
CHAFFER IV

RESULTS AND DISCUSSIONS

4 .1  S y n th e s is  o f  2 ,2-B isC 4-(2-hydroxypropoxy)phenyl]propane

2 , 2 -B is[I4 -(2 -hydroxypropoxy)pheny l]p ropane  was prepared, 
by th e  r e a c t io n  o f a  m ix tu re  o f 1 mole o f b isp h en o l A and 2 mole 
of p ro p y le n e  o x id e  in  th e  p re sen ce  o f a lk a l in e  c a t a l y s t ,  sodium 
h yd rox id e  s o lu t io n ,  in  w ater m edia.

+ 2CHZ--------CH-CH3

pro py len e  o x id e

NaOH/HzO
V

2 , 2 - b i s I 4 - (2 -hydroxypropoxy) p hen y l]p ro pan e

T h in - la y e r  ch rom ato grap h ic  tech n iq u e  was used  to  
m onito r th e  r e a c t io n .  By u s in g  chloroform  : m ethanol (6 :1 ) 
as  th e  d ev e lo p in g  s o lv e n t ,  i t  ap p ea rred  2 s p o ts  a t  RF v a lu e  
0 .33  and 0 .4 5  which co rresp o n d ed  to  b isp h e n o l A and
2 ,2 - b i s I 4 - (2 -h yd roxypropoxy)pheny l] propane, r e s p e c t iv e ly .  Thin 
la y e r  chrom atography th u s  conf irm ed th a t  th e  p ro d u c t had been
formed..
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T h is  p ro d u c t was v isc o u s  l iq u id  w ith  l i g h t  yellow  c o lo r  
o r c le a r  c o lo r  as  c r y s t a l .  A fte r  p ro long  s to r a g e ,  i t  was changed 
to  w ax -lik ed . I t  had a  m e ltin g  tem p e ra tu re  a t  abo u t 57-S8°C. I t s  
s o l u b i l i t y  was te s te d , a s  shown in  Table 4 .1 .  The r e s u l t s  were 
ag ree  w ith  th e  re p o r te d  d a ta  in  re fe re n c e  39 a s  th e  p ro du ct had 
e x c e l le n t  s o l u b i l i t y  in  a ro m a tic  hydrocarbon  in  a ro m a tic  
hydrocarbon , a lc o h o l ,  a c e to n e , e th e r ,  te t r a h y d ro fu ra n  b u t
n o n -so lu b le  in  hexane, and w ate r.

T ab le  4 .1  S o lu b i l i t y  o f r e a c ta n t  (h isp h eno l A and p ro py len e  
oxide) and 2 , 2 -b is C 4 -(2-hydroxypropoxy)pheny l1propane

S o lv en ts B ispheno l A P ropy len e  O xide P roducts

a ce to n e v e ry  good v ery  good very  good
benzene bad bad very  good
carbon  t e t r a c h lo r i d e bad. bad. good
ch lo ro fo rm good v ery  good very  good
cyclohexane bad. bad bad
N ,N -dim ethy1formamide v e ry  good v ery  good very  good
e th a n o l very  good v ery  good very  good
d ie th y le th e r v ery  good very  good very  good
hexane bad te d bad
m ethanol v e ry  good v ery  good very  good
m ethy1ene ch 1 o r id e good very  good. very  good.
p etro leum  e th e r bad bad bad
to lu e n e bad bad. very  good
w ater bad good bad
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2 . 2 - b isC 4 -(2 -h y d ro x y p ro p o x y )p h en y lIp ro p an e  were e x h ib i te d  in
F ig u re  4 .1 -4 .2 ,  r e s p e c t iv e ly .  The a b s o rp tio n  band o f th e s e
su b s ta n c e s  were s im i la r ,  th u s  t h i s  te c h n iq u e  can n o t id e n t i f y  
th e  d i f f e r e n c e  o f s t r u c t u r e  o f b isp h en o l A and
2 . 2 - b isC 4 -(2 -h y d ro x y p ro p o x y )p h en y lIp ro p an e . The a b s o rp tio n  bands 
o f th e s e  su b s ta n c e s  were in t e r p r e te d  in  T ab le  4 .2 .

T ab le  4 .2  The assignm ent fo r  th e  IR spectrum  o f b isp h en o l A 
and 2 , 2 -b is c 4 - ( 2 -h yd ro xy p ro poxy jpheny lวpropane

I d e n t if ic a t io n  o f t h i s  product was compared with
b isphenol A by using IR, NMR, GC and DTA a n a ly s is .  IR (KBr)
spectrum o f bisphenol A and IR (NaCl) spectrum of

A bso rp tio n  frequency  
J  (cm เ )

Assignm ent

3600 -  3200 H -  bonded -OH group
3050 c -  H s t r e t c h in g  in  a ro m a tic
2900 c -  H s t r e t c h in g  in  a l i p h a t i c

2000 -  1667 p a ra  -  d i s u b s t i t u t e d  o v e rto n e
in  benzene r in g

1600 5 1400 C = c  s t r e t c h in g  in  a ro m a tic
1500 c  -  H bend ing  (^C H 2 , -CH3>
1230 c -  0 s t r e t c h in g
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F igure 4 .1  IR (KBr) spectrum  o f b isp h en o l A

WAVENUMBER (cm '1)

F igure 4 .2  IR (NaCi) spectrum  of
2 , 2-b isC 4-(2-hydroxypropoxy) p h en y lip ro p an e
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The l H-NMR spectrum  f o r  b isp h en o l A and 2 ,2 - b is -  
[ 4 - (2 -hydroxypropoxy> phenyl]propane were e x h ib i te d  in  F ig u re
4 .3 - 4 .4 ,  r e s p e c t iv e ly .  The d i f f e r e n c e  betw een th e s e  su b s tan ces  
can seen  c le a r ly  by NMR sp ectrum . The s ig n a l s  o f th e  s im ila r  
p ro to n s  o f th e s e  su b s ta n ce s  were s l i g h t l y  changed th e  chemical 
s h i f t s  a s  shown in  T ab le  4 .3 - 4 .4 ,  r e s p e c t iv e ly .  The H-NMR 
spectrum  o f 2 ,2 -b isC 4 -(2 -h y d ro x y p ro p o x y jp h en y l]p ro p an e  showed 
th e  s ig n a l s  a t  i  4-13, 3 .9 0 , 3 .7 5 , and 1 .18  ppm which
co rre sp o n d ed  to  p ro to ns o f th e  propoxy g roup s and th e  s ig n a ls  o f 
hydroxy l group was s h i f t  to  h ig h  f i e l d  a t  £ 2 . 49  ppm. C onsequently , 
th e  1H-NMR spectrum  in F ig u re  4 .4  was con firm ed  t h a t  i t  was a  
s t r u c t u r e  o f 2 ,2 -b isC 4 - (2 -h y dro x yp ro p ox y)ph eny l]p rop ane .

bisphenol A

Figure 4 .3  1H-NMR (CDCl ) spectrum  o f b isp h en o l A
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Table 4 .3  The assignm en t fo r  th e  1H-NMR spectrum  o f b isp h en o l A

Chem ical sh if t . Assignm ent
<f (ppm)

7 .OS m eta p ro to n CH8]
6 .70 o r th o  p ro to n แแฯ
4 .65 -OH

1.55 r V
/ ฯ - \

ch3
๔ ฯ

G D F D Gแ H B A . A B H Ht
ch3 h h h ch h h ch3

HO -CH-C -O -^ ^ ) -O-C-CH-OH

h he ^ hAch3ha hB he  H 

H hF . H
l , 2 - b i s  C4- ( 2-hydroxypropoxy ) pheny 11 propane

- L l 1  ' A _________

1 " ไ
พ

ไ
J ------------- ’

F ig u re  4 .4  l H-NMR (CDC1„J spectrum  of
2 ,2 -b is c 4 - ( 2 -h ydroxypropoxy)pheny]Dpropane
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T ab le  4 .4  The assignm ent fo r  th e  ^-NMR sp ectrum  o f  
2 , 2 -b isC 4 -( 2-hydroxypropoxy) pheny 11 p ro pan e

Chemical s h i f t A ssignm ent
J ! ppm'

7.16 meta p ro to n  CHBD

6.75 o rth o  p ro to n  โHA]
c

4.13 \-0 -C -C H -0 -  tHC 1
H cA  1 1

3.90 'V o - c - c - o -  : hd ว
c

3.75 'V o - c - c - o -  CHE ว
/  1H

2.49 -OH

1.55 \ \  ^ / '  rc - c - c '  [H ] 
/  1 \

CH,

1.25 \ \  เผ3V o - c - c - o -  chg:

The GC chromatogram fo r  2 ,2 -b isL 4 -(2 -h y d ro x y p ro p o x y )-  
p h en y lJp ro p an e  was shown (F ig u re  4 .5 ) th e  r e t e n t io n  tim e  a t  
27 .45  m in u te  and th e  so lv e n t r e te n t io n  tim e  o f e th a n o l was 
ap p e a re d  a t  0 .4 6  m inute bu t b ispheno l A has th e  r e t e n t io n  tim e  a t  
16 .95  m in u te . From t h i s  chromatogram i s  shown t h a t  th e  
s y n t h e t i c  monomer has h igh  p u r i ty .
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0.46 27.45

START STOP

Figure 4 . ร GC chromatogram o f
2 ,2 -b isC 4 -(2 -hydroxypropoxy> p h en y lวpropane

When 2 ,2 -b isC 4 - (2 -h ydro x yp ro p ox y)ph eny l]p rop ane
h ea te d  under a tm o sp e ric  p re s su re  and tem p e ra tu re  100-250°c, i t  
does n o t change c h a r a c t e r i s t i c  and p r o p e r t i e s .  F ig u re  4 .6  showed 
t h a t  t h i s  monomer had m e ltin g  te m p e ra tu re  abo u t 57-S8๐c 
and decomposed a t  300°c, b u t b isp h e n o l A had d eco m p o sitio n  
tem p e ra tu re  a t  2S0°C. Thus th e  adv an tage  o f t h i s  monomer was 
h ig h  h e a t  r e s i s t a n c e .

300 °c

F ig u re  4 .6  D i f f e r e n t i a l  th e rm a l a n a ly s is  therm ogram o f 
2 ,2 - b i s i 4 - (2 -hydroxypropoxy) p hen y l] propane
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4.2 Synthesis of S e lf-em u lsifia b le  Unsaturated P olyester  Resin

The u n s a tu ra te d  p o ly e s te r s  a re  d e r iv e d  from  a  p ro d u c tio n  
p ro ce ss  w hich in v o lv es  th e  co n d en sa tio n  e s t e r i f i c a t i o n  o f 
d ih y d r ic  a lc o h o ls  and d ic a rb o x y lic  a c id s . A l t e r a t io n  o f th e  
chem ical s t r u c t u r e  by p ro c e ss in g  te c h n iq u e s  and  raw m a te r ia l  
s e l e c t io n  i s  a  method o f a ch iev in g  th e  d e s i r e d  p r o p e r t i e s  
in  th e  fo rm u la te d  r e s in s .

The most commonly used  u n s a tu ra te d  a c id s  a r e  fu m aric  
a c id  and m a le ic  an h y d rid e . M aleic anhydride  i s  t h e  m ost econom ic 
d e r iv a t iv e  b u t fu m aric  a c id  can be s u b s t i tu te d  m a le ic  an h y d rid e  
b ecau se  i t  te n d s  to  g iv e  l ig h te r  co lo u red  p ro d u c ts  (2 4 ) . They 
c o n fe r  th e  fundam ental u n s a tu ra t io n  to  th e  p o ly e s t e r ,  which 
p ro v id e s  th e  r e a c t i v i t y  w ith  c o re a c ta n t  monomers su ch  a s  s ty r e n e .

S e l f - e m u ls i f i a b le  u n s a tu ra te d  p o ly e s te r  r e s i n  was 
p re p a re d  by th e  r e a c t io n  o f a  m ix tu re  o f 1 mole o f fu m aric  
a c id  o r 1 mole o f m a le ic  anhydride  and l . o s  mole o f
2 ,2 -b isC 4 - (2 -hydroxypropoxy)pheny l]p ropane in  th e  p re se n c e  of 
p o ly e th y le n e  g ly co l number 1500 th a t  a c te d  a s  e m u ls i f ie r  
which a llo w ed  to  p a r t i c ip a t e  in  th e  r e a c t io n ,  whereby a  
s e l f - e m u l s i f i a b l e  p o ly e s te r  i s  o b ta in ed  b ecau se  p o ly e th y le n e  
g ly c o l w i l l  in c re a s e  th e  s e n s i t i v i t y  o f p o ly e s te r  to  w a te r. 
The h y d ro p h i l ic  g ro u p s, p o ly e th y le n e  g ly c o l ,  was in tro d u c e d  in to  
th e  polym er c h a in  o r in s id e  c h a in  to  p re p a re d  w a te r - s o lu b le  
p o ly e s te r s  (4 2 ). However, th e  e m u ls if ie r  was u t i l i z e d  in  sm all 
q u a n t i ty  b ecau se  o f i t  does no t s u b s ta n t i a l ly  in c re a s e  th e  w ater 
s e n s i t i v i t y  o f th e  cured, f i lm s  which a re  u l t im a te ly  o b ta in e d  when 
th e s e  p o ly e s te r s  were used, a s  film -fo rm in g  a g en t on g la s s  f i b e r  
s u r f a c e .  Hydroquinone was added to  th e  r e a c t io n  to  p rev en t
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g e la t io n  a t  h igh p rocess tem perature. The s tru c tu re  o f both
unsaturated  p o ly e ster  r e s in s  have s im ila r  model shown as
fo llo w s ะ

p
II

HO-CCH=HCC-OHII
0

fum aric  a c id
or +

/HC-----c'
HC-----c,

\ 0
m ale ic  an h y dride

-
2 , 2 -b isf4 -(2 -h y d ro x y p ro p o x y )p h en y l]p ro p an e

0II CH:
H-f-OCCH=HCCOCHCH 0 

II

CH
OCHzCH-|-OH

•‘ท H2°

u n sa tu ra te d , p o ly e s te r  r e s in s

M aleic a n h y d rid e  e x i s t s  in  a  p la n a r  c o n f ig u ra t io n  o f low 
co n fo rm atio n a l en e rg y , and th e  c o n v ers io n  in to  ina lea te  d i e s t e r s  
and o ligom ers d u r in g  th e  i n i t i a l  e s t e r i f i c a t i o n  r e a c t io n  
in c re a s e s  th e  s t r a i n  energ y  a c ro s s  th e  doub le  bond b ecau se  o f 
s t .e r ic  h in d ran ce . At lower r e a c t io n  te m p e ra tu re , i . e .  160°c, th e  
m a lea te  e s t e r s  rem ain  in  t h i s  c o n d i t io n , ,  b u t a s  th e  r e a c t io n  
tem p e ra tu re  exceeds 180 c , th e y  e f f e c t iv e ly  r e l i e v e  th e  s t r a i n  by 
tra n s fo rm in g  to  th e  more p la n a r  t r a n s - fu in a ra te  isom er, which 
red u ces  th e  s t e r i c  c o n g e s tio n  (2 6 ).
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y 0
0
11c R

0II
R c

/ /  \  / ร , / ร ,HC---- c  V.!! > HC 0 
11

0 CH 
IIHC---- c ' HC 0 CH 0

\  /  \c p ร , / ' ' ' .c

m aleic anhydride

V  I t
II0

c is -m a lea te  e s te r

II0
trans-fu m arate

In  co n v en tio n a l fu s io n  m e lt, th e  long r e a c t io n  tim e , 
u s u a l ly  a t  tem p e ra tu re  above 180°c, cau se s  th e  rn a lea te  e s t e r  to  
iso m erize  to  th e  co rresp on d in g  fu m a ra te . T h is  is o m e r iz a tio n  
d u r in g  th e  p o ly e s t e r i f i c a t io n  p ro c e ss  i s  o f  fundam ental
im portance in  th e  developm ent o f optimum p h y s ic a l 
c h a r a c t e r i s t i c s .  The iso m e riz a tio n  o f  rn a lea te  t o  fu m ara te  may 
on ly  be p a r t i a l l y  com pleted , which i s  1 i f l e c t e d  in  th e  p ro d u c t. 
M aleate e s t e r s ,  because of th e  in c re a s e d  s t r a i n  a c ro s s  th e  
doub le  bond, a re  d i s t o r t e d  s l i g h t l y  from a  p la n a r  c o n f ig u r a t io n ,  
which su p p re ss e s  t h e i r  a b i l i t y  t o  cop o lym erize  w ith  s ty r e n e .  
The c o rre sp o n d in g  fum arate  polym ers a re  s u b je c t  to  le s s  s t e r i c  
i n te r f e r e n c e  in  th e  t r a n s  form and a re  a b le  to  assume a  p la n a r  
c o n f ig u r a t io n ,  d is p la y in g  r e a c t i v i t i e s  a lm ost 20 tim e s  th o s e  o f 
th e  m a lea te  r e a c t io n  p ro d u c ts  in  su b seq u en t c o p o ly m e riz a tio n  
r e a c t io n s  w ith  s ty re n e  (2 5 ).

The e x t r a  advantage o f t h i s  fo rm ula  i s  th e  increm en t o f 
an a l k a l i  r e s i s t a n c e  which i s  th e  p r in c ip a l  d e f ic ie n c y  of 
p o ly e s te r  r e s i n s .  The e s t e r  l in k a g e s  a r e  s u b je c t  to  h y d ro ly s is  in  
th e  p re se n c e  o f th e  a l k a l i .  In c re a s in g  th e  s i z e  o f th e  g ly c o l 
has th e  e f f e c t  o f red u c ing  th e  c o n c e n tra t io n  o f e s t e r  l in k a g e s . 
Thus, 2 , 2 -b isr4 -(2 -h y d ro x y p ro p o x y )p h en y lIp ro p an e  i s  a b le  to  
s e p a r a te  e s t e r  lin k ag e s  to  in c re a s e  an a l k a l i  r e s i s t a n c e  o f
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p o ly e s te r  r e s i n s  (2 7 ,4 3 ). I t  i s  a  good a d h e s iv e  compound by 
b isp h en o l A im p arts  th e  a b i l i t y  f o r  b e t t e r  bond ing  to  m e ta l, 
g la s s ,  and o th e r  su b s ta n ce s  (4 4 ). F urtherm ore , th e  in c o rp o ra t io n  
o f t h i s  monomer in to  th e  r e s in  system  i s  claim ed, t o  im p art to  
enhancem ents in  f l e x i b i l i t y ,  s h e l f - l i f e ,  and p r o c e s s a b i l i t y  of 
th e  r e s i n  sy stem s (45,46)

D uring  th e  r e a c t io n ,  a c id  number o f p o ly e s te r  was 
d e te rm in ed  e v e ry  hour (F ig u re  4 .7 ) .  when th e  a c id  number o f  th e  
r e a c t io n  m ix tu re  becomes lower th an  25, th e  r e a c t io n  was 
stopped.. T hese p ro d u c ts  app eared  to  be h ig h ly  v is c o u s  l iq u id s ,  
l ig h t  y e llo w  c o lo r  fo r  p o ly e s te r  from fum aric  a c id  and in te n s e  
y e llow  c o lo r  fo r  p o ly e s te r  from m aleic  an h y d rid e . B oth o f them 
a ls o  have a. s o f te n in g  p o in t a t  95°c.

F igu re 4 .7  Determ ination o f a cid  number during preparation
o f both unsaturated p o ly ester  r e s in s
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IR (N a d ) spectrum  o f  b o th  th e  u n s a tu ra te d  p o ly e s te r  
r e s in  has s im i la r  c h a r a c t e r i s t i c  (F ig u re  4 .8 -4 .9 1 , th u s  t h i s  
tech n iq u e  cann o t id e n t i f y  th e  d i f f e r e n c e  s t r u c tu r e  o f bo th  
p o ly e s te r  r e s i n s .  The a b s o rp t io n  bands in  th e s e  spectrum  were 
in te r p r e te d  in  T able  4 .5 . The a b s o r p t io n  band a t J -  2000-1667 cm 
which in d ic a te d  th e  appearance  o f th e  p a r a - d i s u b s t i tu te d  o v e rto n e  
in benzene r in g  cou ldn o t be o b se rv e d  from th e  IR spectrum  because  
i t  was s h ie ld e d  by th e  a b s o rp t io n  band o f carbonyl g roup . The 
a b so rp tio n  bands a tv l=  1600, 1450, and 830 cm 1 which in d ic a te d  
th e  appearance  o f doub le  bond and th e  a b s o rp tio n  band a t  
J  = 1725 cm 1 which in d ic a te d  t h e  ap p earance  o f carb o n y l group 

confirm ed t h a t  th e r e  were u n s a tu r a te d  p o ly e s te r  r e s in s .

T able  4 .5  The assignm ent fo r  th e  IR spectrum  of b o th  u n sa tu ra ted , 
p o ly e s te r  r e s in s

A bso rp tion  frequency  
J (cm )

Assignment

3600 -  3200 H -  bonded -  OH group
3050 c -  H s t r e t c h in g  in  a ro m a tic
2900 c -  H s t r e t c h i n g  in  a l i p h a t i c
1725 c = 0 s t r e t c h in g  in  a l i p h a t i c

1600 5 1450 C = c s t r e t c h in g  in  a ro m a tic
1500 c -  H b end in g  ( ^  CHZ, -Œ M

1300 -  1210 C-O-C asym m etric  s t r e tc h in g
1190 -  1090 C-O-C sym m etric s t r e tc h in g

830 C = c s t r e t c h in g  in a l i p h a t i c
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F ig u re  4 .8  IR (NaCl) spectrum  o f p o ly e s te r  from 
fu m aric  a c id

Figure 4 .9  IR (NaCl) spectrum o f p o ly ester  from
m aleic anhydride
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The ^-NMR spectrum  o f p o ly e s te r  from fum aric a c id  and 
m aleic  an h y d rid e  were e x h ib i te d  in  F ig u re  4 .1 0 -4 .1 1 , 
r e s p e c t iv e ly .  The d i f f e r e n c e  betw een b o th  p o ly e s te r s  can be seen  
c le a r ly  by MMR sp ec tru m . The s ig n a l s  o f th e  s im ila r  p ro to n s  
of bo th  p o ly e s te r s  were s l i g h t l y  changed th e  chem icals s h i f t s  
as  shown in  T ab le  4 .ล -4 .7 , r e s p e c t iv e ly .  The 1H-NMR spectrum  
of p o ly e s te r  from fu m aric  a c id  (F ig u re  4 .1 0 ) was shown th e  s ig n a l  
a t  i 1 .30 ppm which co rre sp o n d ed  to  p ro to n  o f methyl group and was 
overlapped  w ith  th e  s ig n a l  o f o l e f i n i c  p ro to n  ( tra n s - iso m e r  
carbonyl g ro u p ), th u s  t h i s  s ig n a l  was induced  to  h igh  i n t e n s i t y .

Figure 4 .1 0  1H-NMR (CDCl3 ) spectrum of p o ly ester  from
fum aric  a c id
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Table 4 .6  The a ssig n m en t fo r  th e  ^-NMR spectrum  of p o ly e s te r  
from fu m a ric  a c id

The ^-NMR spectrum  of p o ly e s te r  from m aleic  an h y d rid e  
(F ig u re  4 .10 ) was shown th e  s ig n a l  o f m ethyl p ro to n  t h a t  would 
be experim ent d i f f e r e n t l y  in  NMR. T h e re fo re  th e y  app eared  a t  
d i f f e r e n c e  chem ical s h i f t ,  1 .40 and 1 .25  ppm. C onsequen tly , th e  
1H-NMR spectrum  m a le ic  anh ydrid e  confirm ed  t h a t  i t  has a  m ix tu re  
o f c i s -  and t r a n s - is o m e r  o f carbonyl g ro u p . P e rce n t o f c i s -  and
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t ra n s - is o m e r  o f c a rb o n y l group can be c a lc u la te d  from th e  h e ig h t  
of s ig n a l s ,  a s  fo low s ะ

% of ca rb o n y l group  in  c is - fo rm  = M X 100 = 42%
M + F

% of ca rb o n y l group in  t r a n s - is o m e r  = F X 100 = 58%
M + F

where ะ M = th e  h e ig h t  o f s ig n a l  o f m ethyl p ro ton  in  c is - is o m e r  
F = th e  h e ig h t  o f s ig n a l  o f m ethyl p ro ton  in  t ra n s - fo rm

G P f D GH H  B A H A B H  H

Figure 4 .1 1  l H-NMR (CDCl3 ) spectrum of p o ly ester  from
m aleic anhydride
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T ab le  4 .8  The assign m en t fo r  th e  1H-NMR spectrum  o f p o ly e s te r  
from m ale ic  anhydride

Chem ical s h i f t A ssignm ent
J(ppm)

7 . IS m eta p ro to n  CH 1

6 .8 0 o rth o  p ro to n  1HA]
c

4 .10 ^-O-C-CH-O- 1HC!
H Ç

3 .80 V o - C - C - 0-  !HD!

3 .65 'V-O-C-C-O- CH ว 
/  1H

พ f v
1 .60 c - c - c  CHF1

/  ' \ch3

1 .40
CH O O

NV o - c - c - o - c - c = c - c -  CH 1

1 .25
CH 0

\\ I s »V o -c -c -o -c -c = ะc - c -  CH ว
' O

Both o f th e  u n s a tu ra te d  p o ly e s te r  r e s in s  have s im i la r  
thermogram c h a r a c t e r i s t i c .  The g la s s  t r a n s i t i o n  tem p e ra tu re  were 
abou t 139°c f o r  p o ly e s te r  from fu m aric  a c id  and 137°c fo r  
p o ly e s te r  from m ale ic  anh y drid e . These r e s u l t s  from p o ly e s te r
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from fu m a ric  a c id  has carbo n yl g ro up s in  t r a n s - i s o m e r  (100%) 
a lo n g  th e  c h a in , s y n d io ta c t ic  polym er, th e  p o ly e s te r  c h a in  was 
more r i g i d  th u s  i t  must u se  more energy  to  deform , w hile  
p o ly e s te r  from m aleic  an h y drid e  has carbo n y l g ro u p s  a s  m ix tu re  
o f c i s -  and  t r a n s - is o m e rs , a t a c t i c  polym er, th e  c h a in  was more 
f l e x i b l e  and  easy  to  deform . They d id  n o t have m e ltin g  
te m p e ra tu re  b u t decomposed a t  300°c (s e e  F ig u re  4 .1 2 ) .

(A) ะ fu m a ric  a c id  p o ly e s te r  (B) ะ m a le ic  a n h y d rid e  p o ly e s te r

F ig u re  4 .12  D i f f e r e n t i a l  th e rm al a n a ly s i s  therm ogram s 
of b o th  u n s a tu ra te d  p o ly e s te r  r e s i n s

4 .3  P r e p a r a t io n  o f an o i l - i n - w a te r  Type E m ulsion o f  th e  
U n s a tu ra te d  P o ly e s te r  R esin s

The e m u ls if ic a t io n  o f o i l  o r hydrophobic  m a te r ia l s  w ith  
w ater can  b e  d iv id e d  in to  two ty p e s ,  one as  w a t e r - i n - o i l  (w/o) 
em u ls io n , two as  o i l - in - w a te r  (0 /w) em u ls io n . The r e l a t i v e  
s im u lta n e o u s  a t t r a c t i o n  of an e m u ls i f ie r  f o r  w a te r and fo r  o i l  
o r f o r  th e  two phases o f th e  em ulsion  system  b e in g  c o n s id e re d
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i s  known as th e  " H y d ro p h ile - l ip o p h ile  b a la n c e  (HLB)". I t  i s
d e te rm in ed  by th e  chem ical co m po sitio n  and e x te n t  to  io n iz a t io n  
o f a  g iv en  e m u ls i f ie r .  The HLB o f an e m u ls i f ie r  d e te rm in es th e
ty p e  o f an em ulsion t h a t  te n d s  to  tie form ed. Thus e m u ls if ie r s
w ith  low HLB v a lu e s  te n d  to  make w/o e m u ls io n s . The most s t a b le  
em ulsion  system s u s u a l ly  c o n s is t  o f e m u ls ify in g  agen t t h a t  one 
p o r t io n  having l i p o p h i l i c  tend ency  (low  HLB v a lu e ) ,  th e  o th e r  
p o r t io n  hav ing  h y d ro p h ilic  ten d en cy  (h ig h  HLB v a lu e ) .  By
b le n d in g  two e m u ls i f ie r s ,  th e  e x a c t HLB needed  can be a t t a in e d  
r a th e r  th an  t r y in g  a  s in g le  e m u ls i f ie r  h av ing  an HLB th a t  does 
n o t q u i te  match (4 7 ,4 8 ). In  t h i s  ex p e rim en t th e  p re se n t system  i s  
an o i l - in - w a te r  em ulsion in  which th e  o i l  i s  th e  d is p e rs e d  phase 
( i n te r n a l  phase) in  w ater as  th e  c o n tin u o u s  phase (e x te rn a l  
p h a se ) . T h e re fo re , a  s p e c ia l  s u r f a c t a n t  was added in to  th e
system  to  h e lp  p o ly e th y le n e  g ly c o l (HLB 6 .0 )  s t a b i l i z e  o/w 
em u lsion .

P re p a ra tio n  o f o i l - in - w a te r  ty p e  em ulsion  can be done by 
th r e e  methods (49) ะ

1. The s u r f a c ta n t  i s  added to  th e  w a te r , and th en  o i l  i s  
added slow ly  w ith  a g i t a t i o n .  T h is  p ro d u ces an o/w em ulsion 
d i r e c t l y .

2. The e m u ls ify in g  agen t i s  d is s o lv e d  in  th e  o i l  phase , 
th u s  t h i s  m ix tu re  i s  added d i r e c t l y  t o  w ate r form ing an o/w 
em u lsion .

3. When th e  w ater i s  added t o  th e  o i l  s u r f a c ta n t  
m ix tu re , a  w/o em ulsion  i s  form ed f i r s t  w hich in v e r ts  to  an o/w 
em u ls io n . T h is method produces e x c e e d in g ly  f in e  p a r t i c l e  s i z e  
em u lsion . V is c o s ity  i s  a t  i t s  maximum v a lu e  a t  th e  in v e rs io n  
p o in t  (see  F ig u re  4 .1 3 ) .
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F ig u re  4 .1 3  In v e rs io n  o f an em ulsion

To p re p a re  t h i s  em u lsion , th e  aqueous phase i s  s t i r r e d  
in to  th e  o i l  p hase  c o n ta in in g  th e  e m u ls ify in g  a g e n ts . The aqueous 
phase has to  be in tro d u c e d  c a r e f u l ly ,  p o s s ib ly  p o r tio n w is e , 
b ecause  i t  h as  been found t h a t  in  th e  ca se  o f more h ig h ly  
v isc o u s  o i l  p h ase , m echanical d i f f i c u l t i e s  a re  en c o u n te red  in  
in c o rp o ra tin g  th e  aqueous phase owing to  th e  f a c t  t h a t  w ith  
in c re a s in g  v i s c o s i ty  o f th e  re v e r s e  em ulsion , th e  aqueous phase 
i s  tak en  up more and more s lo w ly . As more w ater i s  added, th e  
em ulsion  assumes a  m ilky  c a s t  w h ile  th e  v i s c o s i ty  in c re a s e s .  At 
a  c e r ta in  p o in t ,  c a l l e d  th e  in v e rs io n  p o in t ,  th e  v i s c o s i ty  
sudden ly  d e c re a s e s . At t h i s  p o in t  th e  em ulsion has changed 
from w/o to  o/w. F u r th e r  a d d i t io n  o f w ater may th en  be r a p id ly .  
F in a l ly ,  th e  p r o te c t iv e  c o llo id , ag en t which n o rm ally  i s  
p o ly (v in y l a lc o h o l)  a s  w ater s o lu b le  h y d ro p h ilic  c o l lo id  was 
added to  th e  em ulsion  d is p e r s e d  in  w ater phase to  p r o te c t
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c o a g u la tio n  and s e t t i n g  o f em u ls io n . T h is  0 /w ty p e  em ulsion 
ap p ea rs  as m ilky -w h ite  em u ls io n . Em ulsion has to  be k ep t 
t i g h t l y  to  avo id  lo s s  o f w a te r. W ater lo s s  may e f f e c t  em ulsion 
i n s t a b i l i t y  and r e s u l t  ไท phase s e p a r a t io n .  A fte r p ro longed  
s to r a g e ,  th e  em ulsion may become cream ing  o r se d im en ta tio n . 
I f  no co a le scen ce  o r ag g lo m era tio n  o c c u rs ,  th e  em ulsion may 
be re d is p e rs e d , a  sh ak e -w e ll b e fo re  u s in g  i t ,  and p ro v id e  a  
s a t  i s f  a c to ry  p ro d u c t.

The d i f f e r e n c e  o f two em ulsion  sy stem , one w ith  fu m aric  
a c id  and th e  o th e r  w ith  m ale ic  a n h y d rid e , i s  th e  c o lo r  o f 
em u ls io n . The o i l - i n - w a te r  ty p e  em ulsion  o f u n s a tu ra te d  p o ly e s te r  
r e s i n  t h a t  has fu m aric  a c id  was m ilk y -w h ite  c o lo r  and i t  has 
s t a b i l i t y  about 30 days a t  room te m p e ra tu re , b u t t h a t  has m a le ic  
an h y d rid e  was m ilk y -y e llo w  c o lo r  and i t  h as s t a b i l i t y  abou t 
7 days a t  room te m p e ra to re . Both o f th e  em ulsion  sh ou ld  n o t 
be k ep t in  r e f r i g e r a t o r  o r a t  h ig h e r  te m p e ra tu re  because t h e i r  
c h a r a c t e r i s t i c  w i l l  be changed which w i l l  c au se  th e  lo ss  o f th e  
s t a b i l i t y  f a s t e r  th a n  th e y  sh o u ld  b e .

4 .4  P re p a ra tio n  o f s i z in g  A gents

T h e o re t ic a l ly ,  th e  s iz in g  a g e n t c o n s is t  o f s ix  
co m p o sitio n s , i . e . ,  f ilm -fo rm in g  a g e n t,  co u p lin g  a g e n t, 
a n t i s t a t i c  a g e n t, lu b r i c a n t ,  pH c o n t r o l l e r  and w ate r. Each 
com po sitio n  has im p o rtan t r o le  in  making g la s s  f i b e r  re in f o r c e d  
p l a s t i c .  The s iz in g  a g en t may a ls o  m odify th e  in te r f a c e  re g io n  
to  s tre n g th e n  th e  o rg a n ic  and in o rg a n ic  boundary  la y e rs  (36) a s  
can  be seen  in  F ig u re  4 .1 4 .
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F ig u re  4 .1 4  The model s t r u c t u r e  showing th e  boundary o f 
i n t e r f a c e  la y e r  betw een th e  s u r fa c e  o f 
m a trix  and th e  g la s s  f i b e r

In  t h i s  exp erim en t, i t  w i l l  be s p e c i f i c a l l y  fo cu ssed  a t  
f ilm -fo rm in g  a g e n t. In th e  p a s t ,  p o ly (v in y l  a c e ta te )  was used  as  
film -form ing ' a g e n t. But a t  th e  p r e s e n t ,  th e  polymer t h a t  i s  th e  
same as  th e  polymer m a trix  in  g la s s  f i b e r  r e in f o r c e d  p l a s t i c  i s  
p re fe ra b ly ,  s e le c te d  to  u se  a s  f i lm -fo rm in g  a g e n t. Owing to  t h e i r  
s i m i l a r i t y  which make them w e l l - l in k  to  each  o th e r ,  th e  h igh  
perform ance f ib e r g l a s s  p ro d u c ts  would be produced. From t h i s  
re a so n , th e  u n s a tu ra te d  p o ly e s te r  was s e le c te d  to  use as  
f ilm -fo rm in g  ag en t in  t h i s  e x p e rim en t.

In  t h i s  re s e a rc h  work, two p o ly e s te r  fo rm ula  were 
s y n th e s iz e d , one from fu m aric  a c id  and th e  o th e r  from m aleic  
anh y drid e  by c o n tro l  th e  o th e r  com ponents. Both p o ly e s te r s  have 
s im i la r ly  s t r u c tu r e  b u t fu m aric  a c id  g iv e s  l ig h te r - c o lo r e d  
p roduct th a n  m a le ic  an h y d rid e . Then th e y  were used to  p rep a re
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an o i l - i n - w a te r  ty p e  p o ly e s te r  em u ls io n  as  film -fo rm in g  a g e n ts . 
The p o ly e s te r  em ulsion from fu m a ric  a c id  has w h i te - c o lo r ,  b u t 
th e  p o ly e s te r  em ulsion from m a le ic  an h y drid e  has y e llo w -c o lo r . 
T his ty p e  o f u n s a tu ra te d  p o ly e s te r  from fum aric  a c id  was used as  
film -fo rm in g  agen t in  some s i z in g  a g en t which showed t h a t  i t  
improved tra n s p a re n c y  o f g la s s  f i b e r  re in fo rc e d  p o ly e s te r  (7 ,8 ) .  
However, th e r e  has been r e p o r t  ab o u t th e  e f f e c t  o f t h i s  
u n s a tu ra te d  p o ly e s te r  on th e  t r a n s p a re n c y  and s t r e n g th  o f th e  
f ib e r g la s s  p ro d u c ts . From th e s e  re a s o n s , b o th  p o ly e s te r s  were 
used in  th e  s iz in g  ag e n ts  w hich were p rep a red  in  sev en teen  
fo rm u la tio n s  a s  shown in  T ab le  4 .8 .

4 .5  G la ss  F ib e r  M anufactu ring

P ro d u c tio n  o f c o n tin u o u s  f i la m e n t  f i b e r s  p ro ceeeds by 
feed in g  th e  raw g la s s  in to  an e l e c t r i c a l l y  h e a te d  f ib e r iz in g  
elem ent a t  2300°F or 1260°c, r e f e r r e d  to  as  b u sh in g . At th e  
bottom  o f th e  bushing th e r e  a r e  a  la rg e  number o f o r i f i c e s .  The 
d ro p le ts  o f  m olten g la s s  e x tru d in g  from each o r i f i c e  a r e  g a th e re d  
to g e th e r ,  m echan ica lly  a t t e n u a te d  to  th e  p ro p er d im en sion s, 
passed  th ro u g h  a  l ig h t  w ater s p ra y  (quench) and p assed  a  s iz in g  
a p p l ic a to r .  The f i la m e n ts  a r e  th e n  g a th e re d  to g e th e r  in  a  
s u i t a b ly  shaped  shoe to  from a  b u n d le  o f f i la m e n ts  c a l l e d  a  
s t r a n d . The s t r a n d  p asse s  to  a  w in der where i t  i s  wound onto  a  
form ing tu b e  (F ig u re  4 .1 5 ) .  The s t r a n d  m a te r ia l  so  form ed i s  
f r e q u e n t ly  r e f e r r e d  to  a s  a  fo rm in g  cake  (F ig u re  4 .1 6 ) .  The wet 
cake i s  d e te rm in ed  m o is tu re  c o n te n t  and s iz in g  agen t c o n te n t .  The 
cake i s  th e n  c o n d itio n e d  o r d r i e d  in  oven a t  120°c abou t 14 hours 
p r io r  to  f u r th e r  p ro ce ss in g  in to  s a l l a b l e  p ro d u c ts . The d r ie d  
cake i s  d e te rm in ed  m o is tu re  c o n te n t  ag a in  to  check fo r  th e  
re s id u a l  m o is tu re  c o n te n t .
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F ig u re  4 .1 6  G lass  f ib e r  form ing cake
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P r a c t i c a l l y ,  th e  d ro p le ts  o f m olten  g la s s  a re  ex truded , 
from abo u t 800 o r i f i c e s .  Then th e  f i la m e n ts  a re  g a th ered , 
to g e th e r  by a  16 b a r shoe to  make p ro p e r d im ension  w hich i s  
a p p ro p r ia te  w ith  th e  chopped s t r a n d  f i b e r .  The p lacem ent o f  th e  
f i la m e n ts  in to  ev ery  b a r o f shoe i s  v e ry  d i f f i c u l t  te c h n iq u e . 
G e n e ra lly , th e y  a re  p laced  in to  shoe abo u t 14-16 b a r  dep end ing  
on th e  s k i l l e d  la b o r .  The re c e iv e d  g la s s  f i b e r s  have s p l i t t i n g  
e f f i c ie n c y  equ a l to  8 and 11 s t r a n d  a s  shown in  T ab le  4 .8 .  
The s iz in g  ag en t a ls o  has e f f e c t  on th e  s p l i t t i n g  e f f i c ie n c y  o f 
th e  g la s s  f i b e r s .  I f  i t  u n ifo rm ly  c o a ts  on th e  f i la m e n ts  s u r f a c e ,  
th e  re c ie v e d  g la s s  f i b e r s  w il l  have s p l i t t i n g  e f f i c ie n c y  equ a l to  
th e  number o f th e  s t r a n d  t h a t  p asse s  th ro u g h  s u i t a b ly  shaped, 
sh o e . S eeing  one s t r a n d  by naked eye, i t  was d i f f i c u l t  to  e x p la in  
t h a t  in  one s t r a n d  was composed o f many f i la m e n ts .  The u s in g  
o f th e  h ig h  q u a l i ty  c o lo r  v ideo  m icroscope system  can i l l u s t r a t e d  
a s  in  F ig u re  4 .1 7 .

F ig u re  4 .1 7  M ag n ifica tio n  o f a  s t r a n d  o f g la s s  f i b e r
(250X)



T able 4 .8  S p e c if ic a t io n s  o f th e  g la s s  f ib e r s

Siïiag agent form ation 1 2 3 4 5 6 7 8 9 10 ท 12 13 14 15 16 17

Polyester enulsion 1501 solid), Î

- t a r i e  acid

- tialeic anhydride

- 0.50 0.50

0.50 0.50

2.50 2.50

2.50 2.50

3.50 3.50

3.50 3.50

■ 5.00 5.00

5.00 5.00

Poly(vinyl acetate! eiulsion •50* solid), Î 5.00 - 5.00 - 5.00 - 0.50 - - 5.00 - 5.00 - 5:00 - 5.00 - 5.00

Coupling agent, l 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30

A ntistatic agent. Ï 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20

Lubricant, $ > 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15

Acetic add l i t t l e l i t t l e l i t t l e l i t t l e l i t t l e l i t t l e l i t t l e l i t t le l i t t l e l i t t l e l i t t l e l i t t l e l i t t l e l i t t l e l i t t l e l i t t le l i t t le

Deionized sater balance balance balance balance balance balance balance balance balance balance balance balance balance balance balance balance balance

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Solids content of sizing agent. 1 3.4371 1.0588 3.0853 0.9642 3.1649 2.1199 4.9769 2.1695 5.1134 4.6722 5.1703 4.9083 5.2474 5.1734 9.0724 8.6613 9.1217

Moisture content of net cake, ร 10.0065 13.0389 9.6623 12.3497 11.9600 12.3371 11.1633 13.4110 (2.0140 11.2398 10.1102 12.1224 8.9615 11.7359 11.0102 10.5836 10.8004

Sizing agent contest on glass fiber. \ 0.8368 0.1960 0.8546 0.1939 0.7983 0.3723 1.1320 0.3708 1.1234 0.4674 1.0172 0.4988 1.0620 0.5054 1.2290 0.6167 1.1748

Class fiber color sbite shite sbite shite «bite «bite shite shite shite «bite shite shite shite shite shite shite sbite

Glass fiber characteristics very bard soft aoderate soft noderate noderate hard noderate hard aoderate hard noderate hard noderate hard noderate hard

no b r i t t le no b r i t t le

hard

nc b r ittle no b r ittle

hard

no b r i t t le

bard

>0 b r itt le no b r ittle

hard

so b r ittle no b r i t t le

hard

no b rittle . no b r ittle

hard

no b r ittle no b r i t t le

hard

no b r i t t le no b r i t t le

bard

no b r ittle no b rittle

Splitting efficiency of glass fiber 8 11 11 11 11 11 11 11 11 11 11 11 a 11 11 11 11
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4 .6  Lamination o f  th e  G lass F ib ers and The Unsaturated P o ly e ste r  
R esin s, ALPOLIT VHP 9026

Hand lay -u p  i s  th e  f a b r ic a t io n  p ro cess  t h a t  used  in  t h i s  
r e s e a rc h .  Owing to  th e  g la s s  f i b e r s  a re  in  th e  chopped s t r a n d  
form ( 2 inch  le n g th ) ,  th u s  th e y  have s e v e ra l  problem  d u r in g  th e  
la m in a tio n . The chopped s t r a n d  f i b e r s  sh o u ld  be u n ifo rm ly  
d is p e r s e d  th ro u g h o u t th e  lam in a tio n  a re a  to  c o n tro l  th e  th ic k n e s s  
and th e  p ro p e r ty  o f th e  la m in a te . The r e s i n - g l a s s  m ix tu re  must 
be r o l le d  to  sq ueeze  th e  p o ly e s te r  r e s in  in to  th e  g la s s  s t r a n d s  
to  e n su re  t h a t  th e  g la s s  f i b e r  a re  com ple te ly  w e tted  by th e  r e s in  
and to  remove tra p p e d  a i r  b e fo re  cu re  (2 5 ). P r a c t i c a l l y ,  th e  a i r  
b ub b les  sh o u ld  n o t ap p ea r in  th e  lam in a te  b ecause  th e y  a re  th e  
s t a r t i n g  p o in t  o f c ra c k in g . F urth erm o re , when th e  la m in a tin g  
r o l l e r  i s  r o l l e d  on th e  lam in a te , some o f th e  f i b e r s  can be 
a t ta c h e d  to  th e  th r e a d  o f th e  r o l l e r .  C o n sid e rab le  o p e ra to r  s k i l l  
i s  th u s  needed in  t h i s  f a b r i c a t io n .  In o th e r  w ords, th e  q u a l i t y  
o f th e  p ro d u c ts  depends on th e  s k i l l  o f th e  p e rso n n e l in  rem oving 
a i r  and v o id s .

ALPOLIT VHP 9026 i s  a medium v isc o u s  p o ly e s te r  r e s i n .  
A lthough c r o s s l in k in g  d e n s i ty  th rough  th e  u n s a tu ra te d  a c id s  i s  
t h e o r e t i c a l l y  p o s s ib le ,  th e  r e s u l t i n g  th r e e  d im en sion a l m a tr ix  
does no t e x h ib i t  fa v o ra b le  p r o p e r t ie s .  I f ,  however, c e r t a i n  
u n s a tu ra te d  monomers such  a s  s ty re n e  a re  u sed , bo th  th e  r a t e  
o f r e a c t io n  and th e  d eg ree  o f c ro s s l in k in g  w il l  m arkedly  be 
in c re a se d . In a d d i t io n ,  th e  r e s u l t i n g  c ro s s l in k e d  p ro d u c t has 
g r e a t ly  improved in  th e  p ro p e r ty  (2 4 ). The c ro s s l in k in g  a g e n t 
a ls o  red u ces v i s c o s i ty  o f th e  r e s in  cause  th e  easy  flow  th ro u g h  
th e  g la s s  f i b e r  a t  th e  tim e of m olding, s t y r ene jm d  HMA were 
chosen to  c o m p ara tiv e ly  s tu d y  t h e i r  e f f e c t  to  p ro p e r t ie s  o f th e
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p ro p e r t ie s  o f th e  la m in a te s . The c a t a l y s t  and th e  a c c e le r a to r  
were used  in  s m a lle r  q u a n ti ty  th a n  t h a t  a ss ig n e d  in  Appendix A 
to  a d ju s t  a p p ro p r ia te  g e la t io n  tim e  (abou t 30 m inutes) fo r  
in c re a se d  f a c i l i t a t i o n  o f t h i s  la m in a tio n .

4 .7  E f fe c t  o f th e  s i z in g  A gents on G la ss  F ib e r  C h a r a c t e r i s t i c s

As e x h ib i te d  in  T ab le  4 .8 .  A ll g la s s  f i b e r s  have 
w h ite -c o lo re d , b u t c h a r a c t e r i s t i c s  and s p l i t t i n g  e f f i c ie n c y  o f 
each g la s s  f i b e r  was d i f f e r e n t  due to  th e  ty p e  and p e rc e n t o f 
film -fo rm in g  ag en t in  th e  s iz in g  a g e n ts .  Because o f th e  s i z in g  
ag e n ts  were p re p a re d  in  w a te r-b a se d  form , th u s  th e  f ilm -fo rm in g  
ag e n ts  must be p re p a re d  in  em ulsion  form w ith  w a te r. The main 
s t r u c tu r e  o f t r i p l e  f ilm -fo rm in g  a g e n t were shown as  belows ะ

1. PVAc em ulsion  ะ
(-CH2-CH-)

OCCH II 3
0

2. P o ly e s te r  em ulsion  from fu m aric  a c id  ะ

CH
- c-0CCH=HCC0CHCH20-

CH 0H
OCH2CHOCCH=HCC-1- oh 

0

3. P o ly e s te r  em ulsion  from m a le ic  anh ydrid e  ะ

0 CH3 ___  CH3___ ÇH3

H- 1 -OCCH=CHCOCHCH O V ^ ^ - C - T ^ ^ V o C H  CH0CCH=HCC-] -OH
ท 2 พ  I \ = y  2 ท n "
0 CH3 0 0



78

P o ly (v in y l a c e ta te )  i s  an a t a c t i c  polymer which does n o t
have c r y s t a l l i n i t y  in  m o lecu le . The fu n c t io n a l  group -OCCH3~ i s  a 
bulky g roup , th u s  th e  polymer c h a in  h as low f l e x i b i l i t y .  When 
p o ly (v in y l a c e t a te )  i s  used as  f ilm -fo rm in g  agen t on g la s s  f i b e r  
s u r fa c e , i t  w i l l  produce v ery  h a rd  g la s s  f i b e r .

th e  ch a in  r i g i d ,  b u t th e  o th e r  fu n c t io n a l  group ลร - 0 - ,  -C -0 - 
and -CH=CH-, w i l l  in c re a s e  th e  f l e x i b i l i t y  o f c h a in . The 0 .5  % by 
w eight o f b o th  p o ly e s te r  em ulsion  w i l l  produce s o f t  g la s s  f i b e r .  
The in c re a s e  o f p e rc e n t o f b o th  p o ly e s te r  em ulsion t .0 2 .5 , 3 .5  
and 5 .0  % by w eig h t w il l  m o d era te ly  in c re a s e  th e  h a rd n ess  o f 
g la s s  f i b e r .  T h is  can be e x p la in e d  t h a t  phenyl groups have more 
e f f e c t  th an  th e  o th e r  fu n c t io n a l  g ro u p s . I n d u s t r i a l l y ,  th e  s o f t  
g la s s  f i b e r  i s  n o t a p p ro p r ia te  f o r  u s in g  in  chopped s t r a n d  mat 
machine b ecau se  i t  i s  v ery  d i f f i c u l t  to  c u t  to  th e  d e s ir e d  s i z e .  
Thus 5 .0  % by w eigh t o f PVAc em ulsion  was mixed w ith  b o th  
p o ly e s te r  em ulsion  fo r  a d ju s t in g  th e  h ard n ess  o f g la s s  f i b e r .
The fu n c t io n a l  g roup  -OCCH - ,  in  PVAc and th e  phenyl g ro up s 
in  p o ly e s te r s  w i l l  con com itan t in  prom otion o f th e  h a rd n e ss  
g la s s  f i b e r .

4 .8  E ffe c t  o f  th e  s iz in g  Agents and th e  C rosslink in g  Agents on 
Transparency o f  th e  lam inates

The tra n s p a re n c y  o f th e  la m in a te s  depends on th e  s i z in g  
agen t on g la s s  f i b e r  s u r fa c e  and th e  c ro s s l in k in g  ag en t added 
to  th e  p o ly e s te r  r e s i n .  T h e o r e t ic a l ly ,  i f  th e  r e f r a c t i v e  index  o f 
g la s s  f i b e r  i s  eq u a l to  th e  one o f p o ly e s te r  r e s in ,  th e  lam in a te  
w ill  have h ig h  tra n s p a re n c y . N orm ally , E -g la ss  has r e f r a c t i v e  
index about 1 .5 4 7 . When i t  i s  t r e a t e d  w ith  th e  s iz in g  a g e n t, i t s

The p o ly e s te r  has two phenyl g roups makepII
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r e fr a c t iv e  index i s  s l i g h t ly  changed. The c r o s s lin k in g  agent 
a ls o  has e f f e c t  to  th e r e fr a c t iv e  index o f p o ly e s te r  r e s in .

The transparency o f th e  lam inate can be determ ined as 
p ercent l ig h t  transm ission  of th e  lam inate. The r e s u l t s  o f l ig h t  
tra n sm issio n  o f th e  lam inates when percent o f t r i p l e  film -form in g  
agent and dual c r o ss lin k in g  agent were var ied  in  d i f f e r e n t  types  
were shown in  Table 4 .9 .

F igu re 4 .1 8 -4 .1 9  showed th e  l ig h t  tra n sm iss io n  o f the  
lam inates in  which of both p o ly ester  emulsion were v a r ied , i . e . ,  
0 .5 , 2 .5 ,  3 .5 , and 5.0%. I t  ex h ib ited  th a t e ith e r  s ty r e n e  or 
methyl m eth acrylate  as cr o ss lin k in g  agent was u sed , th e  r e s u lt s  
were very  s im ila r  even though in  case of methyl m eth acry la te , i t  
seemed a l i t t l e  b etter  than styren e  (F igure 4 .2 0 ) .  T his was 
exp ected  th a t  th e  p o ly ester  r e s in  con ta in ing  methyl m ethacrylate  
would have th e  r e fr a c t iv e  index c lo se r  to  g la s s  f ib e r  th at  
coated  w ith  both  p o ly ester  em ulsions than th e  one w ith  sty ren e . 
PVAc em ulsion  was given  very low l ig h t  tran sm issio n  because of 
i t  can not w e l l - l in k  with th e  unsaturated  p o ly e s te r  res in  
(ALPOLIT VHP 9026). For th e  p o ly ester  emulsion from fum aric acid  
u sin g  0.5% by w eight and 5.0% PVAc em ulsion, i t  was noted th at  
th e  l ig h t  tran sm ission  was q u ite  low in both c a se s  con ta in in g  
e ith e r  s ty r e n e  or methyl m ethacrylate. This probably due to  th is  
g la s s  f ib e r  has r e fr a c t iv e  index fa rth er  from p o ly e s te r  re s in  
co n ta in in g  both c r o ss lin k in g  agent.

A cce lera to rs th at mixed with p o ly ester  r e s in  has e f f e c t  
to  transparency of the lam inates, s ta b le  s o lu t io n s  o f  co b a lt  
o c to a te  in  dim ethyl p hth alate  are p o ss ib le  and th e s e  are o ften  
p refered  because they impart l e s s  co lo r  to  th e  lam in a tes.
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Table

Note ะ

.9  E ffe c t  o f p ercent o f t r ip le  film -form ing agent and 
dual c r o ss lin k in g  agent on l ig h t  tran sm ission  o f  
th e  lam inates

Percent of f i l i - f o n i n g  agent C rosslink iig  agent

Poly(?inyl ace ta te ) f n ia r ic  acid Haleic anhydride Styrene Methyl le thacry late

e ia ls ion po lyester polyester

e in ls io n e iils io a Light tra n s iis s io n Light- tran siiss io n

(50Î so lid ) (50t so lid ) (SO* solid) L  «> s td .d e? l r  « ’ std.de?

5.00 - - 74.23 4.30 80.19 3.14

0.50 - 30.9! 1.53 80.40 1.33

5.00 0.50 - 80.31 2.20 81.23 2.22

- - 0.50 87.31 1.40 88.08 1.30

5.00 - 0.50 85.04 0.32 80.20 1.82

- 2.50 - 87.53 1.54 87.ร!- 0.30

5.00 2.50 - 8(1.22 2.81 80.04 1.62

- 2.50 80.58 2.83 87.73 1.23

5.00 - 2.50 85.37 1.33 80.03 1.48

' 3.50 - 85.07 . 0.71 87.07 1.30

5.00 3.50 - 80.32 1.81 80.75 1.73

- 3.50 85.40 1.09 85.95 1.22

5.00 - 3.50 85.03 1.24 85.70 1.67

- 5.00 - 87.30 1.43 87.00 1.61

5.00 5.00 - 86.53 1.05 87.04 1.74

- - 5.00 87.48 1.20 80.78 1.57

5.00 - 5.00 85.11 1.30 85.79 1.77

X stan d  fo r  an average v a lu e  o f l ig h t  tran sm ission  fo r
30 measurements.



Light tra n sm ission  (%)

P o l y e s t e r  e m u l s i o n
'e —■ F u m a r i e  a c i d  M a le ic  a n h y d r i d e

F u m a r i c  a c i d  ( + 5 .0  % PV A c) ~~5 — M a le ic  a n h y d r i d e  ( + 5 .0  % PV A c)

F igu re 4 .1 8  L igh t tra n sm iss io n  o f  th e  lam in ates u sin g  s ty r e n e
as c r o s s lin k in g  agent



P o l y e s t e r  e m u l s i o n
'e — F u m a r i c  a c i d  M a le ic  a n h y d r i d e

F u m a r i c  a c i d  ( + 5 . 0  % PV A c) M a le ic  a n h y d r i d e  ( + 5 .0  % PV A c)

F igu re 4 .1 9  L igh t tra n sm iss io n  o f  th e  lam in ates u sin g
methyl m eth acry la te  a s  c r o s s lin k in g  agent



Light transmission (X) Light trsnsmission (X)90

8 4  - 

8 2  -  

8 0  -  78 - 
76 - 74 -Y2 ------I----- 1———1___ I____ 1___ 1____*___ 1___ J____i____I____0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0Percent of fumerie acid polyester emulsion

S t y r e n e  M e th y l  m e t h a c r y l a t e ~ s ~  S t y r e n e  x  M e th y l  m e t h a c r y l a t e

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5Percent of fumerie acid polyester emulsion (45.0 X Polyvinyl acetate emulsion)
5.0 5.5 6.0

90 88 8684 - 82 8078 76 74 f

Light transmission (X)

5 . 0  X P 7 A e  e m u l s i o n  ( m e t h y l  m e t h n e x y U t e )

5 . 0  *  iVAjc x u u l a l o D  ( s t y r e n e )
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S t y r e n e M e th y l  m e t h a c r y l a t e

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0Percent of maleic anhydride polyester emulsion (+5.0 X Polyvinyl acetate emulsion)
S t y r e n e  M e th y l  m e t h a c r y l a t e

F igu re 4 .2 0  The com parison o f  l ig h t  tra n sm iss io n  o f  th e  lam in ates u sin g
dual c r o s s lin k in g  agen t (s ty r e n e  and methyl m eth acry la te)
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Mylar f i lm  th a t used as mold r e le a s in g  agent in  th e  
lam ination  shou ld  have smoothly and c le a n ly  su rfa ce  and th e  
appropriate th ic k n e ss  o f mylar film  a ls o  has g r e a t ly  e f f e c t  to  
th e  smoothly su r fa ce  and transparency of th e  lam inates.

4 .9  E ffe c t  o f  th e  s iz in g  Agents and th e  C ro sslin k in g  Agents on 
Mechanical P r o p e r tie s  o f th e  lam inates

Mechanical p ro p erties  o f th e  lam inates depend p rim arily  
on combined e f f e c t  o f amount o f g la s s  f ib e r  rein forcem ent and 
arrangement o f g la s s  strand  in fin ish ed , product (1 9 ). As shown by 
th e  s tr a ig h t  l in e  graph of Figure 4 .2 1 . As regards th e  
r e s in - t o - g la s s  r a t io ,  th e g la ss  f ib e r  i s  much stron ger  than th e  
r e s in , so lo g ic a l ly ,  th e high proportion  o f g la s s  f ib e r  in  
com posite i s ,  th e  g rea ter  the stren g th  and modulus a re . In 
g en era l, any lower r e s in  content would not wet out th e  g la s s  
su r fa ce , and th e  h igher resin  con ten t would m erely rep resen t  
e x cess  r e s in  and fu rth er lo s s  o f th e  m echanical p r o p e r t ie s .

O rien ta tio n  o f f ib e r s  with resp ec t to  th e  loading a x is  i s  
an important param eter. The o r ie n ta tio n  d ir e c t ly  a f f e c t s  th e  
d is tr ib u t io n  o f load between the f ib e r s  and th e  r e s in  m atrix . The 
stren g th  and modulus of com posites w il l  be reduced when th e  
f ib e r s  are not p a r a lle l  to  th e loading d ir e c t io n . In t h is  
experim ent, th e  chopped strand g la s s  f ib e r s  are randomly o r ien ted  
in  th e  lam inate. T herefore, the p ro p er tie s  o f a chopped strand  
f ib e r  re in fo rced  com posite can be is o tr o p ic ;  th a t i s ,  th e  
p ro p ertie s  do not change with d ir e c t io n  w ith in  th e  p lane o f th e  
lam inate. Although th e  stren gth  i s  equal in a l l  d ir e c t io n s ,  but 
i t  i s  sm a lle s t  when compared with other arrangement.
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Unidirectional

Bidirectional

Pseudoisotropic

F igu re 4 .2 1 R elation sh ip  o f stren g th  to  g la s s  volume and 
reinforcem ent arrangement

For th e  e f f e c t  o f g la s s  f ib e r s  on th e  stren g th  o f th e  
lam inates, th e re  are two p o ss ib le  cau ses fo r  t h i s  v a r ia b le  ะ

1. i t  can occur as a r e s u lt  o f v a r ia t io n s  in  th e  f ib e r  
length  w ith  d iam eter from the manufacturing p rocess.

2. i t  can occur as a r e s u lt  o f handing f a c i l i t y  o f  
f ib e r s  and from th e ir  su rface  treatm ent because o f d if f e r e n c e s  in  
th e  nature and in te n s ity  of chemical rea c tio n  a t  th e  
coa tin g '-fib er  in te r fa c e .

Continuous g la s s  f ib e r s  normally have h igher s tren g th  
than chopped stra n d  f ib e r s .  Although f ib e r s  o f g rea ter  diam eter 
can add and have been made, they have reduced f l e x i b i l i t y  and 
begin to  assume th e  p rop erties o f th e  counterpart bulk m a ter ia l. 
In other words, w ith  increased  diam eter they perform more as rods 
rather than as f ib e r s .
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Chopped stran d  g la s s  f ib e r s  are a v a ila b le  w ith  d if f e r e n t  
s iz in g  agen ts fo r  co m p a tib ility  w ith most p la s t i c s .  Furthermore, 
th e  s iz in g  agen ts have g re a tly  in flu en ce  to  th e  curing behavior  
o f p o ly ester  r e s in  and consequently th e  m echanical and p h y sica l 
p ro p er tie s  o f lam inated products. The s i la n e  cou p lin g  agen ts  
p a r t ic ip a te  in th e  curing reaction  o f p o ly e s te r  r e s in , namely a t 
th e  su rfa ce  o f th e  r e s in  m atrix, forming an in te r fa c e  bond o f th e  
g la s s  f ib e r  to  r e s in . The in te r fa c ia l  bond between th e  m atrix  
and th e  f ib e r s  i s  an important fa c to r  in flu e n c in g  th e  m echanical 
p ro p e r tie s  and performance of th e lam in a tes. The in te r fa c e  i s  
resp o n s ib le  fo r  tra n sm ittin g  th e load, from th e  r e s in  to  th e  
f ib e r s ,  which co n tr ib u tes  to  the g re a te r  stren g th  o f th e  
lam in ates. When a stron g  bond e x i s t s  between th e  f ib e r s  and th e  
m atrix r e s in , th e  cracks do not propagate a lon g  th e  len gth  o f th e  
f ib e r s .  Thus th e  f ib e r  reinforcem ent remains e f f e c t i v e  even a f te r  
th e  f ib e r  breaks a t sev era l p oin ts along th e len g th  (3 8 ). Such a 
s i tu a t io n  i s  w ell exp la in ed  by th e  model o f  m icrocracking in  
F igure 4 .2 2 .

Fracture Process Zone
Fiber Pull-outs Debonding

Direction of 
Crock Propagation

Figure 4 .2 2  Model o f m icrocrack t i p  in  th e  f ib e r  
com posites
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In t h i s  stu d y , t e s t  specimens were prepared from th e  
form ulation in  Table 3 .2  and su b jected  to  th e  t e s t  methods o f  
ASTTM D790 mentioned p rev io u sly . The r e s u lt s  o f m echanical 
p ro p erties  o f th e  lam inates in which percent o f t r i p l e  
film -form ing agent and dual c r o ss lin k in g  agent were varied, in  
d if f e r e n t  typ es were shown in Table 4 .1 0 .

The s t r e s s - s t r a in  curves for gen era l h y p o th etica l p la s t i c  
m a teria ls  are shown in Figure 4 .23  (50) and th e  experim ent 
r e s u lt  shows in  F igure 4 .2 4 . I t  i s  g e n e r a lly  observed th a t  th e  
lam inates were hard and strong com posites, thus they have h igh  
modulus, high y ie ld  s t r e s s ,  and high breaking s t r e s s  and perhaps 
a moderate e lo n g a tio n  a t break.

Figure 4 .2 3  Types o f s t r e s s - s t r a in  curves
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0 . 0 1  0.02  0 . 0 3  0 . 0 4  0 . 0 6  0 . 0 6  0 . 0 7  0 . 0 0  0 . 0 9
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Figure 4 .2 4  S tr e s s -s tr a in  curve o f  th e  lam inates

Figure 4 .2 5 -4 .2 6  show th e  com parative f le x u r a l and 
modulus of th e  lam inates in  which percent o f both p o ly ester  
em ulsion were v ar ied , i . e . ,  0 .5 , 2 .5 , 3 .5 , and 5.0% and styren e  
was used as c r o ss lin k in g  agent. P o ly e ste r  em ulsion from fumaric 
a c id  has h ig h est mechanical p ro p er tie s  a t  0.5%. However, th e  
r e s u l t s  were g r e a t ly  decreased  as percent o f p o ly e ster  em ulsion  
from fumaric a cid  was increased, to  2 .5 ,  3 .5 ,  and 5.0%. This 
r e s u lt  from when th e  th ick n ess o f film -form ing' agent layer on 
g la s s  f i t e r  su rface  was in creased , s ty r e n e  can cro ss lin k ed  
between the double bond in p o ly ester  r e s in  and on ly  th e upper 
layer  of double bond in  p o ly ester  em ulsion from fumaric a cid . 
Thus th e  p o ly ester  r e s in  can not w e ll- l in k e d  w ith  th e g la s s  
f ib e r s  as the percent o f p o ly ester  em ulsion from fumaric a c id  was 
in creased .

The mechanical property o f p o ly e s te r  em ulsion from 
m aleic  anhydride was found to  be t e t t e r  when percent o f p o ly ester
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Table 4 .10  E ffe c t  o f percent o f t r i p l e  film -form in g  agent and 
dual c r o s s lin k in g  agent on m echanical p ro p erties  o f  
th e lam inates

Percent of fili-foning agent Crossiinking agent

Polylvinyl acetaLel 
eauision

(50* solid)

Fuiarie acid 
polyester 
eauision

(50* solid)

Haleic anhydride 
polyester 
eaulsioB

(50* solid)

Styrene Methyl lethacrylatê

Flexural strength Flexural lodolas Flexural strength Flexural «ฟฝ as

îr5 (KPa) std.dev L  ‘เพ Std.dev Ks ‘เพ Std.dev L  ‘เพ Std.dev

5.00 - - 206.41 38.03 6678.00 1281.22 215.51 47.08 7472.27 1382.27
- 0.50 - 236.23 37.74 8002.00 2048.30 205.58 47.03 7275.67 1392.64

5.00 0.50 - 233.01 43.52 6597.33 1348.92 217.20 40.88 7427.00 1384.31
- - 0.50 208.53 38.22 7111.63 910.11 218.25 43.20 8051.48 1294.90

5.00 - 0.50 220.12 30.27 7347.10 724.09 200.48 40.78 7255.57 999.79
- 2.50 - 214.28 54.50 6716.36 318.90 219.99 37.93 7447.52 1143.58

5.00 2.50 - 212.42 40.77 6433.01 1073.17 212.95 40.28 7085.50 1354.40
- 2.50 225.31 35.17 7666.26 371.38 218.12 36.53 7783.51 S30.63

5.00 - 2.50 221.07 36.27 7423.00 779.41 223.19 43.56 7848.40 1023,42
- 3.50 - 208.86 41.02 6616.50 902.09 210.40 41.73 7226.36 1158.73

3.00 3.50 - 204.88 44.34 6402.67 1190.21 221.33 31.14 7421.93 1160.67
- - 3.50 234.10 40.27 8101.92 396.63 222.76 47.92 8001.7! 1421.48

5.00 - 3.50 230.85 52.25 7551.56 1101.82 240.11 40.46 8202.22 999.19
■r 5.00 - 135.58 43.03 6234.90 915.77 240.60 35.19 8155,28 1251.56
5.00 5.00 - 133.11 43.26 6011.05 920.02 235.81 43.22 7611.36 1163.61
- - 5.00 204.64 28.35 6453.89 1000.74 249.66 38.35 9086.93 2749.70

5.00 - 5.00 136.63 31.63 5880.73 845.64 244.92 45.00 8316.08 1457.80

Mote ะ XLT stand  fo r  an average value o f l ig h t  transm ission  fo r
30 measurements



F l e x u r a l  s t r e n g t h ,  M P a

P o ly e s te r  e m u ls io n
^~ F u rn a r ic  a c id  x M a leic  a n h y d r id e

F u m a r ic  a c id  ( + 5 . 0  % PV A c) M a leic  a n h y d r id e  ( + 5 .0  % PV A c)

F igu re 4 .2 5  F lex u ra l s tr e n g th  o f  th e  lam inates u sin g  s ty r e n e  as
c r o s s lin k in g  agent



F l e x u r a l  m o d u l u s , M P a  ( T h o u s a n d s )

P o l y e s t e r  e m u l s i o n
F u m a r i c  a c i d  x M a leic  a n h y d r i d e

^ ~  F u m a r i c  a c i d  ( + 5 .0  % PV A c) ^ M a leic  a n h y d r i d e  ( + 5 .0  % PV A c)

F igu re 4 .2 6  F lex u ra l modulus o f th e  lam in ates u sin g  s ty r e n e  as
c r o s s lin k in g  agent
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emulsion from m aleic  anhydride was in creased  from 0 .5  to  3.5%. 
P o ly ester  em ulsion from m aleic anhydride has double bond in  
c is-fo rm  42% along th e  chain which has lower r e a c t iv ity  w ith  
sty ren e , when p ercent o f p o ly ester  em ulsion from m aleic anhydride 
was in creased , th e  c r o ss lin k in g  between p o ly ester  r e s in  and 
p o ly ester  em ulsion was in creased , thus th e  mechanical p ro p er tie s  
were in creased . These r e s u lt s  from when th e  th ick n ess  o f  
film -form ing agent was in creased , s ty ren e  can flow  through  
th e layer o f film -form in g  agent to  c r o ss lin k a d  w ith th e  double  
bond o f p o ly e ster  em ulsion from m aleic anhydride in th e  
inner lay er . But th e  r e s u lt  was g r e a t ly  decreased, a t 5.0% 
p o ly ester  em ulsion from m aleic anhydride because o f th e exceed ing  
th ick n ess o f th e  film -form ing' agent la y er .

Figure 4 .2 8 -4 .2 9  show th e com parative f le x u r a l s tre n g th  
and modulus o f th e  lam inates when percent o f both p o ly e ste r  
mulsion were v a r ied  from 0 .5 ,  2 .5 , 3 .5  and 5.0% and methyl 
m ethacrylate was used as c r o ss lin k in g  agen t. Both p o ly e ste r  
em ulsions have h ig h e st mechanical p ro p er tie s  a t 5.0%. Owing to  
methyl m ethacrylate has cr o ss lin k in g  a b i l i t y  between double bond 
in p o ly ester  r e s in  and in  both p o ly ester  em ulsions as not good 
as sty ren e . Thus, th e  r e s u lt s  a t 0.5% o f both p o ly ester  em ulsions  
were low est, when p ercent o f both p o ly e ster  em ulsions were 
in creased , th e  double bond were in creased  to o . T herefore, th e  
chance th a t methyl m ethacrylate w il l  lin k ed  between double bond 
in  p o ly ester  r e s in  and in both p o ly e ste r  em ulsions were 
in creased . Thus, th e  increment o f c r o ss lin k e d  d en sity  w i l l  
increased  th e m echanical p ro p erties  o f th e  lam inates.

When 5.0% o f PVAc emulsion was used with both p o ly ester  
em ulsion, th e r e s u l t s  were s l ig h t ly  in creased  in th e  same manner



F l e x u r a l  s t r e n g t h ,  M P a

Percent of po lyester emulsion (Methyl m ethacrylate)

P o ly e s te r  e m u ls io n
F u m a r ic  a c id  ' M aleic  a n h y d r id e

"6— F u m a r ic  a c id  ( + 5 .0  % PV A c) — Mal e i c  a n h y d r id e  ( + 5 .0  % PV A c)

F igu re 4 .2 7  F lex u ra l s tr e n g th  o f  th e  lam in ates u sin g  methyl
m eth acry la te  as c r o s s lin k in g  agent



F l e x u r a l  m o d u l u s ,  M P a  ( T h o u s a n d s )

Percent o f po lyester emulsion (Methyl m ethacrylate)

P o ly e s te r  e m u ls io n
JSr~ F u m a r ic  a c id  M aleic  a n h y d r id e
~̂  F u m a r ic  a c id  (+ 5.0  % PVAc) M aleic  a n h y d r id e  (+5.0 % PVAc)

F igu re 4 .2 8  F lex u ra l modulus o f  th e  lam in ates u sin g  methyl 
m eth acry la te  as c r o s s lin k in g  agent
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as pure both p o ly ester  em ulsion . Because o f PVAc has -OCCĤ  group 
th a t i s  a bulky s id e  group which i s  b igger than th e  carbonyl 
group o f both p o ly e ster  em ulsions. Thus i t  w i l l  s h ie ld  th e  
carbonyl group from c r o ss lin k e d  w ith p o ly ester  r e s in

0

โ
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