
CHAPTER III
EXPERIMENTAL SECTION

3.1 Materials

T h e  m a te r ia ls  u sed  in th e  p re se n t s tu d ie d  a re  as fo llo w in g :

1. L in e a r L o w  D en sity  P o ly e th y le n e  (L L D P E )
T h e  L L D P E  u sed  in th is  w o rk  w as  b lo w n -f ilm  g rad e  (L 1 8 1 0 F ) 

su p p lie d  by  T h a i P o ly e th y le n e  C o m p a n y . T h e  m a te ria l w a s  in  p e lle t fo rm  and  
w as  u sed  as a p o ly m e r m atrix . T h e  ch em ica l s tru c tu re  an d  th e  p h y s ic a l 
p ro p e r tie s  o f  L L D P E  are  sh o w n  in a F ig u re  3.1 an d  T a b le  3 .1 , re sp e c tiv e ly .
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Figure 3.1 C h e m ic a l s tru c tu re  o f  L L D P E .
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Table 3.1 Physical properties of LLDPE.

P ro p e rtie s L L D P E
M F Ia (g /1 0 m in ) 1
M e lt d e n s ity 13 (g /c m 3) 0 .7 1 8
M w\  (g /m o l) 8 44 6 0
M ,1° , (g /m o l) 3481
M W D e 24.3
M e ltin g  te m p e ra tu re  ( ๐C ) 135

N o te: A , B: g iv e n  from  su p p lier
c ,  D , and E: ch aracterized  by G P C

2. N a tu ra l R u b b e r  (S T R 5 L )
T h is  ru b b e r w as p u rc h a se d  from  R a y o n g  B a n g k o k  R u b b e r  C o ., L td . 

T h e  m e lt d en s ity  o f  N R  w as  g iv en  from  th e  su p p lie r  as 0 .7 0 0  g /c m 3. T h e  
c h e m ic a l s tru c tu re  an d  p h y sica l p ro p e rtie s  o f  N R  a re  sh o w n  in  F ig u re  3 .2  and  
T a b le  3 .2 , re sp e c tiv e ly .

Figure 3.2 C h e m ic a l s tru c tu re  o f  c is - l ,4 -p o ly is o p re n e .
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T a b le  3 .2  S p e c if ic a tio n  fo r S tan d a rd  T h ai R u b b er (S T R  5L ).

S p e c if ic a tio n S p e c if ic a tio n  lim it
D irt (% w t) 0 .0 4
A sh  (% w t) 0 .4 0
N itro g e n  (% w t) 0 .6 0
V o la tile  m a tte r  (% w t) 0 .8 0
In itia l p la s tic ity  (P 0) (m in ) 35
P la s tic ity  R e te n tio n  In d ex  (P R I) (% ) 60
C o lo r  L im it (L o v ib o n d  S ca le ) 6 .0

3. M a le ic  A n h y d rid e  (M A )
T h e  lab o ra to ry  g rad e  m ale ic  a n h y d rid e  (M A ), u se d  as a 

c o m p a tib iliz e r , w as  p u rc h a se d  from  F lu ka . T h e  m a te ria l is a  b r iq u e tte  o r 
w h ite  fu sed  m ass , c o m p le te  and  c le a r so lu b ility  in w a te r  (4 g /1 0 m l w a te r) . A  
c h e m ic a l s tru c tu re  and  p h y sica l p ro p e rtie s  are  sh o w n  in F ig u re  3 .3  an d  T a b le
3 .3 , re sp e c tiv e ly .

Fig lire 3 .3  C h e m ic a l s tru c tu re  o f  M A .
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Table 3 .3  P h y sica l P ro p e rtie s  o f  M A .

P ro p e rtie s V alu e
F o rm u la c 4h 2o 3
F o rm u la  w e ig h t, (g /m o l) 9 8 .0 6
m .p ., ( ๐C ) 52 .85
b .p ., ( ๐C ) 202
B u lk  d en s ity , (g /c m 3) 1.48
M elt d en s ity , (g /c m 3) 1.30

4. T o lu e n e
T h e  a n a ly tic a l g rad e  to lu e n e  u sed  as a so lv e n t fo r e x tra c tin g  N R  fo r 

the  m o rp h o lo g ic a l s tu d y  w as  p u rch a se d  from  J.T . B ak e r. T h e  p h y s ic a l 
p ro p e rtie s  o f  to lu e n e  a re  sh o w n  in T a b le  3 .4 .

Table 3.4 P ro p e rtie s  o f  to lu en e .

P ro p e rtie s V alu e
F o rm u la C 7FI8
F o rm u la  w e ig h t, (g /m o l) 9 2 .1 4
b .p ., (UC ) 110.75
m .p ., (°C ) -9 4 .8 5

5. T e tra h y d ro fu ra n  (T H F )
T h e  H P L C  g rad e  T H F  su p p lie d  by J.T . B a k e r w as  u sed  as a so lv e n t 

for G P C  W a te rs  6 0 0 E  a t ro o m  tem p e ra tu re .
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6 . D ic h ro lo b e n z e n e
T h e  H P L C  g ra d e  d ic h lo ro b e n z e n e  su p p lie d  by  L a b  S can  C o ., L td . w as 

u se d  as a  s o lv e n t fo r G P C  W a te rs  150-c  a t 140 ๐c .

3.2 Methodology

3.2 .1  B le n d  p re p a ra tio n
3 .2 .1 .1  M a s tic a tio n  o f  N a tu ra l R u b b e r  (N R )
N a tu ra l ru b b e r  w a s  m a s tic a te d  u s in g  a  tw o -ro ll m ill (L a b  T e c h , L M R  

110) th e  te m p e ra tu re  o f  th e  fro n t ro ll an d  th e  b a c k  ro ll w e re  20°c a n d  30°c, 
re sp e c tiv e ly . T h re e  sa m p le s  o f  N R  w ith  d if fe re n t m o le c u la r  w e ig h t w ere  
p re p a re d  b y  v a ry in g  m a s tic a tio n  tim e , as sh o w n  in  T a b le  3 .5 . F o r 
c o n v e n ie n c e , th e se  n a tu ra l ru b b e rs  a re  d es ig n e d  as N R 5, N R io  an d  N R 25 to  
in d ic a te  th e  m a s tic a tio n  t im e s  o f  5, 10, an d  25 m in , re sp e c tiv e ly . I t h as  to  n o te  
th a t N R 10 w a s  n o t o b ta in e d  fro m  th e  sa m e  so u rc e  as th a t o f  N R 5 a n d  N R 25.

Table 3.5 C h a ra c te r iz a tio n  o f  m o le c u la r  w e ig h t o f  n a tu ra l ru b b e r.

C h a ra c te r iz a tio n n r 5 N R ,0 n r 25
M w, (g /m o l) 7 8 1 ,2 2 2 125 ,000 4 2 9 ,7 7 2
M n 162 ,307 2 2 ,2 4 2 119 ,477
M W D 4.81 5.63 3 .6 0
M a s tic a te d  tim e , (m in ) 5 10 25

A  4 0 0  g  o f  N R  w a s  m ill a t ro lle r  sp e ed  o f  16 rp m . T h e  g ap  b e tw e e n  
th e  ro lls  w a s  a d ju s ta b le  w ith in  a  ra n g e  o f  5 -1 0  m m  an d  k n e a d in g  th e  ru b b e r 
w a s  k n e a d e d  b y  m u ltip le  p a s se s  th ro u g h  th e  g ap  b e fo re  re m o v a l fro m  th e  m ill.
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3 .2 .1 .2  P re p a ra tio n  o f  g ra fted  N R  w ith  M A
A  c e rta in  a m o u n t o f  m a s tica te d  N R  o f  each  c o m p o s itio n , as sh o w n  in 

fo llo w in g  F lo w  ch art 1 w as m illed  in the  tw o -ro ll m ill fo r 3 m in . T h e  
te m p e ra tu re  o f  the  fro n t ro ll an d  the  b ack  roll w ere  170 ๐c  an d  160 ๐c ,  
re sp e c tiv e ly  w ith  th e  ro lle r  sp e ed  o f  16 rpm . M ale ic  a n h y d rid e  w as a d d e d  in to  
the  m a s tic a te d  N R  at 3 m in  an d  fu rth e r m ix ed  fo r 5 m in . T h e  gap  b e tw e e n  the  
ro lls  w as  a d ju s ta b le  w ith in  a ra n g e  o f  5 -10  m m  an d  the  sa m p le  w as  k n e a d e d  
by m u ltip le  p asse s  th ro u g h  th e  g ap  and  th e n  re m o v ed  fro m  th e  m ill. T h e  
g ra fted  N R  w ith  M A  w as  k ep t in  a d es icca to r.

Flow chart 1 diagram of preparation of grafted NR with MA.

On two-roll mill, T  = 170 ๐c

3 .2 .1 .3  P re p a ra tio n  o f  b le n d in g  o f  L L D P E /N R  w ith  M A  
A  c e rta in  a m o u n t o f  L L D P E  o f  each  co m p o s itio n  w as  m e lt b y  u s in g  

the  tw o -ro ll m ill fo r 3 m in . M a le ic  a n h y d rid e  w as ad d ed  in the  m e lt L L D P E  at 
3 m in  an d  fu rth e r m ix ed  fo r 5 m in  as sh o w n  in F lo w  c h a rt II. T h e  te m p e ra tu re  
o f  th e  fro n t ro ll and  th e  b ack  ro ll w e re  170 °c and  160 °c re sp e c tiv e ly  w ith  
the  ro lle r  sp e e d  o f  16 rp m . T h en  th e  m a s tica te d  ru b b e r w a s  a d d e d  in to  the  
g ra fted  L L D P E  w ith  M A  at 5 m in  and  fu rth e r m ix ed  fo r 5 m in . T h e  g ap  
b e tw ee n  the  ro lls  w as  a d ju s ta b le  w ith in  a ra n g e  o f  5 -10  m m  an d  th e  sa m p le  
w as k n e a d e d  by m u ltip le  p asse s  th ro u g h  the  gap  and  then  re m o v e d  fro m  th e  
m ill. T h e  b len d s  w ere  sh re d d e d  in to  sm all p ieces  by sh re d d e r  m a c h in e  and  
fu rth e r pu t in to  the  C o llin  c o -ro ta tin g  tw in -sc re w  k n e a d e r Z K -2 5  (2 5 x 3 0 D ) to 
c o m p le te ly  m ix ed . T e m p e ra tu re s  se ttin g  w ere  sh o w n  in F ig u re  3 .4 . A fte r  
p a s s in g  th ro u g h  a w a te r  b a th , the  m e lt w as so lid if ie d  and  c u t in to  p e lle t fo rm  
in a p e lle tiz e r .
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F eed

Z o n e  1 Z o n e  2 Z o n e  3 Z o n e  4 Z o n e  5 Z o n e  6

S crew  sp e ed  =  130 rp m  
F eed  ra te  =  50 g /m in

Figure 3.4 C o n d itio n  o f  th e  tw in -sc re w  k n ead e r.

Flow chart II diagram of preparation of blending of LLDPE/NR with 
MA.

L L D P E

O n  tw o - r o l l  m i l l  

T =  170 °c,3 m in

V

A d d in g  M A

5 m in

V
A d d in g  N R -g -M A

L L D P E -g -M A

<-----
5 m in  V

P reb len d s S h re d d e r T w in -S c re w  K n e a d e r

______________ V_________
B len d in g  o f  L L D P E /N R  w ith  M A
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3 .2 .1 .4  P re p a ra tio n  o f  b le n d in g  o f  L L D P E /N R  w ith o u t M A  
F irs t, L L D P E  w a s  m e lt on  tw o  ro ll m ill a t 170 °c fo r 5 m in . T h e  

m a s tic a te d  N R  w as ad d e d  in to  m e lt L L D P E  a fte r  5 m in  an d  fu rth e r  m ix e d  fo r 
5 m in  on  th e  tw o -ro ll m ill. T h e  am o u n t o f  each  m a te r ia l w a s  a d d e d  as 
fo llo w in g  the  F lo w  c h a rt III. T h e  tem p e ra tu re  o f  the  fro n t ro ll an d  th e  b ack  
ro ll w e re  170 ๐c  an d  160 °c re sp e c tiv e ly  w ith  the  ro lle r  sp e ed  o f  16 rp m . T h e  
g ap  b e tw ee n  the  ro lls  w as a d ju s tab le  w ith in  a ra n g e  o f  5 -1 0  m m  an d  the  
sa m p le  w as  k n e a d e d  by m u ltip le  p asse s  th ro u g h  the  gap  a n d  th e n  re m o v ed  
from  the m ill. T h e  b len d s  w ere  sh red d ed  in to  sm all p ie c e s  by  s h re d d e r  
m a c h in e  an d  fu rth e r p u t in to  the  tw in -sc re w  k n e a d e r to  c o m p le te  m ix in g .

Flow chart III diagram of preparation of blending of LLDPE/NR without
M A .
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3 .2 .2  D e te rm in a tio n  o f  %  g ra ftin g  o f  M A  o n to  L L D P E  an d  N R  
A n a ly s is  o f  the  m o d ified  by M A  p o ly m e r w as  d o n e  by in fra re d  (IR ) 

sp e c tro sc o p y  u sin g  p re sse d  film s o f  the  p ro d u c ed  p o ly m e r. A  g ra fte d  L L D P E  
an d  N R  w ith  M A  w ere  e x p e c te d  from  the  p re p a ra tio n  s tep  o f  b le n d in g  o f  
L L D P E /N R  w ith  M A  and  g ra fted  N R  w ith  M A , re sp e c tiv e ly . T h e s e  sa m p les  
w ere  se p a ra te d  in to  tw o  p a rts  to  s tu d y in g  th e  %  g ra ftin g  o f  M A  o n to  L L D P E  
an d  N R .

3 .2 .2 .1  S am p le  p re p a ra tio n  fo r re m o v a l o f  u n re a c te d  M A
3.2.2.1.1 Graft of LLDPE with MA
T h e  c ru d e  p o ly m e r w as p u r if ie d  by  p re c ip ita tio n  fro m  h o t 

d ic h lo ro b e n z e n e  so lu tio n  by ad d itio n  to  ace to n e . T h e  h o t so lu tio n s  o f  p o ly m e r 
w ere  filte red  th ro u g h  ch e e se c lo th . T h en  the  sam p le  w as d ried  in v a c u u m  oven  
at the  te m p e ra tu re  o f  110 °c fo r 24 hr. T h e  ce rta in  a m o u n t o f  th e  sa m p le  w as 
p re sse d  b e tw ee n  tw o  p la tes  on  a c o m p ress io n  m o ld in g . T h e  te m p e ra tu re  and  
p re ssu re  w e re  170 °c an d  15 to n s for 10 m in  w ith o u t m o ld . T h e n  th e  sa m p le  
w as  c o o le d  u n d e r p re ssu re  to  ro o m  tem p e ra tu re . F in a lly  th e  th in  film  o f  
L L D P E -g -M A  w as  o b ta in ed .

ร.2.2.1.2 Graft of NR with MA
T h e  c ru d e  p o ly m e r w as im m e rsed  in h o t w a te r  fo r 12 h r an d  d ried  in 

v a c u u m  o v en  at te m p e ra tu re  o f  60  °c fo r 12 hr. T h e  c e rta in  a m o u n t o f  the  
sa m p le  w a s  p re sse d  b e tw ee n  tw o  p la tes  on  a c o m p re s s io n  m o ld in g . T h e  
te m p e ra tu re  and  p re ssu re  w ere  170 ๐c  and  15 to n s fo r 10 m in  w ith o u t m o ld . 
T h en  the  sa m p le  w as co o led  u n d e r p re ssu re  to  ro o m  te m p e ra tu re . F in a lly  the  
th in  film  o f  N R -g -M A  w as o b ta in ed .
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3 .2 .2 .2  S am p le  p re p a ra tio n  w ith o u t rem o v a l o f  u n re a c te d  M A
T h e  c e rta in  a m o u n t o f  the  sa m p le  w as p re sse d  b e tw ee n  tw o  p la te s  o n  a 

c o m p re s s io n  m o ld in g . T h e  te m p e ra tu re  an d  p re ssu re  w ere  170 ๐c  an d  15 to n s 
for 10 m in  w ith o u t m o ld . T h en  th e  sam p le  w as c o o led  u n d e r p re ssu re  to  ro o m  
te m p e ra tu re . F in a lly  the  th in  film  o f  sa m p le  w as o b ta in ed .

3 .2 .3  M o ld in g
62 g o f  the  sa m p le  in th e  fo rm  o f  g ran u les  w as  p re sse d  on  a W a b a sh  

V 5 0 H  c o m p re s s io n  p re ss . T h e  s tep s  u sed  in th is p ro ce ss  fo r th is  s tu d y  w ere  
170 ๐c  w ith o u t p re ssu re  fo r 5 m in , 170 °c w ith  5 to n s  fo rces  fo r 5 m in , and  
170 °c w ith  15 to n s  fo rces  fo r 5 m in . M o ld s  w ere  c o o led  u n d e r  p re ssu re  to  
ro o m  te m p e ra tu re . T h e  m o ld  u sed  w as a p ic tu re -fra m e  ty p e  m o d e  s ta in le s s  
s tee l co a te d  w ith  c h ro m iu m . T h ic k n e ss  o f  the  m o ld  cav ity  w a s  a b o u t 3 m m .

3 .2 .4  M elt F lo w  In d ex  (M F I)
A  sa m p le  w e ig h tin g  5 g w as  p laced  in to  the  b arre l on  th e  to p  o f  the  

in s tru m e n t. T h e  d ie  d ia m e te r  w as 1 .180 m m  and  th e  d ie  len g th  w as  8 m m . 
M elt flow  in d ex  (M F I) o f  th e  sa m p les  w ere  d e te rm in ed  fo llo w in g  A S T M
1)1238 on a Z w ic k  4105  E x tru s io n  P la s to m e te r  w ith  p is to n  load  w e ig h t o f  2 .1 6  
kg at 190 ๐c  fo r all sam p les . A n  av e ra g e  w as tak en  fo r th ree  m e a su re m e n ts .

3 .2 .5  D iffe re n tia l S ca n n in g  C a lo rim e try  (D S C )
D iffe re n tia l S ca n n in g  C a lo rim e try  w as c a rrie d  o u t on  a N E T Z S C F I 

D S C -2 0 0 .
Principle
S tru c tu re  c h a n g e s  a re  u su a lly  a sso c ia ted  w ith  c h a n g e s  in h ea t 

a b so rp tio n  o r e m iss io n s . S ca n n in g  c a lo rim e try  can  m e a su re  c h a n g e s  at 
c o n s ta n t h e a tin g  o r c o o lin g  ra tes . T h e  d iffe re n c e s  in h ea t lo ss o r g a in  b e tw ee n  
the sa m p le  an d  the re fe re n c e  ce lls  a re  m easu red  in a d if fe re n tia l s c a n n in g
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c a lo rim e te r . In th is  case  the  h ea t inp u t n eed ed  to  m a in ta in  b o th  ce lls  at the  
sa m e  te m p e ra tu re  is m e a su re d . T h e  c o n fig u ra tio n  o f  th is  te c h n iq u e  is 
s c h e m a tic a lly  d ra w n  in F ig u re  3 .5 .

Ref. cell Sample

Video display Computer Printer

Heaters

(a)

Figure 3.5 S ch e m a tic  o f  D SC : (a ) c o n fig u ra tio n  o f  D S C  te c h n iq u e ; 
(b )th e rm o g ra m  o b ta in ed  from  D S C .

T h e  ce lls  a re  m o u n ted  in a m etal b lo ck  w h ich  can  be  c o o led  fo r m o re  
e f f ic ie n t h ea t s tab ility . T h e  th e rm o c o u p le s  m e a su re  th e  te m p e ra tu re  as w ell as 
d if fe re n c e s  in the  tem p e ra tu re . T h e  h ea t c o n tro lle r  q u ic k ly  c o m p e n sa te s  the  
d if fe re n c e  o f  e n e rg y  c o n su m p tio n  an d  th e  a m o u n t o f  c o m p e n sa tio n  is 
m e a su re d .

Procedure
T h e  th e rm a l b eh a v io rs  o f  the  L L D P E /N R  b le n d s  sa m p le s  w ere  

d e te rm in e d  on  a N E T Z S C F I D S C -2 0 0 . S am p le  o f  5-7  m g  w a s  se a le d  in 
c la m p e d  a lu m in u m  sam p le  p an s. T h e  te m p e ra tu re  w a s  p ro g ra m m e d  at 10° 
c /m in  in all cases . L iq u id  N itro g e n  C o o lin g  A c c e sso ry  w as  u sed  as a c o o la n t
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sy s tem . A fte r  lo ad in g  the sa m p le  in to  the  in s tru m e n t c h a m b e r, th e  c h a m b e r 
w as  p u rg e d  w ith  d ry  n itro g en . T h e  h ea tin g  an d  c o o lin g  p ro g ra m  are  
fo llo w in g ;

T h e  sa m p le  w as h e a te d  from  30 ๐c  to  150 °c an d  c o o le d  d o w n  to  
30  ๐c  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) 
an d  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 led  d o w n  th e  sa m p les  
fro m  30 ๐c  to  - 1 2 0  ๐c  and  h ea te d  up to  30 °c. T h e  Tg o f  th e  sa m p le  w as 
ta k e n  as th e  te m p e ra tu re  c o rre sp o n d in g  to  5 0%  o f  th e  tra n s itio n , as in d ica te d  
in F ig u re  3 .5 (b ).

T h e  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 , g ra ss  tra n s itio n  
te m p e ra tu re , and  h ea t o f  fu sio n  o f  sam p les  w e re  d e te rm in e d  fro m  the  
th e rm o g ra m s . F o r e s tim a tio n  o f  the  d eg ree  o f  c ry s ta llin ity , th e  p o ly m e r w as 
p re su m e d  to  be c o m p o se d  o f  d is tin c t, n o n -in te ra c tin g  a m o rp h o u s  and  
c ry s ta llin e  re g io n s  w h e re  re o rd e r in g  o f  the  p o ly m e r s tru c tu re  o n ly  o c c u rre d  at 
th e  m e ltin g  te m p e ra tu re  o f  th e  c ry s ta llin e  co m p o n en t. T h e  c ry s ta ll in ity  (X c) is 
c a lc u la te d  u s in g

X c =  AH /AH100 (3 .1 )

w h e re  AH an d  AH 100 are  the  m e a su re d  en th a lp y  o f  m e ltin g  o f  th e  s a m p le  and  
th e  e n th a lp y  o f  m e ltin g  o f  a 100%  p u re  c ry s ta llin e  o f  th e  sa m e  p o ly m e r, 
re sp e c tiv e ly .

3 .2 .6  S ca n n in g  E lec tro n  M ic ro sc o p e  (S E M )
M o rp h o lo g ie s  w ere  stu d ied  u s in g  a S E M , JE O L  5 2 0 0 -2 A E  

( M P I 5 2 0 0 1 ) w ith  a m a g n ific a tio n  ran g e  o f  3 5 -2 0 0 ,0 0 0  tim es . M ic ro g ra p h s  o f  
the  frac tu re  su rfa c e  w ere  m ad e  u s in g  a v o ltag e  o f  15-25 kV .
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Principle
The principle of a scanning electron microscope (Figure 3.6) is as 

follows. An electron gun and a set of a heated tungsten filament, an anode 
attracting the emitted electrons and a focusing electrode (gun bias), form a 
small electron probe. The important parameter of the gun is its brightness that 
is given by the total number of electrons coming from a unit area of the source 
into a unit solid angle. In order to increase the brightness, it is possible to 
increase the emission current by replacing tungsten with lanthanum 
hexaborite. Alternatively, the area of the source can be reduced with a point 
filament or the emission angle can be reduced by field emission.

Bias voltage

Electron gun 1

Accel, voltage

Condenser 2 n □ Scan genen

Figure 3.6 Schematic diagram of a scanning electron microscope.
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The probe size is reduced by demagnification of the filament image 
using two electromagnetic lenses and then focusing onto the specimen surface 
by using a final (or objective) lens. The probe is scanned on the specimen by 
two set of scanning coils controlled by the same generator while the cathode 
ray tube used to observe the image. The signal is detected by a low noise 
scintillator-photomultiplier-amplifier system which is also used to modulates 
the display signal. Each point of the scanned raster on the sample thus has a 
corresponding point on the display screen. Once the probe is focused and 
corrected for astigmatism, changing the size of the scanned area without 
focusing can change the magnification (Folkes and Hope, 1993).

Procedure
Samples were taken from cryogenically (in liquid nitrogen) fractured 

surface of compression mould tensile specimens. The sample was treated with 
for two days to extract the NR phase, followed by drying in an oven at 110°c 
for 1 day. Surfaces were sputtered with gold before viewing.

3.2.7 Instron Universal Testing Machine
The mechanical testing samples were obtained from the compression- 

molded sheet by using a Wabash V 50 H compression molder. The tensile 
properties were measured by using an Instron Universal Testing Machine, 
Model 4206, according to the ASTM D638-91 test procedure in the extension 
mode. The load cell of 100 kN and 500 mm/min crosshead speed were carried 
out for all test specimens. The dumbell shape specimens were die cut from 
sheets into type IV, for specimen dimensions, the width of narrow section was 
6 mm and the gage length was 25 mm as in Figure 3.7 and Table 3.6. Five 
specimens were tested for each sample.



32

R

< -----------  L ----------- >

< -------------- อ ------------- >
L 0

t
wo

i

Figure 3.7 Dimension of tensile testing specimen.

Table 3.6 Dimension of tensile testing specimen as shown in Figure 3.7.

Definition Dimensions (mm)
1T-Width of narrow section 6
L-Length of narrow section 33
IFO-Width of overall 25
TO-Length overall 115
G-Guage length 25
D-Distance between grips 80
/?-Radius of fillet 14
/?0-0uter radius 25

The tensile modulus using in this thesis is manual Young’s modulus, 
that is the steepest linear region at the start of the testing curve and ends it at 
the yield point. It can be defined by dividing the corresponding stress by the 
designed strain.

The percent elongation at break is the extension (change in guage 
length) at break. It can be calculated by dividing the extension by original 
guage length and multiplied by 100.
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The tensile strength at break is maximum tensile stress at break point 
sustained by specimen during a tension test. It can be calculated by dividing 
the maximum load at break point by original area.

The yield strength is the stress at which a material exhibits a specified 
limiting deviation from the proportionality of stress to strain. Unless 
otherwise specified, this stress will be at the yield point.

3.2.8 Fourier Transform Infrared (FT-IR)
The percent grafting of MA onto LLDPE and NR were determined by 

measuring the level of carbonyl (1713 cm'1) absorbances using a Bruker FT- 
IR spectrometer with 64 scans at a resolution of 4 cm'1. A frequency range of 
4,000-400 cm'1 was observed using a deuterated triglucinesulfate detector 
(DTGS) with a specific detectivity, D , of 1X1 o9 cmHzl/2พ '1. The thickness of 
each piece of film was measured to 0.08T0.007 mm with a micrometer gauge. 
Sample films, free form wrinkles, were mounted on standard FT-IR sample 
plates using a removable magnetic cover or removable tape.

3.2.9 Gel Permeation Chromatography (GPC)
A room temperature gel permeation chromatography (GPC) was 

carried out on waters 600E instrument to determine the molecular weight of 
natural rubber. A solvent used in this study was tetrahydrofuran (TFiF). 
Characteristics of the column HT4 were calibrated using narrow MWD 
polystyrene standard. The operating condition of temperature, flow rate, and 
injection volume were 35 ๐บ, 1 cmVmin, and 60 pL, respectively.
For determination of Mw, M,1, and MWD of LLDPE and LLDPE/NR blends 
were determined by using gel permeation chromatography (GPC) with Water 
150 c  ALC/GPC instruments. A solvent used in this studied was 
dichrorobenzene. The operating conditions of temperature and How rate were 
135 °c and 1 cm3/min, respectively. There were three columns of instrument
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consist of p-styragel 104, 1 o5, and 106. Preparation of the calibration curve 
was described in Appendix A.

3.2.10 Vicat Softening Temperature (VST, Model CEAST 6505)
The vicat softening temperature testing specimens were obtained from 

the compression-molded sheet by using a Wabash V 50 H compression 
molder. The vicat softening temperature was determined by using VST, 
CEAST 6505, according to ASTM D1525 test procedure. The specimen and 
needle are heated at the rate of 120 °c/h with the load of 1 kg. Used at least 
two specimens to test each sample. The specimen is flat and a minimum 
width of 12 mm and a minimum thickness of 3 mm. It is support on the flat, 
solid base during the test.
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