
CHAPTER I I I

EXPERIMENTAL

3 .1  C h e m ic a l and  M a t e r ia l

The t y p e  and  s o u r c e  o f  c h e m i c a l s  and  m a t e r i a l s  u s e d  
i n  t h e  e x p e r im e n t s  a r e  show n i n  T a b le  3 . 1 .

E x p e r im e n t a l  w ork  w as b a s e d  on  t h e  u s e  o f  a 
m o d i f i e d  i s o p h t h a l i c  p o l y e s t e r  r e s i n  c a t a l y z e d  w it h  
t - b u t y l  p e r b e n z o a t e  ( TBPB) ,  1 , 1 - d i - t - ( b u t y l  p e r o x y )
c y c lo h e x a n e  (D TBC ), t o  e n a b le  m o ld in g  t o  t a k e  p l a c e  a t  
1 5 0 ° c ,  and  w i t h  b e n z o y l  p e r o x i d e  (BPO) t o  e n a b l e  m o ld in g  t o  
t a k e  p l a c e  a t  1 2 0 ° c .  The r e s i n  u s e d  w as an  u n s a t u r a t e d  
p o l y e s t e r  r e s i n  ( ALPOLITE UP 7 4 6 )  w i t h  medium r e a c t i v i t y .  
I t  c o u ld  form  s h e e t s  a t  h ig h  t e m p e r a t u r e  and  p r o v id e  h ig h e r  
m e c h a n ic a l  s t r e n g t h  and  h e a t  r e s i s t a n t  th a n  t h e  g e n e r a l  
p u r p o s e  g r a d e .  The b a s i c  c o m p o n e n ts  o f  r e s i n  w er e  
i s o p h t h a l i c  a c i d  and  n e o p e n t y l g l y c o l , d i s s o l v e d  i n  42% o f  
s t y r e n e .  Some im p o r t a n t  p r o p e r t i e s  o f  t h e  r e s i n  a r e  show n  
in  T a b le  3 .2  ( 1 8 ) .

The f i l l e r  u s e d  in  t h e  e x p e r im e n t s  w as t h e  c o a t e d  
f i n e  p a r t i c l e  c a lc iu m  c a r b o n a t e  (CaC03 ) p o w d e r , t r e a t e d  w it h
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s t e a r i c  a c i d  t o  i n c r e a s e  c o m p a t i b i l i t y  w i t h  t h e  r e s i n .  Some 
s p e c i f i c a t i o n s  o f  t h i s  f i l l e r  a r e  show n i n  T a b le  3 .3  ( 1 9 ) .

T h ic k e n e r  u s e d  i n  t h e  e x p e r im e n t s  w as m a gn esiu m  
o x i d e ,  l i g h t  g r a d e  w it h  t h e  a v e r a g e  p a r t i c l e  s i z e  o f  a b o u t  
2 m ic r o m e t e r s .  The m a gn esiu m  o x i d e  h e l p s  i n  d i s p e r s i o n  o f  
r e s i n o u s  p a s t e .

R e l e a s i n g  a g e n t  u s e d  i n  t h e  e x p e r im e n t s  w as z i n c  
s t e a r a t e ,  b e c a u s e  i t  c a n  m e lt  u n d e r  t h e  p r o c e s s i n g  
t e m p e r a t u r e  o f  150°c.

G la s s  f i b e r  u s e d  i n  t h e  r e s e a r c h  w ork  w as t h e  
c h o p p e d  s t r a n d  m at w h ic h  w as s u i t a b l e  f o r  p r e p a r in g  an SMC. 
The l e n g t h  o f  f i b e r  i s  a b o u t  2 5 - 3 0  mm. The w e ig h t  o f  
f i b e r  i s  a p p r o x im a t e ly  450  g /m 2. The f i b e r  d i s p e r s e d  
a n i s o t r o p i c a l l y  in  t h e  s h e e t ,  t h e r e f o r e ,  t h e r e  w as no  
e f f e c t  o f  f i b e r  d i r e c t i o n  on  m e c h a n ic a l  p r o p e r t y ,  a s  i t  
d i s p e r s e d  i n  a l l  d i r e c t i o n s .



M a t e r i a l  and  s o u r c e  o f  s u p p ly  u s e d  i n  t h e  SMC c o m p o u n d in g .

M ate ria l C hem ica l nam e T rade  nam e S ource  o f su p p ly

Resin U nsa tu ra ted  po lyes te r res in A lp o lite  UP 746 H oechst Tha i C o.,LTD .

C ata lys t B enzoyl pe rox ide B enzoy l p e rox id e M etha  G roup  C o.,LTD .

t-b u ty l pe rbenzoa te P E R B U T Y L -Z S iam  C he m ica l In d u s try  C O .,LT D .

1,1 —d i—(t—buty l peroxy) cyc loh e xa n e LU P E R O X  3 3 1 M50 P enw a lt C o .,LTD .

p a rab e n zoq u in on e p a ra b e n zo q u in o n e S iam  C he m ica l Indus try  C o .,LTD .

F ille r C a lc ium  ca rbona te S ila  F lex S ila th ip  S a labu ri C o .,LTD .

T h icke n e r M agnes ium  ox ide M agnes ium  ox ide SCS X enon C o.,LTD .

M old re lease Z inc  s teara te Z in c  s teara te G en tra  In te rn a tio na l C o .,LT D .

W ax M old R elease W ax H igh  te m p e ra tu re  w ax Phol D hanya  C o.,LTD .

R e in fo rc ing G lass fib e r E m u ls ion  M at 700 N a n th a v ic h itr  C o.,LTD .

F ilm P o lye thy lene  film - -
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Some p h y s i c a l  p r o p e r t i e s  o f  t h e  r e s i n ,  A l p o l i t e  UP 7 4 6 .
T a b l e  3 . 2

Property Test standard Value Unit

Styrene content DIN 16945 42 + 2 %
V is c o s i ty  at 20°c DIN 53402 1,500 + 150 mPa-s (cp)
V is c o s i ty  at 23 °c DIN 53402 1,250 + 150 mPa-s (cp)
Density at 20°c DIN 51757 1.04 - 1.06 g/cm3
Refrac t ive  index at 20°c 
Storage s t a b i l i t y  under 

uv l i g h t  at 15-25°c

DIN 53491 1.53 - 1.55  
at l e a s t  
6 months

Machanical data of the non-reinforced  polymerised re s in

Property Test standard Value Unit

Flexural s trength DIN 53452 115 N/mfflZ
Flexural  modulus DIN 53457 3600 N/mmz
T en s i l e  s trength DIN 53455 60 N/mmz
Elongation DIN 53455 3.8 %
Impact s trength DIN 53453 15 kJ/mz

Mechanical data of the g la s s  f ib e r  re in forced ,  polymerised res in

Property Test standard Value Unit

Glass f ib e r  mat content DIN 52330 30-35 % by vt
Flexural st rength DIN 53452 200 N/mmz
Flexural  modulus DIN 53457 10300 N/mmZ
T en s i l e  st rength DIN 53455 120 N/mmZ
Elongation DIN 53455 3.6 %
Impact st rength DIN 53453 160 kJ/mZ
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Some p h y s i c a l  p r o p e r t i e s  o f  t h e  t r e a t e d  CaC03, 
S i l a  F l e x  3 CG s p e c i a l  g r a d e .

Table 3.3

P r o p e r t y U n it

A v e r a g e  p a r t i c l e  s i z e 2 .0  m ic r o m e t e r s
O i l  a b s o r p t i o n  (DOP) 2 1 .0  g /1 0 0  g
M o is t u r e  c o n t e n t 0 .2  %
S p e c i f i c  G r a v i t y 2 .7
B r i g h t n e s s 9 7 .0  %
S t e a r i c  a c i d  t r e a t e d  on

t h e  s u r f a c e 1 .0  %

3 .2  M a ch in e  and  E q u ip m en t

The m a c h in e  and e q u ip m e n t u s e d  i n  t h i s  e x p e r im e n t  
w e r e  a s  f o l l o w s  ะ

a .  C o m p r e s s io n  M o ld in g  M a ch in e  ะ H y d r a u l ic  p r e s s  
t y p e ,  w as c o n s t r u c t e d  f o r  t h i s  e x p e r im e n t ,  t h e  d e t a i l s  o f  
w h ic h  a r e  show n i n  T a b le  3 . 4 .
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The d e t a i l  o f  c o m p r e s s io n  m o ld in g  m a c h in e  
u s e d  i n  t h e  e x p e r i m e n t s .

Table 3.4

D e s c r i p t i o n U n it

C a p a c i t y 65 to n
T a b le  s i z e 30 X 45 cm
S t r o k e 38 cm
T r a v e l l i n g  S p e e d 75 mm/min
S h u t H e ig h t 100  mm
H e a t e r ,  a u t o m a t ic  c o n t r o l 6 0 0 0  w a t t
M otor 15 Hp

b . M old ะ The m old  u s e d  i n  t h e  e x p e r im e n t  w as  
made w i t h  t h e  f o l l o w i n g  d im e n s io n :  1 5 2 .4  mm w id t h ;  2 54  mm 
l e n g t h ;  and  4 mm t h i c k n e s s ,  i n s t a l l e d  w it h  a h e a t i n g  d e v i c e  
and  a t e m p e r a t u r e  c o n t r o l l i n g  s y s te m  w it h  a maximum  
t e m p e r a t u r e  a t  300°c.

c .  M ix er  ะ KIKA L a b . ,  RN 28 พ, J a n k e  & K u n k e l.
d . V is c o m e t e r  ะ D i g i t a l  B r o o k f i e l d  V is c o m e t e r ,  

r o t a t i n g  v i s c o m e t e r  t y p e ,  m o d e l H B T D V -II.
e .  I n f r a r e d  S p e c t r o m e t e r  ะ N i c o l e t  2 0 5 ,  FTIR.
f .  U n i v e r s a l  T e s t i n g  M a ch in e  ะ I n s t r o n  UTM, m o d e l

4206.
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g .  S c a n in g  E l e c t r o n  M ic r o s c o p e  ะ M od el J S M .T 2 0 , 
JEOL C o . ,  J a p a n .

h .  S h o r e  D u r o m e te r s , T yp e A ะ T he S h o r e  I n s t r u m e n t  
& MFG. C o . ,  New Y o rk .

i .  C o lo r im e t e r  ะ M ic r o m a tc h  6 0 0 ,  I n s t r u m e n t a l  
C o lo u r  S y s t e m s  L im i t e d ,  U n i t e d  K ingd om .

j  . T h e r m o c o u p le  and  D i g i t a l  T h erm o m eter  ะ DIGICON 
m o d e l D P -5 0 .

k . T e m p e r a t u r e - C o n t r o l le d  s i l i c o n e  o i l  B a th  w i t h  
T h e r m o s t a t .

l .  T h e r m o m e te r .
m. B a l a n c e s .
ท . V e r n ie r .
o .  S to p  W a tch .
p .  P a i n t  C a n s , C a p a c i t y  o f  1 / 4 - p t . , (A p p o r x im a te ly  

5 .0 0  cm i n  d ia m e t e r  and  6 .0 0  cm d e p t h ) .

3 .3  F o r m u la t io n  f o r  SMC

I n  t h i s  e x p e r im e n t ,  t h e  m a in  f o r m u l a t i o n  w a s s e t  
a t  t h e  c o n c e n t r a t i o n s  o f  t h e  b a s i c  m a t e r i a l s  i n  t h e  SMC a s  
c o n s t a n t  p a r a m e t e r s  a s  show n i n  T a b le  3 . 5 .  O n ly  t h e  
c o n c e n t r a t i o n s  o f  e a c h  c a t a l y s t  w e r e  v a r i e s  e i t h e r  from  
1 t o  3 p h r  o r  t h e  s u i t a b l e  q u a n t i t i e s .
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The r e c i p e  o f  SMC i n  t h e  e x p e r im e n t .
Table  3.5

M a t e r ia l C o n c e n t r a t io n  
(p h r  )

U n s a t u r a t e d  p o l y e s t e r  r e s i n 100
C a lc iu m  c a r b o n a t e 40
M agnesium  o x i d e 3
Z in c  s t e a r a t e 2
C a t a l y s t  f o r m u l a t io n v a r i e s
G la s s  f i b e r  c o n t e n t 30 % by w t .

3 .4  M ix in g  P r o c e d u r e  and  P r e p a r a t i o n  f o r  t h e  SMC

T h e r e  w e r e  3 s t e p s  f o r  an  SMC p r e p a r a t i o n .  The 
f i r s t  s t e p  w as t o  p r e p a r e  a p a s t e  m ix in g  c o m p o n e n t , t h e  
s e c o n d  o n e  w as t o  p r e p a r e  t h e  SMC s h e e t  and  t h e  l a s t  w as t o  
b r in g  t h e  SMC s h e e t  t o  b e  p r o c e s s e d  i n  t h e  m o ld . The d e t a i l  
o f  t h e s e  3 s t e p s  a r e  show n a s  f o l l o w s  ะ

3 . 4 . 1  P a s t e  M ix in g  M ethod

1 . W e ig h te d  t h e  P o l y e s t e r  r e s i n  (U P 7 4 6 ) in  
a m ix in g  c o n t a i n e r  c o n n e c t e d  w it h  a s t i r r i n g  r o d .
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2 .  A dded  t h e  c a t a l y s t  and  t h e n  s t a r t e d  t o  
m ix t h e  m ix t u r e ,  s t i r r e d  f o r  3 t o  5 m in u t e s  u n t i l  t h e y  w ere  
w e l l  d i s p e r s e d .

3 . A dded  t h e  f i l l e r  (C aC 03 ) i n  t h e  m ix in g  
c o n t a i n e r  and  f o l l o w e d  by m ix in g  f o r  a b o u t  7 -1 0  m in u te s  
u n t i l  t h e y  w e r e  w e l l  d i s p e r s e d .

4 .  A dded z i n c  s t e a r a t e  i n  t h e  m ix in g  
c o n t a i n e r  and  m ix e d  f o r  a b o u t  5 m in u t e s  u n t i l  z i n c  s t e a r a t e  
w as w e l l  d i s p e r s e d .

5 . A dded  t h e  t h i c k e n e r ,  m a gn es iu m  o x i d e ,  in  
t h e  m ix in g  c o n t a i n e r  and  m ix e d  f o r  a b o u t  5 -7  m in u t e s  u n t i l  
m a gn esiu m  o x i d e  w as w e l l  d i s p e r s e d .

6 .  M ea su red  and  c o n t r o l l e d  t h e  v i s c o s i t y  o f  
t h e  r e s i n  m ix  by a B r o o k f i e l d  v i s c o m e t e r .

3 . 4 . 2  SMC S h e e t  P r e p a r a t io n

1 .  C ut t h e  g l a s s  f i b e r  i n t o  a s i z e  o f  6 X 
10 in c h  and  w e ig h t e d  s i x  l a y e r s  o f  t h e  c u t  g l a s s  f i b e r s  i n  
o n e  m e a s u r e m e n t.

2 .  W e ig h te d  t h e  r e s i n  p a s t e  p r e v i o u s l y  
m ix e d , in  a r a t i o  o f  70 t o  30 o f  t h e  c u t  g l a s s  f i b e r s  (b y  
w e i g h t ) .
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3 . P o u r e d  t h e  r e s i n  p a s t e  o n t o  a 
p o l y e t h y l e n e  (P E ) f i l m  and  th e n  l a y e r e d  i t  w i t h  t h e  c h o p p e d  
s t r a n d  g l a s s  f i b e r  m a t.

4 . C o v e r e d  t h e  c h o p p e d  s t r a n d  g l a s s  f i b e r  
m at w it h  a n o t h e r  p i e c e  o f  PE f i l m  and  th e n  k n e a d e d  t h e  
s u r f a c e  t o  e l i m i n a t e  e n t r a p p e d  a i r s  w i t h  a r o l l e r .  The  
g l a s s  f i b e r  c o u ld  im p r e g n a t e  o r  b e  w e t o u t  w i t h  t h e  r e s i n  
p a s t e  i n t o  a s h e e t ,  j u s t  s i m i l a r  t o  a s a n d w ic h  fo r m , b y  t h e  
m ix t u r e  b e in g  p la c e d  b e tw e e n  tw o  l a y e r s  o f  PE f i l m .

5 . S t o r e d  t h e  SMC S h e e t  a t  room  
t e m p e r a t u r e  (29°c), s o  a s  t o  a g e  t h e  SMC s h e e t  f o r  3 d a y s  t o  
45 d a y s  i n  o r d e r  t o  s t u d y  t h e  e f f e c t  o f  s h e l f  l i f e  o f  t h e  
SMC on  m a c h a n ic a l  p r o p e r t i e s .

3 . 4 . 3  M o ld in g  P r o c e d u r e

1 .  S e t  t h e  m o ld  t e m p e r a t u r e  a p p r o x im a t e ly  
a t  1 5 0 ° c  ( 1 4 9 ° C - 1 5 3 ° C ) and  t h e  p r e s s u r e  a t  6 9 0 0  kPa ( 1 0 0 0  

p s i g ) .

2. C le a n e d  t h e  m old  s u r f a c e  w i t h  a p a i n t  
b r u s h  and  t r e a t e d  t h e  s u r f a c e  b y  w a x in g  w i t h  a m o ld  r e l e a s e  
(T R -1 0 4 , H ig h  T e m p e r a tu r e  g r a d e ) .

3 .  C ut t h e  SMC s h e e t  i n t o  a m old  s i z e  o f  
6 X 10 i n c h ,  and  rem o v ed  t h e  PE f i l m  from  b o th  s i d e s  o f  t h e
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s h e e t .

4. P la ced  th e  SMC sh e e t  in  th e  mold and 
c lo s e d  th e  m old. The cu r in g  tim es were s e t  a t 1 m inute or 
2 m in u te s , then  opened th e  mold.

5. Removed th e  molded p a r ts  from th e  mold. 
For a t y p ic a l  c y c le  t im e , th e  m olding p r o c e s s  u s u a l ly  
r e q u ir e s  th e  fo l lo w in g s :

Loaded SMC sh e e t 5 se c
C losed  mold 5 sec
Cure tim e 60 se c , 120 se c
Opened mold 7 sec
P art rem oval 7 se c
T o ta l tim e 84 se c , 144 sec

3 .5  E f f e c t  o f  th e  C a ta ly s t s  on H ardening C h a r a c t e r is t ic s  
o f th e  R esin

The d i f f e r e n t  ty p e  and c o n c e n tr a t io n  o f  c a t a l y s t s
used  in  th e  exp erim en t are shown in  Table 3 .6 .
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Type and c o n c e n tr a t io n  o f  th e  c a t a l y s t s  on 
e f f e c t  to  h ard en in g  c h a r a c t e r i s t i c s  o f  th e  r e s in .

Table 3.6

Type C a ta ly s t C o n cen tra tio n  
(phr )

1 t - b u t y l  p erb en zo a te  ( TBPB) 1 , 2 , 3
2 1 , 1 - d i - ( t - b u t y l  p e r o x y )- 1 , 2 , 3

cy c lo h ex a n e  ( DTBC)
3 b en zo y l p ero x id e  (BPO) 0 .0 5 ,  0 .5 ,  1 , 2
4 TBPB ะ parabenzoquinone (PBQ) 2 .0  ะ 0 .0 2 5

2 .0  ะ 0 .0 5
5 TBPB ะ DTBC 0 .5  ะ 0 .5

0 .5  ะ 1 .5
1 .0  ะ 1 .0
1 .5  ะ 0 .5

6 TBPB ะ BPO 2 .0  ะ 0 .0 5

P rocedure ะ

1 . Prepared th e  in stru m en t fo r  th e  exp erim en t as 
shown in  F ig u re  3 .1 .  S e t th e  tem p eratu re o f  an o i l  bath  a t  
150 + l°c.



F ig u r e  3

Thermometer

S t ir r e r
S t ir r in g  C on tro l 

Sw itch

D ig i t a l  Thermometer

Therm ocouple

G lass Rod 

P a in t Can
R e s in -C a ta ly s t  M ixture  
S i l i c o n e  O il Bath

H eater
Tem perature C on tro l 
Sw itch

.1  A s e t u p  o f  t h e  s t u d y  o f  t h e  e f f e c t  o f  c a t a l y s t  on  h a r d e n in g  c h a r a c t e r i s t i c s
บาo f  t h e  r e s i n .
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2. W eighted 50 g o f  th e  r e s in  on a w eig h in g  
b a la n ce  to  th e  n e a r e s t  0 .1  g and p la ce d  i t  in  th e  sam ple 
c o n ta in e r , a p a in t  can o f  1 /4 - p t  c a p a c ity .

3. Added a s p e c i f i c  amount o f th e  c a t a l y s t ,  then  
s t i r r e d  w ith  a g la s s  rod to  make th e  m ixtu re a homogeneous 
s o lu t io n ;  a v o id in g  a ir  entrapm ent by slow  a g i t a t io n .

4. F ixed  th e  c o n ta in e r s  f ir m ly  in  th e  o i l  bath  
m a in ta in ed  a t  150 + l°c so  th a t  th e  su r fa c e  o f  th e  sam ple 
was a t  about 1 cm below  th e  l e v e l  o f  th e  su r fa c e  o f  o i l .  
S ta r te d  th e  s to p  w atch , and in s e r te d  th e  therm ocoup le in  
th e  m iddle o f  th e  s o lu t io n .

5. C ontinued r e co r d in g  th e  tim es and tem p eratu res  
u n t i l  th e  tem p eratu re s t a r t e d  to  drop.

3 .6  E f f e c t  o f  th e  C a ta ly s t s  on Cure R ea ctio n  o f  th e  R esin

1. Mixed th e  r e s in  w ith  d i f f e r e n t  ty p e s  and 
c o n c e n tr a t io n s  o f  th e  c a t a l y s t ,  s t i r r e d  u n t i l  a homogeneous 
p a s te  was o b ta in e d  and l e f t  th e  m ixtu re fo r  3 m in u tes fo r  
rem oving a ir  b u b b les .

2 . P la ced  a few drops o f  th e  r e s in  mix in  a l iq u id  
c e l l  o f  th e  FTIR sp ec tro m ete r  and record ed  th e  sp e c tr a  from 
th e  near IR r e g io n  a t  2000 cm-1 to  400 cm-1.
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3. Cure th e  th in  f i lm  o f  th e  r e s in  mix in  an oven  
a t 1 5 0 ° c  w ith  d i f f e r e n t  c u r in g  tim es  a t  1 m inute and 2 
m in u te s .

4 . Prepared a specim en by g r in d in g  th e  f i lm  o f  th e  
r e s i n - c a t a l y s t  m ixtu re and m ixing  w ith  th e  d r ie d  a n a ly t ic a l  
KBr and p r e sse d  in to  a th in  f i lm  w hich was then  p la c e d  in  
a c e l l  o f  th e  sp e c tr o m e te r . Recorded th e  sp e c tr a  a g a in , as  
in  2 , from th e  near IR r e g io n  a t  2000 cm-1 to  400 cm-1.

5. Compared th e  sp e c tr a  o f  th e  r e s in  mix b e fo r e  
and a f t e r  cu r in g ; a ls o  s tu d ie d  th e  e f f e c t  o f  d i f f e r e n t  
cu r in g  t im e s .

3 .7  E f fe c t  o f  th e  C a ta ly s t s  on v i s c o s i t y  B ehavior o f  th e  
R esin  P a ste

3 .7 .1  Sample P rep a ra tio n

I t  was found th a t  th e  a d d it io n  o f  3 phr o f  
magnesium o x id e  gave to o  h igh  th e  p a s te  v i s c o s i t y .  A lthough  
i t  took  lo n g e r  tim e fo r  th e  r e s in  mix to  become t h ic k ,  i t  
was n e v e r t h e le s s  more c o n v e n ien t to  han d le th e  th in n e r  
m ixtu re and s t u d ie s  o f th e  e f f e c t  o f  th e  c a t a l y s t s  were 
c o n se q u e n tly  much e a s i e r .  T h er e fo re , th e  c o n c e n tr a t io n  o f
1 .2  phr magnesium o x id e  was used  in s te a d  as shown in
T able 3 .7 .
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F orm u lation  o f  th e  r e s in  mix fo r  th e  stu d y  o f  
th e  e f f e c t  o f  c a t a l y s t s  on v i s c o s i t y  b eh a v ior  o f  th e  p a s te .

Table 3.7

M a ter ia l C o n cen tra tio n  
(phr )

U n sa tu ra ted  p o ly e s t e r  r e s in 100
Calcium  ca rb o n a te 40
Magnesium o x id e 1 .2
Zinc s t e a r a t e 2
C a ta ly s t  c o n c e n tr a t io n  ะ

TBPB 1, 2 , 3
DTBC 1, 2 , 3
BPO 0 .5 ,  1

Procedure were as fo l lo w s  ะ

1 . Prepared th e  r e s in  p a s te  a cc o rd in g  to  
th e  fo rm u la tio n  shown in  T able 3 .7 .  Poured th e  p a s te  in to  
a p l a s t i c  c o n t a in e r , as a sam ple h o ld e r , o f  70 mm in  
d iam eter and 90 mm in  h e ig h t .  The l e v e l  o f th e  p a s te  sh ou ld  
be h ig h e r  than th e  mark on th e  p lu n g er .

2 . Put th e  p lu n ger  o f  th e  v isc o m e te r  in to  
th e  r e s in  p a s te  in  such a way th a t  th e  p lu n ger  was in  th e
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p a s te  w ith  th e  mark ๐ท th e  s h a f t  o f  th e  p lu n ger  j u s t  a t  th e  
top  l e v e l  o f  th e  p a s t e .  Let th e  s e t  stan d  s t i l l  fo r  about 
f i v e  m in u tes a t  a c o n t r o l le d  tem p eratu re o f  26 ±  l°c.

3. A d ju sted  and s e t  th e  v e lo c i t y - p lu n g e r  
assem b ly  to  o b ta in  an a p p r o p r ia te  and a c c u r a te  rea d in g  
w ith in  th e  range o f  th e  v is c o m e te r , i . e . ,  th e  r e a d in g s  were 
h ig h e r  than s c a le  10 on th e  d i a l ,  and r e s e t  z e r o .

4 . Let th e  m otor run fo r  th r e e  m in u tes and 
took  th e  v a lu e  o f  th e  rea d in g  in  c e n t ip o is e  (m P a-s) by 
d ir e c t  rea d in g  o f  th e  number d is p la y e d  on th e  v isc o m e te r  a t  
th e  end o f  th e  th ir d  m in u te.

5. Measured th e  p a s te  v i s c o s i t y  ev ery  30 
m in u tes fo r  f i v e  c o n s e c u t iv e  hours and measured fu r th e r  th e  
v i s c o s i t y  o f  th e  p a s te  ev ery  day u n t i l  th e  p a s te  v i s c o s i t y  
was h ig h e r  than 64 xio6 c e n t ip o i s e s  (m P a -s), th e  maximum 
rea d in g  o f  th e  v is c o m e te r .

6. D eterm ined th e  r e la t io n s h ip  betw een tim e  
and v i s c o s i t y  o f  th e  p a s t e .

3 .8  E f f e c t  o f  th e  C a ta ly s t s  on s to r a g e  L if e  o f  th e  SMC

3 .8 .1  E f f e c t  o f  Tem perature on s to r a g e  L if e  o f  th e
SMC
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1 . Prepared th e  r e s in  p a s te  a cco rd in g  to  
th e  fo rm u la tio n  shown in  T able 3 .5  as th a t  used  fo r  making 
two s h e e ts  o f  th e  SMC, in  th e  ab sen ce o f  th e  c a t a l y s t s .

2 .  Kept one s h e e t  o f  th e  m a te r ia l a t  2 8 ° c  
(am bient tem p eratu re) and kept th e  an oth er sh e e t  o f  
m a te r ia l a t  4 0 ° c  fo r  1 ,  3 , 8 ,  1 5 ,  2 2 ,  2 9 ,  36 and 4 5  d a y s. 
M easured th e  s u r fa c e  h ard n ess o f  th e  SMC a c c o r d in g ly  by 
u s in g  th e  Shore A durom eter.

3 . Compared th e  r e la t io n s h ip  betw een th e  
s to r a g e  tim e and th e  su r fa c e  h ard n ess o f  th e  SMC a t  th e  
both o f  th e  tem p eratu re .

3 .8 .2  E f f e c t  o f  Type and C o n cen tra tio n  o f  th e
C a ta ly s t s  on s to r a g e  L if e  o f  th e  SMC

1. Prepared th e  r e s in  p a s te  a cco rd in g  to  
th e  fo rm u la tio n  shown in  T able 3 .5  as th a t  used  fo r  making 
fo u r  s h e e t  o f  th e  SMC, in  th e  p resen ce  o f  th e  c a t a l y s t s  as 
shown in  th e  T able 3 .8 .

2 .  Kept one s h e e t  o f  th e  m a te r ia ls  a t  2 8 ° c  
(am bient tem p eratu re) fo r  1 , 3 , 8 ,  15 , 2 2 ,  2 9 ,  36 and 45 
d a y s. M easured th e  su r fa c e  h ard n ess o f  th e  SMC a c c o r d in g ly  
by u s in g  th e  Shore A durom eter.

3. D eterm ined th e  r e la t io n s h ip  betw een th e
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S to rag e  tim e and th e  su r fa c e  h ard n ess o f  th e  SMC.

T able 3 .8
Type and c o n c e n tr a t io n  o f  th e  c a t a l y s t s  used  in  th e  stu d y  

o f th e  e f f e c t  o f  c a t a l y s t s  on s to r a g e  l i f e  o f  th e  SMC.

Type C a ta ly s t C o n cen tra tio n  
(phr )

1 t - b u t y l  p erb en zo a te  ( TBPB) 0 .5 ,  1 , 2 , 3
2 1 , 1 - d i - ( t - b u t y l  p e r o x y )- 0 .5 ,  1 , 2 , 3

cy c lo h ex a n e  ( DTBC)
3 b en zo y l p e ro x id e  (BPO) 0 .0 5 ,  0 .1 ,  1

3 .9  E f f e c t  o f  th e  C a ta ly s t s  on M echanical P r o p e r t ie s  o f  
th e  SMC

The ex p er im en ts d e sc r ib e d  below  was based  on th e  
t e s t  m ethods o f  ASTM D790M ( 2 0 ) .

3 .9 .1  Sample p r ep a r a tio n

The sam ples used  in  th e  t e s t i n g s  fo r  
m ech an ica l p r o p e r t ie s  o f  th e  SMC were prepared  by fo l lo w in g  
th e  r e c ip e  in  T able 3 .5  in  w hich th e  ty p e , and 
c o n c e n tr a t io n  o f  th e  c a t a l y s t s  were s tu d ie d  in  term s o f  th e
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e f f e c t  o f  th e  c a t a l y s t s  ๐ท c u r in g  tim e in  c o n ju c t io n  w ith  
m ech an ica l p r o p e r t ie s .  T h e r e fo r e , a f u l l  spectrum  o f  
p aram eters co u ld  be c a te g o r iz e d  a s th e  fo l lo w in g  ะ-

1 . S to ra g e  l i f e  o f  th e  SMC a t  3 , 17 , 30,
and 45 d a y s.

2 . Type and c o n c e n tr a t io n  o f  th e  c a t a l y s t s  
as shown in  T able 3 .9 .

3. C uring tim e in  th e  mold o f  th e  SMC a t  1 , 
2 , and 3 m in u tes.

T able 3 .9
Type and c o n c e n tr a t io n  o f  th e  c a t a l y s t s  used  

in  th e  stu d y  o f  th e  e f f e c t  o f  c a t a l y s t s  
on m ech an ica l s tr e n g th  o f  th e  SMC.

Type C a ta ly s t C o n cen tra tio n  (phr)

1 t - b u t y l  p erb en zo a te  ( TBPB) 0 .5 ,  1 , 2 , 3
2 1 , 1 - d i - ( t - b u t y l  p e r o x y )-  

cy c lo h ex a n e  ( DTBC)
0 .5 ,  1 , 2 , 3

3 b en zo y l p e ro x id e  (BPO) 0 .1 ,  0 .5 ,  0 .7 5 ,  1
4 TBPB ะ PBQ 2 ะ 0 .0 2 5
5 DTBC ะ PBQ 2 ะ 0 .0 2 5
6 Dual C a ta ly s t  ; TBPB ะ DTBC 0 .5  ะ 0 .5  

0 .5  ะ 1 .5
1 .0  ะ 1 .0
1 .5  ะ 0 .5
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3 .9 .2  T e s t in g  Procedure

1 . Cut th e  specim en fo r  t e s t i n g  in  a s i z e  
o f 10 mm w id th , 80 mm le n g t h , and a p p ro x im a te ly  4 mm 
t h ic k n e s s .  P o lish e d  th e  c u t t in g  su r fa c e  sm ooth ly  w ith  a 
sand p aper.

2 . For a f le x u r e  t e s t  in  a 3 -p o in t  b en d in g , 
th e  le n g th  o f  su p p ort span depends upon th e  t h ic k n e s s ,  in  
t h i s  c a se  th e  span le n g th  i s  64 mm w ith  su p p ort s p a n -to -  
th ic k n e s s  r a t io s  eq u a l to  16 ะ 1 as shown in  F ig u re  3 .2 .  
A t e s t  specim en was load ed  v ia  a 6 mm d iam eter  o f  cro ssh ea d  
lo a d in g  n ose by u s in g  th e  r a te  o f  cro ssh ea d  m otion  a t  1 .7  
mm/min.

3. C a lc u la te d  th e  f l e x u r a l  s tr e n g th  and
f le x u r a l  modulus by th e  fo l lo w in g  form u las:

ร = 3PL 2bd2

Eb = L3m 4bd3

when ร = The s tr e n g th  o f  bending a t  mid 
sp an , MPa (N/mm2) ,

Eb = The modulus o f  e l a s t i c i t y  in  
b en d in g , MPa (N/mm2) ,  

p = The lo a d  a t  th e  g iv e n  p o in t  on
th e  lo a d - d e f le c t io n  c u r v e , N,
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Specimen

(a )

(b)

F ig u re  3 .2  A se tu p  o f  lo a d  and 3 su p p o r tin g s  fo r  f le x u r a l  
t e s t  ะ
(a ) Specim en geom etry and lo a d in g , a l l  

d im en sion s are in  mm.
( ๖ )  F l e x u r a l  t e s t  s e t u p .
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L = Support sp an , mm, 
b = The w idth  o f  beam t e s t e d ,  mm,
d = The depth  o f  beam t e s t e d ,  mm,
m = The s lo p  o f  th e  ta n g en t to  th e  

i n i t i a l  s t r a i g h t - l i n e  p o r t io n  o f  
th e  lo a d - d e f le c t io n  cu rv e ,
N/mm, o f  th e  d e f l e c t io n .

3 .1 0  E f fe c t  o f  th e  C a ta ly s t s  on M icrom echanical P r o p e r t ie s  
o f th e  SMC

The c h a r a c t e r i s t i c  o f  th e  in t e r f a c e  betw een g la s s  
f ib e r  and r e s in  m atrix  was a s s e s s e d  by sca n n in g  e le c t r o n  
m icroscop y  (SEM).

1 . Used th e  sam ples th a t  were t e s t e d  in  th e  
p r e v io u s  s e c t io n .

2 . Cut th e  sam ples c r o s s - s e c t i o n a l l y  in to  a sm a ll 
specim en o f  1 cm X 1 cm.

3. C oated th e  su r fa c e  o f  specim en w ith  g o ld  by ion  
s p u t te r in g  method in  th e  Edward s p u t te r  c o a t in g  d e v ic e ,  
model SCD-040, B a lz e r s  Union a t  an e x c i t a t io n  v o lta g e  o f  
15 KV.

4. Scanned th e  sam ple and took  th e  e le c t r o n  
m icrographs o f  th e  specim en a t  a 500-1000 tim e en larg em en t.
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