
CHAPTER III 
EXPERIMENTAL

3.1 Materials

•  E th y le n e  g as  (p o ly m e riz a tio n  g rad e )
•  N itro g e n  g as  (u ltra  h ig h  p u r if ie d  g ra d e )
•  n -H e x a n e
•  T o lu e n e
•  T iC l4 su p p o rte d  o n  M g C l2 in  h e p ta n e  (Z ie g le r-N a tta  c a ta ly s t)
•  C p 2Z rC l2 (m e ta llo c e n e )
•  T r im e th y la lu m in u m  (T M A ) in to lu en e
•  T r ie th y la lu m in u m  (T E A ) in  h ep tan e
•  T r is (p e n ta f lu o ro  p h e n y l)b o ra n e  (B (C 6F 5)3)
•  S o d iu m  m eta l
•  B e n z o p h e n o n e
•  o -D ic h lo ro b e n z e n e
•  D ec a lin
•  M e th a n o l

3.2 Methodology

3.2.1 Solvent Purification
n -H e x a n e  an d  to lu e n e  u se d  as the  so lv e n ts  fo r  Z ie g le r -N a tta  and  

m e ta llo c e n e  c a ta ly s t sy s tem s w ere  p u r if ie d  b y  re flu x in g  w ith  so d iu m / 
b e n z o p h e n o n e  fo r  o n e  n ig h t to  re m o v e  w a te r  and  o x y g en . W h e n  the
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so lu tio n  tu rn e d  b lu e , it w as c a re fu lly  d is til le d  o u t an d  k e p t u n d e r  n itro g en  
a tm o sp h e re  b e fo re  u sed .

3.2.2 Catalyst and Cocatalyst Solution Preparation
T h e  c a ta ly s t an d  c o c a ta ly s t so lu tio n s  a re  p re p a re d  in  a g lo v e  box  

p u rg e d  c o n s ta n tly  w ith  n itro g en  g as . T o  tra n s fe r  th e  p re p a re d  so lu tio n s  to the  
re a c to r  w ith o u t e x p o su re  to  air, c lo se d  in je c to rs  w ere  u sed .

3.2.3 The Polymerization of Polyethylene
T h e  e th y le n e  an d  n itro g en  g ases  a re  p u r if ie d  b y  p a s s in g  th ro u g h  the 

o x y g e n  tra p s  b e fo re  in je c tin g  in to  th e  re a c to r. T iC l4/M g C l2 in  h ep tan e , 
C p 2Z rC l2, tr ie th y la lu m in u m  (T E A ), tr im e th y la lu m in u m  (T M A ) an d  tr is (p e n ta  
f lu o ro p h e n y ljb o ra n e  (B (C 6F 5)3) w ere  u sed  w ith o u t fu r th e r  p u r if ic a tio n .

P o ly m e r iz a tio n  o f  e th y le n e  w as c a rr ie d  o u t in  a 3 0 0 -m l p a rr  re a c to r  
u n d e r n itro g e n  a tm o sp h e re . T h e  re a c to r  w as h ea te d  u p  to  1 2 0 ° c  a n d  p u rg ed  
w ith  d ry  n itro g e n  sev era l tim es. S o lv e n t w as th en  a d d e d  fo llo w e d  b y  e th y le n e  
g as a t a se t p re ssu re . T M A  o r T E A  c o c a ta ly s t so lu tio n  an d  Z ie g le r  o r 
m e ta llo c e n e  c a ta ly s t so lu tio n  w ere  in je c te d  re sp e c tiv e ly . F in a lly  in  c a se  B 
(C 6F 5)3 w as  u se d  in  the  sy s tem  it w o u ld  b e  in je c te d  last. T h e  to ta l v o lu m e  o f  
the  p o ly m e riz a tio n  m ix tu re  w as 150 m l fo r  e v e ry  run . T h e  c o n su m p tio n  o f  
e th y le n e  w as  d e te rm in e d  b y  m ass flo w  m eter.

A fte r  o n e -h o u r  p o ly m e riz a tio n  tim e , the  re a c to r  w as d e g a sse d . T h e  
p o ly m e riz a tio n  m ix tu re  w as s tirred  w ith  ac id ic  m e th a n o l (a  m ix tu re  o f  
m e th a n o l an d  a  sm a ll a m o u n t o f  c o n c e n tra te d  h y d ro c h lo r ic  a c id ) to  q u e n c h  the  
p o ly m e riz a tio n . T h e  p o ly m e r w as tak en  o u t an d  w a sh e d  se v e ra l t im es  w ith  
m e th a n o l, f i l te re d , an d  d ried .
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3.2.4 Characterization of Polyethylene Products

3.2.4.1 Gel Permeation Chromatography (GPC)
M o le c u la r  w e ig h ts  an d  m o le c u la r  w e ig h t d is tr ib u tio n s  o f  the 

p o ly e th y le n e  sa m p le s  w ere  d e te rm in e d  u s in g  a  W a te rs  h ig h - te m p e ra tu re  150- 
C  p lu s  G P C  in s tru m e n t e q u ip p e d  w ith  th ree  W a te rs  S ty ra g e l (e x c lu s io n  lim its  
fo r p o ly s ty re n e  104, 105 an d  106 °A  p o re  s ize ) c o lu m n s  in  se rie s  a t 140°c . T h e  
so lv en t, o -d ic h lo ro b e n z e n e , w as  a p p lie d  a t a flo w  ra te  o f  1.0 cnrV m in . T h e  
c o lu m n s  w e re  c a lib ra te d  w ith  n a rro w  m o le c u la r  w e ig h t d is tr ib u tio n  
p o ly s ty re n e  sa m p le s .

3.2.4.2 Differential Scanning Calorimetry (DSC)
T h e  th e rm a l b e h a v io r  o f  p o ly e th y le n e  p ro d u c t w as  m e a su re d  by  

P e rk in -E lm e r  D S C  7. T h e  a n a ly z e d  sa m p les  w ere  in  p o w d e r  fo rm . A  4 -5  m g 
o f  the  sa m p le  w as  se a le d  in  a c la m p e d  a lu m in iu m  p an . E a ch  sa m p le  w as 
h e a te d  fro m  5 0  to  160°C  a t a h e a tin g  ra te  o f  1 0 °C /m in  an d  k e p t at th is 
te m p e ra tu re  fo r  1 m in . I t w as  th e n  c o o le d  to  5 0 °C  a t a ra te  o f  1 0 °C /m in  fo r 
re c ry s ta ll iz a tio n  an d  re h e a te d  a t the  sa m e  ra te . T h e  v a lu e s  o f  m e ltin g  p o in t 
(Tm), c ry s ta lliz a tio n  te m p e ra tu re  (Tc), h ea t o f  fu s io n  (A H f ), an d  h ea t o f  
c ry s ta lliz a tio n  w e re  o b ta in e d  in  th e  se c o n d  scan  th e rm o g ra m s . D eg re e  o f  
c ry s ta llin ity  o f  th e  p o ly m e r w as c a lc u la te d  fro m  the  eq u a tio n :

x c(%) = ( A H / A H f 0) X 100 (E q . 3 .1 )
W h e re  A H f  is the  h e a t o f  fu s io n  o f  the  sa m p le  as d e te rm in e d  fro m  th e  D S C  
c u rv e s  o f  th e  se c o n d  h e a tin g  p ro ce ss , an d  A H °  is  th e  h e a t o f  fu s io n  o f  
p e rfe c tly  c ry s ta ll in e  p o ly e th y le n e , 2 9 0  J/g .
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3.2.4.3 Fourier Transform Infrared Spectroscopy (FT-IR)
P o ly e th y le n e  p o w d e r  w as d is so lv e d  in  d e c a lin  a t 140 ๐c ,  sp re a d  on a 

p e tri d ish , an d  h e a te d  in  an  o v en  a t 8 0 -9 0 °C  u n til d ry . T h e  sp e c tra  o f  H D P E  
film s w e re  d e te rm in e d  in the  w a v e n u m b e r  ra n g e  b e tw e e n  4 0 0 0  an d  4 0 0  cm "1.

3.2.4.4 Wide Angle X-ray Diffraction (WAXD)
X -ra y  d if f ra c tio n  p a tte rn s  w ere  o b ta in e d  fro m  D /M A X -2 0 0 0  se rie s  o f  

R ig u k u /X -ra y  D iff ra c to m e te r  sy stem . T h e  e x p e r im e n t w a s  p e r fo rm e d  in the 
ra n g e  o f  2 -4 0  d e g re e  w ith  scan  sp eed  10 d e g ./m in  an d  sc a n  s tep  0 .0 2  deg .

F ro m  p o ly e th y le n e  X -ra y  d if fra c tio n  p a tte rn , th e  tw o  sh a rp  c ry s ta llin e  
p ea k s  lie  o v e r  th e  b o a rd  a m o rp h o u s  d if f ra c tio n  p eak . It is th e n  p o ss ib le  to 
c a lc u la te  the  d e g re e  o f  c ry s ta llin ity  b y  d iv id in g  the  tw o  c ry s ta l p e a k  a reas 
(A i+ A 2) b y  to ta l p e a k  a re a  (A1+A2+A3).

Figure 3.1 T h e  X -ra y  d if fra c tio n  p a tte rn  o f  p o ly e th y le n e . T h e  d ash ed  
lin e  sh o w s th e  e s tim a te d  p o s itio n  o f  the  a m o rp h o u s  sc a tte r in g  in te n s ity  (A3).

3.2.4.5 Scanning Electron Microscope (SEM)
T h e  m o rp h o lo g y  o f  p o ly e th y le n e  p ro d u c t w as  e x a m in e d  b y  u sing  

S c a n n in g  E le c tro n  M ic ro sc o p e  m o d e l JO E L  5 2 0  a t a v o lta g e  o f  10 k v  and  
3 5 0 0  X m a g n ific a tio n .
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