
CHAPTER T

Everyday, i f  we look around, we w il l  f in d  th a t p la s t ic s  
have many advantages to  mankind. Although th ey  have d isadvantages 
e s p e c ia l ly  when th ey  are h eated , but now th ey  are introduced  
in p la ce  o f m eta ls. At present th ey  have been developed to  
be added as m a teria ls  th a t can stren gth en  and toughen in to  
p la s t ic s  m atrixes th a t can b ring about th e  c a p a b ility  to  
operate to  be about th e  same as m eta ls. These kinds o f products 
are d esig n ated  as "Reinforced P la s t ic s "

1 .1  R einforced P la s t ic s

The term "Reinforced P la s t ic s "  r e fe r s  to  any p la s t ic  
m ateria l whose p h ysica l p ro p e r tie s  have been up-graded by th e  
a d d itio n  o f some a u x ilia r y  m a te r ia l. T his re in fo rced  m aterial i s  
g en e ra lly  fib rou s in nature, although th e  ad d ition  o f t h is  
reinforcem ent may provide an in crea sin g  s tre n g th , t h is  can a lso  
be ach ieved  by c e r ta in  n on -fib rou s f i l l e r s .  However, th e  degree  
o f reinforcem ent obtained  w ith  h igh  t e n s i l e  s tren g th  fib ro u s  
f i l l e r s  i s  so much g rea ter  than th a t ob ta in ed  w ith  non-fibrous 
typ e m a ter ia ls . R einforced p la s t i c s  are analogous in sev era l  
r e sp e c ts  to  re in fo rced  con crete  where th e  low t e n s i l e  s tren g th  
o f con crete  i s  up-graded w ith  s t e e l  rod s. The con crete serv es  
to  tr a n sfer  th e  load to  th e  encased  s t e e l  rods so th a t th e  
e n t ir e  re in fo rced  se c t io n  a c t s  as a u n it which in creases in  
stren g th  and s t i f f n e s s ,  a t  a co n sid era b le  sa v in gs in c o s t  and
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weight compared to  a s o l id  s t e e l  s e c t io n  o f eq u iv a len t p r o p e r tie s .

Although a number o f therm osetting  r e s in s  such as  
p h en o lic s , melamines, s i l i c o n e s  and ep oxies are used  along w ith  
c e r ta in  th erm o p la stic  such as p olystyren e but th e  th erm o settin g  
such as p o ly e s te r  r e s in s  have been found to  d ate  th e  la r g e s t  
use in  r e in fo rc e d  p la s t i c s .  The p op ularity  o f th e  p o ly e s te r  
i s  based on such unique c h a r a c te r is t ic s  such as t h e ir  ea se  o f 
combining w ith  rein forcem ents and th e ir  a b i l i t y  to  cure w ithout 
g iv in g  o f f  v o l a t i l e  by-products. Because o f th e  r e la t i v e l y  low 
pressure requ ired  to  mold p o ly ester  r e s in s  in com bination w ith  
r e in fo rc in g  a g en ts , i t  i s  p o ss ib le  to  mold r e la t iv e ly  la rg e  
p arts in  l ig h te r -w e ig h t , low er-co st molds th a t would be requ ired  
to  fa b r ic a te  th e  same p a rts in m etal. Likewise i t  i s  p o s s ib le  t.0 

form complex shapes as s in g le  p ieces  which in  m etal would 
req u ire  th e  fa b r ic a t io n  and combination o f se v er a l p ie c e s  (1 ) .

1 .2  G lass F iber R einforced  P la s t ic s

G lass i s  used in a v a r ie ty  o f forms as a rein forcem ent  
for  p la s t i c .  The a v a i la b i l i t y  o f many types o f re in forcem en ts  
make p o s s ib le  g rea t d esig n  scope in stren g th , r ig i d i t y ,  c o s t ,  
production methods, shape, s i z e  and d ir e c t io n a l c h a r a c t e r is t ic s .  
Thus th e s e  products are a lso  known as "Glass Fiber R einforced  
P la s t ic s "  or "Glass F iber R einforced P olyester"  and in sh o rt  
" F ib erg lass" . T his i s  u su a lly  abbreviated to  "GRP, FRP, or RP".

G lass f ib e r  i s  an inorgan ic substance th a t in  nature does 
not bond very w ell w ith p la s t ic  m a ter ia ls . C onsequently, th e  
g la s s  f ib e r  su r fa ce  must be prepared by tr e a t in g  w ith  s iz in g  
agents to  accep t a r e s in  in much th e same manner th a t some
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su rfa ces  must be primed b efore  being p ain ted . The fu n ctio n s o f 
a s iz in g  agents are (1) ะ

1. To a llow  f ib e r s  to  be handled w ithout se r io u s  
d estr u c tio n  by abrasion .

2. To hold  f ib e r s  to g eth er  in  stran d .
3. To promote attachm ent o f g la s s  to  r e s in .
4. To promote rap id  w ettin g  o f stran d  o f g la s s  f ib e r s  

by r e s in .

The stren g th  o f th e  f ib e r  g la s s  lam inates i s  developed  
from th e  combination o f two m a ter ia ls . In t h i s  system  g la s s  f ib e r  
p rovides high s tru c tu r a l s tren g th  combined w ith g rea t f l e x i b i l i t y  
and th e  r e s in  added to  th e  m ixture c o n tr ib u te s  to  th e  s t r e s s  
t r a n s ferra i from one f ib e r  to  th e  o th er . The r e s in  surround th e  
f ib e r  as an en c losed  armor to  keep i t  separated  and t.0 present 
abrasion  from a d jo in tin g  f ib e r s  ( 2 ,3 ) .  In a d d itio n  th e  r e s in  
im parts corrosion  r e s is ta n c e  to  th e  system  and co n tr ib u tes  
to  i t s  thermal and e le c t r i c a l  p ro p er tie s , when th ese  two 
m a ter ia ls  are combined and changed in to  a so lid , s t a t e  by h ea tin g , 
th ey  become hard and u n y ie ld in g  with th e b e st  q u a l i t ie s  o f both  
m a ter ia ls  combined in to  a  new and b e tte r  product. See Figure 1 .1 .

r e s in  g la s s

Figure 1 .1  Schem atic o f g la s s  stra n d s surrounded w ith  
r e s in .

When g la s s  f ib e r s  are combined w ith  p la s t ic  r e s in s  and 
th e  r e s in s  are cured, th e  stren g th  i s  produced only when th e
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1 .3  The Purpose o f  th e  In v e st ig a t io n

G lass f ib e r  r e in fo rced  p la s t ic s  have many p ro p er tie s  
b e tte r  than gen era l p la s t i c s ,  t h is  has brought them to  be used  
in many typ es o f in d u s tr ia l  a p p lic a t io n s . E sp e c ia lly , th e  
con stru ction  in d u stry , housing up to  a new -fashioned  
a rc h itec tu r a l d es ig n s  a p p lied  to  a novel techn ology  used fo r  
greenhouse c o n str u c t io n . P a r t ic u la r ly , roof s tru c tu re  o f  
in d u str ia l fa c t o r ie s  and greenhouses where i s  required  to  u se  
su n lig h t to  d is p la c e  e l e c t r i c  l ig h t  which i t  co n tr ib u tes  to  h igh  
expenses. For t h i s  reason  g la s s  f ib e r  re in fo rced  p o ly e ste r  
are brought to  be used  fo r  high l ig h t  transm ission  work, not 
only  because i t  has l ig h t  w eight, but a lso  because o f i t s  
high stren g th .

The transparency o f lam inate depends upon th e  r e fr a c t iv e  
index o f th e  g la s s  f ib e r  which should  be equal to  th e  one o f  
th e  unsaturated  p o ly e s te r  r e s in s .  There are two d if f e r e n t  ways 
to  ach ieve . The f i r s t  t h i s  property method i s  th e  usage o f methyl 
m ethacrylate combined w ith  styren e  as c r o ss lin k in g  agent o f  a 
p o ly e s te r . The second way i s  th e  treatm ent o f g la s s  f ib e r  w ith  
s iz in g  agent in order to  in crea se  th e  r e fr a c t iv e  index o f th e  
g la s s  f ib e r  to  equal th e  one o f th e  p o ly ester  r e s in s . In th e  
study th a t fo llo w ed , th e  d esigned  experim ent was d esig n ed  
in v e s t ig a te  both o f th e  aforem entioned e f f e c t s  w ith th e  o b je c t iv e  
of improving th e  transparency and stren g th  o f g la s s  f ib e r  
re in fo rced  p o ly e s te r .

co rrect com bination i s  kept between th e  two m a ter ia ls . In gen era l
th e  larger th e  volume o f g la s s  i s  in th e  product, th e g rea ter
th e  stren gth  i s .



«M ipnan » » ■ » ' " « «
จุฬาล!กร^หา44ย13()

1 .4  L itera tu re  Reviews

Many in v e s t ig a to r s  have stu d ied  th e  e f f e c t  o f a s iz in g  
agent on transparency and s tre n g th  o f g la s s  f ib e r  re in fo rced  
p o ly e ster .

G o ttfr ied  Wiedmann, Horst F ren zel, Margit Matzke, and 
Ursula Renner (4) in v e s t ig a te d  th e  in te r fa c ia l  adhesion of 
g la s s  f ib e r  fa b r ic  onto p o ly e s te r  r e s in s  in com posites and 
found th e  improved, performance by tr e a t in g  th e  f ib e r s  with  
ไ -g ly c id o x y p ro p y ltr im eth o x y sila n e . W etting agents such อร 
r e so r c in o l, p o ly (v in y lp y r r o lid o n e ), or condensed s i l i c i c  e s te r  
were added to  th e cou p lin g  agent compounds to  in crea se  th e  
transparency of th e lam inate and. to  improve i t s  stren gth  
p ro p e r tie s .

Takeshi M oritani and Yukio Nosaka (ร) stu d ied  th e  s iz in g  
agents fo r  g la s s  f ib e r s  w ith  good a f f in i t y  toward p o ly ester  
r e s in s . These s iz in g  agen ts are prepared from a v in y l e s te r  
r e s in  em ulsion obtained  by em ulsion  polym erization  o f a v in y l 
e s te r  or a mixture o f v in y l e s t e r  and a monomer in  th e  presence  
of 70-90% p o ly (v in y l a lc o h o l)  n on ion ic  su r fa c ta n t, when i t  was 
used as re in fo rc in g  m ateria l fo r  unsaturated  p o ly ester  r e s in , th e  
r e s u lt in g  g la s s  f ib e r  r e in fo rc e d  p la s t ic  showed good transparency.

T osh ih ito  F u j ita , Kazunobu Inoue, Hirokazu Inoguchi, and 
Tadanori Kitamura (6) s tu d ie d  s i z e s  for g la s s  f ib e r s  conta ined  
unsaturated  p o ly ester  (g ly c o l component conta ined  £  10 mole% 
b isp h en ol) emulsion and organochromium or o rg a n o silico n e  compound. 
The s i z e s  had b e tte r  im p regn ab ility  on g la s s  f ib e r ,  and the s iz e d  
g la s s  f ib e r  gave p o ly e ster  com p osites w ith good transparency.
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Junich i Furukawa and Yoshinao Kono stu d ied  th e  s iz in g  
com positions for  g la s s  f ib e r s  which produced g la s s  f ib e r  
re in fo rced  a r t ic l e s  with improved tran sp aren cy . Thus, 1:2 molar 
bisphenol A propylene oxide adduct 1050, fumaric a cid  323, 
p olyeth y len e g ly c o l e m u ls if ie r  no. 1500 343, hydroquinone 1, and
s i l ic o n e  antifoam ing agent 0 .3  g were heated  160-210°c under 
N2 atmosphere, to  provide a b isp hen ol A fum aric acid -propylen e  
oxid e polymer (I) with a cid  v a lu e  25. A s iz in g  com position  
c o n s is t in g  o f I o il - in -w a te r  em ulsion (30% p o ly ester ) 3 .0 ,
5-m ethacryloxypropyltrim ethoxysilane 0 .1 8 , f a t t y  a cid  amide 0 .0 8 , 
tr iethanolam ine s a l t  o f a m e ta ll ic  o xy acid  (7) or tr ieth an olam in e  
s u lf a t e  or su lfo n a te  (8) a n t i s t a t ic  agent 0 .1 0 , HC0£H 0 .0 4 , and 
water 96.6% was a p p lied  to  a g la s s  f ib e r  fa b r ic .

Junich i Furukawa, Yoshinao Kono, and Kahei Sakaguchi (9) 
stu d ied  th e s iz in g  agents for g la s s  f ib e r s .  Thus I o il - in -w a te r  
as in (7 ,8 ) was prepared by a d d itio n  o f  p o lyeth y len e  g ly c o l  
N -stearylam inoethyl eth er (1 7 .2  g) to  th e  compound and polymerized, 
to  g iv e  a polymer (I) w ith o x id a tio n  v a lu e  20. A g la s s  f ib e r  
fa b r ic  was immersed in a com position  o f an aqueous em ulsion  
con ta in in g 30% I 3, (3-rn ethacryloxyp rop yl)trim eth oxysilane 0 .1 8 ,  
an a lip h a t ic  amide lu b rican t 0 .0 8 , tr ieth an o lam in e la u ry l 
s u lf a t e  0 .1 0 , AcOH 0.04% and แ20 . A lam inate o f th e r e s u lt in g  
fa b r ic  and unsaturated  p o ly ester  showed good transparency.

Nippon G lass Fiber C o., Ltd. (10) in v e s tig a te d  th e  g la s s  
f ib e r -r e in fo r c e d  unsaturated  p o ly e ste r  boards w ith e x c e l le n t  
transparency and heat r e s is ta n c e . These g la s s  f ib e r s  were tr e a te d  
w ith  a s iz in g  agent con ta in in g  p o ly (v in y l a ce ta te ) 6, a d ip ic  
a c id -e th y len e  g ly c o l copolymer 0 .6 ,  a c r y l ic  s i la n e  d e r iv a t iv e
0 .3 ,  and fa t t y  amides 0.1%.
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Dainippon Ink and Chemicals, in c . (11) stu d ied  th e  
w a te r -r e s is ta n t s i z e s  which show e x c e lle n t  adhesion to  g la s s  
f ib e r s  and p o ly e ste r  m atrix r e s in s . Thus, neopentyl g ly c o l  
936, Unicoi BA-P2 1095, p o lyeth y len e  g ly c o l number 3000 421, 
iso p h th a lic  a c id  996, p h th a lic  anhydride 592, and NaOAc 0 .1 6  
part were mixed and h eated  to  g iv e  a p o ly ester  o f m olecular  
weight 4200, 300 p a r ts  o f  which was mixed w ith 129 p a rts  
eth y len e  g ly c o l monoethyl e th er , then w ith water to  g iv e  a s t a b le  
30% s o l id s  d isp e r s io n . G lass c lo th  dipped in  a s i z e  o f t h i s  
d isp e rs io n  6 , v in y l t r i s ( p  -m eth oxy)silan e 0 .3 , C irraso l 185 A 
(lu b r ica n t) 0 .1 5 , and w ater 93.55% showed good filam en t coh esion  
and no b lock in g , an when impregnated with unsaturated  p o ly e s te r ,  
formed transparent s h e e t s .

H iroshi Masuda (12) in v e stig a te d  g la s s  rovings coa ted  
w ith  an aqueous m ixture o f  50% Epikote 828 5 .4 , 50% E pikote  
100 2 .8 , and 3 - (tr im e th o x y s ily l)p r o p y l m ethacrylate 0.4% d r ie d  
and wound to  g iv e  r o v in g s . An unsaturated p o ly ester  r e in fo rced  
w ith  th ese  f ib e r s  had a transparency of 78%.

S e iic h i  shim anuki, Michio Tanabe, and Ryozo Koike (13) 
in v e stig a te d  th e  g la s s .  f ib e r  tr e a te d  w ith "the 
octyldimethylammonium e th o s u lfa te  to  g iv e  p la s t ic s  having water 
and b o ilin g  r e s is ta n c e ,  good appearance, and good l ig h t  
tra n sm issio n .

Anton M isk o lc i, J o z e f Matula, Juraj Forro, and S ta n is la v  
F loro v ic  (14) stu d ied  th e  aqueous lu b rican ts th a t improve th e  
p r o c e s s a b ili ty  o f g la s s  f ib e r  moldings in  th e  manufacturing 
o f low -co lo r , tran sp aren t p o ly e ster  lam inates con ta in  unsaturated  
p o ly e ste r s  1-6 , h yd ro lyza b le  3-m ethacryl-oxypropyl t r i - C 1_3-
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a lk ox y sila n es 0 .1 - 0 .4 ,  a n t i s t a t ic  agen ts 0 .1 -0 .7 ,  n on ion ic
su r fa c ta n ts , h y d ro ly sis  c a t a ly s t s ,  and pH regu la to rs 0.01-1.0% .

Juraj Forro, S ta n is la v  F lo r o v ic , and Jozef H a r tiso v ic  
(15) stu d ied  th e  lu b r ica n ts  fo r  g la s s  and mineral f ib e r s  are  
prepared from an amide from o le i c  and d ieth y len etr iam in e  was 
mixed 100 g a t 130°c w ith  30 g epoxy r e s in , 8 g AcOH a t 50°c  
were d ilu ted  w ith  H20 to  a 25% s o lu t io n . This so lu t io n  5 ,
3 - (tr im eth o x y s isy ll)p ro p y l m eth acrylate  0 .2 , AcOH 0 .1 , L ic l 0 .2 ,  
oxyethylated  nonylphenol 0 .1  and H20 94.4% were coated  on g la s s
f ib e r s  and used to  prepared lam inates w ith  unsaturated p o ly e ste r  
with transparency 85-90% v s . 70-75% w ith  a p o ly (v in y l a c e ta te )  
d isp ersio n  as film -form in g  agent.

1 .5  O b jectives fo r  t h i s  study

1. To study th e  e f f e c t  o f s i z in g  agent and th e  p ro p e r tie s  
of g la s s  fib e r  re in fo rced  p o ly e ster  in  r e la te d  to  i t s  transp aren cy.

2. To obta in  a g u id e lin e  fo r  th e  developments in  a 
manufacturing p rocess o f  a h igh  q u a lity  re in fo rced  m a ter ia l.
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