu ¢alismada oldugu gibi, genel anlamda bu konuyla ilgili
deneysel  galigmalar  termoset  matris  kompozitler  tizerine  yogunlagmistir.
Termosetlerin geri doniistimii ig¢in 6nerilen teknikler Sckil 1'de ézetlenmektedir.
Geri doniigiim prosesleri, matris malzemeyi giiglendiricilerinden ayirmak igin
kullanilan 1s1l proseslerde bagvurulan s temelli, yine iki fazi bu kez kimyasal
¢ozeltiler aracihgiyla birbirinden ayirmak suretiyle bagvurulan kimyasal temelli ve
son olarak da mekanik temelli geri doniisim prosesleri olmak iizere ¢ kategoriye

* 101 dolgu
Lk Ururiee

»©

= Ener i dde ek

indirgenebilir.

Sekil 1. Termoset kompozitlerin geri dontigiim prosesler
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En ¢ok bagvurulan geri doniigim teknikleri ise, mekanik prosesler temelinde
olanlardir. Bu tcknikler hem cam lifli kompozitiere, hem de karbon lifli
kompozitlere uygulanmakla birlikte yapilan aragtirmalar cam lifler iizerinde
yogunlagmigtir. Bu teknikteki ilk agama, hurdanin boyutlarinin kesimle veya uygun
bir degirmende kinlmayla kiigiiltiilmesi asamasidir ki malzeme bu asamada 50
100 mm’lik pargalara aynlir. ikinci agamada ise, bu parcalar daha hizh
degirmenlerde 10 mm — 50 pm boyutlarinda ince toz haline getirilir. Son asama ise,
elde cdilen partkiillerin boyutlarina gore siniflandinldigr eleme asamasidir. Ince
olarak nitelenebilecek partikiiller kalin partiikiillere nazaran daha fazla dolgu
malzemesi polimer i¢ermektedir, digerleri ise lif bakimindan zengindir. Bu
islemlerin ardindan elde edilen iiriinden yararlanilabilecek birgok alan vardir.
Ornegin, ince toz halindeki triin, kiitle dokiim iriinlerde kalsiyum karbonat
dolgunun yerine kullanilabilir. Oranca %107u gegmedigi takdirde de, boyle bir
katki son {iriiniin mekanik degerlerinde belirgin bir diigtige neden olmaz [ 7).

Bu gahigmada, ince toz halindeki atik E-cam ile giiglendirilmis polyester kompozit
tekne malzemesi yol asfaluni ve buna alternatif olarak da bitiimlii ¢ati
kaplamalanini iyilestirmek amaciyla katki olarak kullantlmistir. Her 1ki uygulama
yontemi ig¢in  katki oranina bagh olarak elde edilen sonuglar 6zetlenerck
sunulmaktadir.

2. Malzeme ve Yintem
2.1 Atik malzeme

Izmir'de etkinlik gosteren bir CTP tekne iiretim atdlyesindeki imalatn panel
kesimi agamalarinda elde edilmigtir. Anilan panellerde gii¢lendirici olarak Cotech
firmasinca tretilen ¢oklu-yonlii, dikisli E-cam kumaslar kullamlmistir. Regine ise
tekne yapiminda yaygin olarak kullanilan ve Dewilux firmasinca iretilen olarak
kullamimi ¢ok yaygin olan Dewester 196 adh ortoftalik polyesterdir. Panel iiretimi,
el yatirma yontemiyle gergeklestirilmistir. Atk malzemedeki cam igerigi %3S,
atgm 6zgil agirhg 670 kg/m', Iif boyutlari ise 0.25 mm’den kiigiiktiir. Bununla
birlikte, bitimlii ¢ati kaplamasina daha kaba oOgitilmiiy CTP atiklardan da
katilmigtir (Sekil 2).
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Sekil 2. ince ve kaba 6giitillmiis CTP atk malzeme

2.2 Bitiimlii baglayici ve agrega

Bilindigi gibi asphalt, yiiksek tutunma ozellikleri, suya kargi direnci ve korozif
ortamlardaki dayanmimi nedeniyle 6zellikle ulagim altyapilarinin yapiminda yaygin
olarak kullanilan bir malzemedir [8,9]. Artan trafik hacmi, bityiik dlgekli araglann
artigt, yiikleme miktarlanimin  yiikseligi  giintimiiziin - ulagiminin yararlanacag
dayanimi yiiksck yol yiizeylerine olan gercksinimi giinden giine arttirmaktadir.
Siradan bir asfalun yiiksek sicakhk duyarhhigi, yiiksek paraffin igerigi, yiiksck
sicakhklarda akarken disik sicakhiklarda kinlganlasmasi, tekerlek izlerinin
kolayca tizerinde olugmasi gibi bir ¢ok olumsuzlugu vardir [10]. Boyle olunca
modern otoyol yapimeilan siradan petrol asfaltimn iyilegtirilmesi konusuna son
yillarda yogun bir sckilde egilmeye baglamglardir [11.12].

Asfaltin polimerlerle modifikasyonunun, onun mekanik degerlerinin 1yilesmesine,
yitksek sicaklik duyarhliginin diigmesine, deformasyonlara kargr dayaniminin
iyilesmesine, diisiik sicaklhiklarda kirlmaya karsi dayaniminda bir artisa yolagacag
goriilmisgtiir [13,14). Sonug olarak, asfalta polimer eklenmesiyle hizmet verecefi
sicakhk aralig genigleyecek ve Omrii artacakur [15].

Cahsmada, bitiimlii baglayici olarak Tiirk Petrol Rafineleri'ne bagh Aliaga/izmir
terminalinden temin edilmig 50/70 penetrasyon sinifi modifiye edilmemis (orijinal)
baglayict  kullantlmigtir.  Orijinal  baglayici  6zelliklerini - tespit - etmek  igin
penetrasyon, yumusama noktasi, diiktilite gibi gelencksel deney  yontemleri
uygulanmistir.  Sicak  kangimlarda  agrega cinsi olarak Dere  Beton/Izmir
tasocagindan temin edilmig kire¢ tasi (kalker) ve basalt kullamlmigtir. Basalt
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malzemesi kangimin kaba agrega boliimiinii; kalker agregasi ise sicak karigimin
ince ve filler boliimiinii olusturmaktadir. Deneysel ¢ahgmalarda  Kkullanilan
agreganin 0zelliklerini belirlemek amaci ile dzgiil agirlik, Los Angeles aginma,
saglamlik, koselilik ve yassihik indeksi deneyleri uygulanmistir.

2.3 Deneyler
2.3.1 Marshall karisim tasarimu ve stabilite deneyi

Optimum katki miktanini bulabilmek igin %1, %3 ve %5 oraninda katkili sicak
kangim asfalta Marshall stabilite testleri uygulanmigtir.

Marshall kangim tasanmi, belirh bir gradasyona sahip agrega ile birlikte
kullamlmak {izere optimum baglayict igeriginin  elde edilmesi amaci ile
kullanilmaktadir. Deneyler, optimumun iistiinde ve altinda en az iki asfalt igerigi
olacak sckilde ve bu degerler arasinda °0.5 lik artiglar  yapilarak
gergeklestirilmigtir. Her bir asfalt igerigi igin ii¢ adet numune hazirlanmigtir,
Karigim iglemi baslamadan 6nce dolgu (200 no.'lu elekten gegen malzeme) igeren
1150 gr agrega, 175-190°C etitvde isiilmugtir. 135-140°C  sicakhkta isilan
baglayici, belirlenen oranda (6rmegin, agrega miktannin %4°1)  160-165°C
sicaklikta 6zel mekanik mikserler ile uniform bir karigim elde edilinceye kadar
kanisurilmigtir. Kangim, 6nceden isititlmig kaliplar igine yerlestirildikten sonra
Marshall  serbest diismeli  tokmaginin - 75ser darbesi ile her ki yonde
sikistirtlmigtir. 100 mm ¢apinda ve yaklagik 63.5 mm yiiksekliginde sikigtinllmig
silindirik asfalt nunumelerin {izerinde, deformasyon hizi 2 in¢/dk (51 mm/dk)
olacak sekilde stabilite deneyleri uygulanmigtir. Maksimum yiik okumasi kirilma
noktasi olarak tammlanmakta ve bu deger stabilite degeri olarak anilmaktadir.
Maksimum yiike kargilik gelen akisolger okumasi ise numunenin akma degeridir.
Deney, ayni baglayict igerigini elde etmek {izere geriye kalan iki numune igin
tekrarlanmisltir ve elde edilen ii¢ degerin ortalamasi o baglayici igengi igin stabilite
ve akma degerini verir. Deneyler, diger baglayici igerikleri igin de tekrarlanmustir.

2.3.2 Indirekt Cekme Gerilmesi Deneyi (ITS)

indirekt Cekme Gerilmesi deneyi, silindirik asfalt numunesi iizerine diisey ¢ap
diizelemine dik olarak bir basing uygulanarak gergeklestiriimektedir. Deney
sirasinda, dakikada S1 mm  yiikleme hizina sahip Marshall test  baghg
kullamilmigtir. Deney, numunelerin ¢gekme gerilme davramglarint belirlemek amaci
ile uygulanmaktadir. Elde edilen bilgiler,  kaplamanin kinlma o6zellikleri ile
yakindan ilgilidir.
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2.3.3 Bitiimlii ¢ati kaplamalarina uygulanan deneyler

Uzerinde viskozite, penctrasyon, yumugama, kayma, yapiyma, Fraass kinlma ve
Ozgiil agirhk deneyleri uygulanmak {izere 6ncelikle biri ince, digeri ise irt olmak
tizere iki farkh atigin bitiime 190 - 200 °C’de, 400 - 500 devir/dakika hiza sahip
kangtincida 90 dakika kangtirmak suretiyle kangim olugturulmustur. Bu iki
kangima viskozite, penetrasyon, yumusama noktasi (yivli ve diiz yizik ile)
deneylerinin uygulanmasiyla sadece ince taneh auk katkilanyla olugturulmug bitiim
esash kangimdan yararlanilabilecegi goriilmiigtir. Bu tespitin ardindan ince tanch
atik malzemeden %5, %7 ve %8 oranlarinda katkilarla olusturulan yeni ii¢ kangim
yukarda agiklanan yontemle hazirlanarak, yine yukanda sézii edilen tiim deneylere
tabi tutulmustur.

3. Sonuglar

Farkl bitiimlii baglayici igeriklerinde hazirlanan asfalt numuneleri Gizerinde yapilan
Marshall Stabilite deneyi sonuglan esas alimarak optimum bitimli baglayic
miktan belirlenmistir. Bu degerlere gore uygun kangim tasanimi yapilmasinin
ardindan, CTP atgin sicak kangim iizerindeki etkilerini belirlemek amaci ile
herhangi bir ank malzemesi igermeyen (kontrol numunclert) numune ile %1, %3 ve
%5 polyester atign igeren numuneler iizerinde Marshall Stabilite ve indirek ('ckme
Gerilmesi deneyleri uygulanmugtir.
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Sekil 3. CTP igerigine kargihk gelen
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stabilite ve ortalama indirect ¢ekme gerilmeleri

Sekil 3’te goriildigi gibi tiim polyester atiklar ile hazirlanan numunelerin stabilite
degerleri Karayolu Teknik Sartnamesi’nde belirtilen minimum 900 kg."in iistiinde
yer almaktadir. Ayrica stabilite degerleri cam takviyeli polyester atik igeriginin
artigi ile artmakta, %3 degerinde maksimum degere ulagsmakta, ve bu igerik
degerinden sonra stabilite degerinde artiy gorilmemektedir. Dolayisiyla, %3 cam
takviyeli polyester augin optimum bir igerik olabilecegi sdylenebilir.

Yine Sekil 3'te sunuldugu gibi katkili asfalt numunelerine iliskin indirekt Cekme
Gerilmesi degerleri %3 katki oranina kadar artmakta, bu degerden sonra énemli bir
artiy gostermemektedir. Sckil 4 esas alindiginda, %3 CTP augin optimum bir
igerik olabilecegi sdylenebilir.

Cati kaplamalan i¢in hazirlanan bitimlii kansima iliskin sonuglar ise Tablo 1'de
sunulmaktadir.

Tablo 1. Kangim oranlanna gore bulgular

Karigim oram

%S %7 %8

Viskozite (180°C) 6400 cp 6180 cp 5900 cp
Penetrasyon y

30175 55/130 24/150
(25/50°C)
Yumusama noktas: S g S

149°C 117°C 90°C
(Yivli yiiziik)
Yogunluk 1.284 gricm’ 1.294 gricm’ 1.289 griem’
Kayma dayammi 417.26 (N/S cm) 369.79 (N/5 cm) 436.17 (N/5 cm)
Yapiysma dayanmi 3480 N 3495 N 41.12N
Kirtlma sicakh -6°C -6°C -4°C

Tablo 1'deki sonuglar dikkate alindiginda ise, %35 katki oranli bitiimiin yumugama
noktast, penetrasyon ve kirlma sicakliklart baglaminda uygun oran oldugu
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goriilmektedir. Bu oranda iretilen bitiim i¢in gergeklestirilen 80°C de, 168 saat
boyunca UV 1gimasi ve nem (yagmur) yaslandirmasinin ardindan yapilan Elektron
laramali Mikroskop gortintit analizlerinden de uygulamanin yaslandirma ctkisi
alunda da bitimlii fazin polimer faza gore baskin olmamasi nedeniyle “olumlu’
olarak yorumlanabilecek sonuglara varildigr gézlenmistir (Sckil 4.).

Sekil 4. Yaslandirma 6ncesi (solda) ve yaslandirma sonrasi SEM goriintiiler
(styah bolgeler bitiimii ifade etmektedir)

Sonuglar, s6z konusu atik malzemeyle modifiye edilmis asfaltn niteliklerinde ve
bitimlii ¢ati kaplamasi niteliklerinde iyilesmeye isaret etmekte ve yapilan
islemlerin amlan atuklann gen dontigiimii igin bagvurulacak uygun yollar oldugunu

vurgulamaktadir
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TEKSTIL ENDUSTRISINDE POLIURETAN KOPUK
KAPLAMALAR VE CEVRESEL ETKILERI

POLYURETHANE FOAM COATINGS IN TEXTILE
INDUSTRY AND THEIR ENVIRONMENTAL EFFECTS

Aslihan Delituna

Departments of Textile Engineering, Namik Kemal University,
Corlu,Tekirdag, Turkey

adelituna@nku.edu.tr

Bu ¢ahgmada, tekstil endiistrisinde kullanilan politiretan kompozit kaplamalardaki
gelismeler ve ¢evresel etkileri aragtirilmigtir,

Tekstil materyalleri sert g¢evresel etkilerden korunmak igin genis bir talebi
karsilamalidir.

Kompozitler, makroskobik bir kombinasyonda tekstillerden ve plastiklerden
olugabilir.Genelde, kimyasal 6zellikleri plastik komponent ile ve fiziksel dzellikleri
lif ile belirlenmigtir. Bir kompozitte yiizeyin plastik ile korunmasi durumunda,
¢atlamalarin olugumu engellenmistir ve kompozit dayamkhhigr artmistir.

Kumag {izerinde polimer kaplama toz, sivi ve gaz partikiillerle hava gegirmezlik
gibi yeni ozellikler verir ve kumas agmmasi gibi meveut fiziksel ozellikleri
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geligtirir. Birgok farkh su-bazli polimerler, anti-statik maddeler, nem gekici
maddeler, yumugaticilar, yaglayicilar kaplamanin aginma 6zelliklerini gelistirir.

Termoplastik poliiiretan iyi bir filmdir, kopige iyi yapigma ve milkemmel
mekaniksel Ozellikler saglar, fakat maliyeti yiiksektir. Endistrinin = gegith
alanlarinda ve ev egyalarinda kullanilmigtir,

Bitkisel yaglardan elde edilen politiretanlar mitkemmel kimyasal ve fiziksel
Ozellikler gosterir. Su-bazh poliiiretan tekstil kaplamalan da kullanilmigtir. Su-
bazli poliiiretan gevre dostudur. Seramik partikiillerle dolu polimerik kaplamalar
kopiik kaplama benzeri konvensiyonel kaplama teknikleri ile tekstil kumaglarina
uygulanmigtir. Seramik partikiiller polimer emiilsiyon yada ¢ozeltide dagilmistir.
Is1 ve aginmaya kargi direng artisi gosterir.

Kaplama kumaglanin kullanmimi &nemli bir konu olarak goriinmeyebilir, fakat
kaplama agir metal igeriyorsa ,ciddi bir dikkat gerektirir. Kurgun ve civa gibi agir
metalleri igeren kimyasallar insan saghgina zararh olarak bilinir. Cevresel sorunlan
nedeniyle, poliliretan kopiige gesitli dokusuz yiizey kumaglar ve spacer Orme
kumaglar gibi alternatifler son zamanlarda aragtinnlmaktadir.

Anahtar Kelimeler: Politiretan; kopiik ; kaplama ; tekstil; kumas.

In this study, advances in polyurethane composite coatings used in textile industry
and their environmental effects were investigated.

Textile materials have to meet a wide variety of demands in order to protect the
wearer from harsh environmental effects.

Composites may consist of textiles and plastics in a macroscopic combination. In
general, the chemical properties are determined by the plastic component and the
physical properties by the fiber. As a result of the surface protection by plastic in a
composite, the formation of cracks is prevented and the composite strength is
increased.

The polymer coating confers new properties on the fabric, such as impermeability
to dust particles, liquids and gases and it can also improve existing physical
properties, such as fabric abrasion. Many different water-based polymers, anti-
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static agents, humectants (moisturizing agents), softening agents, lubricants may
also improve the abrasion properties of coatings.

Thermoplastic polyurethane (TPU) is a good film, providing good adhesion to the
foam and excellent mechanical properties, but the cost is high. They are used in
various fields of industry and in household goods.

Polyurethanes derived from vegetable oils exhibit excellent chemical and physical
propertics. Water-based polyurethane has been used in coatings of textiles. Water-
based polyurethane is an environmentally friendly. Polymeric coatings filled with
ceramic particles can be realized on textile fabrics with conventional coating
techniques like foam coating. The ceramic particles are dispersed in the polymer
emulsion or solution. They give to enhanced resistance against heat and abrasion.

The disposal of coated fabrics does not appear to be a serious issue, but it does
need serious consideration, especially if the coating contains heavy metal
stabilizers. The certain chemicals (including heavy metals such as lead and
mercury) are known to be harmful to human health. Because of their environmental
concerns, alternatives to polyurethane foam such as various types of nonwoven
fabrics and knitted spacer fabrics have been researched recently.

Keywords: Polyurethane; foam; coating: textile; fabric.
1. Introduction

Textile materials for protective clothing have to meet a wide variety of demands in
order to protect the wearer from harsh environmental effects. The use of composite
materials helps to meet these complex and sometimes contradictory requirements

[1].

Composites are textiles and plastics in a macroscopic combination. In general, the
chemical properties are determined by the plastic component and the physical
properties by the fiber. If the surface is protected by plastic in a composite, the
formation of cracks is prevented and the composite has very high strength.
Composites are produced using some of the techniques [2].

The polymer coating confers new properties on the fabric, such as impermeability
to dust particles, liquids and gases and it can also improve existing physical
properties, such as fabric abrasion [2].
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The largest outlet for polyurethane foam is in textile laminates. Tri-laminate form
is used to produce a material which is soft to the touch and which never creases [2].
Fabric used for door pancls and other arcas of the car may also be laminated to
polyurethane foam for a soft touch, for comfort and to help reduce vibration and
noise.

Polyurethanes used as wire enamels are generally the reaction products of
hydroxylated polyesters or hydroxylated polyethers with tolylene diisocyanate. The
free isocyanate groups which are formed can react with hydroxyl groups of the
polyester to form the desired polyurethane coating [3]. Figure 1 indicated that the
basic polyurethane reaction.

8;‘\ &t s+s— H '
R—N=C=0 + HOR" — R—N—C—OR’
lsocyanate Hydroxy A urethane

compound

Figure 1. The Basic Polyurethane Reaction [3]

Methylene di-para-phenylene isocyanate is the most common isocyanate used in
the production of polyurethane. The isocyanate index controls the hardness of the
foam.

Polyurethanes are used in various fields of industry and in house hold goods. There
are two basic methods of producing a polyurethane-backed carpet. The first method
is a mechanically frothed slow-reacting foam compound. The other method uses a
water-blown foam. Infrared heaters or convection ovens heat the reacting material
to prevent heat loss and to control the time the surface is cured. If polyurethane is
used as a precoat, the precoat typically will produce higher tufibind, abrasion
resistance, resistance to heat aging, resistance to compression and improved sound
insulation compared to styrene butadiene rubber (SBR) latex or foam compounds.

For the commercial carpet industry, three basic components are used.
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1. Polyether glycol mixed with a catalyst(s), silicone surfactant, and fillers to
make a polyol compound.

2. A polymeric methylene di-para-phenylene isocyanate(MDI).
3. A blowing or foam-forming agent, such as water, air, or inert gas

Methylene di-para-phenylene isocyanate is the most common isocyanate used in
the production of polyurethane. The isocyanate index controls the hardness of the
foam.

Water is used in foams as a blowing agent. Water that increases hardness in the
polymer is used in foams as a blowing agent. Stiffening of the foam occurs from
increasing the covalent cross-link density [2].

The qualities of polyurethanes, notably excellent adhesion properties and low
temperature film-forming abilities, have made them very useful as adhesives,
coatings and paints.

Polyurethanes generally have good adhesion to fabric substrates and have good
clongation and excellent flexilibility, even at very low temperatures. They have
excellent surface abrasion properties and, in fact, are used as lacquers for leathers.

Cross linking of the polymer can be affected after deposition on the fabric, which
improves the durability of the resultant coating to abrasion and its resistance to

solvents[4].
B T OH = = PU
OCN-R-CNO HO S S S
e®%ge0 e%g0
D e Bt OH OCN-RCNO HO 8 e B s s PU
0000 o 900¢ o
e 2 = O OCN-R-ONO HO = = s = mam PU
@ crosslinking monomer = = e Unsaturated resin

Figure 2. The crosslinking pattern of a PUD resin[4]

The degree of cross linking is influenced by the nature of the polymer. The higher
the temperature, the greater the degree of cross linking. The importance of
temperature control in coating operations involving cross linking polymers.
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In general the degree of cross linking, which determines performance, has to be
balanced with the aesthetics of handle, drape and softness. Cross linking causes
some stiffening and hardening of the coating.

Because of environmental concerns, alternatives to polyurethane foam have been
rescarched. These include various types of nonwoven fabrics and spacer knitted
fabrics, which have a different touch and poorer resilience at temperature.,

2. Materials and Methods
2.1. Textiles

Polyester is the main fiber used, because of their strength and general resistance to
moisture, oils and many common chemicals. Polyester has better dimensional
stability, shrink resistance, lower extensibility and generally lower cost than nylon.

Synthetic fibers are made from thermoplastic materials which soften, shrink and
melt under the action of heat. It is necessary heat stabilize polyester before coating
to prevent shrinkage during the coating process.

2.2. Coating material

The main plastic used for textile coating is polyurethane. Polyurethanes generally
have good adhesion to fabric substrates, good elongation and excellent flexibility.
In this paper, polyurcthanes derived from vegetable oils, thermoplastic
polyurethane, water-based polyurethane and ceramic particles polymeric coatings
were investigated.

Textile samples generally treated with direct coating. Direct coating, the resin is
on the back of the fabric and transfer coating is on the inside of the fabric.

The water-blown polyurethane method can be used for a polyurethane pre coat and
foam single application or a polyurethane coating over a pre coat. The low density
of this polyurethane has greater load-bearing characteristics which creates walking
comfort compared to other polyurethane foam systems [5]. But a disadvantage of
this system is defects from the foam application on the back of the carpet [5].
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3. Results and discussion

3.1. TPU (thermoplastic polyurethane) properties

Thermoplastic polyurethane (TPU) is a good film, providing good adhesion to the
foam and excellent mechanical properties but the cost is high [6].

Mould cleaning is required because of the chemical nature of the polyurethane
process.

There are two different types of “Foam &Film™ process. In adhesive type, the film
sticks is an aesthetic finish and a water proof covering [6].

The releasing film remains vacuum-formed to the mould for several shots.
3.2. Properties of polyurethanes derived from vegetable oils

Vegetable oils are now widely used as renewable raw materials in the chemical and
polymer industries due to their superb environmental credentials. These are
inherent biodegradability, low toxicity, avoidance of volatile organic chemicals,
ready availability and relatively low price [5].

Polyurethanes derived from vegetable oils exhibit excellent chemical and physical
properties, including enhanced hydrolytic and thermal stability [7].Recently, novel
environmentally friendly, anionic PUDs with uniform particle sizes have been
successfully prepared by the reaction of diisocyanates, dimethyol propionic acid,
and vegetable oil-based polyols from castor oils [5]. PU films, containing 50-70%
vegetable oil polyol as a renewable resource, exhibit thermo physical and
mechanical properties comparable to polyurethanes. They are environmentally
friendly.

3.3. Properties of water-based polyurethane

The water-based polyester resins could be coated on to polyester fabric to give
barrier properties [2].

Water-based polymers mixed together textile chemicals to improve the abrasion
properties of coating. These chemicals are anti-static agents, moisturizing agents,
softening agents, lubricants. Certain waxes, paraffin dispersions or lubricants can
also be used as detackifying agents for soft resins.
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Cross linking is promising technique for increasing the adhesive strength of water-
based polyurethane,

The use of water-based products may become unacceptable because of their
relatively high energy demand.

3.4. Properties of ceramic particles polymeric coatings

Polymeric coatings filled with ceramic particles can be realized on textile fabrics.
The ceramic particles are dispersed in the polymer emulsion or solution. They give
rise to enhanced resistance against heat and abrasion. To create flexible composite
materials directly on the fiber level, a new and straightforward concept consists in
the continuous liquid film coating of spread roving or monofilaments with a slurry
containing the ceramic particles and a polymeric binder. To evaluate the feasibility
of this concept, a continuous liquid film coating process involving polyamide 6
(PA 6) monofilaments, alumina (AlL,O;) particles and a polyurethane (PU)
clastomer based binder system was chosen. In the presented work, emphasis is
placed on the influence of factors like rheological properties of the slurry,
withdrawal speed and fiber diameter on the thickness of the resulting composite

coatings.
Ceramic Fibres filled Ceramics on Ceramics on fibres
fibres with ceramics fabric Crioxibte compoote
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Fig.3 Various possibilities for the combination of textile materials with ceramic
particles. Continuous liquid film coating of single filaments creates high filled,

flexible composite layers on the fiber level [1].
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Conclusions

*As a result of the degree of cross linking, it has to be balanced with the aesthetics
of handle, drape and softness.

*Polyurethanes generally have good adhesion to fabric substrates and have good
clongation and excellent flexibility, even at very low temperatures.

*Polyester and polyurethane materials are generally relatively easy to laminate but
adhesive selection is necessary for the required level of durability (mechanical
flexing, wash/dry clean resistance, heat and heat ageing), handle, case of
processing, cost and other specialist requirements.

*Polymer coating can also be improve existing fabric abrasion properties. Polymer
mainly controls the chemical properties, abrasion resistance and resistance to
penetration by liquids and gasces.

*Ceramic coated fibers would be interesting in applications where flexible high
performance light-weight materials for increased creeping strength during thermal
treatment or protection against impact and abrasion are necessary. Nevertheless, it
will be important to achieve an improved adherence of the coating on the fiber
substrate by chemical or mechanical pre-treatment of the fiber surface. Under
frictional load, the coatings are abraded in very small units consisting of some
particles and the surrounding PU matrix, which predetermines such composite
coatings to be used as sacrificial layer.

*The environment is likely to have a higher profile from now onwards.
Environmental protection can be combined with significant economic benefit. The
disposal of coated fabrics does not appear to be a serious issue. But it does need
serious consideration, especially if the coating contains heavy metal stabilizers,
additives and FR chemicals. The certain chemicals are known to be harmful to
human health, toxic liquors could be harmful to humans on beaches. Heavy metals
such as lead and mercury accumulate in the body to act as poisons. Because of
environmental concerns and harmful, alternatives to polyurethane foam have been
researched. These include various types of nonwoven fabrics.
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Rion, Patras, Greece

Introduction

Infection is by far one of the major complications which impede the long-term use
of artificial organs and medical devicesl. The critical step in the development of
infections is bacterial adhesion to the biomaterial surface, which is mediated by
interactions between the material and the bacterial surfaces. The effect of specific
chemical functionalitics on the initial adhesion of bacteria under flow was
investigated using wellcharacterized chemically functionalized surfaces prepared
by self-assembly of silane monolayers on glass and further modification of them.

Materials And Methods

Bactenia: The reference ATCC 35984 slime producing strain of S. epidermidis was
used. Bacteria were suspended in 100 mM PBS pH 7.4, at a concentration of 3x108
bacterial cells/ml. Substrates: amino (NH2)-terminated self-assembled monolayers
(SAMs) on glass surfaces by chemical vapor deposition of the silane2, positively
charged NH2- terminated surfaces by adsorption of poly-L-lysine hydrobromide
0.01% wt/vol to glass3, carboxyl (COOH)-terminated surfaces by carboxylation of
NH2-

terminated with 0.1 M succinic anhydride in dimethylformamide4 and 0.1 M
EDC(1-Ethyl-3-(3- dimethylaminopropyl)-carbodimide) pH 5.5 - 0.04 M sulfo-
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NHS (N-Hydroxysulfosuccinimide) pH 7.5 treated COOH-terminated surfacesS
were used as

substrates. Hydrolyzed and oxidized glass, in NaOH SM and H2SO4/H202 (3/1),
was used as control. Parallel Flow Chamber: Bacterial adhesion to the substrates
was examined under two shear rates, 50 and2000 s-1, after two hours. Techniques:
The number and pattern of the adherent bacteria was evaluated by Scanning
Confocal Laser

Microscope; the adherent bacteria to the various substrates were fixed in
paraformaldehyde, fluorescently labeled with the DNA-binding stain SYTO 9 and
examined. Surface topography and roughness were examined by Atomic Force
Microscope in contact mode, surface wettability and energy were evaluated by
Contact angle measurements of threeprobe liquids; water, methylene iodide and
glycerol.

Results And Discussion

NH2-terminated surfaces appear moderately hydrophobic (Bwater ~50 deg).
Positively charged NH2- terminated and negatively charged COOH-terminated
surfaces present similar contact angles (Owater ~26 and 28 deg respectively), the
sulfo-NHS ester terminated surfaces appear relatively hydrophobic (Owater ~70
deg) with low surface energy, whereas the glass presents an extremely hydrophilic
surface (Owater ~10 deg) and high surface energy. The AFM images showed that
all the various substrate have similar topography and roughness values. The
confocal microscopyobservations revealed that, under low shear rate conditions,
the sulfo-NHS ester-terminated surface yields the highest number of adherent
bacteria, followed by the positively charged and not charged NH2- terminated
surfaces. The negatively charged COOHterminated surface and especially the
hydrolyzedoxidized glass retain the lowest number of adherent bacteria. These
results were in qualitative agreement with the predictions of the Extended (X)
DLVO Theory6. Increase in shear from 50 to 2000 s-1 significantly decreased
bacterial adhesion to all the substrates. The highest decrease appeared to the glass
followed by the COOH- and the sulfo-NHS esterterminated substrates. This means
that the bacterial NH2 groups could not form covalent bonds with the sulfo- NHS
ester-terminated surface under high hydrodynamic forces. The lowest decrease in
bacterial adhesion with the increase in shear rate appeared to both the positively
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charged and not charged NH2-terminated surfaces, revealing macromolecular
interactions between the bacterial surfaces and these substrates7.

Concluding Remarks

The XDLVO Theory, in which the van der Waals, the electrostatic and the acid-
base interactions are included, qualitatively predicts the increase in adhesion of a
hydrophilic and highly negatively charged bacterium with the decrease in
substratum surface energy and charge, or to positively charged substrates, under
low shear rate. Increased shear rate, and therefore increased hydrodynamic forces,
significantly decrease bacterial adhesion to all the substrates, but in a way that is
notpredicted by the XDLVO Theory. Therefore, apart from the physicochemical
interactions that this Theory accounts for and the hydrodynamic forces, bactenal
polymeric  structures that contribute in  bacteria-material - macromolecular
interactions must also be taken into consideration.
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Abstract

Layered Double Hydroxides gained tremendous research efforts in the last years as
a filler for polymer nanocomposites similar like montmorillonite in order to e.g.
increase barrier properties, mechanical properties and reduce flammability. Due to
its broad variety in composition and possibility to organically modify the layers
LDH might be used in very different applications. This summary intents to show
possibilities of integration of additional functionalities apart from the benefits of
LDH as platelet decomposing like the classical flame retardant magnesium
hydroxide, by selecting a specific metal combination, by fine tuning structural
features and by selecting an organic modification with a functionality thus
providing a true added value to filler for nanocomposite applications.

Introduction and objective

A still growing field in nanocomposite rescarch is based on layered minerals
derived from hydrotalcites or layered double hydroxides. In recent years, there has
been increasing interests in layered double hydroxides (LDHs) or so called
synthetic anionic clays and their intercalated compounds. These materials have
wide combinations with metal species and are mostly well known for their catalytic
activities in organic synthesis. The other potential applications for LDH materials
include controlled drug release, improving heat stability and flame retardancy of
polymer composites, water treatment, adsorbent, additve for PVC ete. The use of
anionic clays for preparing polymer nanocomposites is a rather new field of
research. Compared to natural clays, LDH has the advantage of structural
homogeneity, which could be tuned during their synthesis. Besides, high bound
water content and high reactivity towards organic anionic species make them
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suitable in many specific applications. The idea of using LDH clays as suitable
materials for polymer nanocomposite synthesis is based on their two main
charactenistics: one is their layered crystalline geometry with various intercalating
anionic species and the other is the ability to interchange these inter-layer anions
with much larger organic anionic molecules. The latter is very important as the
pristine layered clay minerals are not suitable for penetration of giant organic
molecules into their gallery space unless the original interlayer distance is
increased through organic modification, additionally changing drastically the
interphase characteristics between polymer and inorganic layer. These materials
can be very interesting to industry as they combine features of well established
fillers like Mg(OH), and propertics of nanocomposites based on, e.g.,
montmorillonite. Again the challenge is to disperse LDH in rather nonpolar
polymers, as the LDH itself is polar due to the high number of hydroxyl groups.
Further, the composition of the layer is adjustable, allowing a fine tuning of
organic ions in the interlayer as well as a selection of different metal species to
form the inorganic layers. Last, the organic modification itself can bear an
additional functionality, e.g. light absorption, biological activity and others.
Therefore the objective of this work is to show the possibilities of nanocomposites
based on LDH with truly integrated functions in onc nanoscopic additive.

Structure of LDH

The crystallographic structure of LDH is best described starting from magnesium
hydroxide crystallizing as brucite. Brucite consists of a hexagonal close packing of
hydroxyl ions with alternating layers of octahedral sites occupied by Mg®" ions.
Thus, the layers are charge balanced and stacked one upon another by Van der
Waals forces. By substituting a part of the divalent magnesium ions with trivalent
aluminium 1ons, the layer gains a net charge, which must be compensated. The
charge compensation is achieved by ions in the interlayer (Fig. la). In case of
carbonate as interlayer ion, the natural occuring mineral hydrotalcite is derived and
therefore the whole group of natural and artificial minerals is often referred to as
hydrotalcite like materials. These materials have the chemical composition
M"Y M (OH) ] A", yHL0, where M and M™ represent the layer forming
cations and A", represents the interlayer ion.
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Fig. 1: Schematic description of LDH (a) and WAXS pattern of hydrotalcite, and

its calcined and regenerated form (b)

Although, the structure is described with divalent and trivalent cations, there are
minerals included in this group using the same stacking principle with other
valencies covering now almost all metals of the periodic table.In case of Mg-Al
LDH with carbonate ions in the interlayer a typical pattern in Wide Angle X-ray

Scattering (WAXS) is found indicating a interlayer distance of 0.77 nm (fig. Ib)
Synthesis of LDH

For synthesis of LDH the homogencous precipitation method is widely used. In
this method an appropriate salt solution is heated together with urea under reflux
I'he urea decomposes slowly to form carbonate ions and ammonia, generating
basic conditions for the precipitation of the LDH.[1] Depending on the actual
conditions different results arc obtained. The amount of urea as well as the reaction

time strongly affects the properties of the precipitate as shown in Fig 2a-d

i
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Fig 2: WAXS pattern and SEM images of LDH reacting one, two and three days in

homogeneous precipitation method

Although, all precipitates show good crystallinity derived from the WAXS
experiment indicated by first and higher order reflexes, SEM investigation reveals,
that the layered structures are covered by an obviously amorphous phase. This
amorphous phase then results in hindering a simple 10n exchange reaction as the
interlayer ions are not longer accessible for an acidic activation necessary for
organic modification.[2]. Even the metal combination can change the result of
homogeneous precipitation, as in some cases the decomposition mechanism of the
urea is changed [3]. Sull the big advantage of the homogencous precipitation

method is, that simple equipment is needed allowing just to heat up one solution

T'he second widely used and almost universally applicable method for preparation
of LDH is the coprecipitation method. In principle a solution of the desired metal
1ion combination is continuously dropped into the reaction flask and simultancously
a base is added to maintain the pH-value at an appropriate value, in casc of Mg-Al
LDH 9-10. The better the conditions are kept constant the better the resulting LDH
material [4]. Additionally, this method allows the organic modification of the LDH
layer in a one step reaction.[5] Nevertheless the size of the pristine layers achieved
with coprecipitation method is rather small, which might be overcome by post
synthesis hydrothermal treatment[6], but can also lcad to destruction of the

LDH.[7]
Organic modification of LDH

The simplest method to modify LDH is to use an ion exchange reaction. The
starting LDH is just stirred for several hours in a solution of the desired anion and

filtered off followed by intensive washing. However, several ions like chloride and
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nitrate are casily exchanged and others like carbonate are difficult.[8] Surprisingly,
some salts of organic acids like camphorsulfonic acid can be easily exchanged into
samples derived from homogeneous precipitation, whereas they can not be
exchanged into samples from coprecipitation. This observation is currently under
investigation and might derive from the size of the LDH platelets.[9]

A special feature of LDH is the ability to regencrate its structure after calcination at
450 °C. During the calcination process the LDH looses water and carbon dioxide
and its crystalline structure. By dispersing this calcined form into a solution of
inorganic or organic salts the structure is recovered (see fig. 1b) with the respective
anion of the salt instead of carbonate, thus allowing a organic modification with a
wide variety of ions.[10]

Use of organomodified LDH, some examples

A straight forward approach of using LDH materials is to substitute classical flame
retardants magnesium hydroxide (HT) and aluminium trihydrate (ATH) by LDH.
As LDH decomposes similarly like HT and ATH and additionally has a layered
structure, an advanced reduction of flammability using LDH in polyolefines was
expected in comparison to montmorillonite as passive flame retardant, when the
LDH is dispersed to a nanometer level. Francis Reny Costa [11] investigated in
detail the properties of Mg-Al-LDH polyethylene nanocomposites. The thermal
and flammability properties of MgAI-LDH, modified with dodecylbenzene
sulfonate prepared by two step melt compounding in a twin serew extruder using a
maleated polyethylene as compatibilizer arc summarized in [12]. Although
polyethylene is a nonpolar matrix exfoliation could be achicved as shown by wide
angle X-ray scattering and transmission electron microscopy. A strong reduction of
the peak hecat release rate (PHRR) determined by a cone calorimeter could be
achieved with a low filler content. Nevertheless, using limited oxygen index as
measuring method the flammability could be reduced only with filler contents up to
15 %.

A series of Mg-Al-LDH was synthesized in which the magnesium content was
partly or totally substituted by Zn. The interlayer ion was selected to oleate for a
good dispersion in unpolar matrices. These organo-LDHs were melt compounded
with maleic anhydride grafted polypropylene as compatibilizer and polypropylene
as matrix polymer. Investigating the peak heat release rate as one key factor for the
spreading of fire, in general a high decrease could be observed for all
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nanocomposites. Interestingly, also the composition plays an important role on the
flammability of the nanocomposites.

2500
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Fig. 3: Heat release rates derived from cone calorimeter tests of polypropylene
LDH nanocomposites based on Mg-Al-LDH right and Zn-Al-nanocomposites with
varying composition [13].

When comparing nanocomposites prepared with varying chemical composition,
with increasing substitution of Mg by Zn the peak heat release rate decreased from
1137 kW/m? for the pure Mg-LDH to 992 kW/m? for a Mg-Zn-Al-LDH having
same amount of Mg and Zn and finally reached 757 kW/m? in case of the
nanocomposite based on pure Zn-Al-LDH. Compared to the pure matrix this is a
reduction of nearly 70 %.[13] Further investigation about the role of the metal ion
composition is currently performed in our lab.

For dispersing LDH by melt compounding in an unpolar matrix polymer
organomodification is a prerequisite. In order to choose the right combination of
LDH organomodifier and polymer matrix investigation about the role of the
organic anion in the interlayer had been performed.[14] It could be shown, that the
dispersion and exfoliation not only depends on the length of the alkyl group of the
respective organic acid salt, but additionally on the ratio of trivalent to divalent
cations forming the LDH influencing the anion exchange capacity and moreover on
the type of acid (sulfate, sulfonic, carboxylic, phosphonic etc.).
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A more sophisticated approach of using LDH is to use the organic modification to
introduce another functionality into LDH nanocomposites besides the reduction of
flammability, improving mechanical properties according to Halpin-Tsai or
reducing permeability due to the tortuous path model. Instead of intercalating a
simple organic acid into the LDH interlayer, the use of functional acids is
investigated, thus integrating flame retardants  (e.g. polyphosphoric acid
derivatives), dye molecules, antimicrobial active acids or polymerizable acids for
conductive polymers. A great variety of organic dye molecules exist as acid salts
and can be easily intercalated into the interlayer of LDH. The inorganic layer leads
to an anchoring effect, preventing the extraction of UV-protecting agents e.g. from
cream formulations.[15] Additionally the shielding effect of the LDH prevents the
organic dye molecule to degrade oxidatively and thus increases drastically there
thermal stability.[16] Recently, it could be shown that this stabilisation effect is
sufficient to allow a melt compounding of such dye bearing LDH, which then still
exhibit the colour properties. Obviously in this case a total exfoliation is not
desirable.[9] For some applications the added value by modification is a certain
electrical conductivity, besides a reinforcement or flame retardant effect of a filler.
For example in high value body panels electric conductivity of the polymer
composite is necessary to prevent colour differences from off line and inline
lacquered parts of car bodies. Another such application comes from cable industry,
where the outermost layer of the insulator has to be conductive to a certain extend
in order to keep down times low in case of maintenance of high voltage cables.
Due to safety regulations such kind of cables have to be flame protected in indoor
applications. By incorporating polyaniline into LDH layers at the same time flame
retardant and conductive properties could be introduced into polyethylene as proof
of principles [17]

Even though the characteristics of the LDH layer and the use of functional acids to
modify the LDH in the interlayer are already used to incorporate a further function,
the possibilities of the chemical composition of the LDH inorganic part is not
explored yet to a high extend. Taking advantage also of the chemical composition
of the norganic LDH layer had been managed, when Zn-Al-LDH organically
modified with stearic acid was used in rubber nanocomposites. By dispersing this
type of LDH a true multifunctional additive can be created, as it had been found
out that the typically necessary package for vulcanization consisting of ZnO and
stearic acid could be omitted totally. Fig. 4 shows vulcanization curves of a nitrile
rubber derived from a moving die rheometer containing either a standard curing
package with stearate and ZnO or stearate modified LDH (Zn-Al as well as Mg-
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Al)jin comparison. In case of the Zn-Al and stearate modified LDH the curing
reaches the same extend, but much faster as the other samples, even outperforming
state of the art vulcamizing systems.

7 4 phr LDH (zn-Al-St) ~ 0.6 phr ZnO
6 //control ~5 phr ZnO
~ 54 :
£ ZnO, St. Acid equivalent to 4 phr LDH (Zn-Al-St)
z
T 41
[
8- 31 without LDH
—
P2l
1
0 Nitrile Rubber
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Fig. 4: Rheometric (MDR) curing curves of nitrile rubber at 160 °C; The curing
pakage is comprised with | phr TMTD and 0.5 phr sulfur Control compounds
contain | phr TMTD, 0.5 phr sulfur, 5 phr zinc oxide and 2 phr stearic acid

Despite of about 100 years of research for tyres the mechanism of vulcanisation is
not fully understood, we found an accelerated vulcanization of different rubber
types in case of vulcanization with stearic acid modified LDH relative to standard
curing packages and partly increased properties of the vulcanizate with a zinc
content of only 10 % of the original curing package. [18]

Conclusion

Polymer and rubber nanocomposites can be prepared with added value from
Layered Double Hydroxides by integrating functionalities into the nanofillers due
to the chemical composition of the inorganic layer forming cations, by using the
features of the layer decomposition, by using their action as reinforcing and barrier
generating abilities due to their layered structure and by introducing a functional
interlayer ion for rendering the inorganic particle organophilic and adding
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properties from the organic moiety simultancously. Therefore LDH can be
considered as truly multifunctional.
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In this study, a new biobased polymer was created using the soy polyol and the
second most abundant polymeric species, lignin. The study revealed that the
properties of this new polymer could be tailored with the appropriate chemistry and
processing conditions to be used for different applications with different strength
and clongation values. The new biobased polymer was synthesized by using the
polyurethane chemistry. Soybean based polyol and lignin were blended as the
polyol and they were reacted with isocyanate to form the cross-linked thermoset
polyurethane. By this way, 67.4 % biobased material was produced with value
addition of the lignin. In this study lignin was used as the reinforcing phase. The
materials were characterized with Fourier transform infrared analysis, tensile
testing, thermogravimetric analysis, and scanning clectron microscopy. Tensile
tests show that two different materials were created having 20 MPa and 15 MPa
strength values with 2 % eclongation and 105 % eclongation respectively. This
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Ozet

Bu ¢ahigma ile soya poliyolii ve diinyada en ¢ok bulunan 2. polimeri olan lignin
kullanilarak yeni bir biyopolimer iretilmistir. Bu yeni ¢alismada clde edilen
polimerin 6zellikleri kullanilacak olan uygulama alanina gére uygun kimya ve
uygun proses sartlariyla hassas bir gekilde tasarlanabilmektedir. Yeni elde edilen
polimerde politiretan kimyasi kullamlnmistir. Soya poliyolii ve lignin kullanarak
poliyol karigimi elde ettikten sonra izosiyanatlar ile reaksiyona girmesi neticesinde
% 67.4 biyolojik kokenli ¢apraz bagh termoset malzeme elde edilmistir. Lignin
malzemesinin - mukavemet arttinicr  etkisi oldugu  gézlenmigtir.  Elde edilen
malzemeler, infrared spekstroskopisi, sicaklik kiitle tayini, ¢ekme testleri ve
electron mikroskobuyla incelenmigtir. Ve elde degerlerin sonucunda 20 MPa ve 15
MPa mukavemet degerlerine sahip 2 farkli malzeme elde edilirken aym zamanda
bu malzemelerin % uzama degerleni de sirasiyla % 2 ve % 105 olmustur. Bu
¢alisma Ontario Eyaleti, Kanada Aragtirma ve Inovasyon Bakanhg@i post-doktora
fonu ve ayrica Dr. Mohanty'nin  NSERC-Discovery projesi  kapsaminda
ylirtitiImiigtiir.

Lignin dogada en ¢ok bulunan ikinci polimer olmasinin yami sira kagit endiistrisi ve
biyoyakit endiistrisinde yan iiriin olarak ortaya ¢ikmaktadir [1]. Lignin yiiksck
modill degen (5-6.7 GPa) [2, 3] ile hem polimer olarak hem de gii¢lendirici
malzeme olarak birgok yeni uygulama i¢in yeni malzemeler ortaya koymaktadir.
Lignin pargaciklan elektron mikroskobu kullanilarak Figiir 1'de gosterilmigtir
(Hitachi S-570, 10 kV).

Diger taraftan, biyolojik kokenli poliiiretan  malzemeler petrol  kokenli
malzemelerin yerini almasi konusunda oldukga bilyikk 6nem arz ctmektedir.
Politiretanlarin temelde iki ana bilegeni vardir, polioller ve izostyanatlardir. Figiir
2'de poliol, izosiyanat gruplar lignin gruplan ile beraber gésterilmistir [4]. Poliol
ve 1zosiyanatlarin ¢ok farkli ozellikte olanlari olmasinin yani sira politiretan
malzemesinin sentezlenmesi sirasinda kullanilmakta gesitli reaksiyon sistemleri ile
¢ok farkl drtinler clde edilmektedir. Yeni gelismekte olan poliiiretanlann biyolojik
kokenli olmasi igin yogun ¢ahigmalar yapilmaktadir. Biyolojik kékenli politiretanin
temel dayandigi nokta ise bitkisel kdkenli poliol kullamlmasidir [S-7]. Bitkisel
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kokenli polioller igerisinde ise, yiiksek hidrosil degeri sebebiyle hint yag: en ¢ok
kullamlmig olamidir [6]. Yogun yekilde aragtirmalann yapildigi bir diger poliol ise
soy yagindan elde edilmektedir.  Ancak  soya bazli polioller ile  dretilen
poliiretanlanin ~ dugtik  mekanik  degerleri, bu  malzemelerin kullanimim
engellemektedir. Mekanik 6zellikleri iyilestirmek igin cam elyaf ve kendir clyaflan
ile soya poliiiretan kompozitleri hazirlanmigtir [8,9].

Bu ¢aligmada ise biyolojik kokenli lignin (farkl bir poliol), soya bazh poliiiretanin
mukavemet degerlerini iyilestirmek i¢in kullamlmigur. Deneylerde kullanilan
lignin 400 mg KOH/g hidroksil degerine sahip olup, ALM Private Limited,
Hoshiarpur, Punjab, India firmasindan Protobind 2400 iriin koduyla elde
edilmistir. Soya poliolii de 166 mg KOH/g hidroksil degerine sahip olup Arkema
firmasi bu aragtirma igin 6zcl sentezlemigtir. Bu ¢alhiymada 3 farkh izosiyanat
kullanilmugtir. izosiyanatlanin hepsi Huntsman firmasindan alinmistir ve iiriin
kodlan da sirasiyla polimerik MDI (polymeric diphenyl methane diisocyanate
(pMDI, Rubinate M)), MDI (diphenyl methane diisocyanate, Rubinate 9511), ve
modifiye MDI’dir (mMDI, Rubinate 9271).

Poliiiretan sentezi igin soya kokenli poliol ile lignin poliolu (% 5 oraninda)
karnigtinlmigtir ve daha sonrasinda bu poliol karigimi da farkl izosiyanatlarla farkh
saatlerde reaksiyona sokulmustur. Elde edilen malzemenin mukavemetini, modiil
degerlerini ve yiizde uzama miktarlan ¢ekme kopoma testleriyle yapilmigtir. Lignin
kullanmlarak elde edilen tiim politiretan numunelerde lignin mukavemet degerlerini
¢ok 6nemli oranlarda arttirmigtir. pMDI, MDI ve mMDI kullamilan politiretan
denemelerinde lignin kullanmanin mukavemet artigina olan etkisi sirasiyla % 70, %
57 ve % 118'dir. Hazirlanan numunelerde, yiizde uzama degerleri ise yine aym
sirayla 13.50 %, 87.30 %, and 105.00 % olarak &lgiilmiigtiir. Figiir 3a ve Figiir 3b
¢ok farkli ozelliklere sahip poliiiretan yapilabildigini  géstermektedir.  Bir
politiretan kauguk kadar esnek olabilirken digen daha sert olabilmektedir.

Bu ¢aligma sonucunda elde edilen malzemelerde % 67.4 oraninda biyolojik kokenlh
malzemeler elde edilebildigi gosterilmistir. Ve hazirlanmis olan numunelerden de
goriilecegi iizere ¢ok farkli uygulamalar igin kullanilabilmektedir. Bu aragtirma
neticesinde  biyolojik  kdkenli  politiretanlarin - 6zellikleri iyilestirilirken  aym
zamanda da yan driin olan lignin de deger kazanmig olmaktadir. Biyoetanol
endiistrisinin yan iirtinii olan lignin kullanarak yeni katma degerh triinler edilmesi,
biyoyakit endiistrisini de bir adim 6teye tagimaktadir [ 1].
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WATER SORPTION OF POLYVINYL CHLORIDE-
LUFFA CYLINDRICA FIBER COMPOSITES

ESNEK POLYVNYL KLORUR- LUFFA KABAGI LiFi
KOMPOZITLERINE SU SORPSIYONU
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Osmangazi Korkut Ata Universitesi Kimya Miihendisligi Boliimii
Devrim Balkése
izmir Yiiksek Teknoloji Enstitiisii Kimya Miihendisligi Bolimii
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Abstract

Natural Luffa fiber was modified with 0.IM sodium hydroxide (NaOH) for
removing Lignin and hemicellulose. Natural and modified Luffa fibers were
characterized by using IR spectrometry. Composites were produced with PVC
plastisol and natural Luffa fiber. Natural Luffa fiber is highly hydrophilic
substance. This feature does not disappear in the composites. Flexible PVC-luffa
cylindrica composites had higher liquid water sorption capacity (0.3-0.6%)
compared to that of flexible PVC (0.1%). There was no volume change of
composites due to liquid water sorption.

Ozet

Ozel seliloz dolgu maddeleri ile takviye edilmig termoplastik kompozitlerin
tretimi pek ¢ok avantajlan nedeniyle hizla artmaktadir.  Hafiflik, yeterli
mukavemet ve sertlik bu avantajlarin bazilandir. Bu kompozitler esnek, ekonomik
ve ckolojik ozellikler gosterir. Kabak lifleri termoplastik tiretiminde kullanilabilen
selilloz, hemiseliiloz ve ligninden olusan bir sclilloz lifidir. Kabak lifleri dolgu
maddesi olarak kullamldiginda hemiseluloz ve lignin sorun yaratir. Lignin seluloz
etrafinda bir engel olusturu ve selillozun enzimler ve asitlerden zarar gérmesini
engeller. Ham liflerin basanli bir sckilde degistiriimesi ile lignin tbakasi pargalamir
ve selilozun reaktif merkezleri agiga ¢ikar. Kabak lifleri bir ag yapisina sahip
oldugundan kompozit yapiminda kullanildiginda hidrofobik polimer ve hidrofilik
seliiloz olmak iizere iki siirekli faz olusur. Kompozitlerin hidrofilik seluloz ag
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yapist sivi suyun veya su buharnnin yilksek su derigimli ortamdan diisiik su
derigimli ortama iletilmesini saghyabilir. Bu nedenle bu tur kompozitler zirai
razilerin damlatmali sulama sistemlerinde  kullanilabilir. Boyle bir amag igin
kullamlmadan once kompozitlerin su sorpsiyon ozellikleri saptanmahdir. Bu
galismada ise esnck Polyvinil klortir(PVC) kompozitleri  PVC- Dioktilftalat
plastisollerinin 1si ile jellegtirilmesi ile elde edilmigtir. Dogal kabak lifi 0,1 M
sodium hidroksitle modifiye edilerck lignin ve hemiseliiloz uzaklastirilmis ve asetil
gruplar hidrolize edilmistir. Dogal ve degitirilmig kabak lifleri taramah  electron
mikroskobu ve Kirmizi étesi spektroskopisi ile  karakterize edilmigtir. 100 kisim
PVC, 60 kisim DOP, 5 kisim epoksidize soya yag ve S kisim ginko stearat igeren
PVC plastisolii 4 cm ¢apinda aluminyum kaplar i¢ine yerlestirilmig kabagin i¢ ve
dis yuzeyinden kesilerck hazirlanmig ag scklinde kabak 1ifi {izerine dokiilmiigtiir.
Kangim 150" C da 10 dakika siilarak jellestirilmis ve esnek bir plastik kiitle
olusturulmustur. Elde edilen plastik disklerde %4 kabak lifi bulunmaktadir.

Dogal ve degistirilmiy kabak lifleri 25" C d suya islaularak zaman zaman sudan
¢ikarthp emici kagit {izerinde kurutularak tartilmistir. Islanma ile lif ¢apindaki
degisme de lif iizerine bir damla su damlatilarak Orthomat Polarize mikroskopta
1zlenmigtir. Kompozit diskler de su igine daldinlarak agirhk degisimi olmayincaya
kadar yani dengeye ulagincaya kadar bekletilmigtir. Kabak liflerine 25" C da su
buhan adsorpsiyonu ise Coulter Omnisorp 100CX cihazinda incelenmistir.

Modifiye kabak lifleri sivi suyu daha ¢ok, su buharini ise daha az adsorplamistir.
Dogal kabak lifi % 213 oranind su alirken, modifiye lif % 281 su emmistir. Dogal
ve modifiye liflerin suda ¢aplanindaki degisme ise % 26.9 ve % 58.8 dir. Su buhan
adsorpsiyon kapasiteleri ise sirasiyla %6.9 ve  %4.9 dur. Esnck PVC kabak lifi
kompozitleri % 0.3*0.6% sivi su emerken, saf plastijel daha az % 0.1 su
¢ekmektedir.

Introduction

Thermoplastics reinforced with special wood fillers are enjoying rapid growth due
to their many advantages. Light weight, reasonable strength and stiffness are some
of these advantages. The composite is presenting  flexible, economical and
ccological properties. Wood is polymeric composite consisting primarily of
cellulose, hemicellulose and lignin. Lignin behaves a barrier and surrounds
cellulose to hinder attack from enzymes and acids|1.2]. Hemicellulose and lignin
cause problems when wood 1s used as a filler [3].
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Luffa sponge products are readily available in the cosmetic and bath section of
department  stores, discount stores, pharmacies and specialty shops. Many
environmentally conscious consumers appreciate that luffa products are
biodegradable, natural and renewable resources. The tough fibers can also be
processed into industrial products such as filters, insulation, and packing matenals,
[4]. Luffa fibers consist of 51.2% cellulose, 13.7% lignin, 11.2 % hemicellulose,
1.8% ash, 6% moisture at room temperature[5]. Siquear et al reported that luffa
cylindrica contained 60.0-63.0% cellulose, 19.4-22% hemicellulose and 10.6-11.2
% lignin[6] Microcrystalline cellulose and cellulose nanocrystals were obtained
from luffa fibers[6].

Luffa fibers were used as a filler in polypropylene and as nucleating agents in PVC
foams [7,8]. Composites having 0.3 volume fraction of luffa fibers in polyester
matrix absorbed 15% liquid water. The water diffusion coefficient in composites
was found as 9.7 x10°mm?/s [9]. Microcrystalline cellulose PVC composites with
40 phr isononylphtalate were biodegradable since soil microorganisms could
consume cellulose as a source of nutrient. The micropores formed by cellulose
degradation allow water in the composites. The weight loss increased with time
and reached to 10% fter 8 weeks for 30 phr microcrystalline cellulose content[10].

Since luffa cylindrica fibers had a network structure, it is expected that when
composites are prepared from them two continious phases, polymer and the
interconnected cellulose phase will be obtained. The hydrohilic continious network
phase of the composites can transport water or water vapour at a controlled rate
from high water content medium to low water content medium. Thus, this type of
materials are controlled water release agents.

In this study, water sorption properties of Luffa fibers and its composite with PVC
plastisol were aimed to be investigated. Samples were characterized by using
infrared spectroscopy, optical micrography, SEM, differential scanning analysis.
Water and water vapour sorption at 25°C were investigated.

Materials and the methods
Luffa Fibers

Luffa cylindrica were obtained from local specialty shop. The Luffa fibers washed
with water to remove the adhering dirt. They were dried in an oven at 70°C for 2h.
Afier drying, they were cut with Waring Blendor for reducing dimensions to 2-3
mm. Some fibers were modified with 0.1 M sodium hydroxide (NaOH) solution at
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boiling temperature for 10 min. Sodium hydroxide was obtained from Sigma Co.
Modified fibers were washed with distilled water until all sodium hydroxide was
removed. After washing, they were dried in an oven at 70°C for 2 h. Natural and
modified luffa fibers were characterized by using KBr disc technique with
Shimadzu IR-470 spectrophotometer. Differential scanning calorimetric curves of
the samples in equilibrium with 75% relative humidity air at 25°C was obtained by
Seteram DSC92 calorimeter. The samples were heated in 25 to 250°C range
at10°C/min heating rate.

Composite preparation

Composites made from luffa fiber as filler and PVC plastisol as polymer matrix
which contains 100 parts poly(vinyl chloride), 60 parts Dioctyl phthalate(DOP), 5
parts Epoxidized soybean oil, and 5 parts zinc stearate. Composites were prepared
in aluminum caps with 4 cm diameter. Luffa Fibers were cut into shape of the
aluminum caps and pressed on PVC plastisol inside the caps. Two composites,
composite I and Il were prepared by using fiber network from inside and outside of
the luffa gourd. Inner fibres were thicker from outer fibres. Composites were put
into oven at 150°C for gellation of plastisols. Plastic discs having 3.8 (composite 1)
and 4.0% w/w (composite II) luffa fibers were obtained by this method.

Microscopy

Expansion of fiber diameter on wetting was also observed with time by optical
microscopy. The micrographs of the fibers were taken using Orthomat Polarizing
microscope in transmittance mode after wetting with a drop of water. Morpholgy
of natural and modified luffa was observed by using scanning electron microscope
with Philipps XL-305 FEG. Interface, between luffa fiber and PVC plastisol
matrix, were also observed.

Water Absorption

Natural and modified fibers and composites were immersed into static distilled
water bath for observing absorption of water. The samples were wiped with tissue
paper to remove surface water before weighing. Water uptake of samples at time t
was calculated from

0w
Uptake % @ 22 P x100 -1-

w 0
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Where,
W, : Weight of sample at time t
Wo: Weight of sample at t=0
Water vapour adsorption of fibers

Water vapour adsorption isotherms of fibers at 25°C were obtained by using

Omnisorp 100CX after outgassing the fibers at 110°C under 0.01 Pa pressure

Results and Discussion

Morphology of natural and modified fibers Natural luffa fibers were composed of
cellulose, lignin and hemicellulose. Water absorption into Luffa fibers became
harder with lignin and hemicellulose structure. The lignin and hemicellulose could
be removed with chemical processes. Natural luffa fiber is processed with sodium
hydroxide for dissolving lignin and hemicellulose. As seen in Figure 1 lignin layer
was removed from surface of the fiber by NaOH treatment

Figure 1. SEM micrographs of (a) natural (b) modified fibers

IR Spectra of Luffa Fibers
Infrared spectra of modified and natural fibers are shown in Figure 2. The bands at
1070, 1115 and1165 ¢m™ represent cellulose backbone vibrations of the polymer
chain. Broad region of O-H vibration bond around 3450 3300 ecm' 1s also
characternistic peak for cellulose solids. The peak at 1740 - 1730cm™ indicate the

vibration of C=0 stretching of carboxyl groups [1]. IR spectrum of delignified
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fibers does not have the band at 1740 — 1730 ecm” due to removal of lignin and
had lower intensity band at 1640cm".

O-H

Natural Luffa Fiber

Absorbance

Modificd Luffa Fiber

: +

T

4000 3200 2000 1500 1000 Wavenumber, cm '

Figure 2. FTIR spectra of natural and modified luffa fiber

Differential Scanning Calorimetry

DSC curves for fibers equilibriated at 25°C at 75% relative humidity and heated
from 25 to 250°C with 10°C/min heating rate are shown in Figure 3. Using the
graphs, heat of vaporization of water, which was absorbs by fiber, was 2456.61/g
and 2421J/g for natural and modified luffa fibers respectively. For free water that is
1714)/g at 25°C. Obviously heat of vaporization of adsorbed water is more than
that for free water. During the heating, mass losses of samples are 15.4 and 14.5%
for natural and modified luffa fibers respectively.  Heat of desorption of water
from fibers was higher than heat of evaporation of free water.
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Figure 3. DSC curves of natural and modified luffa fiber

Liquid Water Sorption of Fiber

Rate of water uptake versus time graph of fibers are shown in Figure 4.
Modified luffa fiber absorbs water much more than natural luffa fiber.Removal
of lignin made the fibers had more affinity to liquid water. Fibers dimensions
increased with time due to water absorption. Figure 4 shows expansion of fiber
diameter with respect to time. Diameter of modified luffa fiber expands slower
than natural luffa fiber at the start of the process. But after 3.5 minutes,
modified luffa fiber diameter expands more than natural fiber.

Figure 4. Expansion in water and water uptake of natural and modified fibers
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After that expansion of fiber diameter reaches equilibrium. Modified luffa fiber
absorbs water much more than natural luffa fiber since it is more hydrophilic.
While natural luffa fiber absorbs 213% water, modified luffa fiber takes up 281%
water. At equilibrium 26.9% and 58.8% swelling occurred for natural and modified
fibers. Liquid water files the pore spaces of the fibers and cause relaxation of the
structure.

Water vapour adsorption of fibers
The water vapour adsorption of the fibers show a different behavior than liquid

water adsorption. While the natural fibers adsorp 6.9% water vapour modified
fibers adsorp less 4.9 % at 95% relative humidity at 25°C as seen in Figure 5. The
shape of the isotherm indicated cluster formation of water molecules in emty
spaces of the fibers. Modified fibers adsorbed less water vapour than raw fibers.

*modified  ®raw e

moisture, %
&
-

0 01 02 03 04 0.5 06 07 08 09 1

relative pressure

Figure 5. Water vapour adsorption isotherm of natural and modified fibers at 25° C

Fiber Plastigel interphase
There were a small space between the fibre and the matrix of the composites as

seen in SEM micrograhs in Figure 6. The surface of the fibres should be made
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W

more compatable with the matrix by silanation or malleation for enhancement

interphase.

Figure 6. SEM micrographs of composites crossections (a) crossection of fiber
(b) surface of fiber in composites

Liquid Water Absorption of Composites
Water uptake ratios were calculated with respect to equation 1 for composites and
plastisol. Figure 7 shows the water uptake percentages of pure plastisol and
composite | and I1. In the figure, plastisol absorbs water rapidly and becomes
equilibrium. Plastisol water uptake curve shows deviation due to time. After
10min, plastisol lost its weight.Because of this, some dioctyl phthalate (DOP)
disolves in water during these intervals. Composite | and Il, water uptake ratios
were higher than pure plastisol. Luffa fiber in composite | and 11 does not disappear
water sorption affinity. Consequently, sorption property of luffa fiber affects
structure of composites. Composite | shows higher water uptake ratios than
L‘()I)]p&b\ilu‘ I1. It could be (lek‘lldL‘\l fiber structure into the composites However,
composite I and II indicate similar water uptake path. Flexible PVC-luffa
cylindrica composites had higher iquid water sorption capacity (0.3-0.6%)
compared to that of flexible PVC (0.1%). There was no volume change of
composites due to hquid water sorption.
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Figure 7. Liquid water uptake of pure plastisol and composites versus time
Liquid water diffusivity in fibers and composites

By assuming Fickian diffusion in fibers and composites the diffusivity of the liquid
water was determined from the experimental data and equation 2.

M,/ M.= 4/L(DUn) -2-

Where M and Mt are weight increase at time t and at equilibrium, L half thickness
of slab or radius of the fiber.

It was found as 1.5x10™"" ms . 6.4x10” m%s. 2.9x10"" m¥s. 3.4 x10"" m'/s
1.075x10" m¥s  for the natural fiber, modified fiber, plastigel, composite and

plastig P
composite II respectively.

Conclusion

Infrared spectra of fibers shows that lignin was removed with modification process.
Succesful modification are known to distrupt lignin barrier to increase the reactive
sites of cellulose and increase pore volume as well as available surface area. DSC
curves predicted that natural and modified Luffa fibers consist of high water
content. And heat of vaporization of water from Luffa fibers is more than free
water. Heat of evaporation from fibers were 2456.6 and 2421 J/g for natural and
modified Luffa fibers respectively. Heat of evaporation is 1714 J/g for free water at
257C.
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The results showed that the rate of water absorption of water was higher in the
composites than purc PVC plastisol. Flexible PVC-luffa cylindrica composites also
had higher liquid water sorption capacity (0.3-0.6%) compared to that of flexible
PVC (0.1%). There was no volume change of composites due to liquid water
sorption.
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KARBON FiBER iLE GUCLENDIRILMIS

PLASTIKLERIN MACUN YAPISTIRICI iLE
YAPISTIRILMASI

Deniz  OZEL, Nevzat AKGUN, Elvan TAN
TUSAS-Tiirk Havacilik ve Uzay San. A.S. TURKIYE

dozel@tai.com.tr

Ozet

Bu ¢aliymada, 6zellikle insansiz hava araglaninda (IHA) ihtiyag duyulmasi iizerine,
macun yapistinier ile yapistirilmig kompozit numuneler tizerinde yapilan bir dizi
¢aliymanin 6zeti sunulmaktadir.  Bu ¢alisma ile macun yapistine: ile birlestirilen
yapisal kompozit pargalar i¢in mekanik degerlerin diretilmesi amaglanmigtir. Bu
kapsamda yapigtincr segimi, yiizey hazirlama (kuru siyirma kati, regine emdirilmis
styirma kati, regine emdirilmig siyirma kati+islak zimparalama) yapisan plakalann
kalinhigr (2.22 mm, 6.27 mm, 15.10 mm) ve ¢evresel kosullann etkisi (sicak/nemli,
soguk) ¢aligilmigtir. Regine emdirilmig siyirma kati uygulamasinin diger iki teknige
gore ¢ok daha yiiksek sonuglar verdigi goriilmistiir. Yapisan plaka kalinhklan
arttikga tekli bindirme baglanti kesme mukavemetinin de arttigr gézlenmistir.
Caligmanin bir diger bulgusu ise ¢evresel faktorlerin etkisinin yapigan plaka
kalinligina bagh oldugudur. Ince plakalar (2.22 mm ve 6.27 mm) yapisinldiginda
tekli bindirme baglanti kesme mukavemeti sicak ve nemli ortamda (80 "C, %95
nem) diigiis gostermis, soguk ortamda (-54 "C) ise artmustir. Fakat kalin numuneler
yapistinlldiginda gevresel faktorlerin - yapisma mukavemetine etkisi olmadig
varyans analizi (ANOVA) ile tespit edilmigtir.

Abstract

Carbon fibre reinforced polymer composites (CFRPs) are finding increasing usage
in many industrial sectors, including aerospace industry. Adhesive bonding is often
the most attractive joining technique for these materials in terms of structural
efficiency, simplicity and cost of manufacture [1]. During structural bonding of
CFRPs mostly film adhesives are used due to their high mechanical strength. These
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adhesives are cured at high temperature (i.e. 120, 180 "C) and pressure in
autoclaves. However, sometimes it s not possible to cure the structures which
contain cables or metallic matcrials at high temperature and pressure. For these
cases the adhesives curing at low temperature (i.e. paste adhesives) are needed.
Gap filling properties of these adhesives are also utilised for large scale bonding
process.

In this study, a review of the investigations that have been made on CFRP
specimens bonded with paste adhesive is presented. The aim of the study was to
generate mechanical properties for the bonded structures with paste adhesive,
which represent the wing components of unmanned air vehicles (UAVs). Adhesive
selection criteria, the effects of surface preparation (dry peel ply, prepreg peel ply,
prepreg peel ply+wet abrasion), rigidity (2.22 mm, 6.27 mm, 15.10 mm), and
environmental factors (hot/wet and cold) on the joint behavior were studied.

Adhesive sclection criteria is based on the pot life, viscosity and suitability for
bonding CFRPs. Considering bonding of 9-m- long wing structures, and vertical
components, adhesives which has minimum 60 min pot life and high viscosity
were studied. Adhesive that meets these requirements and having relatively high
single lap shear strength was selected.

The results presented in this paper shows that prepreg peel ply, compared to dry
peel ply and wet abrasion, results in significant increment in the single lap shear
strength of the paste adhesive. It was also observed that as the adherent thickness
(rigidity) increases single lap shear strength increases.

It is well known that the mechanical properties of composites and adhesives change
depending on the temperature, moisture and chemical environments. Therefore, the
environmental condition is also an important parameter that affects the strength of
a composite joint [2]. Regarding this fact, effect of temperature and humidity on
the joint behavior was studied. The results show that effect of environmental
factors is rigidity dependent. While for the thin specimens (2.22 mm & 6.27 mm)
single lap shear strength decreases with hot/wet environment (80 ‘C & 95%
humidity) and increases with cold temperature (-54 °C); for the thick specimens
(15.10 mm) no effect was observed, by analysis of variance (ANOVA), for both
environment.

1. Giris

Karbon clyaf takviyeli kompozit (CFRP) yapilann havacihk sektoriindeki
kullammi  her gegen giin artmaktadir. Bu yapilann yapistrma yontemi ile
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birlestirilmesi agirhk tasarrufu, yapisal bitinlik ve tdretim kolayhi@i agisindan
giderck onem kazanmaktadir [1].

Yapigtirma, iki yiizey arasina uygulanan yapistincinin katilagmast sonucu ortaya
¢tkan birlestirme yontemidir. Yapistirma ile birlestirme yonteminin geleneksel
mekanik baglayicilara gére pek ¢ok avantaji bulunmaktadir. Bu avantajlar arasinda
daha dusiik yapisal agirlik, daha digiik dretim maliyeti ve daha yiiksek hasar
toleransi siralanabilir [1,3.4). Buna bagh olarak, son yillarda karbon fiber ile
giiglendirilmig kompozit yapisal pargalarda yapigtirma ile birlestirme uygulamasi
artmigtir. - Gelencksel olarak kullanilan baglayicilar yapida delik agilmasini yani
fiberlerin  kesilmesini - gerektirmekte bu da stres yogunlugunda artiga neden
olmakta; sonug olarak yapisal biitiinliik bozulmaktadir. Yapistirma vygulandiginda
ise aksine yapisal biitiinlik korunmakta; agirlik tasarrufu yapilabilmekte, tasanimda
esneklik saglanabilmekte ve yapi daha kolay bir sekilde tretilebilmektedir. Tiim bu
avantajlar yapistirma ile birlestirme yoénteminin  havacihk ve uzay sanayi,
clektronik, otomotiv, vb. ileri teknoloji gerektiren alanlarda kullamminin yani sira,
spor, ingaat ve paketleme gibi scktorlerde de kullamminmin artmasina neden
olmustur [4].

Kompozitlerin yapisal yapistirma ile birlestirilmesi sirasinda  ¢ogunlukla film
yapistincilar kullamilmaktadir. Yiiksek mukavemet saglayan film yapistinicilar
basing ve yitksek sicakhik (6rn. 120, 180 “C) ile otoklavda kiir edilmektedir. Ancak
bazi durumlarda yapisacak pargalar, metalik malzemelerin veya kablolarin yapi
igerisinde  bulunmasindan  dolayr  otoklavda  kiir  edilememektedir. Bu - gibi
durumlarda otoklav disinda, diisiik sicakliklarda kiir olabilen yapistnicilara (6rn.
macun yapistiricilar) ihtiyag duyulmaktadir. Bu tiir yapistincilar aym zamanda
biiyiik dlgekli pargalarin yapistinlmasi sirasinda bogluk doldurma bakimindan da
avantaj saglamaktadir.

Bilindigi gibi iyi bir yapisma saglanabilmesi i¢in oncelikle dogru yapigtiricinin
secilmesi gerckmektedir. Diger taraftan, yapistiricr se¢imi, tiim uygulamalara
cevap verebilecek tek bir yapistiner olmamasi ve yapistiner gesitliliginden dolay:
zor bir siiregtir. Yapistinlan malzemelerin 6zelligi, kiir ve uygulama ekli, servis
sirasinda maruz kalinabilecek ¢evresel kosullar gibi pek ¢ok faktor yapistiric
se¢imini etkilemektedir [4].

Iyi bir yapistirma elde etmek ig¢in gereken diger bir kosul da yiizey hazirlama
islemidir.  Yiizey hazirlama iglerm yapisma Kkalitesini etkileyen ¢n Onemli
faktorlerden birisidir [3,4.5]. Yapisal yapistirma Oncesinde uygulanan gelencksel
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metotlar elle agindirma (zimparalama), kumlama ve siyirma kati (regine emdirilmis
ve kuru) uygulamas olarak siralanabilir.
Yapigtirma ile birlestirilen yapilar servis siiresi boyunca gesitli ¢evresel kosullara
maruz kalabilmektedir. Yapisma ozelliklerini etkileyen ¢evresel faktdrler nihai
olarak yapimin mekanik 6zelliklerini etkileyebilmektedir. Bu nedenle bu faktorlerin
de yapismanin uzun vadede dayaniklih@ini etkileyen kritik bir faktor olarak goz
oniinde bulundurulmasi ve incelenmesi gerekmektedir [2,4].
2. Malzeme ve Ekipmanlar
Caligmalar, TUSAS biinyesinde kullanilan HexPly® 8552 regineli, karbon elyaf
takviyeli prepreg malzeme ile tiretilmis plakalar ile gergeklestirilmigtir.
Yiizey hazirlama c¢alismasi kapsaminda 2 farkhi siyirma kat  (peel ply)
kullantlmigtir:

. Kuru styirma kati (polyester): Release Ply F

2. Regine emdinlmig siyirma kati: F161/43%/FO8111
Tiim mekanik testler TUSAS Malzeme ve Proses Teknolojileri Laboratuarinda
bulunan 300 kN Instron 8502 model servo hidrolik test cihazi ile
gergeklestirilmistir. Sicak (70+2 °C) ve soguk (-54+2 °C) ortam testleri Instron
8502 cihazina adapte cdilen Instron 3119-007 model kabin kullanilarak

gergeklestirilmigti. Numuneler 10 - 95 °C sicaklik arah@inda % 98 nem
saglayabilen VOTSCH VC7018 iklimlendirme kabininde kosullandirilmigtir.

3. Metot ve Bulgular
3.1 Macun Yapistiricr Segimi

Macun yapistirict se¢imi sirasinda Henkel firmasinin 4 farkhi epoksi friini ile
¢alistimigtir.

Yapistiner belirlenirken agagidaki kriterler g6z 6niinde bulundurulmugtur:

Yaklagik 9 m uzunlugundaki kanat komponentlerinin yapistinlacag géz
oniinde bulundurularak ¢aligma siiresi (por /life) min 60 dakika olan
yapistinicilar degerlendirilmigtir.

Viskozitesinin dik yiizeylere uygulanabilmesine imkan verecek derecede
yilksck olmasina dikkat edilmistir.

Kompozit yapilar i¢in uygun olmasina dikkat edilmigtir.
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Bu kriterlere gore belirlenen yapistincilar A, B, C ve D olarak kodlandiriimustir,

Macun yapistirici se¢imi kapsaminda tekli bindirme baglanti kesme testleri ASTM
D 5868 standardina gére gergeklestirilmigtir. Numuneler, toplam kalinlik 2 mm
olacak sckilde 7 kat prepreg malzemenin 0 yoniinde serilmesi ve 180 “C’de
otoklavda kiir edilmesi ile hazirlanmistir. Kiir 6ncesi yapisacak yiizeylere kuru
styirma  kati - serilmig;  kiir  sonrasi  siyirma kati  kaldirilarak  yiizeyler
puriizlendirilmigtir. 240x125 mm boyutlarinda hazirlanan plakalar 0.5 mm macun
yapistiricr ile yapisma alam 25mmx25mm olacak sekilde yapistinlmig: iiretici bilgi
formunda belirtilen gekilde kiir edilmistir. Mekanik test éncesinde tiim plakalar
tahribatsiz muayene ile incelenerek yapistirmada sorun olup olmadigi kontrol
edilmig; sorunlu bulunan numunelerde yapigtirma tekrar edilmistir.  Daha sonra
6+1 pargaya boliinen numuneler tekli bindirme baglanti kesme mukavemetlerini
tespit etmek iizere test edilmigtir. Test sirasinda meydana gelebilecek biikiilme
(bending) etkisini elimine etmek amaciyla metalik tab’ler kullanilarak hizalama
saglanmustir (Sekil 1).

125 mm
= >
8
W—— 25 mm
25 mm
- .". |- —

‘\ Tab

Sekil 1 - Tekli bindirme baglanti kesme test numuneleri

Yapistincilarin genel 6zellikleri ile kompozit-kompozit yapistirma igin elde edilen
tekli bindirme baglanti kesme mukavemet degerleri Tablo 1'de verilmigtir:
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Tablo 1 - Macun yapistine: 6zelliklert

Yapilan degerlendirme sonucunda, mukavemet degeri en yiiksck bulunan A
yapistincisinin - diigiik  viskoziteden dolayr dik  ylizeylere uygulanamadif
gozlemlenmig bu nedenle bu yapigtiricit elenmistir.  Mukavemet degert C
yapistincisina gore nispeten diigiik olmasima kargin, 180 dk ¢ahisma siiresi ve dik
yiizeylere uygulanabilir olmasi nedeni ile en uygun yapistiricimn D olduguna karar
verilmig ve tim galiymalar D yapistiricist ile gergeklestirilmigtir.

3.2 B Bazh' Tasarim Degerlerinin Uretilmesi

Yapisal Analiz Grubu tarafindan yapigtnimasi muhtemel komponentler goz
Oniinde bulundurularak belirlenen ve Tablo 2'de verilen yapistrma parametreleri
ile tekli bindirme baglantu kesme testleri gergeklestirilmigti. Tdm numuneler
mekanik test Oncesinde tahribatsiz muayeneden gegirilerck yapismada problem
olup olmadigi tespit edilmig, sorunlu numunelerde yapigtirma tekrar edilmigtir.
Minimum 6 numune ile elde edilen sonuglar MIL-HNDBK-17 de belirtilen
istatiksel analiz metodu ile degerlendirilerek B-Tasarim degerleri diretilmistir.
Ancak bu degerler sirket gizh bilgileri oldugundan bu makalede ortalama sonuglar
verilmigtir.
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Tablo 2 - Yapigtirma Parametreleri

(Yn:‘ll[::)san Plaka Kalinhiklar M:?:.: :;;:n:::;u Yapisma Alant (mm?)
222-222 1.0 25x70
6.27-6.27 1.0 25x70
15,10 - 15.10 1.0 25x70

En az %90 popiilasyonun % 95 giiven ile esit ya da Gstiinde oldugu deger.

3.3 Yiizey Hazirlama EtKisinin Incelenmesi

Bu kapsamda iki farkli siyirma kati (kuru ve regine emdirilmis) uygulamast ile
islak - zimparalamamin  tekh bindirme  baglanti kesme  mukavemetine  etkisi
¢alistimistir. Bu ¢ahgmalar macun yapistiricr kahinhig (1.0 mm) ve yapigma alam
(25mmx70mm) sabit tutularak 3 farkh  yapistirma kombinasyonu igin
gergeklestirilerek ayrica yapisan plaka kalinhklarn degistiginde yiizey hazirlamanin
etkisi incelenmistir.

ik etapta numunelere kiir &ncesi kuru siyirma kat (KSK: Release Ply F)
uyulanmig, kiir sonrasi siyirma kat kaldinlarak yiizey piriizlendirilmistir. Bu
islemin hemen ardindan plakalar yapisunlarak test edilmistir. Ancak bu sekilde
hazirlanan numunelerin mukavemet degerleri diigiik bulunmug, alternatif yiizey
hazirlama tekniklerinin ¢ahsilmas) gerektigi goriilmiistiir. Bunun {izerine regine
emdirilmis styirma kati (RESK: F161/43%/FO8111) ile denemeler yapilmistir. Son
olarak regine emdirilmig siyirma kati uygulamasimin ardindan, yiizeyde polyester
kalintilan olabilecegi distinilerek, 120 grit silikon karbit zimpara kagidi ile 1slak
zimparalama uygulamasi (RESK+1Z) tizerinde ¢aligilmigtir.

Yapisal analiz grubu tarafindan belirlenen 3 farkh yapigma kombinasyonu ile
gergeklestirilen ¢aligma sonucu elde edilen  bulgular Sekil 2°de  verilmigtir.
Sonuglar minimum 6 degerin ortalamasidir
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Yuzey Hanirlama Teknikleri & Yapigan Plaka Kalinliklari (mm)

Sekil 2 - Yiizey hazirlama teknikleri ile yapisan plaka kahinhklarinin yapisma
mukavemetine etkisi.
3.4 Cevresel Sartlarin Etkisinin incelenmesi

Cevresel sartlann etkisini incelemek {izere oda sicakhginda gergeklestirilen
testlerin (OS/OS) yani sira, numuneler

80 "C, %95 nem kosulunda 2823 standardina uygun olarak
kosullandirlarak 70+2 "C sicakliktaki ortamda test edilmigtir (SN/70:
Sicak ve Nemli/70 °C).

Oda sicakhiginda hazirlanarak -54+2 °C soguk ortamda test edilmigtir (OS/-
54).
Macun yapistinc: kahnhgr 1.0 mm, yapigma alam 25mmx70mm iken 3 farkh
yapisma kombinasyonu i¢in elde edilen bulgular $ekil 3'te verilmigtir. Sonuglar
minimum 6 degerin ortalamasidir.
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Sekil 3 — Cevresel sartlar ile yapisan plaka kahinhklarinin yapigma mukavemetine
etkisi.

4. Sonug¢ ve Tartisma

Bu ¢aligma ile havacilik sektériinde énemi giderek artan yapistirma ile birlestirme
yontemine  yonelik  bir  veritabam  olusturulmugtur.  Film  yapistincilarin
kullanilamadigi durumlarda macun yapistiner ¢oziimiine yonelik B Bazli Tasarim
degerleri diretilmigtir.

ilk etapta kompozit yapilarin yapistirtlmast igin, ¢alisma siiresi ve viskozite gibi
parametreler de goz Oniinde bulundurularak uygun macun yapistirict segimi
gergeklestirilmigtir. Bu  ¢alismanin ardindan  insansiz hava araglarinda  kanat
vapilarini temsil eden tasanm kosullari i¢in veriler tretilmigtir. Yapigan plaka
kalinliklari, yiizey hazirlama teknikleri  ve g¢evresel  sartlarm  yapisma
mukavemetine etkisi incelenmistir.

Yiizey hazirlama teknikleri arasinda regine emdirilmiy siyirma kati uygulamasi
diger iki teknige gore ¢ok daha yiiksek sonuglar vermistir. Regine emdirilmig
styirma katindan sonra uygulanan 1slak zimparalama islemi ters etki yaratmig;
yapisma mukavemetinin diismesine neden olmustur.  Bu etki yapisan plaka
kalinliklari degistiginde de aymi gekilde goriilmiigtiir.

Yapigan plaka kalmhgn arttik¢a yapigma mukavemetinin de arttigr goriilmiistiir.
Oda sicakliginda, kuru styirma kati uygulanarak gergeklestirilen testler sonucu elde

15.10 mm plakalar ile clde edilen ortalama degerler arasinda kayda deger fark
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oldugu tespit edilmigtir. ince numunelerde (2.22 ve 6.27 mm) , her ne kadar tab
kullamlarak hizalama saglanmig olsa da; bikilme (bending) etkisinden dolay:
yapisma mukavemeti diisiik bulunmugtur. Kalin (sert) numunclerde ise direngenlik
arthifindan  biikiilme  etkisi  hissedilmemig; buna bagh olarak yapigma
mukavemetleri nispeten yiiksek bulunmugtur.

Caligmanin bir diger bulgusu ise ¢evresel faktorlerin etkisinin yapisan plaka
kalinhigina bagli oldugudur. ince plakalar (2.22 mm ve 6.27 mm) yapistinldiginda
tekli bindirme baglanti kesme mukavemeti sicak ve nemli ortamda (80 "C, %95
nem) diisily gostermis, soguk ortamda (-54 °C) ise artristir. Fakat kalin numuneler
yapisunldiginda gevresel faktorlerin yapigma mukavemetine etkisi  olmadif
gozlenmigtir.  Elde edilen veriler ANOVA ile incelendiginde, 2.22 mm ve 6.27
mm kalinhktaki plakalar yapisunldiginda OS, SN/70 ve OS/-54 sartlarinda elde
edilen ortalamalann farkh oldugu; 15.10 mm kahnliktaki plakalar yapistinldiginda
ise ortalamalar arasinda kayda deger fark olmadig tespit edilmigtir. Buradan plaka
kalinhigi arttikga gevresel sartlann yapisma mukavemetini etkilemedigi sonucuna
varilmaktadir.
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KOMPOZIT URUN URETIMINDE MESLEK
STANDARTLARI

JOB STANDARDS FOR MANUFACTURING
COMPOSITE PRODUCT

ismail Hakki HACIALIOGLU

Cam Elyafi Takviyeli Plastik Sanayiciler Dernegi

ithacialioglu@gmail.com

Meslek standartlarini temel alarak, teknik ve mesleki alanlarda ulusal yeterliliklerin
esaslarini  belirlemek; denetim, 6lgme ve degerlendirme, belgelendirme ve
sertifikalandirmaya iligkin faaliyetleri yiiriitmek {izere 21 Eyliil 2006 tarihli ve
5544 sayih Kanun ile Mesleki Yeterlilik Kurumu (MYK) kurulmustur.

Caligma ve Sosyal Giivenlik Bakanhgi'nin ilgili kurulugu olan MYK kamu tiizel
kigiligini haiz, idari ve mali 6zerklige sahip, 6zel biitgeli bir kamu kurumudur.

MYK’nun amaci Avrupa Birligi (AB) ile uyumlu Ulusal Mesleki Yeterlilik
sistemini kurmak ve isletmektir. Mesleki Yeterlilik sisteminde meslek standartlan,
smav ve belgelendirme ile akreditasyon hizmetleri MYK tarafindan  degil,
MYK’nun yetkilendirdigi kurum/kuruluglarca yapilmaktadir.

Meslek Standardi teknik bir uzlagma belgesidir. Bir meslegin bagan ile icra
edebilmesi i¢in gerekli bilgi, beceri, tavir ve tutumlarin neler oldugunu gosteren
asgari normdur. Belirli bir meslek gergevesinde icra edilecek is faaliyetlerini
tanimlar.

Bu amagla Kimya Ana ve Yan Sektorleri meslek standartlarimin hazirlanmasi igin
isbirligi yapan 18 Kurum ve Kurulug 25.03.2009 tarihinde igbirligi protokolii
imzalamuglardir.

441



2 ULUSLARARASI KATILIMLI POLIMERIK KOMPOZITLER SEMPOZY UM, SERGI VE PROJE PAZARI
2nd POLIMERIC COMPOSITE SYMPOSIUM, EXHIBITION AND BROKERAGE EVENT (INTERNATIONAL PARTICIPANT)

Dernegimiz CTP-SANDER bu protokole 03.05.2010 tarthinde 19.Kurum olarak
dahil olmus ve o tarihten bu yana dort galistay diizenleyerck Kompozit Uriin
Uretim Elemami (F1 yatrmasi, Piskiirtme, RTM, Vakum Infizyon), Kompozit
Uriin Uretim Elemam (SMC,BMC ve Sicak Kaliplama), Kompozit Uriin Uretim
Elemam (Elyaf Sarma ve Savurma Dokiim) meslek standartlannin taslaklanm
olugturtmustur.

Related to Law No. 5544 dated September 21, 2006 Mesleki yeterhlik Kurumu
(MYK) was established to organize the activities in order to determine the
principles of national qualifications in technical and vocational fields and to carry
out the activities related with controlling, supervision, assessment, and evaluation
and certification on the base of professional standards.

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

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

The document of Professional Standards is a document of technical compromise. It
is the minimum norm, indicating the required knowledge, skills, attitudes and
behaviors for successful performance of a Job. It describes the job activities to be
performed in the framework of a definite job.

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

Our association Camelyaf Takviyeli Plastik Sanayicileri Dernegi (CTP-SANDER)
joined to this protocol as 19th member. Up to now in four different workshop
organization Composite Product Production Operator (Hand Lay-up, Spray up,
RTM, Vacuum Infusion), Composite Product Production Operator (SMC, BMC
and Hot Molding), Composite Product Production Operator (Filament Winding,
centrifugal Casting) job standars are prepared.
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