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C h a r a c t e r iz a t io n  D a ta  o f  M o le c u la r  W e ig h t  

C a lib r a t io n  M e t h o d s  fo r  G e l P e r m e a b le  C h r o m a t o g r a p h y

D e te rm in a tio n  o f  M o le c u la r  W e ig h t o f  S ta n d a rd  P o ly s ty re n e  (C a lib ra tio n  
C u rv e ).

N a tu ra l ru b b e r  can  be d isso lv ed  in m an y  o rg an ic  so lv e n ts , fo r e x a m p le  
b en z e n e , c h lo ro fo rm , te tra h y d ro fu ra n  (T H F ), an d  to lu en e . T h e  m o le c u la r  
w e ig h t o f  n a tu ra l ru b b e r  can  be  m e a su re d  ra th e r  e a s ily  d u e  to  its  so lu b le  
c h a ra c te r is tic . G el p e rm e a b le  c h ro m a to g ra p h y  (G P C ) is a  m e th o d  to  
d e te rm in e  m o le c u la r  w e ig h t o f  p o ly m e rs  on  th e  b as is  o f  d if fe re n t s iz e  fo r 
d if fe re n t m o le c u la r  w e ig h t m o lec u le s . T h e  b ig g e r m o le c u le s  h a v e  b ig g e r  size  
th a n  th e  sm a lle r  o n es. T h e  so lv e n t is n e e d e d  to  be a  m o b ile  p h a se  an d  it m u s t 
be  v e ry  c lean , w ith o u t an y  fin e  im p u ritie s , to  p re v e n t an y  c lo g  in  th e  p o re  o f  
p o ro u s  b ead s . T h e  p o ro u s  b ea d s  a re  m a d e  o f  c ro ss lin k  m a te r ia ls , e .g . 
p o ly s ty re n e , an d  u se d  as a se p a ra tio n  u n its  fo r d if fe re n t m o le c u la r  s iz e s . T h e  
b e a d s  a re  p a c k e d  tig h tly  in a se p a ra tio n  co lu m n . T h e  p o res  o f  th e  b e a d s  h av e  
c e rta in  s ize  ra n g e  to  be  c a p a b le  to  trap  m o le c u le s  w ith  c e rta in  s iz e s  m a tc h in g  
to  its p o re  s izes . T h u s  th e  b ig g e r m o le c u le s  can  n o t d iffu se  in to  th e  p o re s  and  
h en c e  they  m o v e  d o w n  an d  ex it th e  c o lu m n  first. T h e  s m a lle s t m o le c u le s  
c o m e  o u t th e  last. T h is  te c h n iq u e  is q u ite  p ra c tic a l b u t it is a re la tiv e  m e th o d  
an d  h e n c e  it n ee d s  a c a lib ra tio n  cu rv e . It w as  k n o w  th a t m o le c u la r  w e ig h ts  o f  
p o ly m e rs  h a v in g  v a r io u s  sh a p e s  ( lin e a r  o r b ra n c h  p o ly m e rs ) , v a r io u s  
c h e m is try  an d  c h e m ic a l s tru c tu re  can  b e  fitted  o n  a “ u n iv e rsa l c a lib ra tio n
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c u rv e ” . T h is  c u rv e  n ee d s  m o re  in fo rm a tio n  o f  in trin s ic  v isc o s ity  to  c o n s tru c t 
an d  u se  it p ro p e rly . H en ce  to  u se  th is  cu rv e , it is q u ite  c o m p lic a te d .

H o w e v e r, th e  ty p ica l w ay  to  m ak e  c a lib ra tio n  cu rv e  o f  G P C  is b y  u s in g  
a s ta n d a rd  p o ly m e r (u su a lly  lin ea r sh ap e ), fo r ex a m p le  p o ly s ty re n e  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 . T h is  m ay  b e  d u e  to  th e  s im p lic ity  an d  
w e ll-k n o w n  p o ly m e riz a tio n  m e th o d  o f  s ty ren e . H o w e v e r, th e re  is a 
c o n tro v e rs ia l o n  u s in g  s ta n d a rd  m a te ria l th a t is d if fe re n t fro m  th e  sa m p le  
m a te r ia l. T h e  d if fe re n t c h e m ic a l s tru c tu re  m ay  lead s to  d if fe re n t re su lts . So, 
th is  w e a k  p o in t o f  G P C  sh o u ld  b e  aw ared .

Testing at Room Temperature
T e s t c o n d itio n : P a c k e d  co lu m n  u sed  w as S ty ra g e l H T 4  w ith  e ffe c tiv e  

m o le c u la r  w e ig h t o f  5 ,0 0 0 -6 0 0 ,0 0 0 . It co u ld  be u se d  fro m  a m b ie n t 
te m p e ra tu re  to  150 °c. T h e  e ffic ie n c y  w as 10,000  co u n t p la te . T h e  so lv e n t 
u sed  w as T H F  (H P L C  g ra d e ) and  w as  filte red  by  0 .45  p m  m e m b ra n e  and  
p u rg e d  w ith  h e liu m  at 30 m l/m in . S o lv en t H ow  ra te  w as se t a t 1.0 m l/m in . 
B a se lin e  w a s  c h e c k e d  a t 0.1 an d  1.0 m l/m in  3 tim es.

T e s t P ro ced u re : S ta n d a rd  p o ly s ty re n e  0 .0 1 2  g w as  d is s o lv e d  in  T H F  5 g 
an d  filte re d  w ith  0 .45  p m  m e m b ra n e . T h e  0 .3 % w t/w t so lu tio n  o f  60  p i w a s  
in je c te d  in to  th e  G P C .
T e m p e ra tu re  o f  p u m p , in je c tio n  loop , p ac k e d  c o lu m n , d e te c to rs  ( re f ra c tiv e  
in d e x  an d  u ltra v io le t)  w ere  k e p t at 35.2 °c.
S e n s itiv ity  o f  d e tec to r: F o r  s ta n d a rd  p o ly s ty re n e , it w as  se t a t - 3 2  b u t fo r 
sa m p le  (L L D P E /N R  b le n d s) it w as se t a t + 32 .

T h e  m o le c u la r  w e ig h t an d  re te n tio n  tim e  o f  s ta n d a rd  p o ly s ty re n e  p a s s in g  
th ro u g h  c o lu m n  s ty ra g e l FIT4 are  sh o w n  in T a b le  A - l  an d  F ig u re  A - l ,  
re sp e c tiv e ly . T h e  b a c k p re s su re  d u rin g  run  in c re a se d  to  2 4 6  p si (m a x im u m
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500  p s i) . T h is  p lo t is th e  c a lib ra tio n  cu rv e  fo r th e  sa m p les  (n a tu ra l ru b b e r 
o n ly ).

T a b le  A1 R e te n tio n  tim e  o f  s ta n d a rd  p o ly s ty re n e  w ith  k n o w n  m o le c u la r  
w e ig h t at 35.2 °c.

M o le c u la r  W eig h t o f R e te n tio n  T im e C a lc u la te d  M o le c u la r
S ta n d a rd  P o ly s ty re n e (m in ) W e ig h t

2 ,9 8 0 2 0 .0 0 3 ,0 8 7
18,100 15.00 19,406
3 7 ,9 0 0 13.40 34,581
9 6 ,4 0 0 11.30 7 3 ,2 4 6
190 ,000 7 .50 2 7 8 ,5 4 7
3 5 5 ,0 0 0 6 .00 4 6 8 ,2 1 9
7 0 6 ,0 0 0 5 .50 5 5 6 ,1 6 0

1 ,090 ,000 4 .0 0 9 2 9 ,2 9 5

E q u a tio n  o f  cu rv e  (fro m  th e  in s tru m e n t so ftw are ):

L o g  M w =  6 .5 5 - (1 .4 5 x lO '')R  - (4 .3 3 x lO ‘4)R 2

W h e re  R  =  R e te n tio n  tim e  (m in )



96

£

F ig u r e  A l  T h e  c a lib ra tio n  cu rv e  o f  s ta n d a rd  p o ly s ty re n e  in  T H F  a t 35.2 °c 
a n d  flo w  ra te  o f  1.0 m l/m in .

Testing at High Temperature
T e s t c o n d itio n : P a c k e d  co lu m n  u se d  w as  S ty ra g e l H T 4  w ith  e ffe c tiv e  

m o le c u la r  w e ig h t o f  5,000-600,000. It c o u ld  b e  u se d  fro m  a m b ie n t 
te m p e ra tu re  to  150 °c. T h e  e ffic ie n c y  w as 10,000 c o u n t p la te . T h e  so lv e n t 
u se d  w a s  o -d ic h lo ro b e n z e n e  (H P L C  g rad e) an d  p u rg e d  w ith  h e liu m  at 30 
m l/m in . S o lv e n t flo w  ra te  w as  se t at 1.0 m l/m in . B a se lin e  w a s  c h e c k e d  a t 0.1 
an d  1.0 m l/m in ..

T e s t P ro c e d u re : S ta n d a rd  p o ly s ty re n e  0 .0 1 2  g w a s  d is s o lv e d  in o- 
d ic h lo ro b e n z e n e  5 g  and  filte red  w ith  0 .45  p m  m e m b ra n e . T h e  0 .3  % w t/w t 
so lu tio n  o f  100 p i w as in je c te d  in to  th e  G P C  W a te r  150-c. T e m p e ra tu re  o f  
p u m p /so lv e n t c o m p a rtm e n t w e re  k ep t at 58 °c, in je c to r  c o m p a r tm e n t at
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140 Hc, c o lu m n  c o m p a rtm e n ts  a t 140 °c, an d  d e te c to rs  (re f ra c tiv e  in d e x  m o d e l 
R I4 1 0 ) a t 140 °c. M e le n n iu m  v e rs io n  2 .1 0  w as so ftw a re  u se d  to  o p e ra te  an d  
c a lc u la te  m o le c u la r  w eig h t.
S e n s itiv ity  o f  d e te c to r: F o r s ta n d a rd  p o ly s ty re n e , it w as  se t a t - 3 2  b u t fo r 
sa m p le  (L L D P E /N R  b le n d s) it w as  se t a t + 32 .

R e su lts : T a b le  b e lo w  sh o w s the  m o le c u la r  w e ig h t an d  re te n tio n  t im e  o f  
s ta n d a rd  p o ly s ty re n e  p a s s in g  th ro u g h  se rie s  o f  S ty ra g e l c o lu m n s . T h e  
b a c k p re s su re  d u r in g  ru n  d id  ra ise d  b e y o n d  m a x im u m  p re s s u re  o f  38  b ars. 
F ig u re  A 2  is th e  p lo t  o f  m o le c u la r  w e ig h t o f  p o ly s ty re n e  v e rsu s  re te n tio n  tim e . 
T h is  p lo t is th e  c a lib ra tio n  cu rv e  fo r the  sa m p les  (L L D P E /N R  b le n d s )  an d  p u re  
L L D P E s.

T a b le  A 2  R e te n tio n  tim e  o f  s ta n d a rd  p o ly s ty re n e  w ith  k n o w n  m o le c u la r  
w e ig h t a t 140 °c.

M o le c u la r  W e ig h t o f  S tan d a rd R e te n tio n  T im e
P o ly s ty re n e (m in )

5 ,9 7 0 2 9 .6 3 3
9 ,1 0 0 2 9 .0 1 7
18,100 2 8 .3 1 7
3 7 ,9 0 0 2 7 .2 0 0
9 6 ,4 0 0 2 5 .6 1 7
190,000 2 4 .0 83
3 5 5 ,0 0 0 2 2 .7 5 0
7 0 6 ,0 0 0 2 1 .4 6 7

3 ,8 4 0 ,0 0 0 19.450
8 ,4 2 0 ,0 0 0 19.250
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C a lib ra tion  Curve

F ig u r e  A 2  T h e c a lib ra tio n  curve  o f  standard  p o ly s ty ren e  in o -d ic h lo ro b e n z e n e  
at 140 °c and flow  ra te  1.0 m l/m in.
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A P P E N D I X  B

D e t e r m in a t io n  o f  M e lt  S tr e n g th

M e lt s tre n g th  re fe rs  to  th e  e lo n g a tio n  d e fo rm a tio n  o f  p o ly m e r  m e lt 
d u r in g  p ro c e ss , fo r e x a m p le  d ra w in g , b lo w in g , and  s tre tch in g . I t w a s  s ta te d  by  
M ic ic  et al. (1 9 9 6 ) as fo llo w in g  “ . . .  th e  m e lt m u s t h av e  s u ff ic ie n t s tre n g th  to  
w ith s ta n d  th e  h ig h  s ta in  a ris in g  fro m  th e  d ra w in g  d ev ice , an d  i f  th e  te n s io n  
w ith in  th e  m e lt e x c e e d s  th e  m e lt ru p tu re  s tre ss , th e n  th e  m e lt w ill te a r . M e lt 
s tre n g th  is d e fin e d  as th e  fo rce  a t th e  b re ak  p o in t an d  is in d ic a tiv e  o f  th e  
re la tiv e  e x te n s ib ili ty  o f  th e  m e lt, i.e. th e  ab ility  o f  th e  m e lt to  b e  d ra w n  d o w n  
to  th in  g a u g e s .” H en c e , th e  m e a su re m e n t o f  m e lt s tre n g th  is to  d e te rm in e  
b re a k in g  fo rc e  fo r e lo n g a tio n a l p o ly m e r m elts . O n  th e  o th e r  w o rd s , it is th e  
a b ility  o f  p o ly m e r m elts  to  be  e lo n g a te d  o r s tre tch e d  b e fo re  fa ilu re  o r flo w  
in s ta b ility  o cc u rs . T h e  flo w  fie ld  d u r in g  sh a p in g  p ro ce ss  u su a lly  in v o lv e s  b o th  
sh e a r and  e lo n g a tio n a l d e fo rm a tio n s  b u t the  la tte r  is o ften  d o m in a te d . M ic ic  et 
al. ( 1996) su g g e s te d  a m e th o d  to  m e a su re  m e lt s tre n g th  b y  u s in g  an  in s tru m e n t 
c a lle d  “ G o ttfe rt  R h e o te n s” m e lt s tre n g th  te s te r  as sh o w n  in  F ig u re  B l .  T h e  
p r in c ip le  o f  th is  d ev ic e  w as  d e sc r ib e d  th a t th e  m e lt e x tru d a te  fro m  d ie  w as  
p a s se d  th ro u g h  th e  n ip  b e tw ee n  tw o  c o u n te r  ro ta tio n  ro lle rs  a t c e rta in  
a c c e le ra tio n  o r c o n s ta n t sp eed . T h e  m e lt w as d riv en  u n til it w a s  b ro k e n  o r 
in s ta b ility  an d  th u s  th e  load  u sed  w a s  d e te rm in ed  b y  th e  s e n s itiv e  b ea m  
c o n n e c te d  to  o n e  ro lle r. T h e  u n it o f  th e  load  w as  cN  (1 0 '2) N e w to n ) . It w as 
a lso  m e n tio n e d  th a t m e lt s tre n g th  w as  d ep e n d e d  on  p ro c e ss  p a ra m e te rs , e .g . 
o p e ra tio n  an d  a m b ie n t te m p e ra tu re s  sh e a r ra te , d is ta n ce  b e tw e e n  d ie  e x it  to  th e  
tw o  ro lle rs , v e lo c ity , an d  a c c e le ra tio n  o f  th e  tes te r.

A n o th e r  w o rk  by E n do  et al. (1 9 8 6 ) re p o rte d  th a t th e y  m e a su re d  d ra w  
d o w n  ten s io n  o f  the  m e lt e x tru d a te  by  a d ev ice  c a lle d  “ R o th sc h ild
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te n s io m e te r” . T h e y  d esc r ib e d  the  d ev ice  w as u se d  to  se n se  th e  d ra w  d o w n  
s tre ss  o f  th e  m e lt w h en  p a s s in g  th ro u g h  a ro ta tio n  ta k e -u p  ro ll fo r sp in n in g  
p ro c e ss  o f  tap e s . H en c e  th is  d ev ice  is c a p a b le  to  m e a su re  m e lt s tre n g th  as w ell 
by  d e te rm in in g  the  load  o r s tre ss  u se d  to  d riv e  th e  m e lt u n til it fa iled . 
H o w e v e r, the  p ic tu re  o f  th e  d ev ice  w as  n o t sh ow n .

In  o u r e x p e rim e n t, b o th  d ev ices  w ere  n o t u sed  b e c a u se  th e y  w e re  n o t 
fo u n d  in  th e  o u r lab o ra to ry . T h u s  th e  m e lt s tre n g th  o f  L L D P E /N R  b le n d s  w e re  
d e s c r ib e d  c o m p a ra tiv e ly  by the  d raw  ab ility  (m a x im u m  d ra w  ra tio  o r 
th ic k n e ss )  b e tw ee n  p u re  L L D P E  and  the  b len d s . T h is  m e a n s  i f  th e  b le n d s  h av e  
b e tte r  m e lt s tre n g th  th a n  p u re  L L D P E  an d  th e  b len d s . T h is  m e a n s  i f  th e  b le n d s  
h av e  b e tte r  m e lt s tre n g th  th a n  p u re  L L D P E , th ey  m u s t b e  d ra w n  o r  s tre tc h e d  to 
h ig h e r  d ra w  ra tio  o r b ec o m e  th in n e r th a n  p u re  L L D P E .

F ig u r e  B 1  T h e  p ic tu re  o f  m e lt s tre n g th  te s te r  as sh o w n  b y  M ic ic  et al. (1 9 9 6 ).
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A P P E N D I X  c  

T h e r m a l P r o p e r t ie s  D a ta

T h e  th e rm a l p ro p e rtie s  o f  sa m p les  w ere  s tu d ie d  on  a N E T Z S C H  D S C - 
2 0 0  a t th e  te m p e ra tu re  ra te  o f  10 ° c /m in . T h e  sa m p le  w as  h e a te d  fro m  30 °c 
to  150 °c an d  c o o le d  d o w n  to  30 °c to  d e te rm in e d  m e ltin g  te m p e ra tu re  (T m), 
c ry s ta lliz a tio n  te m p e ra tu re  (T c) and  a re a  u n d e r th e  m e ltin g  te m p e ra tu re  w h ic h  
is e n th a lp y  o f  fu s io n  (AHf). Tg w as d e te rm in ed  by  c o o le d  d o w n  th e  sam p le  
fro m  30 °c to  - 1 2 0  °c and  h ea te d  up  to  30 °c (see  T a b le  C 1 -C 2 ). T h e  Tg o f  
th e  sa m p le  w as  tak e n  as the  te m p e ra tu re  c o rre sp o n d in g  to  50 %  o f  th e  
tra n s itio n . T h e  d eg re e  o f  c ry s ta llin ity  (% X C) is c a lc u la te d  u s in g  as fo llo w in g  
e q u a tio n , se e  T a b le  C 3-C 7 .

%Xc = AHf v 100

AH 100
A(l)

AH,oo =  289.1  J/g

T a b le  C l  G la ss  tra n s itio n  te m p e ra tu re  d a ta  o f  L L D P E .

P o ly m e r Tg.
(°C )

Tg2
(°C )

L L D P E -27 -
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Table C2 Glass transition temperature data of LLDPE/NRio blends.

B len d  R a tio M A T g . T g2
L L D P E /N R io (% w t) (°C ) (°C )

9 0 /1 0 0 -38 .0 -25.1
1 -40 .0 -2 6 .0
3 -60
5 -60
7 -60

8 0 /2 0 0 -21 .0 -4 8 .0
1 -2 5 .0 -4 5 .0
3 -3 7 .0 -4 5 .0
5 -.4 4 .0
7 -44 .8

7 0 /3 0 0 -4 3 .0 -6 4 .0
1 -4 1 .0 -6 4 .0
3 -4 2 .0 -5 5 .0
5 -5 4 .0
7 -5 6 .0

T a b le  C 3  M e ltin g  te m p e ra tu re , c ry s ta lliz a tio n  te m p e ra tu re , d e g re e  o f  
c ry s ta ll in ity  an d  h e a t o f  fu s io n  d a ta  o f  L L D P E .

P o ly m e r
m m

% x c A H f
(J/g)

L L D P E 1 2 3 . l i0 .1 4 1 0 9 .8± 0 .14 3 4 .2 ± 0 .1 4 9 8 .9 ± 0 .4 1
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T a b le  C 4  M e ltin g  te m p e ra tu re , c ry s ta lliz a tio n  te m p e ra tu re , d eg re e  o f  
c ry s ta llin ity  an d  h e a t o f  fu s io n  d a ta  o f  L L D P E /N R 10 b le n d s  w ith  M A .

B len d  R a tio M A T m T c % x c AHf
L L D P E /N R ,,) (% w t) (°C) (°C) (J/g)

9 0 /1 0 1 121.7 107.9 2 9 .4 8 85.2
3 121.5 107.8 2 9 .3 4 84.8
5 121.5 107.6 2 9 .1 0 84.1
7 121.7 106.3 2 9 .1 0 8 4 .0 6

8 0 /20 1 121.6 108.0 2 7 .1 9 78 .6
3 121.6 107.5 2 6 .7 4 77.3
5 121.5 106.8 2 5 .6 4 74.1
7 121.5 106.5 2 5 .5 0 7 3 .7

7 0 /3 0 1 121.5 106.1 2 4 .2 9 70 .2
3 121.4 105.7 2 3 .2 5 67 .2
5 121.4 105.7 2 1 .4 8 62.1
7 121.4 105.6 2 0 .8 6 60.3
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T a b le  C 5  M e ltin g  te m p e ra tu re , c ry s ta lliz a tio n  te m p e ra tu re , d e g re e  o f  
c ry s ta ll in ity  an d  h ea t o f  fu s io n  d a ta  o f  L L D P E /N R I0 b le n d s  w ith o u t M A .

B len d  R a tio Tm Tc % xc A H f
L L D P E /N R 10 (°C ) (°C ) (J/g)

90/10 121.7±0.07 108.4±0.07 30.2i0.09 87.3±0.28
80/20 121.7±0.00 108.4±0.00 27.4±0.41 79.2il.18
70/30 121.5±0.03 107.9±0.07 25.2±0.16 72.8i0.46
50/50 121.4±0.03 106.2±0.07 18.2±0.14 52.6±0.41

T a b le  C 6 M e ltin g  tem p e ra tu re , c ry s ta lliz a tio n  te m p e ra tu re , d e g re e  o f  
c ry s ta llin ity  an d  h ea t o f  fu s io n  d a ta  o f  L L D P E /N R 25 b len d s.

B len d  R a tio T m Tc % xc A H f
l l d p e /n r 25 (°C ) (°C ) (J/g)

9 0 /1 0 121 .5± 0 .07 1 0 8 . l i0 .0 7 2 8 .4 ± 0 .0 7 8 2 .2 ± 0 .2 2
8 0 /20 121 .5± 0 .03 1 0 7 .9 ± 0 .14 2 5 .4 ± 0 .4 3 7 3 .3 ± 1 .2 4
7 0 /3 0 121 .4± 0 .07 1 0 7 .2± 0 .07 2 1 .8 ± 0 .0 6 6 3 .3 i0 .1 8

T a b le  C 7  M e ltin g  te m p e ra tu re , c ry s ta lliz a tio n  te m p e ra tu re , d e g re e  o f  
c ry s ta llin ity  an d  h ea t o f  fu s io n  d a ta  o f  L L D P E /N R 5 b len d s.

B len d  R a tio T m Tc % Xc A H f
L L D P E /N R 5 (°C ) (°C ) (J/g)

9 0 /1 0 1 2 2 .7 ± 0 . 12 1 0 9 .5 i0 .0 3 3 3 . l i 0 .2 3 9 5 .8 i0 .6 7
80 /2 0 1 2 2 .5 i0 .0 7 1 0 9 .2 i0 .0 3 3 1 .0 i0 .4 5 8 9 .6 i l .3 2
7 0 /3 0 1 2 2 .4 i0 .0 3 1 0 9 . l i0 .0 5 2 7 .5 i0 .8 2 7 9 .4 i2 .3 8
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A P P E N D I X  D  

M e c h a n ic a l  P r o p e r t ie s  D a ta

T h e  te n s ile  p ro p e r tie s  w ere  s tu d ie d  u s in g  th e  In s tro n  U n iv e rs a l T e s tin g  
M a c h in e  m o d e l 4 2 0 6  in  th e  e x te n s io n  m o d e . Y o u n g ’s m o d u lu s , te n s ile  
s tre n g th , p e rc e n t e lo n g a tio n  a t b re ak  and  y ie ld  s tre n g th  w e re  d e te rm in e d  
a c c o rd in g  to  A S T M  D  6 3 8 -9 1 . T h e  ten s ile  te m p e ra tu re  w a s  26  °c. T h e  
s p e c im e n s  w e re  m a c h in e d  in to  d u m b b e ll sh ap es  fo llo w in g  th e  A S T M  D 6 3 8 - 
91 ty p e  IV  fo r sp e c im e n  d im e n s io n s , the  w id th  o f  n a rro w  se c tio n  w a s  6 m m  
an d  th e  g ag e  len g th  w as 25 m m . T h e  tes ts  w ere  p e rfo rm e d  a t a c ro s sh e a d  
sp e ed  o f  5 0 0  m m /m in  w ith  a 100 k N  load  cell. R a w  d a ta  w e re  sh o w n  in  T a b le  
D 1 -D 4 .

T a b le  D 1  M e c h a n ic a l p ro p e rtie s  d a ta  o f  L L D P E .

T e n s ile M o d u lu s E lo n g a tio n Y ie ld
P o ly m e r S tren g th (M P a) at B reak S tre n g th

(M P a) (% ) (M P a )
L L D P E 2 1 .5 2 i l .0 4 82 .6± 3.71 1 7 2 8 .7 Ü 7 .6 1 2 .6 ± 0 .4 8
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Table D2 Mechanical properties data of LLDPE/NR5 blends.

B len d  R a tio  
L L D P E /N R 5

T en s ile
S tren g th

(M P a)

M o d u lu s
(M P a)

E lo n g a tio n  
a t B reak  (% )

Y ie ld
S tre n g th

(M P a )
9 0 /1 0 19±0.24 6 1 ± 0 .5 9 1 6 2 8 Ü 7 .6 9 .5 ± 0 .0 0 9
8 0 /2 0 18±0.62 5 U 1 .7 2 1536±33 .61 7 .U 0 .2 3
7 0 /3 0 14±0 .26 3 6 ± 0 .2 6 1 4 0 4 ± 4 7 .0 8 5 .6 ± 0 .3 3
0 /1 0 0 0 .2 6 ± 0 2 .7 ± 0 .3 6 7 3 8 Ü 2 .9 0 .2 0 6 ± 0

T a b le  D 3  M e c h a n ic a l p ro p e r tie s  d a ta  o f  L L D P E /N R 25 b le n d s .

B len d  R a tio
l l d p e /n r 25

T en s ile
S tren g th

(M P a)

M o d u lu s
(M P a)

E lo n g a tio n  
a t B re a k  (% )

Y ie ld
S tre n g th

(M P a )
9 0 /1 0 1 7 .0 ± 0 .10 6 7 .8 i3 .1 8 1 5 6 3 .5 i9 .1 8 1 1 .3 i0 .5 4
8 0 /2 0 1 3 .8 i l .1 6 6 1 .O i l . 33 1 4 4 6 .0 i4 0 .3 1 9 .2 i0 .4 0
7 0 /3 0 8 .6± 0 .45 5 1 . l i l . 5 8 1 2 2 0 .2 i6 4 .2 2 8 .0 i0 .1 9
0 /1 0 0 0 .2± 0 .1 1 3 .Ü 0 .0 0 6 5 3 .5 i l4 .9 6 0 .2 i 0 .0 0
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Table D4 Mechanical properties data of LLDPE/NRio blends.

B len d s  R a tio  
L L D P E /N R io

M A
(% w t)

T e n s ile
S tren g th

(M P a)

M o d u lu s
(M P a)

E lo n g a tio n  at 
B re a k  (% )

Y ie ld
S tre n g th

(M P a)
9 0 /1 0 0 17.4±0.03 6 4 .7 i0 .0 2 1 4 5 7 .4 i l7 .6 0 1 0 .0 i0 .0 9

1 18 .6 ± 0 .0 7 6 9 .5 i l .0 4 1 6 6 4 .2 i l9 .6 0 1 0 .8 i0 .0 4
3 2 0 .2 ± 0 .4 2 7 6 .6 i l .0 0 1 8 7 2 .3 i0 .1 4 1 2 .5 i0 .0 9
5 1 9 .4 ± 0 .1 0 7 3 . l i 0 .6 4 1 8 5 4 .2 i0 .2 4 1 2 .3 i0 .1 2
7 1 9 .2 ± 0 .0 9 7 0 .9 i0 .4 7 1 7 7 7 .3 i l .1 0 1 2 .0 i0 .0 3

80 /2 0 0 15 .7± 0 .22 5 6 .7 i0 .2 9 1 2 9 1 . l i l 9 . l l 8 .1 7 i0 .2 3
1 16 .9± 0.05 6 0 .2 i l .4 8 1547 .O i l . 30 9 .5 Ü 0 .0 1
3 1 7 .6 i0 .2 8 6 5 .9 i0 .5 9 1 6 2 9 . l i 0 . l l l l . l i 0 .2 2
5 18.5±0.03 7 0 .0 i0 .0 9 1 7 8 3 .3 i0 .3 0 1 1 .8 i0 .0 6
7 1 7 .4 i0 .0 7 6 5 .6 i0 .0 5 1 5 7 7 .2 i0 .0 5 1 1 .5 i0 .0 7

7 0 /3 0 0 12 .1± 0 .48 4 3 .9 i l .2 2 1 0 7 3 .3 i4 .2 1 7 .5 i0 .3 0
1 1 2 .9 i0 .0 6 4 6 .9 i0 .0 4 1 2 7 2 .8 i0 .0 8 8 .7 i0 .2 1
3 1 3 .9 i0 .0 8 5 0 .6 i0 .1 2 1 4 5 0 .0 i0 .0 1 9 .8 i0 .0 4
5 15 .4± 0 .04 5 7 .8 i0 .0 3 1 4 8 1 .l i0 .0 6 1 0 .5 i0 .0 9
7 1 4 .3 i0 .2 9 5 5 .6 i0 .0 8 1 3 7 5 .4 i0 .1 8 1 0 .3 i0 .1 9

5 0 /5 0 0 5 .Ü 0 .0 6 2 1 .0 i0 .0 9 8 3 5 .4 i0 .1 5 3 .4 i0 .0 3
1 5 .3 i0 .1 1 2 1 .6 i0 .1 3 8 5 0 .5 i4 .7 0 3 .6 i0 .2 2
3 5 .7 i0 .0 0 2 6 .3 i0 .0 2 8 7 6 .3 i2 .3 7 3 .9 i0 .1 1
5 5 .9 i0 .1 1 2 8 .7 i0 .0 1 9 0 7 .4 i0 .1 2 4 .2 i0 .1 1
7 6 .6 i0 .2 4 3 1 .0 i0 .2 3 9 0 6 .2 i l .5 9 4 .4 i0 .0 1

0 /1 0 0 0 0 .2i 0 .00 2 .8 i0 .3 6 7 3 8 .5 i l2 .9 1 0 .2i 0 .0 0
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A P P E N D I X  E

V ic a t  S o f t e n in g  T e m p e r a t u r e  ( V S T )  D a ta

T h e  v ic a t so fte n in g  te m p e ra tu re  (V S T ) w as  d e te rm in e d  a t the  
te m p e ra tu re  ra te  o f  120 ° c /h r  w ith  th e  load  o f  1 kg , u s in g  V S T  C E A S T  6505  
a c c o rd in g  to  A S T M  D 1 5 2 5 . T a b le  E l  p ro v id e d  th e  raw  data .

T a b le  E l  V ic a t so fte n in g  te m p e ra tu re  o f  L L D P E /N R |0 b len d s.

B len d  R a tio n M A V S T
L L D P E /N R io (% w t) (°C )

100/0 0 102± 0 .0 0
9 0 /1 0 0 9 8 .8 ± 0 .1 4

1 9 9 . l i 0 .0 7
3 9 9 .5 i0 .0 7
5 9 9 .6 i0 .0 4
7 9 9 .7 ± 0 .0 7

8 0 /2 0 0 9 1 .7 i0 .2 8
1 9 4 .2 i0 .0 7
3 9 4 .3 i0 .0 7
5 9 4 .3 i0 .0 7
7 9 4 . 4 i 0 . 14
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B len d  R a tio M A V S T
L L D P E /N R io (% ) (° C )

7 0 /3 0 0 8 3 . l i 0 .0 7
1 8 4 .7 i0 .0 7
3 8 4 .7 ± 0 .1 4
5 8 5 . l i 0 .1 4
7 8 4 .9 i0 .2 1

5 0 /5 0 0 5 5 .1 i0 .1 1
1 5 5 .3 i0 .0 7
3 5 5 .5 i0 .0 7
5 5 5 .6 i0 .0 4
7 5 5 .6 i0 .0 1



APPENDIX F

P o s s ib le  r e a c t io n s  o f  M A  o n to  N R  a n d  L L D P E
NR molecules

T ~  I S h e a r NR chain

CM: CH 1 - > Breaking o f  N R  chain
C H 1

■ CH 7— C = C H  —  CH ------  o r  CH2— c  CH =  CH

V
CH ,

V  c h 3 
CH 7—  c — CH =  CH ------

I D isp ro p o rtio n a tio n

o๐
G raftin g  o f  M A

V
o = v ^  ร ? =■  o  o

D isp ro p o rtio n a tio n
C H ,

CH 7—  c  =  CH — CH AWWV

o ‘= V  oo '

------ CH 7—  c — CH = C H:ะ3ะ
(a)

4-
CH ,

------ CH 2—  Ç —  CH =  CH2

V
C H ,

CH 7—  Ç —  CH =  CH ,

o '= rv  v = o  'o '
(b )

F ig u r e  F I  P o ss ib le  re a c tio n  o f  N R  an d  M A  to  o b ta in  N R -g -M A : (a ) M A  p re se n t a t th e  m id d le  o f  N R  ch a in ; (b ) M A  p re se n t 
at th e  end  o f  N R  ch a in .



A W M » + R*—  ch2— ch2— ch2—ch2

CH2=  CH'~WVW

F ig u r e  F 2  P o ss ib le  re a c tio n  o f  N R  an d  M A  to  o b ta in  L L D P E -g -M A : (a ) M A  p re se n t a t th e  m id d le  o f  L L D P E  ch a in ; (b ) M A  
p re se n t at th e  end  o f  L L D P E  ch a in .



O

F ig u r e  F 3  G ra ftin g  re a c tio n  to  o b ta in  g ra ft c o p o ly m e r o f  N R  an d  L L D P E  w ith  M A  lin k a g e  (L L D P E -M A -N R ): (a ) re a c tio n  
b e tw een  F 1(a) an d  F 2 (b ); (b ) re a c tio n  b e tw ee n  F 1(b) an d  F 2 (a ) ; (c ) re a c tio n  b e tw e e n  F 1(a) an d  F 2(a).



Oo^=r \ ^ o

------ CH 2— CH,

+

V

F ig u r e  F 4  B lo c k  c o p o ly m e r o f  N R  an d  L L D P E  w ith  M A  lin k ag e  (L L D P E -b -M A -N R ).
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A P P E N D I X  G

P e a k  A r e a  D a ta  fr o m  F it t in g  C u r v e  T e c h n iq u e

T a b le  G 1  P e a k  a re a  d a ta  o f  p u r if ie d  an d  c ru d e  o f  L L D P E .

M A C ru d e P u rifie d
(% w t) A  1713 c m ' 1 A  1464 cm A  1713 c m " A  1464 c m "

1 8 .5710 2 8 .3 26 5 0 .2 0 53 4 7 .2 5 6 9
3 9 .4 6 03 3 0 .2 65 3 0 .2 2 9 8 5 0 .3 6 2 5
5 11.2109 3 0 .6 9 5 2 0 .2 6 6 8 4 8 .2 5 6 3
7 5.1013 32 .6 58 5 0 .1 1 55 4 8 .9 6 3 5

T a b le  G 2  P eak  a re a  d a ta  o f  p u rif ied  and  c ru d e  o f  N R .

M A C ru d e P u rif ie d
(% w t) A  1713 c m " A  1464 c m " A  1713 c m " A  1464 c m "

1 9 .3 0 05 6 0 .2 36 5 0 .3 0 7 6 3 2 .6 5 8 9
3 11.5633 6 2 .3 6 5 9 0 .3 4 8 2 3 0 .6 4 7 8
5 15.4063 5 9 .9 6 3 2 0 .4 6 7 8 2 9 .6 3 2 5
7 11.5348 5 8 .6 9 5 8 0 .3 4 3 4 2 8 .4 7 5 8
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A P P E N D I X  H  

M e lt  F lo w  I n d e x  D a ta

T h e  M F I o f  e x tru d a te s  w e re  m e a su re d  a t 190 °c, 2 .1 6  k g  lo a d in g , u s in g  a 
Z w ic k  4 1 0 5  E x tru s io n  P la s to m e te r  a c c o rd in g  to  A S T M  D 1 2 3 8 . T a b le  H 1 -H 5  
sh o w  th e  ra w  data .

T a b le  H I  M e lt f lo w  in d ex  d a ta  o f  L L D P E .

P o ly m e r M F I
( g / 10m in )

L L D P E 1 .0 4 ± 0 .0 7

T a b le  H 2  M e lt flo w  in d ex  d a ta  o f  L L D P E /N R 5 b len d s.

B len d  R a tio M F I
L L D P E /N R 5 ( g / 10m in )

9 0 /1 0 0 .8 3 ± 0 .0 1
80 /2 0 0 .7 7 ± 0 .0 1
7 0 /3 0 0 .7 U 0 .0 1
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Table H3 M e lt f lo w  in d e x  d a ta  o f  L L D P E /N R 25 b len d s.

B len d  R a tio M F I
L L D P E /N R 25 ( g / 10m in )

9 0 /1 0 0 .9 6 ± 0 .0 0 3
80 /20 0 .9 2 ± 0 .0 0 5
7 0 /3 0 0 .8 8 ± 0 .0 0 4



117

Table H4 M e lt flo w  in d ex  d a ta  o f  LLDPE/NR.IO  b len d s.

B len d  R a tio M A M F  I
L L D P E /N R io (% w t) ( g / 10m in )

9 0 /1 0 0 0 .9 1 ± 0 .0 0 3
1 0 .4 2 ± 0 .0 0 5
3 0 .2 6 ± 0 .0 0 5
5 0 .2 5 ± 0 .0 0 6
7 0 .2 4 ± 0 .0 0 3

80 /2 0 0 0 .8 4 ± 0 .0 0 2
1 0 .4 1 ± 0 .0 1 0
3 0 .1 7 ± 0 .0 0 2
5 0 .1 5 ± 0 .0 0 1
7 0 . 12± 0 .0 0 2

70 /3 0 0 0 .7 7 ± 0 .0 1 0
1 0 .3 7 ± 0 .0 0 8
3 0 .1 5 ± 0 .0 0 6
5 0 .0 9 ± 0 .0 0 5
7 0 .0 4 ± 0 .0 0 3

5 0 /5 0 0 0 .5 6 ± 0 .0 1 6
1 0 .2 6 ± 0 .0 0 7
3 0 .1 2 ± 0 .0 0 4
5 0 .0 6 ± 0 .0 0 2
7 0 .0 2 ± 0 .0 0 2
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