
CHAPTER III 
EXPERIMENTAL

3.1 Introduction

In  th is  re se a rc h  w o rk  e th y le n e  p ro p y le n e  ra n d o m  c o p o ly m e r w as 
sy n th e s iz e d  in a  2 -litre  b a tc h  re a c to r  u n d e r p re s su re  3 0 -3 5  k g /c m 2 and  
te m p e ra tu re  70°c. T iC l4/M g C l2/d ib u ty lp h ta la te -A l(E t)3/c y c lo h e x y lm e th y ld i-  
m e th o x y s ila n e  w e re  u se d  in th e  ca ta ly s ts  sy stem . T h e  in f lu e n c e s  o f  e le c tro n  
d o n o r  an d  e th y le n e  c o n te n t on  th e  p ro p e rtie s  o f  e th y le n e  p ro p y le n e  ra n d o m  
c o p o ly m e r w e re  in v e s tig a te d . T h e  sam p le  p ro p e rtie s , iso ta c tic  in d ex , 
m o le c u la r  w e ig h t d is tr ib u tio n , m e ltin g  an d  c ry s ta llin e  te m p e ra tu re , w ere  
c h a ra c te r iz e d .

3.2 Apparatus

1. A  2 -litre  ja c k e te d  s ta in le ss  steel a u to c la v e  e q u ip p e d  w ith  a v a r ia b le  
sp e ed  m o to r , an a n c h o r-ty p e  a g ita to r, an d  te m p e ra tu re  c o n tro l un it.

2. G el P e rm e a tio n  C h ro m a to g ra p h y  (G P C ) o f  W a te rs , m o d e l 150-C , 
fo r m e a su r in g  the  m o le c u la r  w e ig h t o f  ra n d o m  e th y le n e  p ro p y le n e  
c o p o ly m e r.

3. A  S o x h le t- ty p e  e x tra c to r  w ith  a b o ilin g  so lv e n t, fo r  m e a su rin g  
iso ta c tic  in d e x  o f  ra n d o m  e th y le n e  p ro p y le n e  c o p o ly m e r.

4 . D iffe re n tia l S ca n n in g  C a lo rim e te r  (D S C ) o f  P e rk in -E lm e r , m o d e l 
D S C -7 , fo r m e a su rin g  the  m e ltin g  te m p e ra tu re  an d  c ry s ta llin e  
te m p e ra tu re  o f  ra n d o m  e th y le n e  p ro p y le n e  c o p o ly m e r.
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3.3 Raw Materials

G as
- N itro g e n  (u ltra  h ig h  p u rity  g rad e ) su p p lie d  b y  T h ai 

In d u s tr ia l G as C o ., L td . w as  u sed  as re c e iv e d .
- H y d ro g e n  (u ltra  h ig h  p u rity  g ra d e ) su p p lie d  b y  T h a i 

In d u s tr ia l G as C o ., L td . w as  u sed  as re c e iv e d .
- E th y le n e  (p o ly m e riz a tio n  g rad e) su p p lie d  b y  N a tio n a l 

P e tro c h e m ic a l P u b lic  C o. w as d ried  o v e r m o le c u la r  s iev es .
- P ro p y le n e  (p o ly m e riz a tio n  g rad e) su p p lie d  b y  T h a i O le fin  

C o ., L td . w as  d ried  o v e r m o le c u la r  s iev es .
C a ta ly s t

- M g C l2-su p p o rte d  tita n iu m  h a lid e  w ith  d ib u ty lp h ta la te  
ca ta ly s t.

- T rie th y la lu m in u m .
- C y c lo h e x y lm e th y ld im e th o x y s ila n e .

C h e m ic a l
- N o rm a l h e x a n e  su p p lie d  by  S hell C h e m ic a ls  C o ., L td . w as  

f rac tio n a lly  d is tille d  b e fo re  u sed .
- E th a n o l su p p lie d  b y  M e rc k  C o ., L td . w a s  u se d  as re c e iv e d .

3.4 Polymerization Procedure

T h e  sc h e m a tic  d ia g ra m  o f  p o ly m e riz a tio n  re a c to r  is sh o w n  in  F ig u re
3 .1 . T h e  c o m p le te  p o ly m e riz a tio n  p ro c e d u re  w as as fo llo w :
1. T h e  lea k a g e  o f  th e  re a c to r  w as  te s ted  u n d e r p re ssu re  40  k g /c n r
2. T h e  re a c to r  w as p u rg e d  w ith  n itro g en  fo r 1 h o u r. T h e  te m p e ra tu re  o f  th e  

re a c to r  w as  se t a t 70 °c, an d  p ip e tte  w as p u rg e d  w ith  n itro g e n  fo r  10 
m in u te s .
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3. T h e  re a c to r  w as  c o o le d  d o w n  to  a m b ie n t tem p e ra tu re .
4. T h e  re a c to r  w as  iso la ted  u n d e r n itro g en  a tm o sp h e re .
5. T h e  a g ita to r  w as  s ta r te d  at 100 rpm .
6 . T h e  re a c to r  v a p o r  sp a ce  w as p u rg e d  w ith  e th y le n e  b y  re p ea te d  

p re s su r iz a tio n  an d  d ep re ssu riz a tio n .
7. T h e  e th y le n e  w as  fed  in to  th e  re a c to r  at the  d e s ire d  p re ssu re .
8 . 4 5 0  g ra m s o f  p ro p y le n e  w a s  fed  in to  the  re a c to r  by  u s in g  a w e ig h t sca le .
9. H y d ro g e n  w a s  fed  in to  the  re a c to r  at th e  d es ired  p re ssu re .
10. T h e  a g ita tio n  sp e ed  w a s  in c re a se d  to  450  rpm .
11. F ee d  p o r t w a s  p u rg e d  w ith  n itro g en  an d  o pen ed .
12. T h e  d e s ire d  q u a n tity  o f  h ex a n e , c y c lo h e x y lm e th y ld im e th o x y s ila n e , 

tr ie th y la lu m in u m , an d  M g C l2-su p p o rte d  tita n iu m  h a lid e  w ith  d ie s te r  
c a ta ly s t w a s  p ip e tte d  in to  th e  feed  p o r t re sp e c tiv e ly .

1 3 . T h e  feed  p o r t  w as  c lo se d  an d  p re ssu re  in c re a se d  to  35 k g /c m 2 b y  u s in g  
h ig h -p re s su re  n itro g en .

14. T h e  c a ta ly s t m ix  w a s  fed  in to  th e  re a c to r  v ia  th e  feed  p o r t a t 6 0  °c an d  th e  
t im e r  w as  s ta rted .

15. T h e  p o ly m e riz a tio n  w as  co n tin u ed  fo r 1 h o u r at 70  °c.
1 6 .5  m l. o f  e th a n o l w a s  fed  in to  th e  re a c to r  v ia  th e  feed  p o r t  in  o rd e r  to  s top  

th e  re a c tio n .
17. T h e  a g ita to r  sp e ed  w as  d e c re a se d  to  100 rpm .
18. T h e  re a c to r  w as  c o o led  d o w n  to  a m b ie n t tem p e ra tu re .
19. T h e  a g ita to r  w as  tu rn e d  off.
20 . T h e  re a c to r  w as  e v a c u a te d  an d  p u rg e d  w ith  n itro g en  fo r  1 h o u r.
21 . T h e  re a c to r  w as  iso la te d  an d  d isa ssem b led .
22. T h e  p o w d e r  w as re m o v e d  from  the reac to r.
23 . T h e  p o w d e r  w as  d ried  in  an  o v en  u n d e r  n itro g en  a tm o sp h e re .
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Figure 3.1 T h e  sc h e m a tic  d ia g ra m  o f  p o ly m e riz a tio n  re a c to r  sy s tem .
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3.5 Molecular Weight Determination

T h e  m o le c u la r  w e ig h t o f  ran d o m  e th y le n e  p ro p y le n e  c o p o ly m e r 
sa m p le s  w a s  d e te rm in e d  by fo llo w in g  T h e  A S T M  S ta n d a rd : D 3 5 9 3 . G el 
P e rm e a tio n  C h ro m a to g ra p h y  (G P C ), A  W a te rs  A sso c ia te s  m o d e l: 150c 
A L C /G P C  in te rfa c e d  to  an  N E C  P o w e r M ate  S X /16 m ic ro c o m p u te r , w as  u sed  
as th e  fo llo w in g  p ro ce d u re :
1. 0 .0 0 7 5  g  o f  sa m p le  w as  d isso lv ed  in 5 m l o f  o -d ic h lo ro b e n z e n e .
2. T h e  s o lu tio n  sa m p les  w ere  h ea ted  to  145 °c an d  f ilte re d  in to  v ia ls  and  

c lo se d  w ith  T e flo n  lids.
3. T h e  so lu tio n  sa m p le s  w ere  tak e n  to  the  G P C  h o ld in g  sa m p le  case .
4 . T h e  te m p e ra tu re  w as  se t to  145 °c an d  th e  flo w  ra te  o f  s o lv e n t w a s  se t at 

10m l/m in .
5. T h e  G P C  w a s  s ta r te d  by  p u sh in g  th e  a u to -in je c t b u tto n .

3.6 Isotactic Index Determination

T h e  M P C  S tan d a rd : P P S 1 0 8  w as  u sed  to  d e te rm in e  th e  iso ta c tic  in d ex  
o f  ra n d o m  e th y le n e  p ro p y le n e  c o p o ly m e r sam p les . S o x h le t- ty p e  e x tra c tio n  
w ith  b o il in g  so lv e n t w a s  u se d  as th e  fo llo w in g  p ro ce d u re :
1. T h e  f il te r  w a s  w e ig h e d  an d  a p p ro x im a te ly  3 .0  g o f  th e  s a m p le  w a s  p la c e d  

in to  th e  f il te r  an d  w e ig h e d .
2. T h e  f ilte r  th a t c o n ta in s  the  sa m p le  w as g en tly  p la c e d  in  th e  S o x h le t- ty p e  

e x tra c to r .
3. 2 0 0  m l. o f  n -h e p ta n e  w as p o u re d  in to  the  300  m l. f la sk  a n d  th e  fla sk  w as 

p la c e d  in  th e  m a n tle  h ea te r.
4 . T h e  S o x h le t e x tra c to r  and  th e  c o n d e n se r w ere  se t on  th e  to p  o f  th e  fla sk  

a b o v e  th e  h ea te r.
5. T h e  h e a te r  w a s  tu rn e d  on c o n tin u a lly  fo r e x tra c tio n  fo r  3 h o u rs .
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6 . W h e n  th e  e x tra c tio n  w as  c o m p le te d , the  e x tra c to r  w as re m o v e d .
7. T h e  f il te r  w a s  tak e n  o u t an d  d ried  in an o v en  u n d e r n itro g e n  a tm o sp h e re  

an d  w e ig h e d .
C a lc u la tio n

C a lc u la te  iso ta c tic  in d ex  (II) o f  the  sam p le  as fo llo w s:
Iso ta c tic  In d e x  (% ) =  (c -a)*  100 /(b-a)

W h ere :
a =  W e ig h t o f  th e  c y lin d ric a l f ilte r (g).
b =  T o ta l w e ig h t o f  th e  c y lin d ric a l f ilte r  and  th e  sa m p le  (g).
c =  T o ta l w e ig h t o f  th e  c y lin d ric a l f ilte r  and  th e  sa m p le  a fte r e x tra c tio n (g ) .

3.7 Melting Temperature and Crystallization Temperature 
Determination

T h e  M P C  S tan d a rd : P P S 137-2 w as u sed  to  d e te rm in e  th e  m e ltin g  
te m p e ra tu re  an d  c ry s ta llin e  te m p e ra tu re  o f  ra n d o m  e th y le n e  p ro p y le n e  
c o p o ly m e r sa m p les . D iffe re n tia l S can n in g  C a lo rim e te r  (D S C ), T h e  P erk in  
E lm e r  C o rp o ra tio n  m o d el: D S C 7 , w as  u sed  as th e  fo llo w in g  p ro c e d u re :
1. A p p ro x im a te ly  5 m g . o f  th e  sa m p le  w as w e ig h e d  an d  p u t in th e  b o tto m  o f  

an  a lu m in u m  p an .
2. A  lid  w a s  p u t on  th e  a lu m in u m  p an  and  sea led  w ith  th e  s a m p le  se a le r.
3. A n  e m p ty  a lu m in u m  p an  w as p re p a re d  as a  re fe re n c e  by  fo llo w in g  th e  

sa m e  p ro c e d u re T h e  sa m p le  an d  re fe re n c e  w ere  ta k e n  to  th e  D S C  h o ld in g  
sa m p le  case .

4. A p p ro x im a te ly  50 m l/m in  o f  n itro g e n  gas w as  p a s se d  th ro u g h  th e  fu rn a ce  
o f  th e  e q u ip m en t.

5. T h e  e q u ip m e n t w as  s ta rted  to  h ea t from  126 ° c  to  180 ° c ,  u s in g  h e a tin g  
ra te  o f  1 0 ° c /m in .

6 . T h e  T m  an d  T c w e re  d e te rm in e d  from  the  c h a rt o b ta in e d  fro m  th e  D S C .
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