
R E S U L T S  A N D  D I C U S S I O N
C H A P T E R  IV

4 .1  E f f e c t  o f  M a s t i c a t i o n  T im e  o n  M o l e c u l a r  W e i g h t  o f  N R
T h e  m o le c u la r  w e ig h t  a n d  m o le c u la r  w e ig h t  d is t r ib u t io n  o f  N R  a t 

v a r io u s  m a s t ic a t io n  t im e  a s  d e te r m in e d  b y  th e  r o o m  te m p e r a tu r e  G P C  a re  
s h o w n  in  T a b le  4 .1 ,  s e e  a ls o  a p p e n d ix  A .

T a b l e  4 .1  E f f e c t  o f  M a s t ic a t io n  T im e  o n  M o le c u la r  W e ig h t  o f  N R

M a s t ic a t io n  t im e  (m in ) M n M w M W D
0 2 2 8 5 1 7 1 1 2 2 5 7 3 4 .9 1 2 4
5 1 9 2 4 0 4 5 8 2 9 9 6 3 .0 3 0 1
1 0 1 8 3 5 5 3 4 8 2 7 1 5 2 .6 2 9 8
25 1 5 9 7 8 3 3 6 5 5 9 5 2 .2 8 8 1

4 .2  E f f e c t  o f  P r o c e s s i n g  C o n d i t i o n  o n  P r o p e r t i e s  o f  L L D P E  a n d  N R  
B le n d s .

4 .2 .1  C h a r a c te r iz a t io n  o f  M A  G r a f te d  o n to  L L D P E  a n d  N R  B le n d s
F ig u r e  4 .1 s h o w s  F T I R  s p e c t r a  o f  b le n d  c o m p o s i t io n  9 0 /1 0 /3 /0 .5 ,  

N R  a n d  L L D P E . A b s o r b a n c e  p e a k  o f  c a rb o n y l  g ro u p  is  a t  1 713  c m '1 w h ic h  
in d ic a te s  th e  p r e s e n c e  o f  M A  g ra f te d  c o p o ly m e r .  V a r io u s  w o r k e r s  h a v e  
p r o p o s e d  m e c h a n is m s  fo r  th e  g r a f t in g  o f  M A  o n to  p o ly m e r  b a c k b o n e  w ith  
p e r o x id e  in i t ia t io n  ( G a y lo r d  et  a l ,  1 9 8 7  a n d  1 9 8 8 : R o o v e r  et  a l ,  1 9 9 5 ; 
S a e n g to n g  et  a l ,  1 9 9 5 , S a m a y  et  a l ,  1 9 9 5 ).

A  s im p le  fo rm  o f  m e c h a n is m  a b o u t  g r a f t in g  o f  M A  o n  p o ly m e r  
b a c k b o n e  w ith  p e r o x id e  in t ia t io n  a re  s h o w n  b e lo w  ( S a m a y  et  a l ,  1 9 9 5 ):
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P e r o x id e  d e c o m p o s i t io n :  R - O - O - R  — ►  2 R -0 *
In i t ia t io n :  

P r o p a g a t io n :  

C h a in  t r a n s f e r :  
T e r m in a t io n :

R -O * +  P H — ►  R O H  +  p* 
p* +  M A  — ►  P M A * 
P M A *  +  P  — ►  P* +  P M A  
P* +  P'* “►  D is p r o p o r t io n a t io n  a n d  c r o s s l in k e d

p o ly m e r
P M A *  +  P ’* 

P M A *  +  P 'M A *

D is p r o p o r t io n a t io n  a n d  
c ro s s l in k e d  m a le in a te d  p r o d u c t

F o r  q u a n t i ta t iv e  a n a ly s is  fo r  a m o u n t  o f  g r a f te d  M A , r a t io  o f  
in te g r a l  a r e a  o f  p e a k  a t  w a v e n u m b e r  1 713  a n d  1 4 6 4  c m ’1 ( in te r n a l  r e f e r e n c e  
p e a k  fo r  L L D P E  a n d  N R )  w e re  c a lc u la te d  a n d  c o r r e la te d  to  M A  g r a f t in g  
c o n te n t  a s  in  e q u a t io n  4 .1 .

R e la t iv e  In te g ra l  R a t io  (R IR )  =  | n tegra *at l ^ cm 1 (4 .1 )
In te g ra l at 1464 cm

- C H 2 tw is t in g  
v ib r a t io n

W a v e n u m b e r  ( c m '1)

F ig u r e  4 .1  F T IR  sp e c tra  o f  N R , L L D P E , and  N R /L L D P E  b len d .
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P r o c e s s in g  c o n d i t io n s  ( te m p /r p m )

F i g u r e  4 .2  E f f e c t  o f  p r o c e s s in g  c o n d i t io n  o n  r e la t iv e  in te g r a l  r a t io  o f  
L L D P E /N R  b le n d  c o m p o s i t io n s  9 0 /1 0 /3 /0 .5  a n d  5 0 /5 0 /7 /0 .5 .

E f f e c t  o f  p r o c e s s in g  c o n d i t io n  o n  r e la t iv e  in te g ra l  r a t io  w a s  
s h o w e d  in  F ig u r e  4 .2 . I t  is  fo u n d  th a t  th e  c o m p o s i t io n  9 0 /1 0 /3 /0 .5  s h o w s  th e  
h ig h  a m o u n t  o f  M A  g ra f te d  a t t e m p e r a tu r e  150  ° c  a n d  r o to r  s p e e d  5 0  a n d  7 0  
rp m . T h is  is  d u e  to  th e  in c r e a s in g  o f  r o to r  s p e e d  e n h a n c in g  th e  a b i l i ty  o f  M A  
to  d is p e r s e  in  m a tr ix  p h a s e  a n d  a m o u n t  o f  M A  g ra f te d  in c r e a s e d .  H o w e v e r ,  
th e  in c r e a s in g  o f  t e m p e r a tu r e  is n o t  e n h a n c e d  th e  g ra f t in g  r e a c t io n  o f  M A  
o n to  c o m p o s i t io n  th a t  m a in ly  c o n ta in s  L L D P E . O n  th e  o th e r  h a n d ,  fo r  
c o m p o s i t io n  5 0 /5 0 /7 /0 .5 ,  th e  in c r e a s in g  o f  p r o c e s s in g  te m p e r a tu r e  a n d  r o to r  
s p e e d  le a d e d  to  in c r e a s in g  a m o u n t  o f  M A  g ra f te d .  T h is  in d ic a te s  th a t  th e  
in c r e a s in g  o f  p r o c e s s in g  te m p e r a tu r e  so  lo w e r in g  th e  v i s c o s i ty  l e a d s  to  
e n h a n c e  th e  a b i l i ty  o f  M A  to  in c o rp o ra te  a n d  g ra f t  w i th  p o ly m e r s  c o n ta in in g  
m o r e  N R .

4 .2 .2  E f f e c t  o f  P r o c e s s in g  C o n d i t io n s  o n  T h e rm a l  S ta b i l i ty
F ig u r e  4.3 s h o w s  T G A  th e r m o g r a m  o f  N R  a n d  L L D P E .  T h e  

d e g r a d a t io n  te m p e r a tu r e  (T  o n s e t)  o f  N R  a n d  L L D P E  a re  a b o u t  3 7 4 ° c  a n d  

4 7 6 °c  r e s p e c t iv e ly .
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F i g u r e  4 .3  T G A  th e r m o g r a m  o f  N R  a n d  L L D P E .

(a)
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(b)

F ig u r e  4 .4  T G A  therm ogram s o f  effect o f  p rocessing  cond itions on 
degradation  tem perature  o f  blends; (a) 90/10/3/0.5 and (b) 50/50/7/0 .5 .

F igure  4.4 show s effect o f  processing  condition  on therm al 
p roperty  o f  b lend  com position  90/10/3/0.5  and 50/50/7/0.5 . T he degradation  
tem peratu res o f  blend com position  90/10/3/0.5 w ere not sign ifican tly  
affected  by p rocessing  conditions (about 370 and 475°C ). This ind icates that 
the con ten t o f  grafted products prepared  by different conditions and capable  
to  a lter the therm al stability  is not m uch different. Flowever, for com position  
50/50/7 /0 .5 , th e  h ighest therm al stability  can be obtained at tem peratu re  150 
๐c  and ro to r speed 30 rpm  (see appendix  D for w eight loss at various 
tem peratu re  and ro tor speed). Ii is note that the w eigh t loss is corresponded  
to  conten t o f  each com ponent.
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4.2.3 R u bb er C ontent o f  V arious P rocessing  C onditions
A m ount o f  unbound rubber (ex tracted  N R  phase) in com position  

90/10/3/0 .5  and 50/50/7/0.5 at various process conditions are show ed in 
F igure  4.5. C om position  90/10/3/0.5 show s the low est am ount o f  unbound  
rubber at ro to r speed 50 rpm  and is no t significantly  affected  by varia tio n  o f  
tem peratu re . M oreover, increasing o f  both tem perature  and ro to r speed led to  
decrease  unbound  rubber content for com position  50/50/7/0 .5 . It is 
in teresting  to  note here that m ost po lym er chains involve in the grafting  
reaction  that occurs largely w ith  increasing ro to r speed and p rocessin g  
tem peratu re  fo r 50/50/7/0.5 .

12 
10

g  8
ไ^ 625 4i;

140/50 150/50 160/50 150/30 150/50 150/70 
Processing conditions (tem p/rpm )

90 /10 /3 /0 .5  I 
5 0 /5 0 /7 /0 .5 1

F ig u r e  4 .5  E ffec t o f  processing  condition o f  b lend  com positions 90 /10/3 /0 .5  
and 50/50/7/0 .5  on am ount o f  unbound rubber.



3 1

4.2 .4  G el C ontent o f  V arious P rocessing C onditions

P rocessing conditions (tem p/rpm )

F ig u r e  4 .6  E ffect o f  processing  condition o f  blend com positions 90/10/3/0 .5  
and 50/50/7/0 .5  on gel content.

F igu re  4.6 show s effect o f  processing  condition  on am ount o f  gel 
content. It is found that the increm ent o f  tem perature  leads to  the increasing  
am ount o f  gel for both com positions (G aylord e t  a l ,  1982). A m ount o f  gel 
con ten t show s the h ighest value at rotor speed 50 rpm  at constan t 
tem perature . In com parison to  unbounded rubber, the increasing  am ount o f  
gel leads to  the low ering the unbound rubber. D C P has longer 11/2 at low 
tem peratu re  than  high tem perature i.e. at 140 °c  has t i /2 =  50 m in (G ay lord  e t  

a l ,  1982) and at 1 60 °c  has t i /2 = 6 m in (K ircher, 1987)). T hen  at low 
tem pera tu re , the low er efficiency o f  the in itiator (in itia tor have too long  h a lf  
life) and low er ability  to  form  crosslinking (G aylord e t  a l ,  1987).

C om position  50/50/7/0.5 show s less gel conten t than 90/10/3/0 .5  
and T d o f  90/10/3/0 .5  is h igher than o f  50/50/7/0.5 . It is w ell know n th at in 
the presence o f  D C P, PE is likely to form  crosslink  rather than chain  scission  
and as checked  by TG A  (see A ppendix  D), gel chem istry  o f  90/10/3/0 .5  is 
m ainly  L L D P E , w hile for 50/50/7/0.5 N R  is m ajor com ponent. Since 
v iscosity  o f  L L D P E  is low er than N R . D C P can be w ell incorporated  in
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4.2.5 M echanical Properties o f  V arious P rocessing  C onditions
M echanical properties o f  po lym er blends are depending  on m any 

factors e.g. com position  o f  polym er. L L D P E  is m uch stronger than N R  i.e. 
L L D P E  has tensile  strength 21.53+1 M Pa and elongation  at b reak  at 
1728.78+17.6 %  w hile N R  show s the values at 0 .21+0 M P a and 
659 .56+22.3  (L im sila , 1999). H ow ever, the L L D P E /N R  blend 90/10 has 
tensile  strength  and elongation at break at 17.4+0.03 and 1457.4+17.60 w hile 
com position  50/50 show s tensile  strength and elongation  at b reak  at 5 .1+0.06 
and 835 .4+0.15. A n in teresting factor that plays im portant role is m ixing 
condition .

L L D P E  p h a se  an d  fo rm  c ro ss lin k  p ro d u c ts  ea sily . L ess  P E  c o n te n t p ro v id e s
less  te n d e n c y  to  fo rm  c ro ss lin k . In c re a s in g  ro to r  sp e ed  o ffe rs  m o re
c o m p e tit iv e  re a c tio n  b e tw ee n  c ro ss lin k in g  an d  g ra ftin g .

140/50 150/50 160/50 150/30 150/50 150/70
Processing C onditions (tem p/rpm )

(a)
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(b)

F ig u r e  4 .7  E ffect o f  processing condition  o f  blend com position  90/10 and 
50/50 on: (a) tensile  strength; and (b) e longation  at break.

M echanical properties o f  po lym er blends increase w ith  good 
in terfacial adhesion from  grafted products as com patib ilizer and reduce by 
som e defects e.g. m icrogel. Tensile properties o f  the b lend com positions 
90 /10/3 /0 .5  and 50/50/7/0.5 are show n in F igure 4.7. It can be seen  that 
tensile  strength  o f  both com positions have the optim um  tem perature  at 150° 
c .  T he optim um  ro tor speed o f  com position  90/10/3/0.5  is 50 rpm  and 70 
rpm  for com position  50/50/7/0.5 . E longation  at break decreases as increasing  
tem peratu re  for com position 90/10/3/0.5 (high gel content) and in contrary  
for com position  50/50/7/0.5 (low  gel content). T he optim um  elongation  at 
b reak  can be obtained at ro tor speed 50 rpm  for com position  90/10/3/0 .5  and 
at ro to r speed 30 rpm  for com position 50/50/7/0.5 .

From  all o f  tensile  properties the optim um  m ixing  cond itio n  for 
com position  90/10/3/0.5  is at tem perature  150 ๐c  and ro tor speed 50 rpm  
and at 150 ๐c  and 30 rpm  for com position 50/50/7/0.5 .
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4 .3  E f f e c t  o f  C o m p a t ib i l i z e r  o n  P r o p e r t ie s  o f  L L D P E  a n d  N R  B le n d s

In the acetone extraction, the sol product is free M A . E xtracted  N R , 
ex tracted  L L D P E  and gel content are obtained later by ch lo roform  and 
xylene ex traction  respectively . The L L D P E /N R  blends, ex trac ted  N R  and 
ex tracted  L L D P E  w ere investigated am ount o f  grafted M A  by F T IR  and 
their p roperties by TG A . Table 4.1 show s am ount o f  free M A  o f  L L D P E /N R  
blend  com positions 90/10 and 50/50 at various M A  and D C P. The 
percen tage o f  free M A  decreased as increasing am ount o f  M A  and D C P. The 
unreacted  M A  and poly(M A ) can be either entrapped or decom posed  w hile  
m ix ing  although the experim ent w as done in a closed B rabender m ixer. This 
ind icates h igh er am ount o f  grafted M A  in the blends as increasing  M A  
content.

T a b le  4.2 F ree M A  o f  L L D PE /N R  blend com positions 90/10 and 50/50 at 
various M A  and DCP.

C om position % free M A H C om position %  free M A H
90/10/1/0 .5 60.760 50/50/1/0.5 87.356
90/10/3/0 31.412 50/50/3/0.5 76.400

90/10/3/0 .5 46.418 50/50/5/0.5 64.868
90/10/3 /1 .0 25.767 50/50/7/0 51.149
90/10/3/1.5 18.542 50/50/7/0.5 60.590
90/10/5/0 .5 8.356 50/50/7/1.0 51.884
90/10/7/0 .5 5.373 50/50/7/1.5 48.653
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4.3.1 C haraterization  o f  M A  G rafted onto L L D PE  and N R  B lends
4 .3 .1 .1  E ffe c t  o f  D C P  C o n te n t  o n  A m o u n t o f  G r a f te d  M A

A m ount o f  D C P (% )
(a )

0 0.5 1 1.5
A m ount o f  D C P (% )

(b)

3  1 ^ ^ ๐ 0 2  “2 0
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Figure 4.8 E ffect o f  D C P on relative integral ratio  o f  b lend  com position  
90/10 w ith  M A  o f  3 % wt: (a) blend; (b) ex tracted  N R ; and (c) ex trac ted  
LLD PE.

Figure 4.8 show s effect o f  D C P conten t on relative 
integral ratio  o f  com position 90/10 and 50/50 w ith  M A  o f  3 and 5 %  w eigh t 
respectively . It has been show n in the com position  90/10 that am ount o f  
grafted  M A  is increasing as increase am ount o f  D C P content. T his is because 
the h igher concen tration  o f  D C P results in increasing num bers o f  rad ica ls  for 
grafting  and enhances efficiency o f  M A  (M ehrabzadeh  e t  a l ,  1998). O nly 
slight change is found for 50/50 L L D P E /N R  com position . F or ex trac ted  N R  
part, the p resence  o f  D C P results in increasing am ount o f  grafted  M A  in 
com position  90/10, w hile for com position  50/50 resu lted  in low ering  
effic iency  o f  M A  to graft w ith N R  so that free M A  is large. This rev eals that 
free rad icals are consum ed by other com bination  reactions m ore than  M A  
grafting. F o r com position  50/50, w hich contains m ore natural rubber than 
com position  90/10, D C P prom otes crosslink ing  reaction  (K ircher, 1987) so 
low ering  the graft reaction. In extracted L L D PE  part, it show s the sam e trend
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as the b lends. This reveals that D C P is m ainly  em ployed  in crosslink  
reaction  and perhaps M A  polym erization . D C P is helpful for M A  grafting  
reaction  only  w hen  there is m ore PE content. M oreover, M A  grafting  is 
enhanced  sign ifican tly  w ith  am ount o f  M A  and D C P. T he M A  grafting  is 
found m ostly  in N R  phase and occurs m ore effectively  in b lend  w ith  h igh  
conten t o f  L L D PE .

4 .3 .1 .2  E ffe c t  o f  M A  C o n te n t o n  A m o u n t o f  G r a f te d  M A

3 5
A m ount o f  M A  (0-

(a )

A m ount o f  M A  (% )
(b)
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(c)

Figure 4.9 E ffect o f  M A  content on relative integral ratio  o f  the b lend  
com position  90/10 at 0.5 %  w t o f  D CP: (a) L L D P E /N R  blend; (b) ex tracted  
N R ; and (c) ex trac ted  L LD PE.

F igure 4.9 show s effect o f  M A  content on relative in tegral ra tio  at 
0.5 %  w t o f  D C P for blends, extracted  N R , and ex tracted  L L D P E  o f  
com position  90/10 and 50/50. F or b lends, am ount o f  grafted M A  increased  
as increasing  M A  content. A xtell e t  a l. (1996) prepared  N R -g-M A  by m ixing  
N R  w ith  M A  on tw o-roll m ill at 40°c for 5 m in and found th at the grafted  
levels is 0.75 %  w t o f  M A . For ex tracted  N R  part o f  com position  90/10, 
am ount o f  grafted  M A  is increased as increasing o f  M A  conten t in the 
p resence o f  D C P. This is unexpected  for ex tracted  N R  part o f  com p osition  
50/50 w here the M A  grafting reduced w ith  M A  content. E ffect o f  M A  on 
ex tracted  L L D P E  part is show n in F igure 4.8c. The increasing  o f  M A  
conten t resu lts in increasing am ount o f  grafted M A . It can be im plied  that 
M A  is preferred  to  graft onto LXDPE, especially  for the com position  that 
consists o f  h igher concentration  o f  LLD PE.



3 9

4.3 .2  E ffec t o f  B lend C om positions on T herm al Stability
4 3 .2 .1  E ffe c t  o f  M A  C o n te n t  o n  T h e rm a l P r o p e r ty

Figure 4.10 show s T G A  curve o f  com position  90/10 at 
various am ount o f  M A  w ith  0.5 %  w t o f  D CP. It has been  show n that 
increasing  am ount o f  M A  results in increasing  therm al stability  o f  the b lends 
due to  increasing  grafted M A . M A  is an e lectron-attracting  group w hich  can 
retard  oxidative degradation  (Scott e t  a l. 1995). In  the ex tracted  N R  part for 
com position  90/10 T d for both phases reduce. T here are 2 or 3 steps o f  
w eigh t loss. T he first w eigh t loss at about 1 0 0 -2 00°c  should  be due to 
so lvent evaporation . T hen the next loss step is at about T d o f  N R  bu t the 
w eigh t loss do not drop suddenly to  zero like in case o f  pure N R , bu t it 
ex tend  to  h igher tem perature  corresponding  to  T d o f  T LD PE. This ind icates 
th at som e grafted  L L D P E -N R  presence  in this sam ple. T he breath  o f  the 
therm ogram  betw een  the onset o f  step 2 and 3 reveals the conten t o f  N R . In 
the  ex tracted  L L D PE  part, only one step reduction  o f  w eigh t is found  at 
above 4 0 0 °c  corresponding  to  T d o f  L L D PE . It im plies that in th is p a rt there 
in no grafted  copolym er, bu t L L D P E -g-M A  m ay exist.
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(a)

(b)
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(c)

Figure 4.10 E ffect o f  M A  on therm al stability  o f  b lend com position  90/10 at 
0.5 %  w t o f  D C P: (a) L L D P E /N R  blend; (b) ex tracted  N R ; and (c) ex tracted  
L L D PE .

E ffect o f  M A  on therm al property  o f  b lend com position  
50/50 w as show ed in F igure 4.11. It is show n that the increasing  am ount o f  
M A  induces sligh t therm al stability  o f  the blends and th e ir com ponents. 
Elowever, h igher am ount o f  M A  results in increasing  therm al stab ility  for 
ex trac ted  N R  phase The sharp drop o f  w eigh t loss for ex trac ted  N R  phase at 
tem peratu re  abou t Td o f  N R  indicate that there is little grafted  p rodu ct in th is 
part. A m ount o f  N R  in extracted  L L D P E  phase increases w ith  M A  indicating  
som e N R /L L D P E  grafted product in this part.
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(a)

(b)
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(c)

Figure 4.11 E ffec t o f  M A  on TG A  therm ogram  o f  b lend  com p osition  50/50 
at 0.5 %  w t o f  D C P: (a) L L D P E /N R  blend; (b) ex tracted  N R ; and (c) 
ex tracted  L L D PE .
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4 3 . 2 . 2  E ffe c t  o f D C P  C o n te n t o n  T h e rm a l P r o p e r t ie s

(a)

(b)
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(c)

Figure 4.12 E ffect o f  D C P on therm al stab ility  o f  b lend com position  90/10 
at 0.5 %  w t o f  D C P: (a) L L D P E /N R  blend; (b) ex tracted  N R ; (c) ex trac ted  
L L D P E .
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(a)

(b )
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(c)

F ig u r e  4 .1 3  E ffec t o f  D C P on therm al stability  o f  blend com p osition  50/50 
at 0.5 %  w t o f  D C P: (a) L L D P E /N R  blend; (b) ex trac ted  N R ; and (c) 
ex trac ted  L L D PE .

F igure 4.12 and 4.13 show s effect o f  D C P con ten t on 
therm al stab ility  o f  L L D PE  phases for com positions 90/10/3 and  50/50/7 
respectively . D C P  slightly  increase therm al resistance o f  th e  blends. 
H ow ever, it show s m ore effect on the both  ex tracted  parts. This rev eals the 
increasing  o f  D C P resu lted  in increasing am ount o f  M A  and m acro rad ica l 
site  for grafting  so therm al stability  enhanced. F or th is reason , it w as 
exposed  th a t the  addition  o f  M A  and D C P can prom ote com p atib ilza tion  for 
L L D P E /N R  blends.

B y the w ay, it w as found th at the ex tracted  N R  part o f  
com positions that w ere not contained any M A  or D C P show ed less w eigh t 
loss than the  o thers did. This could be due to  less so lvent evaporation .
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4.3.3 R ubber C ontent o f  V arious C om positions
F igure  4.14 show s effect o f  M A  on am ount o f  unb ounded  rubber. 

T he com position  90/10 w as show ed slightly  change in am ount o f  unbound 
rubber. H ow ever, it tends to  decrease as increasing am ount o f  M A . O n the 
o ther hand, for com position  50/50, the h ighest am ount o f  unbound rubber is 
at 5 %  w eigh t o f  M A . This reveals that m ost o f  N R  in 90/10 reac ted  w hile 
th at in 50/50 reacts increasingly  w ith  M A .

F igu re  4.15 show s effect o f  D C P on am ount o f  unb ounded  rubber. 
T he increasing  o f  D C P has no effect on am ount o f  unbound rubber for 90/10. 
T hus, it is no t necessary  to  add D C P to  prom ote reaction  o f  N R  for th is 
com position . B y the w ay, the increm ent o f  D C P leads to decreasing  am ount 
o f  unbounded  rubber in com position  50/50; i.e. m ore reacted  N R  w ith  D C P.

A m ount o f  M A  (% )

F ig u r e  4 .1 4  E ffect o f  M A  on unbound rubber content for com positions 
90/10 and 50/50 at 0.5 % w t o f  D CP.
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F ig u r e  4 .1 5  E ffect o f  D C P on unbound rubber content for com positions 
90/10 and 50/50 at 3 and 5 % w t o f  M A  respectively .
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4.3 .4  G el C ontent o f  V arious C om positions
F igu re  4.16 show s effect o f  M A  on gel content. T he com position  

90/10 show s the low est am ount o f  gel content at 7 % w t o f  M A  w hile  3 %  w t 
o f  M A  w as the h ighest. F o r com position 50/50, the increasing  o f  M A  conten t 
leads to  decrease  am ount o f  gel, how ever, the low est am ount o f  gel is at 5 % 
w t o f  M A  for L L D P E /N R  50/50. M oreover, there w as no gel founded  in the 
com positions that contain only M A . A n error arises from  crysta lline  o f  
L L D P E  on the fd te r paper.

F igu re  4.17 show s effect o f  D C P on gel content. It has been 
show n that gel content increases as increasing am ount o f  D C P and reaches 
the h ighest po in t at 1 % w t o f  D C P. D C P is curing agen t for c ro sslink ing  o f  
po lym er chain  (K ircher, 1987). H ow ever, for L L D P E /N R  com position  
90/10/3 , fu rther increasing am ount o f  D C P leads to  decrease gel conten t due 
to over crosslink ing  and shear induced scission  reaction  (พ น  e t  a l ,  1991, 
Saengtong , 1995). The effect o f  shear induced scission  reaction  w as not 
sign ifican tly  show n in com position 50/50. This can be corre la ted  w ith  
am ount o f  unbound  rubber for com position  50/50; decreasing  o f  unbound  
rubber increases gel content.
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F ig u r e  4 .1 6  E ffect o f  M A  on gel content for com positions 90/10 and 50/50 
at 0.5 %  w t o f  D C P.

A m ount o f  D C P (% )

F ig u r e  4 .1 7  E ffe c t  o f  D C P  o n  gel c o n te n t fo r c o m p o s itio n s  9 0 /1 0  a n d  5 0 /5 0
a t 3 an d  5 %  w t o f  M A  re sp e c tiv e ly .
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4.3.5 M echanical P roperties o f  V arious C om positions
4 .3 .5 .1  E ffe c t o f  M A  o n  T e n s ile  P r o p e r t ie s  o f  B le n d s  C o m p o s i t io n  

9 0 /1 0  a n d  5 0 /5 0
Figure 4.18 show s effect o f  M A  on tensile  p roperties o f  

b lend  com positions 90/10 and 50/50. F or com position  90/10, the optim um  
tensile  strength , elongation  at break and m odulus are show n at 7 %  w t o f  
M A . F or the com position  50/50 h igher tensile  strength  and e longation  at 
b reak  are show n at low  concentration  o f  M A  bu t the varia tion  o f  M A  do no t 
sign ifican tly  affect on m odulus o f  th is com position . A ccord ing  to  the gel 
content, it ind icates that the h igher the gel content, the low ering  the tensile  
p roperties is found. This can be indicated that the m icrogel acts as defect and 
low ers the tensile  properties.

A m ount o f  M A  (% ) 
(a)
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A m ount o f  M A  (% ) 
(b)

A m ount o f  M A  (% )
(c)

F ig u r e  4 .1 8  T ensile  properties o f  b lend com positions 90/10 and 50/50 at 0.5 
%  w t o f  D C P: (a) tensile  strength; (b) e longation at break; and (c) tensile  
m odulus.
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4 .3 .5 .2  E ffe c t  o f  D C P  o n  T e n s ile  P r o p e r t ie s  o f  B le n d  
C o m p o s i t io n s  9 0 /1 0  a n d  5 0 /5 0

Figure 4 .19 show s effect o f  D C P on tensile  p roperties o f  
blend com positions 90/10/3 and 50/50/7. C om position  90/10/3 show s the 
op tim um  tensile  strength and m odulus at 0.5 % w t o f  D C P and e longation  at 
break decreases w ith  am ount o f  D C P due to m icrogel and crosslink ing . F or 
com position  50/50/7, it is found that the h ighest tensile  strength  at 1.5 %  w t 
o f  D C P due to  crosslinking reaction  led to h igher strength o f  N R  because 
dynam ic vu lcanization  system  can be occurred  in the presence o f  D C P at 
h igher N R  con ten t com position  (Q in e t  a l . , 1989). E longation  at b reak  and 
tensile  m odulus slightly increases as increasing D C P due to  D C P in itiates 
crosslink ing  in rubber dom ain.

A m ount o f  D C P (% ) 
(a )

0 1.5
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A m ount o f  D C P (% ) 
(b)

(c)

F ig u r e  4 .1 9  T ensile  p roperties o f  blend com position  90/10 and 50/50 w ith  3 
and 7 %  w t o f  M A  respectively : (a) tensile  strength; (b) e longation  at break; 
and (c) tensile  m odulus.
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4.3 .6  E ffec t o f  B lend  C om positions on M orphologies
4 .3 .6 .1  E ffe c t  o f  M A  o n  M o r p h o lo g ie s  o f  B le n d s  C o m p o s i t io n  

9 0 /1 0  a n d  5 0 /5 0



F ig u r e  4 .2 0  Effect of MA on morphologies of LLDPE/NR blend
compositions 90/10 at 0.5 % wt of DCP: (a) MA 1% wt; (b) MA 3% wt; (c)
MA 5 % wt; and (d) MA 7 % wt.
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M orphologies o f  L L D P E /N R  blend com position  90/10 
and 50/50 w ith  various am ounts o f  M A  w ere show n in F igure 4 .20 and 4.21. 
In  the p resen t o f  D C P the increasing  am ount o f  M A  w as no t significantly  
affected  on the m orphologies. D ue to  D C P is a crosslinking agent, the b lends 
show  the finer m orphologies and tend to be a netw ork.
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Figure 4.21 E ffect o f  M A  on m orphologies o f  L L D P E /N R  blend 
com positions 50/50 at 0.5 %  w t o f  D CP: (a) M A  1% w t; (b) M A  3%  w t; (c) 
M A  5 %  w t; and (d) M A  7 % wt.
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4 .3 .6 .2  E ffe c t  o f  D C P  o n  M o r p h o lo g ie s  o f  B le n d s  C o m p o s i t io n  
90/10  a n d  5 0 /5 0
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(e)

F ig u re  4 .22 E ffect o f  D C P on m orphologies o f  L L D P E /N R  blend 
com positions 90/10 at 3 %  w t o f  M A : (a) D C P and M A  0 %  w t; (b) D C P 0 
%  w t; (c) D C P 0.5 %  wt; (d) D C P 1.0 % wt; and (e) D C P 1.5 %  wt.

F igure 4.22 show s effect o f  D C P on m orpho log ies o f  
com position  90/10. C om position  90/10/0/0 (F igure 4 .22a) show s spherical 
phase  o f  N R  and also show s the coarse m orphologies. M A  reduces the 
spherica l size bu t still coarse. The addition o f  D C P leads to  show s the finer 
m orpholog ies. F urther increasing D C P the finer m orphologies w ere  found 
due to  the h igher am ount o f  crosslinking polym er chain and m ore d ifficu lt to 
e tch ing  out by so lvent (Saengtong, 1995).
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(e)

F ig u r e  4 .2 3  E ffe c t o f  D C P  on  m o rp h o lo g ie s  o f  L L D P E /N R  b le n d  
c o m p o s itio n s  5 0 /5 0  a t 7 %  w t o f  M A : (a ) D C P  an d  M A  0 %  w t; (b )  D C P  0 
%  w t; (c ) D C P  0 .5  %  w t; (d ) D C P  1.0 %  w t; an d  (e ) D C P  1.5 %  w t.

E ffe c t o f  D C P  on  m o rp h o lo g ie s  is sh o w n  in  F ig u re  4 .2 3 . 
F o r  c o m p o s itio n  5 0 /5 0  sh o w s c o -c o n tin u o u s  p h a se  o f  L L D P E  an d  N R  w ith  a 
v e ry  c o a rse  m o rp h o lo g y . O n ly  M A  w as  n o t a ffe c tin g  so  m u c h  o n  th e  
m o rp h o lo g y  o f  th e  b len d . D C P  w a s  d ra m a tic a lly  re d u c e d  th e  p a r tic le  s ize  
d u e  to  it is  a  c ro s s lin k in g  a g e n t e sp e c ia lly  fo r N R  so  th e y  a re  d if f ic u lt  to  
e tc h in g  o u t b y  so lv e n t. T h u s  th e  m e c h a n ic a l p ro p e rtie s  im p ro v e d . T h e  f in e r 
m o rp h o lo g ie s  w e re  fo u n d  b y  in c re a s in g  a m o u n t o f  D C P
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4 .4  D is c u s s io n

4 .4 .1  E ffe c t  o f  P ro c e ss in g  P a ram e te rs
R e a c tiv e  b le n d in g  o f  L L D P E /N R  can  be p re p a re d  a t d if fe re n t 

te m p e ra tu re s  an d  ro to r  sp eed s. T h e  p ro p e r tie s  o f  th e  b le n d  an d  c o n te n t o f  
g ra f te d  p ro d u c ts  (L L D P E -N R  e ith e r  b lo c k  o r g ra ft c o p o ly m e r  w ith  o r 
w ith o u t  M A  lin k ag e , M A -g -L L D P E , an d  M A -g -N R ) a c tin g  as 
c o m p a tib iliz e rs  d ep e n d  on  c o m p o s itio n  o f  ru b b e r. T h e  m o rp h o lo g ie s  o f  
L L D P E /N R  a t 9 0 /1 0  an d  5 0 /50  a re  d iffe re n t. T h e  fo rm e r  sh o w s  d o m a in  
d isp e rs io n  an d  th e  la tte r  sh o w s c o -c o n tin u o u s  s tru c tu re . E lo w ev er, b o th  
m o rp h o lo g ie s  b e c o m e  fin e r w ith  in c re a s in g  M A  an d  D C P .

It is seen  th a t m o re  c o n ten t o f  M A  is fo u n d  in  5 0 /5 0 /7 /0 .5  th a n  in 
9 0 /1 0 /3 /0 .5  o b v io u s ly  d u e  to  d if fe re n t a m o u n t o f  M A . T h e  c o n te n t o f  
in c o rp o ra te d  M A  in  th e  b le n d s  in c re a se s  w ith  ro to r  sp e ed . O p tim u m  
te m p e ra tu re  to  p ro ce ss  9 0 /1 0 /7 /0 .5  is a t 150 °c w h ile  c o m p o s itio n  
5 0 /5 0 /7 /0 .5  sh o w s  in c re a s in g  in c o rp o ra te d  M A  w ith  te m p e ra tu re . F re e  
ru b b e r  c o n te n t re d u c e s  w ith  te m p e ra tu re  and  ro to r  sp e ed  fo r b o th  c o m p o u n d s  
in d ic a tin g  th a t m o s t o f  ru b b e r is re a c te d  to  fo rm  gel an d  g ra fte d  p ro d u c ts  as 
se e n  fro m  th e  in c re a s in g  gel co n ten t w ith  te m p e ra tu re . G el fo rm a tio n  is 
m a x im iz e d  a t 50  rp m  fo r b o th  c o m p o u n d s .

T h e rm o g ra v im e tr ic  re su lts  su g g e s t th a t s ta b ility  o f  9 0 /1 0 /3 /0 .5  
c o m p o u n d  is re la tiv e ly  u n c h a n g e d  w ith  te m p e ra tu re  an d  ro to r  sp e ed ; i.e . the  
c o n te n t o f  g ra fte d  p ro d u c t is n o t d e p e n d e n t on  te m p e ra tu re  an d  ro to r  sp e ed  
d u e  to  th e  lim ite d  a m o u n t o f  M A  an d  N R . T h e re fo re , in c re a s in g  ro to r  sp e ed  
re su lts  to  fo rm  m ic ro g e l w h ic h  is n o t b e n e f it  fo r re in fo rc e m e n t e ffe c t. D u e  
to  th e  m a x im u m  in c o rp o ra tio n  o f  M A  is fo u n d  at 150 ๐c ,  th e  m e c h a n ic a l 
p ro p e r tie s  a t th is  te m p e ra tu re  is m a x im iz e d .

F o r 5 0 /5 0 /7 /0 .5  c o m p o u n d , th e rm o g ra v im e tr ic  re su lts  su g g e s t 
in c re a s in g  s ta b ility  o f  th is  co m p o u n d  w ith  te m p e ra tu re ; th u s  sh o w in g  m o re
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g ra fte d  c o p o ly m e r  o r c ro ss lin k ed  N R . In c re a s in g  ro to r  sp e e d  sh o w s 
in c re a s in g  w e ig h t lo ss d u e  to  m e c h a n o c h e m ic a l sc is s io n  e f fe c t w h ic h  a lso  
c o n tr ib u te d  to  lo w e r m e c h a n ic a l s tre n g th . G e la tio n  in  th is  c o m p o u n d  is 
ra th e r  a  re su lt  o f  ru b b e r  v u lc a n iz a tio n  so  th a t th e  m e c h a n ic a l p ro p e r t ie s  a re  
e n h a n c e d  e s p e c ia lly  a t 50 rp m  w h e re  th e  m a x im u m  gel c o n te n t is fo u n d .

4 .4 .2  E ffe c t  o f  M A  an d  D C P  C o n te n ts
A c c o rd in g  to  F T IR  an d  th e rm o g ra v im e tr ic  re su lts , in c re a s in g  

D C P  an d  M A  c o n te n t cau ses  th e  in c re a se  in  M A  re a c tio n  w ith  b o th  N R  an d  
L L D P E  p h a s e  fo r  9 0 /1 0  c o m p o s itio n  se rie s . T h e  w e ig h t lo ss  a t 1 0 0 -2 0 0  ๐c  
in N R  p h a se  m ay  a ttr ib u te  to  th e  e v a p o ra tio n  o f  e n tra p p e d  s o lv e n t 
(c h lo ro fo rm  b o il in g  p o in t is 61 ๐C ). S c la v o n s  e t al. sh o w e d  th a t  p o ly (m a le ic  
a n h y d r id e )  can  b e  re m o v e d  b y  h e a tin g  a t 120 ๐c  in  v a c u o  o r  d is s o lv in g  in 
a c e to n e . T h e re fo re , free  M A  an d  p o ly (m a le ic  a n h y d rid e )  sh o u ld  b e  a b s e n t in 
th e  e x tra c te d  p h a se s . T h e  e x te n d e d  th e rm a l s ta b ility  o f  th e  N R  p h a se  sh o w s 
th a t  th e re  a re  so m e  g ra fted  c o p o ly m e r; h o w e v e r, th e  g ra fte d  c o p o ly m e r  do  
n o t m u c h  p re s e n t in  L L D P E  p h ase . T h e  w e ig h t lo ss  in  th e  L L D P E  p h a se  
c o rre sp o n d s  to  L L D P E -g -M A . It is in te re s tin g  to  n o te  th a t in c re a s in g  M A  
re su lts  to  th e  re a c tio n  w ith  N R  an d  L L D P E  an d  do  n o t in v o lv e  in  gel 
fo rm a tio n . In c re a s in g  D C P  sh o w s m a jo r e ffe c t in  la rg e  gel fo rm a tio n  fo r th is  
b le n d . T h is  gel can  be  th e  c ro ss lin k  o f  L L D P E  b e c a u se  ru b b e r  c o n te n t d o es  
n o t c h a n g e  m u c h . D C P  a lso  in d u ces  m o re  L L D P E -g -M A  o r s h o r te n  L L D P E  
c h a in s  as s e e n  b y  e a rlie r  an d  m o re  w e ig h t lo ss  in  L L D P E  e x tra c te d  p a r t. 
D u v a ll e t a h , 1994 re p o rte d  th a t P P -g -M A  h a s  lo w e r m e ltin g  te m p e ra tu re  
th a n  p u re  p p  d u e  to  lo w e r m o le c u la r  w e ig h t an d  c h a in  h e te ro g e n e ity  in d u ce d  
b y  a n h y d r id e  g ro u p s . B y  th e  sam e  a n a lo g o u s , in  c a se  o f  L L D P E , L L D P E -g -  
M A  sh o u ld  d e g ra d e  e a rlie r  th a n  th e  p u re  L L D P E  c a u s in g  lo w e r  s ta b ility  o f  
L L D P E  p a r t  w ith  in c re a s in g  M A  an d  D C P . In c re a s in g  M A  re su lts  to  le ss  gel 
an d  in c re a s in g  free  ru b b e r c o n ten t re v e a lin g  th a t  m o re  N R -g -M A  sh o u ld  b e



6 8

p ro d u c e d . A s  e x p e c te d , te n s ile  s tre n g th  an d  e lo n g a tio n  at b re a k  re d u c e s  w ith  
D C P  d u e  to  c ro ss lin k e d  m ic ro g e l an d  in c re a se s  w ith  M A ; m o d u lu s  o r s t i f f  
c h a in  is o b ta in e d  b y  in c re a s in g  M A  o r D C P .

F o r  c o m p o u n d  se rie s  o f  5 0 /5 0  L L D P E /N R , in c re a s in g  D C P  
d o e s  n o t e n h a n c e  in c o rp o ra tio n  o f  M A  in b o th  p h a se s  e x c e p t a t 1.5 p h r. 
D C P  a ffe c ts  to  in c re a se  N R  s tab ility . T h is  sh o w s th a t D C P  ac ts  as 
c ro s s lin k in g  a g e n t fo r N R  ra th e r  th a n  e n h a n c in g  g ra f tin g  re a c tio n . 
S u rp r is in g ly , th e  b in a ry  b le n d  o f  5 0 /5 0  L L D P E /N R  (w ith o u t M A  a n d  D C P ) 
sh o w s  th e  p re se n c e  o f  N R  in  L L D P E  e x tra c ted  p h a se  la rg e r  th a n  in  o th e r  
c o m p o u n d s  w ith  M A  an d  D C P . In  th e  b in a ry  b le n d , it is h a rd  to  g e t 
s ig n if ic a n t a m o u n t o f  L L D P E /N R  c o p o ly m e r d irec tly  fro m  s h e a r  so  th a t th e  
c o n te n t o f  N R  in  th is  e x tra c te d  L L D P E  p h a se  sh o u ld  b e  an e rro r  f ro m  th e  h o t 
f iltra tio n ; th e  n a tu ra l m ic ro g e l o f  N R  m ay  p ass  th ro u g h  th e  p o re s  o f  f ilte r  
p a p e rs . In c re a s in g  D C P  s lig h tly  e n h a n c e s  m o re  gel fo rm a tio n  w h ic h  sh o u ld  
b e  la rg e  p a r tic le s  o f  c ro ss lin k e d  N R  an d  c a n n o t p a s s  th e  p o re s  o f  f ilte r  
p a p e rs . T h e  c ro ss lin k e d  N R  is a g o o d  gel c o n tr ib u tin g  to  re in fo rc e m e n t 
e ffe c t. In c re a s in g  M A  ca u se s  s lig h t in c o rp o ra tio n  o f  M A  in th e  b le n d  an d  
m o s t p a r t  o f  M A  is fo u n d  in  L L D P E  as a g ra fted  c o p o ly m e r ra th e r  th a n  in 
N R  p h a se  ( lo w  in te g ra l ra tio , h ig h  ru b b e r co n ten t, an d  re d u c in g  g e l). T h is  
m a y  b e  d u e  to  th e  c o m p e titio n  w ith  c ro ss lin k in g  re a c tio n  o f  N R . 
C ro s s lin k in g  re a c tio n  o f  L L D P E  is re ta rd  d ue  to  less  a m o u n t o f  L L D P E .

W ith o u t D C P , no  gel is fo u n d  in  b o th  5 0 /5 0  a n d  9 0 /1 0  
c o m p o u n d s . T h e  g ra fted  c o p o ly m e r an d  M A -g ra f te d  p ro d u c ts  a lso  sh o w  in 
th e se  b le n d s .
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