
RESULTS AND DISCUSSION
CHAPTER IV

4.1 Ziegler-Natta Catalyst System:
TiCL/MgCL + Triethylaluminum (TEA)

4.1.1 Effect of Polymerization Temperature

T a b le  4.1 sh o w s the  e ffe c t o f  tem p e ra tu re  o n  the  p o ly m e riz a tio n  
re a c tio n . T h e  te m p e ra tu re  w as  v a rie d  fro m  50-90 ๐c  w h ile  e th y le n e  p re ssu re , 
c a ta ly s t, an d  c o c a ta ly s t c o n c e n tra tio n s  w ere  k e p t c o n s ta n t. W h e n  the 
p o ly m e riz a tio n  te m p e ra tu re  in c re a se s , p o ly m e r y ie ld  a n d  p ro d u c tiv ity  
in c re a se . T h is  is  b e c a u se  h ig h e r te m p e ra tu re  in d u ce s  m o re  a c tiv e  T i a to m s. 
M a rq u e s  e t a l. (1998) also  re p o rte d  th a t the  a c tiv e  c e n te r  c o n c e n tra tio n  
in c re a se s  s ig n if ic a n tly  w ith  in c re a se  in  tem p e ra tu re . H o w e v e r  a t 90 ๐c , b o th  
the  y ie ld  a n d  p ro d u c tiv ity  s ta rt to  d e c re a se . T h e  re su lts  sh o w  th a t c a ta ly s t 
a c tiv e  sp e c ie s  m a y  b e  d ec o m p o se d  w h e n  te m p e ra tu re  e x c e e d s  80 °c.

In  c o n tra s t, the  m o le c u la r  w e ig h t (M w) d e c re a se s  w ith  in c re a s in g  
te m p e ra tu re . M a rq u e s  e t al. (1 9 9 3 ) su g g e s te d  th a t th e  a c tiv a tio n  e n e rg y  o f  the  
te rm in a tio n  p ro c e ss  is h ig h e r than  th a t o f  the  p ro p a g a tio n  p ro c e ss . T h e re fo re  
w h e n  h ig h e r  te m p e ra tu re  is u sed , the  ra te  o f  c h a in  te rm in a tio n  w ill in c re a se  
lea d in g  to  a d e c re a se  in  the  m o le c u la r  w eig h t.
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Table 4.1 Effect of temperature on ethylene polymerization by Ziegler-Natta 
catalyst.
[Ti] =  0.0187 mmol/L, [Al] =  1.33 mmol/L, Al/Ti =  7 1.1 2 ,  P Et =  2  bar, 
total volume = 150 ml in n-hexane, reaction time = 1 hr.

Entry Temp
Yield

(g)

Productivity 

(kg PE/mol Ti. 

atm. h)

Tm Xc
M„

( x io 4)

M . 

(X1 o4)
MWD

47 50 7.99 1,427 131.03 53.07 - - -
46 60 10.73 1,916 130.03 52.05 16.5 83.4 5.05

45 70 11.43 2,041 130.03 51.60 17.7 73.4 4.15

44 80 14.94 2,668 129.53 50.28 18.1 73.5 4.07

50 90 4.88 871 128.87 49.47 6.9 40.3 5.80

Note ะ Tm and AH  values were collected from second scan of DSC 
^Crystallinity (Xc) = (AH  / 290) X 100 
M n, M v1, MWD from GPC

In contrast, the molecular weight (Mw) decreases with increasing 
temperature. Marques et al. (1993) suggested that the activation energy of the 
termination process is higher than that of the propagation process. Therefore 
when higher temperature is used, the rate of chain termination will increase 
leading to a decrease in the molecular weight.

4.1.2 Effect of Triethylaluminum (TEA) Concentration and Al/Ti
Ratio

Triethylaluminum (A1(C2H5)3) is the most widely used cocatalyst for 
Ziegler-Natta catalyst system. Varying TEA concentration with fixed catalyst 
concentration will also vary Al/Ti ratio. In this work, the TEA concentration 
was varied from 1.33-4.00 mmol/L with Al/Ti varied from 71.12 to 213.90. 
The results obtained are shown in Table 4.2.
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Table 4.2 Effect of triethylaluminum concentration and Al/Ti ratio.
[T i]  =  0.0187 m m o l/L , PEt =  2 bar, T= 70 °c, reaction tim e =  1 hr

entry A l/T i
yield

(g)

Productivity 

(kg PE/mol Ti. 

atm. h)

7๓ xe
%

Crystal

lin ity  *

£ ะ*:*

(nm) ( x io 4)

M»

( x io 4)
MWD

45 71.12 1 1.43 2,041 130.03 51.60 35.46 - 17.7 73.4 4.15

49 106.95 19.15 3,420 131.20 49.67 37.35 11.5 10.6 54.2 5.13

48 142.78 24.87 4,441 132.53 54.94 41.23 12.3 7.5 58.2 7.72

51 178.07

213.90

31.71 5,663 133.70 62.21 42.92 12.3 8.2 45.9 5.58

62 31.20 5,571 133.87 62.10 43.44 11.9 5.8 43.8 7.49

( * )  : ca lcu lated fro m  X R D  results 

( * * )  : c rys ta llite  size from  X R D

The results show that polymer yield and productivity increase with 
increase in TEA concentration, because more Ti atoms are activated at high 
TEA concentration. This is supported by the work of Marques et al. (1998) 
who found that active center concentration increases when TEA concentration 
increases. However when Al/Ti ratio exceeds 200, the polymer yield seems to 
reach a constant value. This is because the excess amount of TEA may lead 
to an increase in the rate of chain transfer to alkylaluminum and this is 
confirmed by the decrease in molecular weight as Al/Ti ratio increases 
throughout the range of TEA concentration used in this work.

The trends of melting temperature and degree of crystallinity are 
inverse to the trend of molecular weight. This is because at very high 
molecular weight, the molecular weight itself does not have much effect on 
melting temperature and degree of crystallinity. The branching content is the 
key effect on them. Consequently their trends should be in the same direction 
as the trend of molecular weight distribution which is the case as shown in 
Table 4.2.

X  ฅ 3  ?)'ๆ S m C



26

4.2 Metallocene Catalyst System:
Cp^ZrCL + Trialkylaluminum (TMA/TEA) +
Tris(pentafluorophenyl) borane (B(CfiFs)r)

In this metallocene catalyst system, trialkylaluminum (A1R3) was 
used as the alkylating agent for dichlorozirconocene catalyst (Cp2ZrCl2) to 
produce the cationic active species (Cp2ZrCH3+). The highly active Lewis 
acid, tris(pentafluorophenyl)borane, was the alternative cocatalyst for 
metallocene in place of MAO. The catalyst injection into the reactor was in 
the order of metallocene, alkylaluminum, and B(C6F5)3).

Table 4.3 shows the effect of TMA concentration and the presence of 
B(C6F5)3 on the polymerization of polyethylene. The results show that in the 
absence of B(C6F5)3, Cp2ZrCl2-TMA catalyst system [1] can initiate the 
polymerization reaction giving a small amount of polyethylene. The 
productivity increases with increase in Al/Ti ratio. This shows that 
dichlorozirconocene can be activated to polymerize polyethylene in the 
presence of only TMA. The mechanisms of méthylation, methyl abstraction 
and monomer insertion in this case are demonstrated in Scheme 4.1.

Table 4.3 Effect of trimethylaluminum (TMA) concentration and B(C6F5)3.
[Z r ] =  2 / im o l, PE 1 =  2 bar, T -  30 °c, tota l vo lum e =  150 m l in  toluene, reaction tim e =  1 hr

Entry
[A l]

(mmol)
A l/Z r

B(C6F5)j

(/imol)

Yield

(g)

Productivity

(kgPE/molZr.

atm.h)

T1 m Mn
( x io 4) (x io 4)

MWD

14 0 .4 200 - 0.056 14.0 - - - - -

2 1 500 i  - 0.250 62.5 134.00 77.28 3.0 38.2 12.62

1
! p

1000 • 0.310 77.5 133.53 78.50 5.2 41.8 8.04

15 0 .4 2 ๓ 3 0.316 79.0 133.66 66.09 3.1 21.6 6.93

4
'

1
- >1-

5 ๓ 3 0.300 75.0 134.53 76.59 2.2 16.2 7.33

11 2 1 0 ๓ 3 0.314 78.5 133.00 44.93 3.0 40.6 13.42
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/C l A1(CH3)3 /C H 3  A 1(CH 3 )3  /C H 3

A1(CH 3)3 m ethyl abstraction  

T
Polyethylene - Cp2 Zr @/ C H 3

monomer
insertion

Scheme 4.1 Mechanism of ethylene polymerization by Cp2ZrCl2-
TMA.

In the presence of B(C6F5)3, the Cp2ZrCl2-TMA-B(C6F5)3 catalyst 
system [2] gives almost the same yield as system [1] at Al/Zr ratio ranging 
from 200-1000. It is interesting to note that at low Al/Zr of 200, the yield 
from system [2] is five times higher than [1], This indicates that B(C6F5)3 
plays an important role in the increase of catalyst activity. However at higher 
Al/Zr ratio, the productivity of [2] is similar to [1], This may be that at high 
TMA concentration, TMA plays a predominant role in polymerization eyen in 
the presence of B(C6F5)3. Therefore at high Al/Zr ratio, either with or without 
B(C6F5)3 in the catalyst system, the productivity is the same at the same TMA 
concentration.

The degree of crystallinity of system [2] at high Al/Zr = 1000 is only 
45. This value is confirmed by the very board molecular weight distribution 
of 13. It is possible that there is a competition of TMA and B(C6F5)3 in 
polymerization and the excess TMA leads to many branches on polyethylene 
molecules. The values of molecular weight distribution are rather broad 
compared to the typical MWD of about 2 of metallocene polyethylene. This 
may be due to the very low polymer yields resulting in the uneven chain 
termination throughout the system, therefore widely different molecular 
weight polyethylenes were obtained.
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T h e  e ffe c t o f  T M A  c o n c e n tra tio n  w as s tu d ie d  an d  th e  re su lts  are 
sh o w n  in T a b le  4 .4 . W h en  the  T M A  c o n c e n tra tio n  in c re a se s , p ro d u c tiv ity  
a lso  in c re a se s . T h is  tren d  is s im ila r  to  th e  Z ie g le r  c a ta ly s t b u t w ith  fa r less 
y ie ld .

Table 4.4 E ffe c t o f  tr im e th y la lu m in u m  (T M A ) c o n c e n tra tio n .
[Z r ]  =  10 //m o l, B /Z r  = 1, At = 2 bar, T= 20 °c, to ta l vo lum e =  150 m l in toluene, 
reaction tim e  =  1 hr

Entry
[A l]

A l/Z r
(mmol)

Yield

(g)

Productivity

(kgPE/molZr.atm.h)
Tin

K
(*10 4)

พ

( x io 4)
A{WD

7 0.5 “ 3 5 ๆ 0.290 14.5 - - - - -
22 0.6 60 0.356 17.8 133.87 77.01 3.5 31.9 9.03

23 0.8 80 0.610 30.5 134.17 68.27 5.5 37.3 6.73

27 1.0 1 100 0.948 47.4 134.20 66.66 7.1 41.1 5.75

T h e  p ro d u c tiv ity  o f  sy s tem s [1] an d  [2] w as c o m p a re d  a t A l/Z r  ra tio  
ra n g in g  fro m  0 to  1000 as sh o w n  in F ig u re  4 .1 . A s  d e sc r ib e d  ab o v e , B (C 6F 5)3 
in th e  sy s te m  h e lp s  to  in c rease  the  p ro d u c tiv ity  o f  sy s tem  [2 J b u t the  
p ro d u c tiv ity  o f  b o th  sy s tem s ten d  to  c o m e  c lo se r  w ith  in c re a se  in A l/Z r ra tio .

0 200 400 600 800 1000 1200
[Al]/[Zr] Ratio

Figure 4.1 P ro d u c tiv ity  v e rsu s  [A l]/[Z r] ra tio  o f  C p 2Z rC l2-T M A  
c a ta ly s t sy s te m  [1] and  C p 2Z rC l2-T M A -B (C 6F 5)3 c a ta ly s t sy s te m  [2].
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H o w e v e r, th e  h ig h e s t p ro d u c tiv ity  o f  C p 2Z rC l2-T M A -B (C 6F 5)3 
c a ta ly s t sy s te m  in  th is  re se a rc h  is o n ly  79 , w h ic h  is fa r  less  th an  T iC l4/M g C l2- 
T E A  (2 0 0 0 -5 0 0 0  k g  P E /m o lZ r.a tm .h ) an d  C p 2Z r(C H 3)2-B (C 6F 5)3 c a ta ly s t 
sy s te m  (3 0 0 0 -7 0 0 0  k g  P E /m o lZ r.a tm .h ) as re p o r te d  b y  Y an g  e t al. 
(1 9 9 1 ,1 9 9 4 ).
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4.3 Comparison of Properties of LDPE And Polyethylene From Ziegler- 
Natta and Metallocene Catalysts

4.3.1 Chain Branching from FT-IR Measurement

F T IR  sp e c tra  o f  p o ly e th y le n e  a re  sh o w n  in F ig u re  4 .2 . T h e  c o m m e rc ia l 
low  d e n s ity  p o ly e th y le n e  (L D P E ) w as  te s te d  b y  F T IR  sp e c tro sc o p y  to 
c o m p a re d  w ith  p o ly e th y le n e  p ro d u c e d  b y  Z ie g le r -N a tta  an d  m e ta llo c e n e  
c a ta ly s ts . T h e  g e n e ra l a b so rp tio n  fre q u e n c ie s  fo r  p o ly e th y le n e  a re  lis ted  in 
T a b le  4 .5 .

Table 4.5 A b so rp tio n  f re q u e n c y  ( c m 1) o f  p o ly e th y le n e .

Type
Absorption
Frequency

(cm"1)
Remarks

2962 C-H Asymmetric Stretching

CH, 2872 C-H Symmetric Stretching
1450 C-H Asymmetric Bending
1378 C-H Symmetric Bending
2926 C-H Asymmetric Stretching

c h 2

2853 C-H Symmetric Stretching
1465 C-H Symmetric Bending
722 CH2 Rocking
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F ig u re  4 .3  sh o w s IR  sp e c tra  in  the  ra n g e  o f  1 3 2 0 -1 4 0 0  c m "1 w h ich  
c o v e rs  th e  a b s o rp tio n  d u e  to  the  m e th y l b ra n c h e s  a t 1378 c m '1. C o m p a re d  to 
L D P E , th e  p o ly e th y le n e  p ro d u c e d  b y  Z ie g le r  an d  m e ta llo c e n e  c a ta ly s ts  sh o w s 
no  p e a k  a t 1378  cm "1, w h ile  L D P E  sh o w s d is tin c t C -H  sy m m e tr ic  b e n d in g  o f  -  
C H 3. T h is  in d ic a te s  th a t Z ie g le r  an d  m e ta llo c e n e  p o ly e th y le n e  is re la tiv e ly  
lin e a r  w ith  o n ly  a  sm a ll a m o u n t o f  b ra n c h es .

Frequency (c m 1)

F ig u r e  4 .2  F T IR  sp e c tra  o f  fa )  c o m m e rc ia l L D P E , (๖) Z ie g le r -N a tta  
p o ly e th y le n e  an d  (c) M e ta llo c e n e

Figure 4.3 FTIR spectra of (a) LDPE, (๖) Ziegler-Natta
polyethylene, (c) Metallocene polyethylene in the range 1320-1400 cm"1.
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4.1.2 Crystallinity by X-Ray Diffraction

T h e  d e g re e s  o f  c ry s ta llin ity  c a lc u la te d  fro m  X R D  re su lts  o f  
p o ly e th y le n e  p ro d u c e d  b y  Z ie g le r -N a tta  an d  m e ta llo c e n e  c a ta ly s ts  a re  35-45  
an d  4 0 -6 0  re sp e c tiv e ly . F ig u re  4 .4  sh o w s the  X -ra y  d if f ra c tio n  p a tte rn s  o f  
L D P E  (% c ry s ta ll in ity  =  3 2 .8 ) c o m p a re d  to  Z ie g le r  an d  m e ta llo c e n e  
p o ly e th y le n e . T h e  tw o  c ry s ta l d if fra c tio n  p ea k s  o f  m e ta llo c e n e  p o ly e th y le n e  
a re  b ig g e r  a n d  s h a rp e r  th an  th o se  o f  Z ie g le r  an d  L D P E .

Figure 4.4 X R D  p a tte rn s  o f  p o ly e th y le n e .
(a ) L D P E , (b ) Z ie g le r -N a tta  p o ly e th y le n e , (c) M e ta llo c e n e
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4.3.3 Crystallinity from DSC

D S C  c h a ra c te r iz a tio n  w as o p e ra te d  fro m  5 0 -1 6 0  ๐c  w ith  h e a tin g  ra te  
o f  10 ๐c /m in .  T h e  sa m p le s  w ere  th e n  c o o le d  d o w n  a t th e  sa m e  ra te  then  
h ea te d  u p  a g a in . T h e  v a lu es  o f  m e ltin g  p o in t an d  c ry s ta llin ity  w e re  co llec te d  
fro m  th e  se c o n d  sc a n  to  e lim in a te  the  p o ly m e riz a tio n  h is to ry .

T h e  D S C  th e rm o g ra m  o f  m e ta llo c e n e  p o ly e th y le n e  in  F ig u re  4 .5  
sh o w s h ig h e r  a re a  u n d e r  m e ltin g  p e a k  th a n  Z ie g le r  p o ly e th y le n e . T h is  a re a  is 
u se d  to  c a lc u la te  th e  h e a t o f  fu s io n  an d  th e  d e g re e  o f  c ry s ta llin ity . T h e  d eg re e  
o f  c ry s ta ll in ity  fro m  D S C  o f  Z ie g le r  p o ly e th y le n e  is  4 9 -6 2  w h ile  th a t o f  
m e ta llo c e n e  p o ly e th y le n e  is 6 6 -7 8  a t A l/Z r  ra tio  b e lo w  5 0 0 . T h e  c ry s ta llin e  
p e a k  a ro u n d  117 °C  o f  m e ta llo c e n e  p o ly e th y le n e  is a lso  s h a rp e r  th a n  Z ie g le r  
p o ly e th y le n e .

Figure 4.5 D S C  th e rm o g ra m  o f  (a) Z ie g le r -N a tta  p o ly e th y le n e  and  
(b ) m e ta llo c e n e  p o ly e th y le n e .
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4.4 Morphology Study

4.4.1 Ziegler-Natta Polymerization

T h e  firs t  an d  se c o n d  scan s o f  D S C  c h a ra c te r iz a tio n  w e re  c o llec te d . A s 
d isc u sse d  p re v io u s ly , the  firs t  scan  d ep e n d s  o n  the  p o ly m e r m o rp h o lo g y  a fte r  
p o ly m e riz a tio n , w h ile  the  seco n d  scan  a fte r  re c ry s ta lliz a tio n  a t the  sam e 
c o o lin g  ra te  d e p e n d s  o n  the  p o ly m e r s tru c tu re .

Figure 4.6 T h e  D S C  th e rm o g ra m s o f  f irs t  (1 ) an d  se c o n d  (2 ) scan  o f  
Z ie g le r  p o ly e th y le n e .

F ig u re  4 .6  sh o w s the  f irs t an d  seco n d  scan  D S C  c u rv e s  o f  p o ly e th y le n e  
o b ta in e d  fro m  Z ie g le r -N a tta  c a ta ly s t sy stem . T h e  m e ltin g  p o in t an d  % 
c ry s ta llin ity  o f  the  f irs t  an d  seco n d  scan s a re  sh o w n  in T a b le  4 .6 . T h e  v a lu es  
o f  the  f irs t  sc a n  a re  h ig h e r  th an  th o se  o f  the  se c o n d  scan . T h is  in d ic a te s  tha t 
the  p o ly m e r m o rp h o lo g y  a fte r  p o ly m e riz a tio n  p ro c e ss  is b e tte r  th an  a fte r 
re c ry s ta lliz a tio n .

T h is  is b e c a u se  th e re  a re  m an y  T iC l4 sites  o n  a h e te ro g e n e o u s  M g C l2 
su p p o rt p a r tic le . W h e n  the  p o ly m e riza tio n  o cc u rs , th e se  c a ta ly s t m o lec u le s  
w ill b e c o m e  a c tiv e  s ite s  lea d in g  to  m an y  g ro w in g  p o ly m e r c h a in s  on  o ne
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p a rtic le . T h e se  m o le c u le s  a re  v e ry  c lo se  to  each  o th e r  an d  can  p a c k  to g e th e r  
w ell (F ig . 4 .7 ). T h is  w ill re su lt  in th e  h ig h  m e ltin g  p o in t an d  %  c ry s ta llin ity  
w h e n  it is d e te c te d  b y  firs t D S C  scan .

Table 4.6 T h e  m e ltin g  te m p e ra tu re  an d  d eg re e  o f  c ry s ta llin ity  o f  firs t an d  
se c o n d  sc a n  o f  Z ie g le r  p o ly e th y le n e  b y  D S C .
[T i]  =  0 .0187 m m o l/L , PE1 =  2 bar, T= 70 °c, reaction tim e =  1 hr

A l/T i
y ie ld P ro d u c tiv ity T  PI AT’entry T T แ x } ' ]

(g ) (kg  PE /m ol T i. atm. h)

62 2.3.90 31.20 5,571 116.87 138 83 133.87 76.87 62.10

51 178.07 31.71 5,663 117.09 138 70 133.70 71.84 62.21

48 142.78 24.87 4,441 116.83 140 03 132.53 69.28 54.94

49

45

,06.93
71.12

19.15

11.43

3,420

2,041

117.10 

116.30

139

138

53

67

131.20

130.03

67.59

64.51

49.67

51.60

N a tta  c a ta ly s t (I).

Figure 4.8 The SEM picture of Ziegler polyethylene.
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T h e  S E M  p ic tu re  o f  Z ie g le r  p o ly e th y le n e  in  F ig u re  4 .8  sh o w s the  
sp h e re - lik e  p o ly m e r w ith  f ib e r- lik e  lin k ag e . T h is  is b e c a u se  the  p a r tic le s  o f  
c a ta ly s t c o n s is t  o f  a g g re g a te s  o f  sm all c a ta ly s t c ry sta ls . W h e n  th e  p o ly m e r is 
g e n e ra te d  a n d  c o n tin u o u s ly  g ro w in g , the  m e c h a n ic a l p re s su re  w ill c le a v e  o u t 
th ese  a g g re g a te s . T h e  c a ta ly s t b re a k -u p  p ro ce ss  w ill f irs t  o c c u r  a t the  su rface  
an d  m o v e  to w a rd  th e  c e n te r  o f  the  p a rtic le s . T h is  w ill le a v e  th e  f ib e r- lik e  
lin k ag e s  b e tw e e n  th e  sp h e re - lik e  p o ly m e r p a r tic le s  (F ig . 4 .9 ).

Figure 4.9 P ro p o se d  m o d e l o f  p o ly m e riza tio n  m o rp h o lo g y  o f  Z ieg le r-  
N a tta  c a ta ly s t (II).
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4.4.2 Metallocene Polymerization

In  c o n tra s t  to  h e te ro g e n e o u s  Z ie g le r  c a ta ly s t, m e ta llo c e n e  c a ta ly s t w ill 
g e n e ra te  the  h o m o g e n e o u s ly  d isp e rse  a c tiv e  sites  th ro u g h o u t the  so lu tio n . 
W h e n  th e  p o ly m e riz a tio n  o cc u rs , each  p o ly m e r c h a in  w ill g ro w  in d iv id u a lly  
(F ig . 4 .1 0 ). T h e  m o rp h o lo g y  o f  the  p o ly e th y le n e  p ro d u c t is th e re fo re  
h o m o g e n e o u s  as d e te c te d  by  S E M  (F ig . 4 .1 1 ).

Figure 4.10 P ro p o se d  m o d e l o f  p o ly m e riz a tio n  m o rp h o lo g y  o f  
m e ta llo c e n e  ca ta ly s t.

Figure 4.11 The SEM picture of metallocene polyethylene.
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T h e  m e ltin g  te m p e ra tu re s  o f  m e ta llo c e n e  p o ly e th y le n e  fro m  th e  first 
an d  se c o n d  D S C  sc a n s  a re  sh o w n  in T a b le  4 .7  an d  F ig u re  4 .1 2 . T h e  m e ltin g  
te m p e ra tu re  o f  th e  firs t sc a n  is h ig h e r th a n  th e  se c o n d  scan . T h e  v e ry  low  
p o ly m e r y ie ld  in d ic a te s  th a t th e re  is a  sm all a m o u n t o f  a c tiv e  s ite s  g e n e ra te d  in 
the  so lu tio n . T h e se  a c tiv e  s ite s  w ill p o ly m e riz e  e th y le n e  in d iv id u a lly  an d  they  
do  n o t p a c k  w e ll w ith  n e ig h b o rin g  ch a in s . T h is  re su lts  in th e  lo w  m e ltin g  
p o in t o f  th e  firs t scan .

Table 4.7 T h e  m e ltin g  te m p e ra tu re  an d  d eg re e  o f  c ry s ta llin ity  o f  firs t an d  
se c o n d  sc a n  o f  m e ta llo c e n e  p o ly e th y le n e  by  D S C .
[Z r ] =  2 /rm o l/L , PE1 = 2 bar, T= 30 ° c ,  toluene

entry
B (C 6F5)3

A l/Z r
( /m o l)

y ie ld

(g )
Tc T [11 1 m T [2] 1 m

14 2 00  - 0.056 - - - -

2 500 0.250 117.04 131.70 134.00 77.28

1 1000 0.310 117.42 130.37 133.53 78.50

15 200 3 0.316 117.85 133.00 133.66 66.09

4 500 3 0.300 116.56 132.83 134.53 76.59

11 1000 3 0.314 115.77 131.37 133.00 44.93

Figure 4.12 T h e  D S C  th e rm o g ra m s  o f  first (1) an d  se c o n d  (2 ) sc a n s  o f  
m e ta llo c e n e  p o ly e th y le n e .
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A fte r  p o ly m e riz a tio n , m e ta llo c e n e  c a ta ly s t sy s te m  g iv e s  sw o llen  
p o ly e th y le n e  in  so lu tio n  w h ile  Z ie g le r  c a ta ly s t g iv e s  p o ly e th y le n e  p a r tic le s  at 
the  b o tto m  o f  the  re a c to r  (F ig . 4 .1 3 ).

Z ie g le r  p o ly e th y le n e  M e ta llo c e n e  p o ly e th y le n e
Figure 4.13 T h e  m o d e l o f  th e  Z ie g le r  an d  m e ta llo c e n e  p o ly e th y le n e s  in 

the  re a c to r  a f te r  p o ly m e riza tio n .
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