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KOMPOZIT YAPI MALZEMELERI
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PROCESSING ADDITIVES FOR MOULDING
COMPOUNDS

Gerard REESTMAN
Technical Service Manager
Closed Mould
BYK CHEMIE GmbH

Types of compounds
shnnkage

Standard 0159
SMC
- Low Shrnnk LS U U
BMC
Low Profile LP <005-(020)%

Moulded product appearance
Type of compound
surface smoothness

Standard pigmentable e R S
Low Shrink (LS) pigmentable
Low Profile (LP) not pigmentable

Types of additives

Anti-
separation

Anti-settling AlFralsise
rrele
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Wetting and dispersing

/ " = \‘.
‘/ dispersion
of fillers
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;' and s viscosity of the

dispersing ,’ - pasts
additives  / i
S / , improved
— distribution of

particles

'mechanical properties
cchemical resistance
*weathering

retc.

Wetting and dlspersmg fller dlsperslon

without W/D additive  with BYK W/D additive
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Anti-separation

without with BYK additive

Stabilization of LS systems

€ o i 2
after curing after curing
without additional stabilization with additional stabilization
No regular micro separation ~Regular micro separation
~ Surface defects Improved color and surface

Non unitform color
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Processing additives

/

i

\

/

i
/ effect on

&= " all formulation |

additives /

/
,'/
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' \ Cﬂ \_components  / =
Processing

improved stable
distribution of
all components
in the
compound

-
—

*surface smoothness
-color homogeneity
-homogeneous surface

etc.

different additives for specific applications

can be used in combination with other additives

processing additives have an influence on the flow of the compound
replace the classical internal mould release agents

have a positive influence on adhesion and bounding

are fixed in the cured resin matrix

Processing additives: general structure

mould surface active groups

resin compatible group

functional groups
with filler affinity
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Processing additives: effect in moulded parts

cured resin matrix

/

/\\
e 7 %

e G L =250

) DMD 1) 8
B R ° 5

Y o
Q

convential mould convential mould BYK processing additives
release agents release agents

directly after migration over time

moulding

Processing additives for headlamps

The usage of moulded products at high temperature cause migration and
sublimation of the convential internal mould release agent. Even after metalization
and coating. This becomes visible as a haze on cold parts (polycarbonate pane)
inside a headlamp.

Called: FOGGING

e High temperature mside the headlamp
e Sublimation of the convential release agents out of the reflector and
condensation on polycarbonate pane

Fogging . Test

Test procedure: the samples are heated on a hot plate at a temperature of
220°C for 2h. The sublimated components are condensed at a watch glass on top of
the glass cylinder.

BMC-test panels with a size of app. 60 * 60 mm are placed on a precision
hot plate at a temperature of 220 °C. Place on the panels a glass cylinder with the
following dimensions:

Ocextern = 50 mm

Omtern = 45 mm

h = 100 mm

The glass cylinder is covered with a watch glass, which is cooled with
walter.
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The watch glass has to be very clean and before exposure measured with

the
BYK-Gardner Haze-gard plus on haze (no dimension).

The testing time is 2 hours.

After these 2 hours, dry the watch glass and measure the haze.

The difference in haze 1s an indication for the fogging. the higher the
number, the more haze  more fogging.

Processing additives for LS SMC / BMC

Color homogeneity

with Zn-stearate »with BYK®-P 9060

Improved surface smoothness
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Control formulation Optimized formulation with — processing additive.

Reflection of fluorescent lamps on panels

Cracks under the surface create problems!

50Cum 500pm

Surface void in the moulded part

SMC
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Contact angle

Control LP SMC with BYK®.P 9080 .

Processing additives for LP SMC / BMC
Paint Adhesion: Gravelometer test
['est equipment: Erichsen Model 508
his equipment fulfills the test norms:
VDA 621-427
Ford EU-BI 57-3
Peugeot-Citroen D24 1312
Renault D 24 1332

Paint Adhesion: Gravelometer test

Panels were coated with a 2 component auto body paint

LLP SMC with Calcium stearate LP SMC with BYK®-P 9080

Rating: 2 Rating: 1 -2
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Adhesive test

m Control
A P 3080

Tensile [MPa]

-30C 23¢ 30C 10d BMW 2031

SMC moulding
Effect of charge size

| Porosity
@ Waviness

Number of defects

== s 1

20-30 30-40 40-50 50-60 60-70 70-80

Mould coverage [%]
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SMC moulding tests: Diffracto L'TW view

Control formulation BYK®-P 9080 formulation

40% mould coverage 40% mould coverage

Control formulation BYK*-P G080 formulation

80% mould coverage 80% mould coverage

SMC moulding tests: Diffracto Long-term waviness
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Control 2

with BYK-P 9080

Processing Additives — The different types
Application area:

LS-SMC LP-SMC/BMC

L kel

BMC / headlamps

L S e W

BYK®-P 9050 BYK®-P 9060 BYK®-P 9080
BYK®-LP W 20784

Conclusions
e Many types of processing problems and or difficulties can be solved
through the use of processing additives.
e  Changing the processing characteristics can open up windows of
opportunity in many applications.
e Improved processing always leads to cost reduction,
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EPOKSI NANOKOMPOZITLER
Nurseli Uyanik, Prof. Dr.

[ T.U. Fen  Edebiyat Fakiiltesi, Kimya Bliimii.
34469 - Maslak, Istanbul, TURKIYE

uyanik(aitu.edu.tr

Ozet

Bu ¢ahiymada, kimyasal olarak modifiye edilmis sodyum montmorillonit ve
epokst monomeri kullanilarak epoksi nanokompozitler hazirlanmistir. Calismanin
ilk kisminda, farkh tipte organokil sentezlemek i¢in, dodesilamin, oktadesilamin
and hekzadesilamin Kullanilmistir. Calismanin ikinci kisminda ise. bistenol-A bazh
epokst  monomeri  ve oOnceden  belirlenmis  miktarlarda  organokil  birlikte
kanstirilmis sonra da bu kansima alifauk poliamino  sertlestirici  eklenerek
poli(tetratluoroetilen)  kahplara — dokilmistir.  Epokst  kiirlesmest 400 W
mikrodalgada 20 dak. strmistir. Tam oreklerde epoksi regme/kirlestirict orani
daima 2/1 alinmustir.  Ayrica, orneklerin toklugu ve yiizeyini iyilestirmek igin,
kiirlesme  prosesinden  dnce «-o di akrilat  politdimetilsiloksan) eklenmistir.
Mikrodalga Kiirlesmesi prosesinden sonra elde edilen saydam filmler serin ve kuru
ortamda karakterizasyonda kullanilmak iizere saklanmistir. Ornekler, genis a¢1 X
isint Kinmimi (XRD). diferansiyel taramal kalorimetri (DSC), taramali elektron
mikroskobu (SEM) cihazlart ve c¢esithh mekanik testlerle ile  Kkarakterize
edilmislerdir. Tabakalar arasi araligin artugi. %3 organokil ve %35 siloksan igeren
ornekde mekanik ozelliklerde belirgin bir iyilesme gértilmistiir. Silikonun yapiya
katilmast  nanokompozitin - uyusabilirhigi  ve termal kararhiligini bir = arada
arttirmasina ragmen, stloksanin silikon akrilat yapisinda olmasi kilin tamamen
rasgele dagilmasini zorlastirmistir,

Abstract

In this work. chemically modified sodium montmorillonite and epoxy
monomer were used to prepare nanocomposites. In the first part, dodecylamine,
octadecylamine, and hexadecylamine were used to prepare various organophilic
clays. In the second part, the bisphenol-A based epoxy monomer and
predetermined amounts of organoclay were mixed together, and then an aliphatic
polyamine curing agent was added to the mixture, which was then poured into the
poly(tetrafluoroethylene) mold: the epoxy resin/curing agent ratio was taken
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always 2/1. The samples were cured for 20 min. by microwave at 400 W.
Moreover, a-m di acrylate poly (dimethylsiloxane) was added to the mixture before
the curing process to modify toughness and the surface of the samples. After
microwave radiation, the clear films formed were removed from the mold, cooled.
and then stored in a cool and dry medium until characterization. The samples were
analyzed by wide angle X ray diffraction (XRD), differential scanning
calorimetry (DSC), and mechanical tests. Surfaces of the cold fractured samples
were also observed under the scanning clectron microscope (SEM). The
mechanical properties of the nanocomposites were significantly improved for each
sample containing 5% organoclay and 5% siloxane. in which interlayer spacing
was increased. Incorporation of siloxanes improved both the compatibility and
thermal stability of nanocomposites, but acrylate structure of siloxane made
complete exfoliation harder.

1. Giris

Nanokompozitler, nanometre boyutundaki taneciklerin tek ya da ¢ok
bilesenli matriste dagilmasi olarak tanimlanir [1]. Nanokompozitler dagitilmis
fazin tipine gore ii¢ kategoride smiflandirihirlar: tanecikler (metal, metal oksit ve
diger organik ve inorganik tanecikler), tabakali malzemeler (grafit, tabakah
silikatlar ve diger tabakali mineraller) ve lifsi malzemeler (nanoelyaf ve
nanotiipler) [1 — 2|. Smektit (6zellikle montmorillonit), saponit ve sentetik mika,
organik polimer matriste etkin nanotabaka dagilimi ile nanokompozit olusumu
saglayabildiklerinden dolayr silikat minerallerin i¢inde en yaygm kullanilan
tabakali  minerallerdendir [3].  Polimer nanokompozitler poliamid, epoksi,
polistiren, polictilen oksit, poliolefin, politiretan  gibi  farkh  polaritelerde
polimerlerden hazirlanabilir. Miithendislik malzemesi olarak performansi, isleme
kolayligi, mitkemmel termal. mekanik ve elektriksel 6zelliklerinden dolay tabakali
inorganik bilesenler kullanilarak hazirlanan epoksi nanokompozitler {izerinde pek
¢ok ¢alisma yapilmisur [4 — 10].

Nanotanecikler polimer matriste dagitildiginda iki tip nanokompozit yapisi
elde edilir [1, 6 — 7]. Sirali dagilmis silikat tabakali (intercalated) nanokompozit
yaptlarda tabakalar arasi arah@ arttirmak i¢in komsu tabakalar arasina polimer
molekiillerinin ~ sokulmasma  karsin  silikat  tabakalarinin  rasgele  dagildig
(exfoliated) nanokompozit yapilarda stirekli bir polimer matriste tabakalar iyice
ayrilarak tamamen dagilmistir.

Epoksinin galeri igi ve galeri digi kiirlesme reaksiyonlari arasinda bir yarigsma
vardir [8]. Galeri i¢1 kiirlesme digerinden daha hizli olursa galeri disi epoksi
kiirlesmesi  jel  noktasina ulasmadan  6nce  galeri i¢i epoksi  kiirlesmesi
tamamlanabilir. Bu ¢alismada, mikrodalgada kiirlestirilen epoksi — montmorillonit
nanokompozitlerinin sentez ve karakterizasyonu yapildi. Mikrodalga 1sima ile
kiirlesme reaksiyonu hizli oldugundan, galeri i¢i kirlesme hizimin galeri dis
kiirlesme hizindan biiyiik olmasinin kilin tamamen rasgele dagilmasima ctkisi
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onemli olacaktr [9]. Epoksinin  kiirlesmesi  formilasyonuna, silikon akrilat
vapisinda silikon eklenmesinin etkisi de in situ polimerlesmenin baslamasini takip
eden epoksi kiirlesmesinin etkisi de arastirtlnmistur [11].

2. Deneysel Kisim
2.1. Kullamlan Kimyasal Maddeler

Bu c¢alismada bisfenol A bazli epoksi regine kullanilmis olup iriin kodu
ARALDITE GY 253 BDdir (Vantico) (Sema 1). Viskozitesi ve yogunlugu 25 °C
de 1000 — 1300 mPa s, ve 1.13 g.em™ olan monomerin epoksi esdeger agirhigi 179
— 189 geq'. n degeri | dir. Sertlestirici, Vantico firmasindan temin edilen
ARADUR 2964 CH kodlu tiriin sikloalifatik pol)dmindix (Sema 2). Viskozitesi ve
yogunlugu 25 °C de 40 — 60 mPa.s ve 1.00 g.cm™ tiir. Amin degeri arahgr 5.80 -
5.95 mgKOHg ™" dir. Epoksi ve sertlestirici oda kosullarinda kullanilmaya uygundur
ve herhangi bir isleme tabi tutulmadan kullanilmistir.

CHs CHs
'1/’ (|‘ |r’\:) H—CH "/( > l i
mH,-(.H—' Hy= O - 4 H;—CH-CHy—C /C u—ch—LH—l H,
R o \ | k;’f [ b | =y /
0 CH, CHy CH, C‘J
n
(n=1)

ARALDITE GY 253 BD (Sema |)

OH OH
| |
'MCH—CH' ("HE.—C.HMM
N R—N
“””“'CH—CH~ CH;— CHawww
lUH ||JH

ARADUR 2964 CH (Sema 2)

Nanokatki, sodyum montmorillonit, Nanofil 757 Siid — Chemi firmasindan
temin edilmis ve vyiiksek saflikda dogal sodyum montmorillonittir. Katyon
degistirme kapasitesi 80 meq. 100 g, ortalama partikiil boyutu 10 um den kiigiik
olan toz halindeki maddenin yogunlugu 2.6 gcm’ tir ve organokillerin
hazirlamlmasinda kullanilmistir. Dodesilamin, hekzadesilamin, oktadesilamin ve
asitler  (Merck  A.G) herhangi  bir saflastirma islemine tabi tutulmadan
kullanilmistir. Siloksanli katki,  -o diakrilo poli(dimetilsiloksan) olup (Tegomer:
Goldschmidt Chemical Corporation; PDMS V-Si 21) (Sema3) molekiil agirhig
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1298470 g.mol ', viskozite 240430 ¢P ve yogunlugu 1.00 g.cm ' dur. Herhangi bir
saflastirma islemine tabi tutulmadan kullaniimistir.

OH CH, CH, OH

TCHzCHCHQC'—LCHng ‘Eln —0=4=Si —lft:Hglm—om:HQl:Hcmol
O=C LH3 CH, C=0
CH n l
" CH

(S<ru=10)
CH; S '“-HZ

PDMS V-Si 21 (n=10) (Sema 3)

2.2. Analizler

Vestel marka MD 930 model mikrodalga firmin i¢ dlgiileri 295x187x3 14
mm(genislik x yiikseklik x derinlik) olup ¢ikis giicii 1000 W ve mikrodalga
frekanst 2.45 GHZ' ur. Bu mikrodalga firmin 10 — 100 arahginda mikrodalga
seviyeleri bulunmaktadir. Ttim deneyler 400 W'a karsihk gelen, 4. kademede
yvaptlmistir. - Shimadzu  XRD 6000 Model difraktometrenin CuKa 1gimasi
kullanilarak ¢ekim yapildi. Kullanilan dalga boyu 2=1.5405 A diir.  Filmler
poli(tetrafloretilen)’den yvapilmis ve i¢ boyutlari 10x70x2 mm parmak sekilindeki
kahp kullanilarak hazirlamilmigtir. Mekanik testler uygulanmadan 6nce 6rneklerin
boyutlar dl¢tilmiistiir. Mekanik testler PC kontrollii Zwick marka tniversal test
cthazinda (Z020; force up to 20 kN) oda sicakhiginda yapilmistur ve ¢enelerin
birbirinden ayrilma hizi 5 mm.min’'  dir. Young modiilii (E). maksimum gii¢
(omaksimum), Fmaksimum*da uzama. kopma noktasindaki mukavemet, kopma
noktasinda uzama ve kopma noktasindaki tokluk (W), en az 5 deneme yapilip
sonuglarin ortalamasi alinarak hesaplanmistir. Filmlerin her iki tarafindaki serthik
degerleri Zwick Shore D durometresi kullanilarak ASTM D 2240 uygulamlarak
Olgtilmiistiir. Mekanik analizlerdeki tim  standart sapmalar maksimum + 8%
degerleri arasindadir. DSC thermogramlari Shimadzu DSC 41 model kalorimetrede
alindi. =55 °C 300 °C arasinda ¢ahsildi ve 10 "C.dak-1 1sitma hizi uygulandu.
Orneklerin yiizey morfolojisinin belirlenmesinde JEOL — JIXA — 840 A model
taramali elektron mikroskobu kullanilmistir. Ornekler 300 A kaplanarak hazirland.

Organokillerin Hazirlanma Metodu

50 mmol dodesilamin asidik ortamdaki 100 ml saf suda ¢oziilerek 80 “C ye
kadar 1siuldi. Bu ¢ozelti 20 ¢ kil ile 400 ml sicak sudan olusan siispansiyon ile
kanstinldi. Karisim 80 °C de kuvvetli bir sekilde 1 saat kanistinildi. Olusan beyaz
toz halindeki ¢okelek sitiziliip sicak saf su ile yikandi. Bir saat daha karigtirma
isleminden sonra stizme ve yikama islemleri bir kez daha tekrarlandi. Son ¢okelek
isitictda kurutuldu. Bu islemler hekzadesilamin ve oktadesilamin igin aynen
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tekrarlanarak ¢esith uzunlukta organokiller sentezlendi. Elde edilen organokiller
karakterizasyon deneylerinde ve epoksi fillerin hazirlanmasinda kullanilmak tizere
desikatorde saklandi.

Epoksi Filmlerin Hazirlanma Metodu

Organokiller bistenol A bazh epoksi monomerine (Araldite GY 253 BD) iki
farkl oranda (%63 ve %5 w/w) eklenerek 80 °C de yarim saat siireyle karstinldi.
Cozeltiye poliamin sertlestiricr (Aradur 2664 CH) cklendi. Hazirlanan  tiim
orneklerde epoksi regine/sertlestirict kiitle orant 2/1 olacak sekilde alindi. Yeni
karisim hizh bir sekilde kaliba dokaldi. Kalip 400 W giigteki mikrodalga firinda
20 dakika Kirlesmeye tabi tutuldu. Sonra. sentezlenen saydam  kompozit
malzemeler sogutuldu ve karakterizasyon testleri igin serin bir yerde muhataza
cedildi. Sihikon igerikli oreklert hazirlamak i¢in sertlestirici ilavesinden Once,
onceden belirlenen miktarlarda (%5 ve %10 w/w) PDMS V-Si 21 ¢poksi regine
karisimina cklenmistir. Konu ile ilgili tim kosullar Tablo 1. de verilmistir.
Orneklerdeki artik silikon olup olmadigr, gesitli ¢oziiciilerle test edilmis ancak fark
edilebilir bir sonug elde edilememistir.

Sereie No l‘{poksi Sc‘rllcﬁirci Organokil Igerigi, PDMS V-Si 21 |
N | Mikian. % | Miktan. % | % Miktar, %

- 66.7 | 333 o S |
2 034 | 316 | s
3 60.0 30,0 & 10

| 4 64.7 323 3 B

" 5 634 3.6 5

6 614 30.6 3 ] B

L 580 29.0 3 10

8 600 30.0 5 5

9 | 567 RB 5 0

Tablo 1. Ornck Numara Tamimlamalan
* Bu  omekler oktadesilamin ve  hekzadesilaminle  modifiye  edilmis  Killerle  de
hazirlanmisur.
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3. Sonuglar
Orneklerin Hazirlanma Kosullar

Bu ¢alismada 8 ¢poksi nanokompozit drnegi hazirlandi. Ornekler, %3 veya
%35 oranmda farkh organokiller i¢ermektedir. Silikonlu orneklerde ise %05 veya
%10 oraninda PDMS V-Si 21 vardir. Kiyaslama amagh olarak saf” epoksi ve farkl
oranlarda (%S5 veya %]10) silikon igerikli iki epoksi regine de hazirlannistir, Tablo
1.°deki her bir érmek numarast nanokompozitlerin hazirlanmasinda  kullanilan
bilesenlerin kendine 6zgii bilesimlerini gostermektedir. Omek numaralarindaki
indisler o érnekteki kilin modifiyesinde kullanilan amin gesidini gostermektedir.

XRD Analizleri
Sekil 1.°de orjinal kil (Nanofil 757), Sckil 2.'de modifiye kil ve iki
nanokompozitin XRD grafikleri verilmistir.

b)
T Al T T T T T T T T 1
2 4 6 8 10 12 14 16 18 20 2 1
Sekil 1. Nanofil 757 nin X-Isinlart Kirinimi )
Grafigi
2 ‘ 6 ' o
Sekil 2. Bazi Orneklerin X-Isinlar Kirmimi !
26 (Derece)

Grafikleri. (a) Dodestlaminli organokil, (b)
Ornek No. 6pogesiiamins (€) Ornek No.

Orneklerin XRD sonuglant Tablo 2.de verilmistir. Bragg bagintisindan
hesaplanan tabakalar arasi temel arah@m degerleri Tablo 2.°de verilmistir. Killerin
kimyasal olarak modifiye edilmesi tabakalar arasi uzakhigin artmasia neden
olmustur. Kirimim piklerinin kii¢iik agilara kaymasi, tabakalar arasi uzakhklarin
acilmasimin bir gostergesidir. Tabakalar arasindaki baslangi¢ arahik. kiirlesme
zamani ve sicakhikla artmiguir. Mikrodalgada Kiirlesme, bu artisa Kiirlesme
zamanini da azaltarak katkida bulunmustur. Yiizey aktif modifiye edicilerdeki
zincir uzunlugundaki artis da tabakalar arasi boglugun artmasina neden olmustur.
Buna ¢k olarak. nanokompozit érnegindeki organokil igerigindeki artiy tabakalar

126



|. POLIMERIK KOMPOZITLER SEMPOZYUMU VE SERGISI
17-19 Kasim 2006 - [ZMIR

arasi arahgr artirirken silikon akrilat (PDMS V-Si 21) ilavesi bu agilmayi ters
yonde etkilemistir. Dodesil amin bazh érnekler igerisinden en iyi tabakalar arasi
uzakhgr 8 nolu érnek (5 % dodesilaminli organokil ve 5 % PDMS V-Si 21)
gostermistir.

Tablo 2. Orneklerin XRD sonuglar

Ornek ) 5.4 Tabakalararasi
22 Kirmim Piki i
Fammlamasi Degeri (26), A Hesaplanan Temel
- - . Aralik, A
Nanofil 757 6.50 18 13.6
Dodesilaminli Organokil 3.60 24.5
Hekzadesilaminli Organokil | 3.34 26.4
‘Oktadesilamin Organokil | 3.24 27.2
‘6Dodesilamin 3.40 26.0
7Dodesilamin 3.06 L 28.8
8Dodesilamin . 2.80 31.5
9Dodesilamin 3.04 29.0
7THekzadesilamin 2.73 323
7 Oktadesilamin_ 2.56 34.5

Epoksi Filmlerin Termal Karakterizasyonu

Bazi orneklerin DSC termogramlart Sekil 3.°te verilmistir. Saf epoksi (Ornek
no. 1) ve 2 nolu érnegin (sadece %5 PDMS V-Si 21 iceren ornek) sirasiyla camsi
gects sicakhiklar (Tg) 180 °C ve 178 °C iken, verilen sekilden bozunma
baslangi¢larinin sirastyla 230 °C ve 207 °C oldugu gortlmiistiir.

Literatiirde yer alan bu o6rneklerle ilgili TGA sonuglart da bozunma
baslangi¢larim desteklemektedir [ 11]. Kisaca, silikon (PDMS V-Si 21) camsi gegis
stcakhigmi distirmistiir. 8pogesiamin Orneginin (%3S organokil ile %5 PDMS V-Si 21
iceren ornek) Tg degeri bu termogramdan net bir sekilde belirlenememistir. ancak
bozunmanin 153 °C'de basladigr goriilmektedir. En iyl sonucu 9poesiiamn Orneginin
(%05 dodestlaminli organokil ile %10 PDMS V-Si 21 i¢eren 6rnek) DSC
termogrami verilmistir. Bu ornegin Tg degeri 141 °C ve bozunma baslangict 237
°C dir.
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Epoksi Filmlerin Mekanik Karakterizasyonu

Organokil i¢eren  nanokompozit  6rneklerinin mekanik  karakterizasyonu
Tablo 3.’te sunulmugtur. Bu tabloda. hesaplanan Young modilii (I) degerleri,
¢ekme mukavemeti (omaksimum). Fmaksimum®daki uzama. kopma mukavemeti,
kopmada uzama ve kopmadaki tokluk (W) degerleri verilmistir. Orneklerdeki
organokil i¢erigi arttik¢a tokluktaki azalmaya bagli olarak Young modiilii degerleri
artmistir. PDMS V-Si 21 igeriginin artmasi ise ters bir etkiye sebep olmustur. %35
organokil tle %5 PDMS V-Si 21 igeren 6rnekte (8Dodestlamin) tabakalar arasi
bosluk arttirilmis, Young modiilii sal epoksi (1 nolu érnek) kadar yiiksek. tokluk
ise | nolu ornekten daha biiyiiktiir. Bu durumda. 8Dodesilamin nolu érnek, %5
organokil ve %35 PDMS V-Si 21 katkilarn ile optimum kosullarn saglayarak
nanokompozit yapida mekanik ozelligin gelismesini saglanmistr.

Filmlerin her iki yizeyinden alinan sertlik élgtimi sonuglart Tablo 4. de
verilmistir. PDMS igeren érneklerde silikonun film — hava yiizeyine toplanmasi her
iki ylizeyin sertlik dl¢iimlerinde farklihiklar gostermistir. Bu érneklerin film-hava
yiizeyinin serthginin film — kahp yiizeymin sertliginden daha distik oldugu
bulunmustur. Film — hava yiizeyindeki sertligin azalmasi organokilin ¢esidi ve
miktari tle PDMS V-Si 21 miktarina da bagh oldugu gézlenmistir.
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Tablo 3. Modifiye Kil I¢eren Nanokompozitlerin Mekanik Karakterizasyonu

Ornek No. | E, MPa| omaks..| Fmaks. da Kopma Kopma Kopma
MPa | Uzama, % Noktasinda Noktasinda | noktasindaki
Mukavemet, MPa| Uzama, % | Tokluk, W . )
| 1433 34.0 6.0 23:5 Il 0.60
2 936 | 224 [ 61 | 17.8 28 0.70
3 650 16.5 88 15.8 89 1.5
4Dodesilamin 1520 | 34.5 3.7 28.0 5.6 0.40
SDodesilamin | 1750 | 36.0 34 30.0 4.4 031
6Dodesilamin 1075 26.2 7.6 20.2 29 1.2
7Dodesilamin 773 22:0 18 18.1 36 2.3
8Dodesilamin 1278 2515 3.9 21.6 12 0.88
9Dodesilamin 816 20.6 54 V7.7 31 251
THekzadesilamin] - 784 20.4 9.8 12.5 29 1.5
7Oktadesilamin | 911 20.0 74 | 104 25 |

Epoksi Filmlerin Morfolojisi

Sogukta kinlan 6rneklerin alunla kaplanmis kirtlmig yiizeylerinin SEM
gortintiilert Sekil 4.°te verilmistir. Sekil 4.a saf eposiye aittir [11]. Sekil 4.b ve
Sekil 4.¢ organokillerin ve PDMS V-Si 21'in epoksi matrikste dagihiminm
gostermektedir. Ornek no. SDodesilamin (%3 organokil igeren 6rnek) ile Ornek no.

9 Dodesilamin

(%5

organokil

Ve

%10

PDMS  V-Si

21

iceren

ornek)

karstlastinlldiginda PDMS  V-Si 217in matrikse Katulmasimin kinlmisg  ylizeyde
purtizlaligi azaltu@r gorilmistir. (Sekil 4.b ve Sekil 4.¢).

Tablo 4. Orneklerin Ortalama Shore D Sertligi Sonuglari

Ornek No. Film — Kahp Yiizeyi | Film — Hava Y(iz.cyT
| 74.0 74.0
2 67.0 66.0
3 65.0 63.0
4Dodesilamin 76.0 76.0
SDodesilamin 79.0 79.0
6Dodesilamin 69.0 67.0
7Dodesilamin 70.0 69.0
8Dodesilamin 69.0 65.0
9Dodesilamin 71.0 68.0
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Sekil 4. (a) Ornek No. 1'in (saf
epoksi), (b) Ornek NoO. Spodestamin 1N,
(¢) Ornek No. 9pouesiimn un Sogukta
Kirilnmis Yiizeyinin SEM Fotograf.

4. Tartisma

PDMS V-Si 21 igeren epoksi nanokompozitler, dodesil-, hekzadesil- ve
oktadesilamin ile modifiye edilmis sodyum montmorillonit kullamlarak mikrodalga
kiirlestirmesi ile sentezlenmistir. Mikrodalga ile kiirlestirme yontemi galeri igi
kiirlesmeyi destekleyen hizhi bir reaksiyon teknigi olmasi agisindan etkili bir
yontemdir. Tabakalar arasi arahigin da artugi. %35 organokil ve %3 siloksan igeren
ornekte  mekanik  ozelliklerde belirgin bir iyilesme  gozlenmistir.  Siloksanin
eklenmesi nanokompozitlerin hem uyusabilirhgini hem de termal kararlihgim
arttirnugtie ancak siloksanim akrilat yapist stirekli bir polimer matriste tabakalarin
iyice ayrilarak  tamamen  rasgele  dagildigr  silikat  tabakali  (exfoliated)
nanokompozit yapilarm olmasini gii¢lestirmistir.
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ADDITIVES FOR WOOD PLASTIC COMPOSITES

Dr. Eric Richter
Clariant, Gersthofen/Germany

Introduction

Plastics are an indispensable part of modern life. A range of additives is
necessary. however, to produce them economically and give them their desired
properties. Thus some plastics need stabilisers (against heat, light, oxygen ...), to
give them a longer life. Other additives eliminate problems during production or
significantly increase processing efficiency. The following list gives an idea of the
large variety of additives used with plastics:

e Polymers
e Fillers
e Reinforcements (fibers)

e Pigments

e Heat stabilisers

e Biostabilisers

e Light stabilisers / UV-absorbers
e Antioxidants

e Antistatics

e Lubricants

e Flame retardants
e Plasticisers

e Nucleating agents
e Blowing agents

e Coupling agents
e Compatibilisers
L]

This lecture will concentrate on those additives which are particularly
important in wood — and natural — fiber — reinforced plastics. Among the most
important of these are coupling agents and compatibilisers similar to those needed
for conventional reinforced composites. The effect of suitable flame retardants,
biostabilisers and lubricants as well as possibilities of pigmenting natural fiber
composites will also be considered.
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Composites — Advantages and Properties

A fiber composite is a made-to-measure combination of two or more
materials designed to improve the properties of the individual components. Nature
itself uses the principle of forming suitable lightweight materials using high
strength fibers. Examples of naturally occurring fiber composites are wood, plant
lcaves, muscles and bones. Well before our cra, mankind was making use of this
principle by producing straw — reinforced clay bricks. Perhaps the best-known
composite, concrete reinforced with steel, which is used in load bearing elements in
every house (e.g. window lintels), was discovered by the French gardener Monier
in 1849, Nowadays the term fiber composite material generally means a composite
of high strength fibers and a plastic.

Although plastics have many advantages, their strength and stiffness is
generally inadequate for use in highly stressed components. Fibers or other fillers
are often used to improve their mechanical properties. To maximize the effect of
the fibers. adequate adhesion between them and the plastic matrix must be ensured.
This is achieved cither by pre-coating the fibers with appropriate agents or adding
coupling agents to the plastic.

Such coupling agents need two groups of different polarity or functionality.
Coupling agents are often block copolymers or graft copolymers of different
monomers. Among the best known products are polypropylenes grafted with
maleic anhydride. The various commercial products differ mainly in molecular
weight (viscosity) and degree of grafting (acid number) (fig. 3).

The effect of a coupling agent can be clearly explained using glass
fiber/PP composite as an example. Without the use of coupling agents, the PP slips
off the glass fiber. A smooth fracture surface results from which the glass fiber can
casily be extracted. There is little or no adhesion between the fiber and the matrix.
However, if a fiber coated with coupling agent is used. a smooth fracture surface
does not result since functional groups on the glass fiber can react with the
anhydride groups of the coupling agent (fig.3). Because of this coupling, the weak
point under mechanical loading is no longer the phase boundary between fiber and
polymer but the plastic itself. The tensile strength rises from ca. 40 N/mm? for the
non-treated fiber to ca. 60 N/mm* for the fiber coated with coupling agent.

For natural fiber/PP composites

A coupling agent such as Maleic anhydride produces markedly better
adhesion between reinforcing material and polymer matrix. Like glass fibers.
natural fibers have free functional groups on the fiber surface which react with
anhydride groups of the coupling agent. A true chemical bond is thus formed
between the natural fiber and coupling agent (figs 4 and 5).

At the same time reaction between the multifunctional polymers produces
cross — linked structures. Here the low viscosity (800 mPas at 170 °C, see fig. 3) of
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the functionalised polypropylene wax is a particular advantage. The easy flow of
the coupling agent allows wood fibers and other natural fillers to be completely
impregnated. leading to optimal cross-linking between fiber and polymer matrix.
Additionally, the polypropylene chain of the coupling agent is compatible
with the polymer matrix and can entangle with other polymers. Maleic anhydride is
thus bound firmly to both phases of the composite preventing the plastic simply

shipping off the fiber.,

Mechanical properties
As expected. the good adhesion between natural fiber and  plastic matrix
significantly improves the mechanical properties of the PP composite. Figs 6 to 11
indicate the positive effect of maleic acid anhydride grafted polypropylene:
modulus of elasticity, tensile strength. elongation, impact strength, flexural strength
and  flexural strain all markedly improved compared to the additive-free
formulations.
Investigations of stiffness, strength and elongation were carried out on a

wood-fiber filled PP composite with the following composition:

e 70 % wood pellets

e 30 - x % polypropylene

e X % Maleic anhydride (coupling agent)

The amount of Maleic anhydride was always at least 0.5 %. Further
investigations were made with 1.5 %, 3 % and a maximum of 5 % Maleic
anhydride. The results were compared with those obtained from the additive-free
formulation:

e Even addition of 0.5 % of the coupling agent significantly improves the
modulus of elasticity and the more coupling agent in the mixture the
greater the modulus. A value around 5600 MPa for the additive-free
mixture rises to over 7300 MPa with 5 % of coupling agent (fig. 6).

e Tensile strength results are equally impressive with the best value being
obtained with 3 % Maleic anhydride. The tensile strength rises from 25
N/mm?2 for an additive — free mixture to 48 N/mm?2. Increasing the amount
of coupling agent further does not improve the tensile strength (fig. 7).

e The elongation at maximum tensile strength is raised by almost 0.3
percentage points. The optimal value is obtained with 3 % Maleic
anhydride and is not improved by further increasing the amount of
coupling agent (fig. 8).

e The impact strength of the composite is also favourably affected by the
modified polypropylene wax. Without additive the value lies just above 3.5
kJ/m2: this increases to a maximum of about 6.4 kJ/m2 with a 3% addition
of coupling agent but, again, increasing the amount of coupling agent
above this level does not improve the value (fig. 9).
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e Addition of coupling agent roughly doubles the flexural strength from the
value without additive of ca. 30 MPa. The optimal result 1s obtained with
1.5 % or 3 % of Maleic anhydride (fig. 10).

e The flexural stress is also noticeably improved by addition of as httle as
0.3 % of coupling agent. The highest flexural stress is obtained with
between 1.5 9% and 3 %o Maleic anhydride (fig. 1)

In general it can be seen that the amount of coupling agent necessary,
depending on the application, is between 1.5 and 3 % w/w. The exact concentration
depends on the particle size and the amount of reinforcing material and must be
determined on a case — by — case basis using suitable tests.

Water absorption

In addition to fiber/matrix adhesion, moisture has an important effect on
the mechanical properties of natural fiber/plastic composites. Because of the high
processing temperatures and sometimes the pre - drying of the fibers, the moisture
content of natural fiber/plastic composites. after manufacture. is well below the
equilibrium value. After processing, such composites can gain noticeably i weight
with consequent significant alteration of the mechanical properties. Fig. 12
indicates how the undesired absorption of water can be minimised by addition of a
suitable additive such as Maleic anhydride.

Dimensional stability at high temperatures

Further tests concern the outstanding  dimensional stability of  the
composite under thermal loading. Addition of suitable coupling agents can
markedly improve the heat deflection temperature (HDT) of both PE-HD- and PP-
composites (70 % wood) (fig. 13).

Addition of 1.5% TP Licocene® PE MA 4351 raises the HDT of PE-HD-
composites by 15 7C to 115 °C. Results for PP composites are similar with addition
of 1.0 % Malecic anhydride rendering the composites dimensionally stable to over
131 °C compared with 115 °C for the additive-free formulation.

Coupling in PE composites

As mentioned above, is a polar moditied polyethylene wax grafted with
maleic anhydride and was developed specially to promote adhesion  and
compatibility in natural — fiber filled PE composites (fig. 14).

This wax 1s manufactured using metallocene catalysis, an internationally
unique process developed by Clariant which permits the synthesis of waxes with
precisely tailored property profiles. This particular product was precisely tailored
for the intended applications: in contrast to other commercially available products,
it 1s not changed by grafting. Cross — linking and degradation reactions, which
could cause problems in subsequent processing, do not occur.
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As already shown in the thermo — mechanical investigations, the series of tests of
mechanical properties confirm the advantageous effect of TP in natural — fiber
filled PE composites. Analogously to that of the PP composites, the test
formulation consisted of 70 % wood pellets, 30 — x % PE und x % coupling agent.
The results obtained with coupling agent (0.25 %. 0.75 %. 1.5 %, 3.0 %) are
compared with those for additive-free formulations.

The results modulus of elasticity. tensile strength. impact strength. flexural
strength and strain and water absorption are shown graphically in figs. 15 to 20.
Basically, the mechanical properties improve with increasing concentration of
coupling agent. In the following, the values for additive-free formulations are
compared with those for a mixture containing 3% of the modified PE wax:

e The modulus of elasticity increases from 5700 MPa to 7050 MPa (fig. 15).

e The tensile strength improves from 25.7 N/mm2 to 41.7 N/mm?2 (fig. 16).

e The impact strength can be raised from 2.2 kJ/m2 to over 4.1 kKJ/m2 (fig.
17).

e The flexural strength increases from 24 MPa to 45 MPa (fig. 18).

e The flexural strain can be improved by almost 0.5 percentage points (fig.
19).

e Water absorption is significantly reduced by adding the coupling agent
(fig. 20).

Other additives

Lubricants

In many cases, the terms lubricants, release agents and often also
antiblocking agents mean the same group of additives, i.e., generally waxes. These
waxes must fulfil the most diverse tasks before, during and after processing
plastics. Depending on the plastic. processing technology and application, the user
chooses one or more lubricant to achieve the required property profile. With all
processing methods, the ideal compromise must be found between melt elasticity,
flowability and adhesive properties.

Fig. 21 shows the effect of various lubricants. Use of suitable lubricants,
results in a smooth surface for natural-fiber-reinforced composites, reduces
pressure in the mould cavity and permits higher output. The material also absorbs
less water.

Antimicrobial protection

The antimicrobial protection of natural fiber composites should not be
neglected. Without treatment, the surface is infested within a few weeks by
bacteria, mites and/or mould. After three weeks, more than 10%, after four weeks
30 to 60% of the surface 1s affected (fig. 22).
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Optimal protection is provided by antimicrobials. If 5% w/w of this
additive is added to the compound, no microbial attack on the surface can be
detected after four weeks incubation (accelerated test after ASTM-G 21-96)

Fire proofing

Fire proofing must be given careful consideration with wood- or other
natural-fiber-remtorced composites because of the inherent high flammability of
the material (fig. 24). Otherwise important arcas of application, such as building or
transportation, which are characterised by stringent safety regulations, will
remained closed to them despite their outstanding property profile.  Flame
retardants should provide maximum effectiveness and minimum secondary effects
in a fire while satisfying all ecological and toxicological requirements. The choice
of flame retardant is also influenced by the processing method used. If, for
example, the composite is manufactured by hand lay — up, spray lay — up,
pultrusion or resin transfer moulding (RTM), only limited amounts of fillers can be
added. High levels of reinforcing fibers also restrict filler content in the resin.

Natural-fiber-reinforced composites can easily be made flame resistant
with ammonium polyphosphate flame retardants which are non-halogenated. In the
case of fire, the ammonium polyphosphate decomposes into polyphosphoric acid
and initiates charring of the surface. The carbon layer bonded by the glass-like
polyphosphates protects the component from further effects of heat and ingress of
oxygen. The spread of flame is interrupted (fig. 25).

Because of its high efficacy. small amounts of Exolitk AP suffice to
achieve flammability classifications such as DIN 4102 B21 or UL 94 V-02 (fig.
26). The range of flame retardants is not only highly effective; further advantages
include low smoke density and the fact that the non-halogenated products do not
give rise to additional corrosive gases in fires. Emissions are not only significantly
reduced in case of fire, fire retardents also does not migrate but remains
permanently in the system. The products can be added to the compound in solid
form or used as a liquid solution. In the latter case, the wood fibers can be
impregnated with the flame retardant in a separate process step.

The mechanical properties of the compounds made flame retardant with
Exolit®R are hardly or positively affected compared to those of the untreated mix.
Fig. 27 shows the positive effect of fire retardents on the modulus of elasticity of a
PP composite. Fig. 28 shows the results for the tensile strength.

Conventional mineral flame retardants such as aluminium trihydrate (ATH)
cannot be used in wood plastic composites. These mineral fillers have to be use in
very high amount thus the wood content in a formulation must be reduced
dramatically.

| Fiige .
Moderately flammable building material (B2)
“ Self-extinguishing according to Underwriters Laboratories (UL) classification
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Coloring

In principle, there are two ways of coloring wood-filled composites: mass
colouring of the polymer matrix or staining the wood fibers. Much is demanded of
the pigments. In general they must provide sparkling colors and be light- and
weatherfast as well as resistant to bleeding. Of course, they must also be cost-
effective (fig. 29).

Fig. 30 shows color tests using high performance organic pigments (e.g.
PV Fast from Clariant) to color the polymer and with wood stains based on
waterborne pigment dispersions. The color samples underwent artificial weathering
tests in which the main differences in the methods of coloring were quickly
evident. The color of the wood stain faded in a short time. In contrast, the high
performance organic pigments (HPP) are colorfast over extended periods and are
light — and weather — fast. Colouring the polymer matrix with high performance
organic pigments is thus the most effective way of coloring WPCs.

Recommendations for Wood Plastic Composites

Various additives for use in wood — filled composites guarantee a good
linkage between the polymer matrix and the reinforcing fibers and thus good
mechanical properties. Other additives ensure easy processability and hence,
cconomic production. They also ensure that components are long-lasting and
satisfy the most stringent safety regulations. Suitable pigments result in color-fast
composites (fig. 31):

e Maleic anhydride is an effective coupling agent and compatibiliser for
wood — filled PP
Coupling agents and compatibiliser for wood — filled PE
Sanitizaprotects WPC against microbial attack
Fire retardents reduce the flammability of WPC
Lubricants improve the processability of WPC and result in higher output
PV Fast Pigments are high performance organic pigments for outstanding
colouring of WPC
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NANOYAPILAR: NANO BOYUT - MEGA ETKI
Prof. Dr. Erhan Piskin

Hacettepe Universitesi, Miithendislik Fakiiltesi, Kimya Miihendisligi
Boliimii ve Biyomiihendislik Anabilim Dali, ve
Biyomedtek: Biyomedikal Teknolojiler Merkezi, Beytepe, Ankara

Ozet

Nanoteknoloji su sozceiikler ile ifade etmek miimkiindiir: “Nanotechnology
is the way of ingeniously controlling the building of small and large structures,
with intricate properties: it is the way of future, a way of price. controlled building.
with incidentally, environmental benignness built in by design™ (by Hoffman). “If |
were asked for an area of science and engineering that will most likely produce the
breakthrough of tomorrow, I would point out nanoscale science and technology™
(by Lane). Nanotechnology en az bir boyutu | 100 nm olan materyaller ve
sistemler ile ilgilenir, convansiyonel material ve sistemlerden ¢ok farkl,
beklenmeyen ve ¢ok daha dstiin, elektriksel, kimyasal, mckanik, optic, vb.
ozellikler tagiyan yenilerinin tretimini amaglar. Nanoteknoloji tiim diinyada oldugu
gibi tilkemizde de oncelikli konular arasinda seg¢ilmis ve oncelikli desteklenmeye
baglanmistir. Bilim adamlarinin ve sanayinin konuya ilgisi biyiiktiir. Nano soziigi
on ¢k kullamlarak driintin veya sistemin yeni teknoloji diriinii oldugu ifade
edilmektedir. Cogu kez kullanim yanhstir. Oncelikle dogru olarak tanimlanmali,
algilanmalidir. Yiksek kullamim potensiyalinin olacagr bildirilmektedir, ancak
trtinleri  hentiz  teknolojiye  énemli bir  katkit - yapmanustir.  Nanotastyicilar
(partikiiller. miseller, hatta ¢ozintr polimerler), nanofiberler ve bunlardan yapilan
Orglisiiz (“nonwoven™) materyaller ve kompozitler, nanotiipler ve nanotelller son
yillarda arastincilarin ¢ok yogun ilgisini ¢ekmis, bir ¢ok yeni teknoloji ve diriin
gelistirilmig/Gnerilmistir. Bu sunumda, 6nce nanoteknoloji tarthgesi ile tamulip
tamimlanacakur. Daha sonra, secilen érnekler ile nanoyapilarin tiretim yontemleri,
trtin 6zellikleri ve olasi ilging uygulama alanlari sunulacaktir.
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A TOTALLY NEW, EFFICIENT AND EFFECTIVE
POLYESTER CURE SYSTEM FOR MARINE- AND
SANITARY- APPLICATION

Harry ter Beek

Technical Development Manager
Akzo Nobel Polymer Chemicals — The Netherlands
Harry.terbeek(@wakzonobel.com

Summary

For the ambient temperature cure of general purpose unsaturated polyester
resins, an MEKP/Cobalt based cure system is often used. Initial thinking, based
upon raw materials, would seem to point to this as being the lowest-cost curing
system. However, total production cost calculations could well point to other cure
systems as being more efficient and cost-effective. By evaluating the total
production process, it can be seen that other factors influence the total cost (for
example, cycle time, scrap — rate, de -~ moulding time, mould fouling etc.) In
addition, the clear advantage of improved surface finish must not be overlooked.
Only by considering all aspects of the production process/equipment the most
appropriate cure system can be selected.

A new cure system based on a totally new ketone peroxide,
Methylisopropylketone peroxide. in combination with Cobalt, offers these unique
features.

HO( PORPACN

VEKP Type 4 VEKP Type 3 Hydrogen Peroxide

Figure 1: Chemical structure of some peroxides.
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1. Introduction

In marine and sanitary applications a number of improvements can still be
achieved:

One of these 1s related to the cure performance of the ISO/NPG gelcoat. A
high quality gelcoat, a must for products who have long contacts with water, like
boats and swimmingpools. However, the reactivity and special the hardening of
this type of geleoat should be approved.

laminate

Air Void filled Blister develops Blister
Inclusion with water and grows by bursts
(void) or diffusion of
alcohol water
(osmosis)

Figure 2: Blister development on the composite surface

Achieving this via the actual radical source, the organic peroxide, was,
until now. not optimal. After many vears of R&D, Akzo Nobel Polymer Chemicals
has finally succeeded in creating a molecule with the required characteristics,
Methylisopropylketone peroxide.

Methy! isopropyl ketone peroxide in dimethyl phthalate
CH, CH, CH,
HOO - C—0O0—0—C—00H | HOO—-C-—00H | HOOH

O, C,H, CH,

Figure 3: Structure of Methyl isopropyl ketone peroxide in dimethyl phthalate
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This product has all the positive advantages associated with the standard
MEKP and besides that a much faster cure performance in ISO- and ISO/NPG
unsaturated polyester resins.
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Figure 4: Stability of Methylisopropylketone peroxide

I'he advantages of the new cure system in marine and sanitary applications
are summarised in the following paragraphs:
e acompletely new cure system based on a new molecule:

e The new cure system is also based on a ketone peroxide/Cobalt
combination. However the ketone peroxide is Methylisopropylketone
peroxide. This is a new molecule for the polyester industry and it offers
unexpected advantages in special application arcas such as marine,
transport and the sanitary industry.

e a much faster cure performance in ISO and ISO/NPG gelcoats:

e The new cure system offers, with a similar geltime, a much faster cure
speed (and barcol development) compared to the current systems based on
MEKP/Cobalt. This performance can be translated into a shorter time to
lamination and hence a reduction in production time. Certain other cure
systems (AAP/Cobalt) which offer a faster cure in e.g. orthophthalic resins
do not function in a similar way with these spectfic 1SO resin types.

e asignificantly faster barcol development of the back — up layers based on
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Glass fibre
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[so or Iso/NPG resins:

I'he faster three — dimensional cure of the 1ISO and ISO/NPG resins is also
applicable for the hardening process of the back-up resins (when
formulated with the specitied type of UP resins). This results in a (much)
faster barcol development and hence in a shorter demoulding time thus
giving an economic advantage.

a reduction in the emission of styrene mnto the air during the open (green)
period:

As a direct comparison of the two cure systems in gelcoat, the styrene
emissions of the standard Butanox MS50/Cobalt and the Butanox
P50/Cobalt formulations were measured. During the first part of the
application (spray up) the styrene emissions were comparable. In the
second part, however, when the cure really starts, the new cure system
showed the advantage of a 15% reduction in emissions when compared to
the standard MEKP.

an_improvement of the surface of the gelcoated GRP part: a reduction of

the fibre print — through:

Due to the faster hardening development. the 3-dimensional-crosslinking
of the gelcoat results in an improvement of the mechanical properties. This
results in no shrinkage effect of the laminate behind the gelcoat.

Gelcoat

Figure 5: Shrinkage development of a material with two different peroxides.

at low temperatures a clearly improved through — cure behaviour:

In the above-mentioned explanation, one of the factors which make the
fibre — print — through (FPT) situation even worse is the influence of the
temperature. It is common knowledge that UP resins should be applied and
cured at 20% up to 25 °C. In practice, however, lower temperatures will
also be experienced. The surface looks good just after demoulding, but due
to the low temperatures, the cure process proceeds more slowly and hence
the shrink factor can continue for a lot longer. The result is that fibre print
through is even more pronounced.

higher L’|ni\7:
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e A direct comparison of two similarly-manufactured panels with a full
gelcoat/back-up system showed a more brilliant gloss (in a reflection test)
with the new system.

2. The other subject of the presentation is related to a ketone peroxide

(MEKP) with a vanishing red colour.

e Coloured peroxides:
Coloured peroxides are not new phenomena in the market. One of the reasons to
use colour peroxides is to see if the radical source (peroxide) has been mixed in
well enough to avoid uncured areas. The majority of products, however, have a
colour which does not disappear (completely) after the material has cured. With
MEKP VR the red colour does tully disappear after the cure has been completed.

- In spray or pumping equipment the peroxide is seen in the lines

- When the red peroxide is mixed into the liquid UP resin, the whole mixture

turns red

- Homogeneous mixing can be observed

- During the cure the red colour disappears

- Hotspots are directly noticed.

3. Conclusion:

Altogether. the number of advantages of the new cure system (based on
Methylisopropylketone peroxide) over the current ones is quite remarkable. This
new cure system addresses a number of issues which the marine- and sanitary -
industries have been seeking improvement on for a very long time. At last,
practical steps can be taken to resolve these issues in a positive way.
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These technical improvements can be translated into commercial benefits
via their impact on the total cost performance (e.g. reduced production time of a
boat) or from the improved marketing achieved thanks to a better final appearance
(improved surface finish — less tibre print-through).

The vanishing red concept (MEKP) also proves its value in the market by
allowing the elimination of several practical application errors. Lack of peroxide,
poor mixing, etc, can be a thing of the past if the shop floor adopts the added
insurance of the MEKP.
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_ DOYMAMIS POLYESTER RECINENIN
OZELLIKLERINI BELIRLEYEN MALZEMELER

Banu DEMIRBOGA ASLAN

CAMELYAF SAN.AS
TURKIYE

Ozet

Polyesterler, cam takviyeli plastiklerin diretiminde camelyafi ile takviye
edilerek; CTP i¢inde elyaf liflerini birbirine baglayan, disaridan gelen yiiki elyafa
ileten, elyafa sekil ve rijidite saglamanin yanmisira UV dayanimi, elektrik iletkenligi,
alev direnci vs. gibi spesifik 6zellikler de kazandirabilen termoset malzemelerdir.
Bunun yamisira polyesterler takviyesiz olarak da kullanim alanina sahiptirler.

Polyesterlerin - kullanimina iligkin olarak ana proses yontemlerinin en
yaygm olanlart SMC, BMC, RTM, el yatirmasi, pultruzyon, elyal sarma ve
puskiirtme teknigi olarak 6zetlenebilir,

Doymamis polyesterler kompozit malzeme yvapiminda en genis kullanim
alanma sahip regine tirtdiir. Ekonomik avantajinin yamsira: Grtin - ¢esitliligi,
mekanik, clektriksel ve isil dayanim. kimyasal direng, 1s1ga ve iklim kosullarina
karsi yiiksek direng, seffaflik. estetik goriiniim. renklendirilebilirlik gibi 6zelliklere
de sahiptir. Stiren emisyonu, alevlenebilirligi gibi 6zellikler dezavanta) gibi
goriinse de uygun katkr malzemeleri ve regine tirleri kullanmilarak gereksinimlere
uygun hale  getirilebilir.Doymanmis  polyesterler:  oda  sicakhiginda  kiirlenme
ozelliginden dolayr epoksi reginelere, gida temasina uygun regine lretebilme ve
seffat/agik renkli olabilme avantajlarmmdan dolayi fenolik reginelere gore tstiinliik
saglarlar.

Endistri Glkelerinde, doymamis polyester titketimi termoset tiiketiminin
Yl3 2171, plastik  titketiminin %2.7sini - olusturmaktadir (1). Doymanus
polyester kullamim alanlar; insaat, otomotiv, tasimacilik, mobilya. eclektrik-
clektronik, savunma sanayii. marin. dekorasyon, seklinde 6zetlenebilir.

Doymanus polyesterler, diasit ve glikollerin kondensasyon reaksiyonu ile
sentezlenir ve stiren vb. bir monomer i¢inde ¢oziiniirler. Re¢ine genellikle kimyasal
yolla (peroksit Katalizorler yardimiyla) aktive edilerek serbest radikal igeren
polimer zincirler olustururlar ve reaktif monomere (stiren vb.) ¢apraz baglanarak
sertlesmeyi saglarlar. Doymanus polyester dretiminde kullanilan hammadde ve
katkilar;
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A) HAMMADDELER B) KATKILAR
(Kondensasyon reaksiyon agamasi) (Modifiye iirtin ve jelkot iiretim agamasi)
e Diasitler e Dolgu Malzemeleri
e Glikoller e Tiksotropik ajanlar
e Monomerler o Pigmentler
e Inhibitorler e Alev geciktiriciler
e Katalizorler o UV Stabilizatorler

e Akzeleratorler
seklinde siniflandinilabilir.

Doymamis polyesterler, tiretimlerinde kullanilan dibazik asitin fonksiyonel
grubuna bagh olarak ortoftalik, izoftalik (izo — NPG) ve bisfenolik olarak
sintflandirthirlar. Regineye doymanushk yani ¢ifte bag ézelligi veren hammaddesi
maleik anhidrit ve fumarik asittir. Maleik anhidrit kondensasyon reaksiyonu
sirasinda, 1s1 ile izomeri olan fumarik asite donisiir. izomerizasyon hizi ve orani
kullamlan glikollere baghdir. Maleik anhidrit/fumarik asit. stiren ile ¢apraz bag
olusturarak  reginenin  reaktivitesini  (ekzoterm pik) ve HDT degerini
artirirlar.Reginenin ekzoterm sicakhg@ ve siirest yani reaktivitesi, CTP parganin
kiirlenme hizini belirleyerek, uygulanan prosese gore parcanin diizgiin ve ya hasarli
olmasinda 6nemli rol oynar. Doymamis polyester tiretiminde kullanilan bir diger
anhidrit ise ftalik anhidrittir. Stiren monomeri ile bagdasabilirligi, ucuz ve kolay
bulunabilirligi, reginenin sertligini artirmasi 6nemli ozelliklerindendir. izoftalik
anhidrit, regineye yiiksek HDT 6zelligi. mikemmel su ve kimyasal dayanimi
saglar. Ftalik anhidritin diger bir izomeri olan tereftalik asit ise yiiksek HDT
6zelhi@i saglayan ancak aromatik solventlere ve UV 1sinina karsi dayanimi azaltan
doymus bir anhidrittir.  Adipik asit regineye esncklik kazandiran ancak su ve hava
direncini azaltan bir asit tirtiddr.

Doymamis polyester regine dretiminde kullanilan glikoller polyesterin
ozelligini belirleyen en 6nemli hammaddelerdir. Etilen glikol stiren uyumsuzlugu
nedeniyle siirh kullanim oranmina sahipken. propilen glikol stiren uyumu ve
korozyon direnci o6zelligi ile kullanimi yiiksektir. Dietilen glikol ise re¢ineye
esneklik kazandirir ancak korozyon direncini disiirtir. Neopentilglikol (NPG)
korozyon ve atmosfer direncini artiran 6nemli bir glikoldiir.

Monomerler, regine viskozitesini diisiirmek ve ¢apraz baglanmayi
saglamakla gorevli ana hammaddelerdendir. En ¢ok kullanilan stiren olmakla
birlikte, vinil toluen daha kisa kiirlenme zamani, daha yiksek viskozite gibi
ozellikler saglar. Klorostirenin, stirene gore atmosferik direnci daha yiiksektir ve
reginenin HDT ve alev direncini de artinr. Metilmetakrilat regine viskozitesini
diisiiriirken, re¢inenin Kiir sonrasi gekme 6zelligini de artirmaktadir.

Polyester dretiminde kullanilan bir diger malzeme de inhibitérlerdir.
inhibitorler ¢agraz bag reaksiyonunu yavaslatmak ve driiniin raf dmriinii uzatmak
i¢in kullanilirlar. Bunlar serbest radikalleri absorbe ederek regineyi stoklama siiresi
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boyunca giimigigi, 1s1 gibi etkenlerden korurlar. PTBC. HQ. PBQ. MTBHQ en¢ok
kullanilan inhibitérlerdir.

Katalizor gorevi goren peroksitler, akzelerator yardimiyla serbest radikal
olustururlar ve polimerizasyonu baslatrlar. En ¢ok  kullanilan akzeleratorler
kobalth bilesikler (kobalt naftanat. kobalt oktanoat) ve anilin tiirleridir (DMA,
DEA).

Modifiye drin ve jelkot dretiminde Kullanilan Katki malzemelerinden
dolgular: maliyet distirtirken serthgi artinir. Viskozite kontrolii ve dik yiizeyde
akmayi onlemek i¢in tiksotropik katkilar (cabosil, aerosil, kil tiirleri) kullanmlir. UV
dayanim ozelligi saglamak i¢in UV inhibitorler, reginedeki hava kabarcigin
gidermek igin kopiik Kesici ajanlar etkilidir.

Doymamig polyester regine gelistirme ve dretiminde: re¢inenin kullanim
yerine, CTP dretim proses tirtine ve kullanim amacina uygun olarak belirlenen
ozellikler, uygun hammadde ve katki malzemelerinden faydalanilarak regineye
kazandirilmaktadir,

Abstract

Polyesters are main materials that reinforced by glassfiber for GRP
production.They combine the fibers, conduct load coming from outside to
glassfiber and provide stiffness to the fiber. Specific propertics such as heat
resistance, electrical conductivitiy, flame resistance ete. can also be ganied to the
polyester by raw materials and additives.

The mostly used processing methods in GRP production are SMC, BMC,
RTM, hand lay up. pultrusion, continuous laminating, filament winding, spray up
ele.

Unsaturated polyesters are most widely used thermosetting matrices for
reinforced plastics due to good balance of mechanical. electrical, chemical and UV
resistance, clarity, eusthetic appearance etc. at relatively low cost. Although styrene
emissions and flammability seems to be disadvantage, they can be tolarated by
using suitable additive and raw materials.

The consumption of UPR by the industrial countries accounts for 13 — 21
% of total thermoset consumption and is app. 2.7 % of total plastic consumption'"’.
In addition, UPR are the mass production thermoset used for building. automotive,
transportation, furniture, electricity. electronics etc.

UPR are usually manufactured by reacting together glycols and dibasic
acids and  resulting polymer is dissolved in styrene. Polyester and monomer
crosslink to form 3D nonmelting network with heat and free radical initiation.

Polyesters are classified according to the material used in their
manufacture as orthophthalic, isophthalic, iso NPG, bisphenolic. Maleic
anhydride gives crosslink sites in polymer chain and convert to fumaric acid during
condensation reaction.Phthalic anhydride is widely preferred due to compatibility
with styrene. low cost and high stiffness. Isophthalic acid provide high HDT,
excellent water and chemical resistant. Another isomer of phthalic acid 1s

151



I. POLIMERIK KOMPOZITLER SEMPOZYUMU VE SERGISI
1719 Kasim 2006 - IZMIR
terephthalic acid and it increase HDT of polyester but lowers UV resistant. Lastly,
adipic acid increase flexibility of resin.

Glycols are main raw materials which influence the properties of resin. For
example propylene glycol is compatible with styrene and increase resistance to
corrosion. On the other hand, ethvlene glycol is cheap but incompatible with
styrene, Dicthylene glycol makes the resin flexible but reduce corrosion resistant.
NPG s important one which gives atmophoric and corrosion resistant to the
polyester.

Monomers are reduce resin viscosity and make crosslink with unsaturated
sites of resin. Tha most widely used one is styrene due to low cost, campatibility
and solvency. Alternative one is vinyl toluene which gives high viscosity and short
cure time. Methylmethacrylate reduce viscosity but increase shrinkage of resin.

The other additives are inhibitors (PTBC. HQ. PBQ. MTBHQ),
accelerators (Co/Koct, DMA, DEA). fillers (caleite, tale ete.), tixotropic agents
(cabosil, acrosil, clays). UV inhibitors, air release and wetting agents etc.

As a consequent: raw materials and additives in development and
manufacturing of UPR determine the properties of GRP. Processing methods and
where GRP is used are the main criteria for selection of materials.

1. Amag

Polyester  gelistirme  ve  dretiminde:  drtin - 6zellikleri,  polyesterin
kullanilacagi CTP proses yontemine, CTP'nin kullanim yerine ve amacina uygun
olarak belirlenir.  Kullanilacak  hammadde ve malzemelerin  se¢imi.  dtretim
siirecindeki proses kontrolii ve kontrol parametreleri diriin 6zellikleri agisindan
olduk¢a onemlidir. Bu bildiride, soézii ge¢cen hammadde ve malzemelerin tamtimi,
proses kontrol  parametrelerinin . Gnemi ve  driin - ozelliklerine  olan  etkisi
agiklanmaktadir.

2. Giris

Polyesterler cam elyali ile takviye edilerek “cam takviyeli plastikleri® yani
kompozitleri olustururlar. Polyesterler, elyal” liflerinin birbirine baglar, disandan
gelen yiikii elyafa iletir, elyata sekil ve rijidite saglarlar. Ayrica UV
dayanim.elektrik iletkenligi, alev direnci gibi 6zelliklerde kazandinir.

Doymamis polyesterler ckonomik olmasi, triin - ¢esithligi, mekanik,
elektriksel ve 1sil dayanmim, kimyasal direng. 151k ve korozyon direnci. seffafhk,
estetik  goriiniim,  renklendirilebilirhik — gibi - 6zelliklerinden  dolayr  kompozit
iirctiminde kullanilan en yaygmn regine tirtdar. Tim bu avantajlarinin yanmsira
stiren emisyonu, alevlenebilirlik gibi olumsuz 6zellkileri de vardir. Ancak uygun
regine tirlert ve katki malzemelert kullanilarak = gereksinimlere uygun hale
getirilebilir.
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Polyesterin CTP dretiminde kullanilan proses yontemleri SMC, BMC,
RTM, el yatirmasi. pultruzyon, elyal sarma ve piskirtme teknigi olarak
Ozetlenebilir.  Polyesterlere,  kullamilacak  proses teknigine gore gerekh likit
ozellikler kazandinlir, Ornegin, RTM polyesterinin diisiik viskozitede ve yiiksek
dolgu kapasitesine sahip olmasi gerekirken: SMC polyesteri yiiksek reaktivitede ve
medyum viskoziteye sahip olmahdir.

3. Doymamus Polyester Sentezi

Doymanmug polyesterler diasit ve glikollerin kondensasyon reaksiyonu ile
sentezlenir.(Sekil 1)

HO-GLIKOL-OH ! HOOC-DIBAZIK ASIT-COOH

l

-OOC-DIBAZIK ASIT-COO-GLIKOL-OOC-DIBAZIK ASIT-COO + H-0

Sekil 1. Polikondensasyon Reaksiyonu

Doymamig  polyester Gretiminde  kullanilan  dibazik asitVanhidritlerin
doymus yada doymamus 6zellikte olmasi re¢inenin karakterini belirler. Doymanmis
polyesterlerde regineye doymamushik 6zelligini yapisinda ¢ift bag bulunduran
maleik anhidrit verir. Maleikte bulunan g¢ifte baglar re¢inenin aktif merkezlerini
teskil eder.  Bir  doymamis  polyesterin - yapisindaki  doymus/doymanis
(maleik/ftalik, adipik vs.) asit oram reginenin reaktivitesini (ckzoterm  pik)
belirlemektedir.

Polikondensasyon reaksiyonu ile olusan polimer. reaktif monomer (stiren)
icinde ¢ozilerek kullamlabilir hale getirilir. Doymamis polyester reginede stiren
molekiillert polyester zincirlerinin arasinda serbest halde bulunurlar.(Sekil 2)

~OOC-DIBAZIK ASIT-COO-GLIKOL-OOC-DIBAZIK ASIT-COO-

O

-OOC-DIBAZIK ASIT-COO-GLIKOL-OOC-DIBAZIK ASIT-COO-

O

Sekil 2
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CTP ireticisi, akzelerator (Kobalt) ve katalizor (MEKP) kullanarak
zincirdeki gifte bagi aktive eder. Aktif hale gelen zincir, stiren molekiilii ile ¢apraz
baglanarak sertlesme saglar. (Sekil 3)

-O0C-DIBAZIK ASIT-COO-GLIKOL-OOC-DIBAZIK ASIT-COO-

O

-O0C-DIBAZIK ASIT-COO-GLIKOL-OOC-DIBAZIK ASIT-COO-

Sekil 3
4. Doymamus Polyester Uretiminde Kullamlan Hammadde ve Katkilar

Doymamis  polyesterler, iretimlerinde  kullamilan  dibazik  asidin
fonksiyonel grubuna gore ortoftalik, izoftalik, izo — NPG, bisfenolik olarak
adlandinhrlar. Kullanilan asit ve glikoller, polyesterin kimyasal dayanimi, aley
dayanimi, mekanik performansi gibi kritik 6zelliklerini belirlemektedir. Ayrica
kullanilan hammadde ve katkilarla regineye 1sil dayamim, hidrolitik direng. darbe
dayanimi, esneklik, elektrik iletkenligi gibi 6zellikler kazandirlabilir. Polyester
tretiminde  kullamilan  kimyasal ve katki  malzemelerini  asagidaki  gibi
siniflandirabiliriz.

4.1 Hammaddeler
Tabloda adi ge¢en hammaddeler polyesterin tiretim asamasinda kullanilan
ve reaksiyona dahil olan malzemelerdir.

~ Tablo 1
Diasitler Fralik, Maleik, Adipik
Glikoller MEG, DPG, DEG, PG, NPG
Monomerler Stiren, viniltoluen, alfa metil stiren, MMA
inhibitorler HQ, MTBHQ. PTBC, PBQ
Promotorler DMA, DEA
Akzeleratorler | Kobalt/Potasyum Oktaat |
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4.1.1 Diasitler/Anhidritler ve Gorevleri:
Polyester tiretiminde kullanmlan diasitler (anhidrit) ve gérevleri Tablo 2'de
Ozetlenmistir.

Tablo 2
Diasit/anhidrit | Gérevi
Malcik/Fumarik | Capraz baglanma
Fralik Ekonomik, stiren uyumu, kolay reaksiyon verme
Izoftalik Sw/kimyasal dayanim,yiiksek mekanik performans
Tereftalik asit Yiiksek HDT, korozyon direnci
Adipik asit Esneklik, dayaniklilik
HET asit . Yanmazhk/alev gecikuriciligi

4.1.2 Glikoller ve Gorevleri:
Polyester tiretiminde kullanilan glikollerin gorevleri Tablo 3'de verilmistir.

S Tablo 3
Glikol Gorevi
Etilen glikol Ekonomik. kirilganhk

| Propilen glikol Stiren uyumu,korozyon direnci
Dipropilen glikol | Esneklik ve korozyon direnci

Dietilen glikol Esneklik, diisiik su/korozyon direnci
Neopentil glikol UV dayanmimi, su ve kimyasal dayanmim

4.1.3 Monomerler ve Girevleri:

Tablo 4 B
“ Monomer Gorevi |
Stiren Ekonomik,reaktivite.re¢ine uyumu
Vinil toluen Diistik u¢uculuk,ytiksek viskozite

Alfa metilstiren | Diisiik reaktivite,diisiik emisyon
Metil metakrilat | Isik stabilitesi, atmosforik direng. disiik
viskozite, yiiksek hacimsel ¢ekme

4.2 Katki Malzemeleri

Katki  malzemeleri, polimerlesme  reaksiyonunun tamamlanmasinin
ardindan regine stiren ile seyreltildikten sonra ilave edilerck modifiye driin ve
jelkot tretiminde kullanilirlar.

N
N
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Tablo 5

Katki Malzemesi Tiirii | Adi - - Gir
Dolgular Kalsit, Talk. Kaolen Sertligi artirir, maliyet

, _dogdrdr
Cabosil, aerosil, kil tiirleri | Viskozite kontrolii. dik
yiizeyde akmama

Gorevi

—_—

Tikzotropik ajanlar

| Pigmentler -
Alev geciktiriciler Amonyum fosfat tirevleri. | Yanmazlik ve alev
halojenli bilesikler, geciktiriciligi

antimontrioksit

Kopiik kesici ajanlar

| Hava kabarcigi giderme

Islatma ajanlar Elyatislanmasini
- 7 kolaylagtirir .
UV stabilizatorler I UV direnci saglar .

5. Doymams Polyester Uretimi:

Reaktor i¢ine beslenen glikol ve anhidritlerin (doymus + doymanus) 1si
(180 — 210 "C) alunda karistinlarak, ortamdan suyun uzaklastirilmasiyla polyester
zincirlert elde edilir. Polimerizasyonun yiiriiytsii. alinan polyester numunelerinde
asit sayist ve viskozite testi yapilarak kontrol alunda tutulur. Asit sayisi  ve
viskozite hedeflenen degerlere ulastiginda polyester biraz sogutularak reaktil’
monomer (stiren) i¢inde ¢ozinir. Bu asamada sisteme inhibitor ilave edilerek
¢apraz bag reaksiyonunun baglamasi engellenir.

5.1 Molekiil Agirhigimin Mekanik Performansa EtKisi:

Reaksiyonun tamamlandigr asit ve viskozite degerleri polimer zincirlerinin
ortalama molekil agirhgr ile ilintilidir. Ayrica polyesterin mekanik performansi,
kullanilan glikol ve anhidritlere bagh oldugu gibi, polyester zincirinin uzunlugu
(molekill agirhgr) ile  de yakindan ilgilidir.  Dolayisiyla  polimerlesme
reaksiyonunun  sonlandinldigr asit  ve viskozite degert polimer  zincirinin
uzunluguna dolayisiyla mekanik performansina etki eder.

Polyester molekiil agirhgr ve mekanik performans arasindaki bagintiya
iliskin olarak; ortoftalik polyester tiretiminin farkh asit degerlerinde alinmig regine
numunelerinin molekiil agirhklart analiz edilmis, beraberinde kati oranlarn ayni
olacak sekilde stiren ile seyreltilerek mekanik mukavemetleri test edilmistir. (Tablo
6-7)

Tablo 6
Asit (mgKOH/g) | Mn Mw Solid (%) | Viskozite (¢ps)
70 599 | 1260 60,1 | 100
55 662 | 1455 61 180
30 1232 3083 017 550
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Tablo 7
[ Min-Mw ]
o 1599 — 1260662 — 1455|1232 - 3083
Egme Dayanimi (Mpa) | 105 131 U
Egme Modiilii (Mpa) 3237 3909 | 4538
Cekme Dayanimi (Mpa) 2 55 79
Cchme Modiilii (Mpa) 2956 3365 3843
Uzama (") 1T 23 | 30
HDT (18,2 kPa) 53 57 63

Tabloda goriildugt  gibi, molektl agirhigr arttitk¢a egme  ve ¢ekme
dayanmimlan yiikselmistir. Ayrica, molekil agirhigr artikga yani asit sayisi diistip
viskozite yiikseldikge, polyesterin yiik alunda egilme sicakhigimm (HDT) da artugn
gorilmistar,

6. Sonu¢ ve Degerlendirme:

I') Polyester gelistirme ve tretiminde;

a)  Reginenin uygulanacagi CTP nin kullanim yerine,

b) CTP proses tiiriine.

¢) Polyesterin kullanim amacina.
gore  polyesterin - sahip  olmast  gereken likivmekanik  6zellikler ve uygun
hammadde/katkilar belirlenir.

2) Polyester iiretimi sirasinda kontrol parametreleri olan asit ve viskozite degerlern
polimer zincirinin molekil agirhgr ile iliskilidir.

3) Polimerlesme reaksiyonu devam ederken asit degeri dastikge (viskozite
artik¢a) molekiil agirhgr artar.

4) Molekil agirhgr arttikga egme ve ¢ekme dayanimi da yikselmektedir.
7. Kaynak¢a
M. Biron, Thermosets and Coposites, Elsevier Ltd, 2004

J. Murphey, Reinforced Plastics Handbook. Elsevier Ltd, 1998
S. S Oleesky and J. G. Mohr. Handbook of Reimnforced Plastics, 1964
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ASBEST — POLIiMIT HIBRIT MATERYALLERININ
HAZIRLANMASI VE TERMAL OZELLIKLERININ
ARASTIRILMASI

Siileyman KOYTEPE, Turgay SECKIN, Ayber YILDIRIM

inonti Universitesi. Fen Edebiyat Fakiiltesi. Kimya Bolimii. 44280
MALATYA

Ozet

Yiiksek termal kararli Asbest-poliimit nanokompozitlert reaktil” organo
Asbest ve politamik asit)” ten sentezlendi. Asbest — Poliimit hibrit bilesiklert FTIR
ve X — ray spektroskopi teknikleri ile karakterize edildi. Sentezlenen Asbest
poliimit hibrit bilegikleriin termal dzelliklert DTA ve TGA tekniklert kullanilarak
belirlendi. TGA  sonuglar,  polimit - nanokompozitlerinin - hepsinin orjinal
poliimitlerden  daha  yiiksek  dekompozisyon — sicakhgma  sahip — oldugunu
gostermistir, Hibrit matervallere ait % 107 luk kitle kaybi hava atmosterinde 578
688 “C arasinda degismektedir. Fakat bu deger orpmal poliimitler igin 431 - 552 7'C
arasindadir.

Anahtar Sozciikler: Asbest. Poliimit. hibrit materyal, termal Kararhhik,

Abstract

High thermally stable  Asbestos polyimide nanocomposites  were
synthesized from reactive Asbestos and poly(amic acid). Asbestos — Polyimide
hybrids as characterized by FTIR and X — ray spectroscopy. TGA showed that the
both types of polyimide nanocomposites have higher decomposition temperatures
in comparison with the original polyimides. 10% weight loss belong to hybrid
material is between 568 — 689 “C in air, but this value 1s between 455 - 561 'Cin
air for original polyimides.

1. Giris

Giiniimiizde gelisen teknolojinin artan ithtiyaglarina cevap verebilecek daha
tistiin - materyallerin arayist  siirekli olarak artmaktadir.  Bu amacla  yapilan
calismalarda  hibrit materyaller hem inorganik hem  de organik materyallerin
ozelliklerini bir arada tasidiklarr i¢in olduk¢a onemlidirler. Hibrit materyaller
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organik veya inorganik bilesenlerden en azindan birinin nanometrenin onda biri
biiyiikliigiinde oldugu organik — inorganik bir sistem olarak tanimlayabiliriz.
Hibriti olusturan bilesenler: molekiiller, oligomerler ve polimerler olabilir. Hibriti
olusturan bilesenlerden bir tanesi polimer. digeri ise organmodifiye kil, sol — jel
metodolojisi ile hazirlanmig metaloksit bir network yada asbest olabilir. Hibrit
materyallerde organik kisim olarak polimerlerin kullamilmasi iiriine esneklik,
hatiflik ve kolay islenebilirlik saglamaktadir. (Polimer olarakta poliimitler gibi bir
ileri teknoloji polimeri kullanthrsa elde edilecek irtinde termal, mekanik ve
kimyasal dayanimda s6z konusudur). Inorganik matriks olarak ise triine diisiik
termal iletkenlik, oksidasyona dayamim ve disiik yogunluk gibi pek ¢ok dnemli
ozelligi de beraberinde getirmektedir [1 — 4.

Dogal asbest 1sil kararhihigi, yiksek mekanik  ve Kkorozit dayanmim ve
izolasyon 6zellikleri yaninda kolaylikla elde edilebilir olmasi nedeni ile endiistriyel
olarak olduk¢a farkh kullanim alanlarina sahip olmasina ragmen, saghk
regiilasyonlart nedeniyle kullaniminda sikintlar yasanmaktadir. Asbestin temel
kullanim alanlari arasinda 1s1 izolasyon malzemeleri, kompozit dolgu maddeleri ve
yangi koruyucu fdriinler sayilabilir. [1] Endiistriyel olarak 6nemli kullanim
alanlarina sahip olan asbestin i¢erdigi en biiyiik dezavanta) akciger iizerine
olumsuz etkileridir. Bu nedenle  pek ¢ok caligma grubu asbestin bu iistiin
ozelliklerini yitirmeden kompozit yada hibrit malzemelere donistiiriilmesi {izerine
¢ahgmaktadir. Bu ¢alisma kapsaminda da 1sil kararlh bir mineral olan asbest yine
isil kararh bir polimer olan poliimitler ile etkilestirilerek asbest — poliimit hibrit
malzemeler sentezlenmistir ve 6zellikleri dogal asbest ile kiyaslanmistir [6 - 8].

Bizim de bu ¢ahsmadaki amacimiz, dogal, bol ve ucuz olan ayrica yiiksek
sicakhiklara dayanmikli bir malzeme olan Asbesti’i degerli bir polimer olan poliimit’i
kovalent baglarla baglayarak daha yiiksek sicakliklara ve mekanik darbelere
dayamkl yeni bir malzeme elde etmektir. Ayrica bu sayede asbestin kristal
yvapisinda olusabilecek olan degimleri kullanarak onun kullamimimi kisitlayan
kanser yapier 6zelligini yok etmektir. Calismada kullanilacak polimer tiirii olarak
ise poliimitlerin tercih edilmesinin - nedeni.  poliimitler mitkemmel  yapilan
sonucunda termal. kimyasal ve mekanik dayanima sahip ayrica teknolojik agidan
onemli bir polimer sinifi olmasidir. “Bessonov vd. (1971)" Poliimitler hem yapi
olarak hem de fiziksel ozellikleri olarak gelisen teknolojinin gereksinim duydugu
onemli materyaller arasindadir [9]. Bunun en énemli nedenlerinden bir tanesi de
modifikasyonlara uygun kimyasal yapilanidir. [10].

2. Materyal Ve Metod

(aliyma Kapsaminda kullanmilan asbest Kangal Sivas bélgesinden alinarak
saflastinhp  kullanilmistur.  Kullanilan - Anhidritler  Aldrich  firmasindan  temin
edilmis ve kullamimdan 6nce vakumda kurutulmustur. Diger reaktifler ve ¢oziiciiler
Fluka firmasindan temin edilmis olup 4 “A molekiiler elek ile saklanmistir.
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3. Yontem
Piromellitik Dianhidrit Asbest (krizolit)
| 1
NMP™ de ¢oziilin NaAc tle 907 reflux
| |
inert Atmosfer (N») NaAc ile pargalanir
[ [
Diamin [lavesi Yapilir NaC'l ve Su ile Yikanir
1 |
Poliamikasit elde edilir AgNO; ile CI testi
| 3 §
A4

Poliamikasit ile aktiflestirilmis
Asbest etkilestirilir
—

Termal
imidizasyon

210 °C" de termal imidizasyon
gerceklesturihir
|
Poliimit Uriin 250 °C de kiir edilir

Deneysel olarak bu ¢aligma; asbestin temizlenmesi ve aktiflestirilmesi,
diamino ve dianhidritler  kullamlarak poliamik asidin  hazirlanmasi.  hibrit
bilesiklerin - sentezi  ve  karakterizasyon olmak dizere dort ana  kisimdan
olusmaktadir.  Poliimit sentezinde farkli  dianhidritler ile  poliimit yapisi
¢esitlendirildi - ve  aynica  farkli  oranlarda  ¢ahgilarak  hibrit - materyalin
ozelliklerindeki degisimler kontrol edildi.

a) Ham Asbestin Saflastirilmasi

50 gr ham asbest iki boyunlu balon igerisinde mekanik kanstiricr ile 24 saat
NaAc ile refluks edildi. Siiziilen asbest blendir ile NaAc i¢inde parcalandi. 3 kez
IN NaCl ile yikanip siiziildiic AgNO; ile Cl- testi pozitif yanit vermeyinceye kadar
suile yikandi. Etil alkol ile yikanip 110 °C” de kurutuldu.

b)  Asbest -3- aminopropil trietoksi silan hibrit mateyvalinin sentezi

APS’nin Asbest’e Kovalent bag ile baglanmasi sol jel yontemi
kullamlarak asagidaki semada gosterildigi gibi yapilmistir
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OC Hs OH
L hidroliz ‘
H;N—CH;-CH,—CH;—S$i—0C,H; ™% j N —CH;-CH,—CH;—Si—OH
[ -CH;0H |
0OC-H; OH
OH HO- —l - |
I _kondenzasyon P O
H,N —CH;~CH;—CH;—&i—OH + “Hy0 H;N—CH;-CH;—CH; ?l o
OH HO i
~—S1-0—
Asbest

Sekil 1: APS™nin Asbeste kovalent bag ile baglanmasi

Reaksiyon azot atmosteri alunda, kuru toluen igerisinde gergeklestirildi. 50
ml. kuru toluen igerisinde 3 gr. Asbest dispers edildikten sonra 2.5 ml. APS ilave
edildi. Bu karisim geri sogutucu altinda 24 saat kansurilarak isiuldi. Reaksiyon
sonunda elde edilen hibrit materyal siiziilerck ayrldi ve sokselet diizeneginde
diklorometan ile12 saat ckstrakte edildikten sonra vakum altinda 120 "C de 24 saat.
kurutularak karekterizasyonu yapildi.

c) Poliamik asit ve Poliimitlerin Sentezi

Poliimitler, kimyasallara ve reaksiyonlara kargt dayanikh olduk¢a dayanikhdirlar.
Ayrica zincirler arasi etkilesimlert ¢ok yiiksek oldugundan ¢oziiniirlikleri de
olduk¢a zordur. Bu nedenle poliimitler den hibrit bilesikler tiretebilmek i¢in
poliimit olusmadan poliamik asit basamaginda Kile baglayip daha sonra elde edilen
bu poliamik asit — Kil bilesiginden istenilen hibrit materyale ge¢mek gereklidir.
Bunun i¢in piromellitik dianhidrit 6nce uygun bir ¢6zgen de ¢oziiliir. Sonra inert
atmosferde diamino bilesigi eklenerck 30 45 “C'de kanstunhr. Gozlenen renk
degisimi poliamik asit’in olugtugunu gosterir.

O 0 0 Q
| f-R—NH 2
H.N—R—NH, + O o —>
' HO OH
O 0 0 0
Diamin Promelltik dianhidrit Poliamik asit

Sekil 2. Poliamik asit olusumu.

d)  Asbest-Poliimit Hibrit Sistemlerinin Hazirlanmasi
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- —

Poliamik asit ¢ok aktif’ bir maddedir, ve ¢ok ¢abuk reaksiyon verebilir,
(iinkii yapisinda ¢ok fazla miktarda karboksil grubu bulundurmaktadir. Bu gruplar
sayesinde esterlesme, amitlesme imitlesme veya agillasyon tepkimelerini rahathkla
verebilir, kinei basamakta elde edilen poliamik asit belirli bir miktar Asbest ile
karistirihir. Bu asamada kondenzasyon ile poliamik asit Asbeste baglanir. Sonra bu
ara diriinden hibrit materyale gecmek icin 2200 “C'de 18 — 20 saat Kansurihr. Bu
sicakhik kullanilan monomere gore degismektedir.

0] 0
F-NH-—L . H N -CH;—CH;—CH;~S$i-0— i y n
0 —  +R~=N N+=CH:=CH;—CH,—S%i—0—
— T ! n o :
Si-0— [ | O
[4) [§)

»n-0

abamde wmt

Figure 3. Asbest — Poliimit hibrit materyalinin sentezi.
4. Sonuclar

Yapilan  ¢oklu  denemeler  sonucunda  asbest  yiizeyine  yapilan
modifikasyonlar i¢in en uygun sartlar olarak 24 saat refluks uygun goriilmistiir. Bu
sartlar altnda TGA verilerinden de goriildiigii gibi %6 4 modifikasyon oldugu
eoriilmektedir.

10000 ~see .

Ham Asbest

RO Modditiye

Axbest

LRI

nan o000 4oo0u - soo oG HO0 00
Temp [C]

Sckil 1. Ham ve Modifiye asbeste ait FTIR ve TGA verileri
Sentezlenen poliimitlerin ve hibrit bilesiklerin vapisi X — ray, FTIR ve
clementel analiz ile karakterize edildi. Her bir hibrit bilesiginin termal ozellikleri

ise DTA, TGA ve DSC ile belirlendi. Ayrica hibrit bilesiklerin SEM ile yiizey
ozelliklert belirlendi.
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Transmittance (%T)

4000 3400 2800 2200 1600 1000 400

Wavenumber (cm ')

(a)

Transmittance (%T)

W50 3250 2850 2450 2060 1650 1250 850 450

w.v-numbn(un')

(b)
Sekil 2. Poliimitlere (a) ve hibrit materyallere (b) ait FTIR spektrumlari.
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Sekil 3. Poliimitlere (a) ve hibrit materyallere (b) ait DTA termogramlar.
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rav spektrumlart.

Sekil 5: Sal asbest (a), Poliimit (b), % 3 Poliimit (¢) ve % 6 Poliimit i¢eren hibrit
materyallere ait SEM goriintiist

Tablo 1. Poliimit ve hibrit materyallere ait tiziksel 6zellikler.

Ads d  ndi) (oziinirlik” o
(g/ecm)) : NMP  DMSO  DMF  DMAc¢  THI

Pl 129 1.5l e F e
As-Pl-1 | .44 - - - - - -
Pl=2 .30 1.69 : } ; ) ;
As-PI-2 148 - - - - -

PI-3 1.09 1,12

As-PI-3 1:.29 . - - - -

Pl-4 .18 1,29 f t f f =
As-Pl-4 1,29 - - - - - -

(a: NMP igerisinde 0,50 ¢/dl 30 “Cde ubdelohde viskozimetresi ile)
(b: + ¢ozuntr, +1s1ile ¢ozintir. - ¢oziilmez.)
Sonug olarak elde edilen  Asbest politmit hibrit bilesikleri  yiiksek

sicakliklara ve yapilarima baglanan poliimitierden kaynaklh olarak mekanik etkilere
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Karsi

dayamkhdirlar. - Termal  kararhilk  yoninde  termogravimetrik — analiz

sonuglarma gore Hibrit materyallere ait % 107luk kiitle kaybi hava atmosferinde
578 ~ 688 "C arasinda degismektedir. Fakat bu deger orjinal poliimitler i¢in 451

552 %€

arasindadir. Bu da gostermektedirki bu denh bir hibrit olusumu yaklagik

olarak 100 °C" ye varan bir termal kararhhk saglanmigtir.
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