
CHAPTER III 
METHODOLOGY

3.1 Materials and Equipment

3 .1 .1  M a ter ia ls
N atu ra l R u b b er  (B a n p a n  R e se a r c h  L a b o ra to ry  C o ., L td ), 

p o ly (V in y lid e n e  F lu o r id e )  (P V D F )  (A s s e m b ly  C h e m ic a ls  C o .,  L td ), p o ly (3 -  
h y d r o x y b u ty r a te -c o -h y d r o x y v a le r a te )  (P H B V )  (T h a n ta w a n  In d u stry  P C L .), 2 ,5 -  
B is (T e r t -B u ty lp e r o x y )-2 ,5 -D im e th y lh e x a n e  (L u p ero x®  101 or D B P H ) (S ig m a -  
A ld r ic h  C o .) , d ic u m y l p e r o x id e  (D C P )  (S ig m a -A ld r ic h  C o .) , N - C y c lo h e x y l -2 -  
B e n z o th ia z y l S u lfe n a m id e  (C B S )  (In o u e  R u b b er  T h a ila n d  P C L .), z in c  o x id e  (Z n O )  
(In o u e  R u b b er  T h a ila n d  P C L .), ster ic  a c id  (N e o p la s to m e r  C o ,. L td .), su lfu r  (B a n p a n  
R esea rch  L a b o ratory  C o ., L td .), c a lc iu m  h y d r o x id e  (F lu k a  C h e m ic a l C o r p .) , tr ia lly l 
iso c y a n u r a te  (T A 1C ® ) (N e o p la s to m e r  C o ., L td .) , g a so h o l 9 1 , 9 5 ,  E 2 0 , E 8 5  and  
b io d ie s e l  B 5  (P T T  P C L .).

3 .1 .2  E q u ip m en t
3 .1 .2 .1  In tern a l M ixer

A n  in tern a l m ix e r  w a s  a B ra b en d er  P la s t i-c o r d e r  8 1 5 6 0 2  ty p e . 
It w a s  m a n u fa ctu red  b y  B rabender®  O H G  D u isb u r g  (G e r m a n y )  and  su p p lie d  b y  
M e lc h e r s  T e c h e x p o r t  G M B H  (B r e m e n , G er m a n y ). T h e  m ix e r  w a s  N 5 0  w ith  a 
ch a m b er  c a p a c ity  o f  8 0  g . It u sed  1 k w  d r iv e  u n it.

3 .1 .2 .2  T w in -S crew  E x tru der
T h e  tw in -s c r e w  ex tru d er  w a s  m a n u fa c tu red  b y  L a b tech  

E n g in e e r in g  C o ., L td (B a n g k o k , T h a ila n d ). It w a s  a L T E 2 0 -4 0  m o d e l w ith  an L /D  
ratio  is  4 0 /1 .  T h e  barrel c a v ity  o f  2 0 0  g  and  d ie  p ressu re  c a p a c ity  o f  1 0 0  bar.

3 .1 .2 .3  C o o lin g  B ath
T h e  c o o l in g  b ath  w a s  a L a b tech  L W -1 0 0  m o d e l. W ater  w a s  

u sed  a s  a c o o la n t  w h ic h  p u m p ed  in to  th e  c o o l in g  b ath  b y  u s in g  L a b te c h  w a ter  p u m p  
L C W -8 0  m o d e l.
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3 .1 .2 .4  P e lle tize r
T h e  p e lle t iz e r  w a s  a s id e  cu t p e lle t iz e r  w h ic h  w a s  a  L S C -1 0 8  

m o d e l. It w a s  m a n u fa ctu red  b y  L a b tech  E n g in e e r in g  C o ., L td  (B a n g k o k , T h a ila n d ).
3 .1 .2 .5  T w o-R o ll M ill

A n  o p e n -m ix e r , tw o -r o ll m il l ,  w a s  m a n u fa c tu red  b y  L a b tech  
E n g in e e r in g  C o ., Ltd (B a n g k o k , T h a ila n d ). It w a s  a L R M  1 1 0  m o d e l w ith  a c a p a c ity  
o f  200  g .

3 .1 .2 .6  C o m p ress io n  M o ld
T h e  c o m p r e ss io n  m o ld  w a s  a  V 5 0 H - 1 8 - C X  m o d e l w ith  a 

c o m p r e ss  c a p a c ity  o f  5 0  to n . It w a s  m a n u fa c tu red  b y  W a b a sh  M P I (In d ia n a , U S A )  
and su p p lie d  b y  Intro E n terp rise  C o ., L td (B a n g k o k , T h a ila n d ).

3 .1 .2 .7  M o v in g  D ie  R h eo m eter (M D R )
T h e  M D R  w a s  a  rh eo T E C H  M D +  m o d e l w ith  a  tem p era tu re  

ran g e  o f  1 0 0 - 2 0 0  °c. It w a s  su p p lie d  b y  C G  E n g in e e r in g  L td ., Part.
3 .1 .2 .8  D iffe ren tia l S can n in g  c a lo r im e te r  (D S C )

T h e  P erk in -E lm e r  D S C  7  w a s  u se d  to  d e te r m in e  th e  m e lt in g  
tem p era tu re  (T m) and  p ercen t c r y s ta llin ity  u n d er a  N 2 a tm o sp h e r e  w ith  a  f lo w  rate o f  
10 m l/m in .

3 .1 .2 .9  P n eu m a tic  P unch
T h e  p n eu m a tic  p u n ch  w a s  u se  to  cu t s p e c im e n s  from  

v u lc a n iz e d  sh e e t  in to  d u m b b e ll sh ap e  in co rp o ra ted  w ith  d ie  c a c c o r d in g  to  A S T M  
D 3 1 8 3 .

3 .1 .2 .1 0  U n iversa l te s tin g  m achine (Instron)
A  U n iv e r sa l T e s t in g  M a c h in e  (In stro n ) w a s  a 4 2 0 6 - 0 0 6  

m o d e l. It w a s  u se d  to  m e a su r e  th e  te n s i le  stren g th , p e r c e n t e lo n g a t io n  at b reak , 
Y o u n g ’s m o d u lu s , and tear stren g th . It e q u ip p e d  w ith  a  5 k N  lo ad  c e l l  w a s  u se d  to  
m e a su r e  m e c h a n ic a l p ro p e r tie s  in  te n s io n . T h e  s p e c im e n s  w e r e  lo a d e d  at a rate o f  
5 0 0  m m /m in . S p e c im e n s  o f  2 5  m m  g a u g e  len g th  an d  2  m m  th ick  w e r e  u se d  for  
te ste d  o f  ea c h  th e r m o p la st ic  v u lc a n iz a te s . T h e  s p e c im e n s  w e r e  lo a d ed  u n til break .

3 .1 .2 .1 1  D u ro m eter
A  d u ro m eter  is  a Z w ic k , 7 2 0 6  ty p e . It w a s  u se d  to  d e te r m in e  

th e  h a rd n ess  o f  sa m p le s  a c c o r d in g  to  A S T M  D 2 2 4 0  in  sh o r e  A .
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3 .1 .2 .1 2  A ir  O ven
A n  air o v e n  w a s  u se d  fo r  a g in g  te st  in  ord er to  a c c e le r a te  th e  

a g e  o f  sp e c im e n s . T h e  a c c e le r a te d  te st  w a s  d o n e  at th e  tem p era tu re  o f  100 °c for  2 2  
h a c c o r d in g  to  A S T M  D  5 7 3  -  0 4 . T h e  a g e d  s p e c im e n s  w e r e  s e q u e n t ia lly  m ea su red  
th e  te n s i le  stre n g th , e lo n g a t io n  at break  and tear strength  w ith in  9 6  h  a fter  started  
a g in g .

3 .1 .2 .1 3  S can n in g  E lec tron  M icro sco p e  (SEM )
S c a n n in g  e le c tr o n  m ic r o sc o p e  (S E M ) w ill  b e  p e r fo rm ed  on  

H IT A S H I ร - 4 8 0 0  M o d e l to  e x a m in e  p h a se  m o r p h o lo g y  o f  th e r m o p la st ic  
v u lc a n iz a te s . T h e  sa m p le s  w e r e  c o a te d  w ith  p la tin u m  u n d er  v a c u u m  b efo re  
o b se r v a tio n  to  m a k e  th em  e le c tr ic a lly  c o n d u c tiv e . A ll  S E M  im a g e s  w il l  b e  o b ta in ed  
in  th e  m a g n if ic a t io n  ran g e  o f  5 0 0  to  5 0 0 0  t im e s  at 15 k v .

3.2 Methodology

3 .2 .1  P rep ara tion  o f  N a tu ra l R u b b er
T h e  c o m p o u n d e d  N R  w a s  d e r iv e d  fro m  c o m p o u n d in g  N R  (S T R  5L  

g ra d e) w ith  c h e m ic a ls  for  an y  v u lc a n iz a tio n  s y s te m  in  an in tern a l m ix e r  (B rab en d er®  
P la stico rd er , 8 1 5 6 0 2  ty p e , G e r m a n y ). T h e  e f f ic ie n t  v u lc a n iz a t io n  s y s te m  (E V  sy s te m )  
u sed  th e  A c c :S  ra tio  o f  12, s ter ic  a c id  and  z in c  o x id e  (Z n O ) w e r e  u se d  a s  a c tiv a to rs , 
N -C y c lo h e x y l-2 -B e n z o th ia z y l  S u lfe n a m id e  (C B S )  w a s  u se d  a s  an a c c e le r a to r , and  
su lfu r  w a s  u se d  a s  a v u lc a n iz in g  a g en t. F or  th e  s y s te m  in v o lv in g  p e r o x id e , d ic u m y l  
p e r o x id e  (D C P )  an d  2 ,5 -B is (T e r t-B u ty I p e r o x y ) -2 ,5 -D im e th y lh e x a n e  (L u p ero x®  101  
or  D B P H )  w e r e  u se d  a s  p e r o x id e  v u lc a n iz in g  a g e n ts . T h e  fo r m u la  o f  D B P H  sy s te m  
w a s  a d o p te d  from  M a ga rap h an  e t a l., 2 0 0 8 . C a lc iu m  h y d r o x id e  (C a (O H )2) w a s  u sed  
a s a c tiv a to r . T r ia lly l I so cy a n u ra te  (T A IC ® ) w a s  u se d  a s  a c o a g e n t . T h e  q u a n tity  o f  
D B P H  w a s  a lso  v a r ie d  a s  3 , 5 , and  7  phr. T h e  fo rm u la e  an d  m ix in g  s c h e d u le  are  
g iv e n  in  T a b le  3 .1 .
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Table 3.1 C o m p o u n d in g  fo rm u la e  and  m ix in g  sc h e d u le

In g red ien ts

E V  sy s te m D C P  sy s te m D B P H  s y s te m

Q u an tity
(ph ra)

M ix in g
tim e

(m in )

Q u a n tity
(ph ra)

M ix in g
t im e

(m in )

Q u a n tity
(ph ra)

M ix in g
t im e

(m in )
N R 100 5 100 5 100 4
S ter ic  ac id 1 1 - - 0 .2 5 1
Z n O 5 1 - - - -
C B S 6 1 - - - -
S u lfu r 0 .5 4 - - - -
D C P - - 3 7
C a (O H )2 - - - - 3 1
T A IC - - - - 3 2
D B P H - - - - 3 ช 4

aphr =  part p er h u n d red  part o f  rubber.
bT h e  a m o u n t o f  D B P H  w a s  va r ied  b y  3 , 5 , an d  7  phr.

T h e  m ix in g  w a s  p er fo r m e d  at ro o m  tem p era tu re  w ith  a ro tor  sp e e d  o f  
80 rpm . A fte r  m ix in g , th e  b len d  w a s  th e n  r e m o v e d  fro m  th e  in tern a l m ix e r  an d  la ter  
m ix e d  an d  m a stic a te d  in to  th e  sh e e t  fo rm  b y  u s in g  a tw o -r o ll  m il l  (L a b te c h , L R M  
1 1 0  m o d e l, T h a ila n d ). T h en , th e  sh e e t  c o m p o u n d e d  N R  w a s  fu rth er  c o m p r e s s e d  in  a  
c o m p r e ss io n  m o ld  (W a b a sh  M P I, V50H-18-CX m o d e l, U S A )  at th e  tem p era tu re  o f  
150 °c fo r  su lfu r  s y s te m  and 180 °c fo r  p e r o x id e  sy s te m  u s in g  20 to n  fo r c e  o f  
p ressu re  for  10 m in . T h e  v u lc a n iz e d  N R s  o f  v a r io u s  v u lc a n iz a t io n  s y s te m s  w e r e  
ob ta in ed .

3 .2 .2  P rep ara tion  o f  N R /P V D F  T h e r m o p la s t ic  V u lc a n iz a te
T h e  th e r m o p la st ic  v u lc a n iz a te  w a s  a c h ie v e d  b y  b le n d in g  

th e r m o p la st ic  and e la s to m e r ic  m a te r ia ls  to g e th e r  v ia  th e  d y n a m ic  v u lc a n iz a t io n  
te c h n iq u e . N R  w a s  b le n d e d  w ith  P V D F  at th e  f ix e d  c o m p o s it io n  o f  5 0 /5 0  in  an
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in tern al m ix e r  (B rab en d er®  P la stico rd er , 8 1 5 6 0 2  ty p e , G e r m a n y )  at v a r io u s  
v u lc a n iz a tio n  s y s te m s  a c c o r d in g  to  th e  fo r m u la e  an d  m ix in g  sc h e d u le  g iv e n  in T a b le
3 .2 .

Table 3 .2  C o m p o u n d in g  fo r m u la e  and m ix in g  sc h e d u le

In g red ien ts

C V  sy s te m E V  s y s te m P e r o x id e  sy s te m

Q u an tity
(p h ra)

M ix in g
tim e

(m in )

Q u an tity
(ph ra)

M ix in g
t im e

(m in )

Q u a n tity
(p h ra)

M ix in g
t im e

(m in )
P V D F 5 0 5 5 0 5 5 0 5
N R 5 0 5 5 0 5 5 0 5
S ter ic  ac id 2 1 2 1 0 .1 2 5 1
Z n O 3 .5 1 3 .5 1 - -
C B S 0 .9 2 3 2 - -
S u lfu r 1.8 2 1.5 2 - -
C a (O H )2 - - - - 1.5 1
T A IC - - - - 1.5 2
D B P H - - - - V a r ie d *5 1

aphr =  part p er  h u n d red  part o f  rubber.
bT h e  a m o u n t o f  D B P H  w a s  v a ried  b y  1 , 3 ,  5 , and 7  phr, w h ic h  w e r e  c a lc u la te d  fro m  
N R  10 0  phr.

F or th e s y s te m  in v o lv in g  su lfu r  (th e  fo r m u la e  w a s  a d o p ted  from  
B o o c h a th u m  e t a l., 2 0 0 1 ) ,  th e  A c c :S  ra tio  w er e  u se d  at 0 .5  and  2 .0  fo r  th e  c v  and  
E V  s y s te m s , r e s p e c t iv e ly . In p e r o x id e  sy s te m  ( th e  fo r m u la e  w a s  a d o p ted  from  
M a ga rap h an  e t a l., 2 0 0 8 ,  2 ,5 -B is (T e r t-B u ty lp e r o x y ) -2 ,5 -D im e th y lh e x a n e  (L u p erox®  
101 or  D B P H )  w a s  u se d  a s  a  p e r o x id e  v u lc a n iz in g  a g e n t  an d  th e  q u a n tity  o f  D B P H  
w a s  v a r ied  at 1 , 3 ,  5 , and  7  phr. M ix in g  w a s  p e r fo rm ed  at a rotor  sp e e d  o f  8 0  rpm  at 
th e  tem p era tu re  o f  1 5 0  °c. M ix in g  w a s  d o n e  u n til th e  v u lc a n iz a t io n  o f  N R  w a s
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started  to  o c c u r  in d ic a te d  th e  in c r e a s in g  to rq u e  cu rv e . T h e  b len d  w a s  th e n  r e m o v e d  
fro m  th e in tern al m ix e r  and later m ix e d  an d  m a stica ted  in to  th e  sh e e t  fo rm  b y  u s in g  a  
tw o -r o ll  m ill (L a b te c h , L R M  1 1 0  m o d e l, T h a ila n d ) and o b ta in e d  a p r e -v u lc a n iz e d  
T P V . T h is  p r e -v u lc a n iz e d  T P V  w a s  fu lly  v u lc a n iz e d  b y  furth er c o m p r e s s in g  in  a 
c o m p r e ss io n  m o ld  (W a b a sh  M P I, V 5 0 H - 1 8 - C X  m o d e l, U S A )  w ith  th e p ressu re  o f  2 0  
to n  fo rce  at th e  tem p era tu re  o f  1 5 0  °c fo r  su lfu r  sy s te m  an d  1 8 0  °c fo r  p e r o x id e  
s y s te m  for 10 m in . T h e n  c o o le d  d o w n  and  th e  T P V  w a s  o b ta in ed .

3 .2 .3 . P rep ara tio n  o f  P V D F /P H B V  B le n d
P V D F  an d  P H B V  w er e  fir st m ix  to g e th e r  w ith  a P V D F /P H B V  

c o m p o s it io n  o f  8 0 /2 0  b y  u s in g  a c o -r o ta tin g  tw in -s c r e w  ex tru d er  (L a b te c h , L T E 2 0 -  
4 0  m o d e l, T h a ila n d ) to  ob ta in  a P V D F /P H B V  b len d . T h e  tem p era tu re  p r o f ile  from  
th e  fe e d  z o n e  to  d ie  is  1 6 0 , 1 7 0 , 1 8 0 , 1 8 0 , 1 8 5 , 1 9 0 , 1 9 5 , 2 0 0 ,  2 0 5 , 2 1 0 . T h e  sc r e w  
sp e e d  w a s  u se d  at 5 0  rpm  w ith  th e  p ressu re  o f  6 0  bar. T h e  ex tru d ate  w a s  c o o le d  in  
th e  w a ter  b ath  (L a b te c h  L W -1 0 0  m o d e l)  an d  th en  cu t in to  p e lle t  b y  p e lle t iz e r  
(L a b te c h , L S C - 10 8  m o d e l) .

3 .2 .4  P rep ara tio n  o f  N R /P V D F /P H B V  T h e r m o p la st ic  V u lc a n iz a te
T h e  th e r m o p la st ic  v u lc a n iz a te  w a s  a c h ie v e d  b y  b le n d in g  

th e r m o p la s t ic  and  e la s to m e r ic  m a ter ia ls  to g e th e r  v ia  th e  d y n a m ic  v u lc a n iz a tio n  
te c h n iq u e . N R  w a s  b le n d e d  w ith  P V D F  an d  P H B V  at th e  f ix e d  c o m p o s it io n  o f  
5 0 N R /4 0 P V D F /1 0 P H B V . N R  w a s  sep a ra te ly  m ix e d  w ith  c h e m ic a ls  b y  u s in g  an  
in tern a l m ix e r  (B rab en d er®  P la stico rd er , 8 1 5 6 0 2  ty p e , G e rm a n y ) at ro o m  
tem p era tu re . In th is  s tu d y , e p o x id iz e d  so y b e a n  o il  (E S O ) w a s  ad d ed  in  th e  m ix tu re  
b y  v a r y in g  c o n te n t  0 , 1 , 2 ,  5 , 7 , an d  10 phr (c a lc u la te d  fro m  N R  1 0 0  p h r). H a lf  o f  
E S O  w a s  ad d ed  to  N R  in  th e  c o m p o u n d in g  p r o c e s s  and  a n o th er  h a l f  w a s  ad d ed  in  
m ix in g  c o m p o u n d e d  N R  w ith  th e r m o p la st ic  b len d . T h e  fo r m u la  and sc h e d u le  for  
c o m p o u n d in g  N R  is  g iv e n  in  T a b le  3 .3 . T h e  fo rm u la  w a s  a d o p ted  from  M a ga rap h an , 
e t a l.,  2 0 0 8 . 2 ,5 -B is (T e r t-B u ty lp e r o x y ) -2 ,5 -D im e th y lh e x a n e  (D B P H  or L u p erox®  
1 0 1 )  w a s  u se d  a s  a  p e r o x id e  v u lc a n iz in g  a g en t. T h e  c o m p o u n d in g  o f  N R  w a s  
p e r fo rm ed  at a ro tor  sp e e d  o f  8 0  rpm  at r o o m  tem p era tu re  w ith o u t  a d d in g  cu r in g  
a g e n t and r e m o v e  at th e  en d  o f  m ix in g  tim e .
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Table 3 .3  F orm u la  and  m ix in g  s c h e d u le  for c o m p o u n d in g  N R

In g red ien ts Q u a n tity  (p h ra) M ix in g  t im e  (m in )
N R 100 -0 4
E S O V a r ie d b 4 -6
S ter ic  ac id 0 .1 2 5 6 -7
C a (O H )2 1.5 7 -8
T A IC 1.5 8-10

aphr =  part per h u n d red  part o f  rubber.
bT h e  am o u n t o f  E S O  w a s  varied  b y  0 , 1, 2 , 5 , 7 , an d  10  phr w h ic h  w e r e  c a lc u la te d  
from  N R  1 0 0  phr and w e r e  ad d ed  in  a h a lf  in  c o m p o u n d in g  N R .

A fte r  th a t, the 8 0 /2 0  % b y  w e ig h t  o f  P V D F /P H B V  b le n d  w a s  
in co rp o ra te  w ith  c o m p o u n d e d  N R  in  th e  c o m p o s it io n  o f  5 0 /5 0  at 1 5 0  ๐c  a c c o r d in g  to  
th e  m ix in g  sc h e d u le  a s  s h o w n  in  T a b le  3 .4 . T h e  c o m p o s it io n  o f  T P V  c o n ta in e d  3 
m a ter ia ls  o f  N R /P V D F /P H B V  is  5 0 /4 0 /1 0 .

Table 3 .4  S c h e d u le  for  m ix in g  c o m p o u n d e d  N R  and  th e r m o p la s t ic  b len d

In g red ien ts Q u a n tity  (p h ra) M ix in g  t im e  (m in )
P V D F /P H B V  b len d 5 0 0 -5  or p la tea u  to rq u e  r e a c h ed
C o m p o u n d e d  N R 5 0 5 -8  or  p la tea u  to rq u e  r e a c h e d
E S O V a r ie d b 8-10  or p la tea u  to rq u e  r e a c h ed

D B P H 3
10-11 or  th e  to rq u e  started  to  

in c r e a se

aphr =  part per h u nd red  part o f  rubber.
bT h e  am o u n t o f  E S O  w a s  va r ied  b y  0 , 1, 2 , 5 , 7 , an d  10 phr w h ic h  w e r e  c a lc u la te d  
from  N R  1 0 0  phr and  w e r e  ad d ed  in  a h a l f  in m ix in g  th e c o m p o u n d e d  N R  w ith  
P V D F /P H B V  b len d .
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T h e  m ix in g  w a s  d o n e  u n til th e  v u lc a n iz a tio n  o f  N R  w a s  started  to  
o c c u r  in d ic a te d  in th e  p la tea u  torq u e o f  w e l l  m ix in g  w a s  started  to  in c r e a se  a g a in  to  
o b ta in  th e  p r e -v u lc a n iz e d  T P V . N e x t ,  it w a s  th en  r e m o v e d  from  th e  in tern a l m ix e r  
and  later m ix e d  and  m a stic a te d  in to  th e  sh e e t  fo rm  b y  u s in g  a  tw o -r o ll  m il l  (L a b te c h , 
L R M  11 0  m o d e l , T h a ila n d ). T h is  p r e -v u lc a n iz e d  T P V  w a s  fu l ly  v u lc a n iz e d  b y  
further c o m p r e s s in g  in  a c o m p r e ss io n  m o ld  (W a b a sh  M P I, V 5 0 H - 1 8 - C X  m o d e l, 
U S A )  at th e  tem p era tu re  o f  1 8 0  °c w ith  th e  p ressu re  o f  2 0  to n  fo r c e  for  10 m in . T h en  
th e  T P V  w a s  o b ta in e d  a fter  c o o lin g  d o w n .

3.3 Characterization

3 .3 .1  C u re C h a ra cter istic  and  V u lc a n iz a t io n  P ara m eters
T h e  cu re  ch a ra c ter is tic  and  v u lc a n iz a tio n  p ara m eter  o f  c o m p o u n d e d  

N R  w a s  first d e te r m in e d  b y  u s in g  M o v in g  D ie  R h e o m e te r  (M D R ) b e fo r e  c o m p r e ss  
in  a c o m p r e s s io n  m o ld . A l l  v u lc a n iz a tio n  s y s te m s , E V , D C P , and  D B P H , w e r e  
c h a ra c ter ized  b y  v a r y in g  th e  tem p era tu re from  1 5 0  °c to  2 0 0  ๐c. T h e  su lfu r  s y s te m s  
o f  c o m p o u n d e d  N R , c v  and  E V  sy s te m , w e r e  a ls o  ch a ra c ter ized  c o m p a r e d  b e tw e e n  
th e  tem p era tu re  o f  1 5 0  ๐c  and  1 8 0  °c. T h e  N R /P V D F  th e r m o p la s t ic  v u lc a n iz e d  w a s  

c h a r a c ter ized  b y  v a r y in g  th e  D B P H  c o n te n ts  at th e  tem p era tu re  o f  1 8 0  °c. T h e  
N R /P V D F /P H B V  th e r m o p la st ic  v u lc a n iz a te s  w a s  c h a ra c ter ized  b y  v a r y in g  th e  
a m o u n t o f  E S O  ad d ed  at th e  1 8 0  °c in  D B P H  sy s te m .

3 .3 .2  C h a ra c ter iza tio n  o f  T h erm al P ro p erties  o f  P V D F /P H B V  B le n d  
P V D F /P H B V  b len d  w a s  c h a ra c ter ized  th erm a l p ro p er tie s  b y  u s in g  a

d iffe r e n tia l s c a n n in g  c a lo r im e te r  (D S C )  (P e r k in -E lm e r , D S C  7 )  o p era ted  u n d er a N 2 
a tm o sp h e r e  w ith  a  f lo w  rate o f  10 m l/m in . T h e  sa m p le  w a s  h ea te d  fro m  -2 0  °c to  
2 0 0  ๐c  w ith  th e  h e a tin g  rate o f  10 ° c /m in  an d  h e ld  fo r  3 m in  to  d e str o y  a  th erm al 
h is to r y . T h e n , th e y  w e r e  c o o le d  d o w n  to  -2 0  ๐c  and  r e -h ea ted  to  2 0 0  ๐c  a g a in  at th e  
sa m e  rate. T h e ir  th erm a l p ro p erties  w e r e  o b ta in ed . T h e  c r y s ta llin ity  p e r c e n ta g e  ( X c) 
o f  P V D F  and  P H B V  w e r e  c a lc u la te d  b y  E q u a tio n  3 .1 :

*c(%) =  ^  X 1 0 0 1 ( 3 .1 )



51

AH* is  th e  m ea su r e d  en th a lp y  o f  P V D F  or  P H B V . A H 0 is  th e  e n th a lp y  o f  m e lt in g  per  
gram  o f  1 0 0  % c r y s ta llin e , 1 0 9  J /g  for  P H B V , and 1 0 4 .7  J /g  for  P V D F . A n d  p ercen t  
c r y s ta llin ity  o f  th e  b len d  w a s  c a lc u la te d  fro m  th e  c o m b in a tio n  o f  th e  en th a lp y  o f  
m e lt in g  per g ra m  o f  10 0  %  c r y s ta llin e  (A H 0) o f  P V D F  and  P H B V  at th e  c o m p o s it io n  
o f  8 0 P V D F /2 0 P H B V  a c c o r d in g  to  th e  E q u a tio n  3 .2:

3 .3 .3  S tu d y  o f  T h erm al P ro p erties  o f  N R /P V D F /P H B V  T h e r m o p la st ic  
V u lc a n iz a te s
T h erm al p ro p er tie s  o f  T P V s  at v a r io u s  am o u n t o f  E S O  w e r e  

ch a ra c ter ized  b y  u s in g  a d iffe r e n tia l s c a n n in g  c a lo r im e te r  (D S C )  (P erk in -E lm e r , 
D S C  7 )  o p era ted  u n d er a N 2 a tm o sp h e r e  w ith  a f lo w  rate o f  10 m l/m in  lik e  
P V D F /P H B V  b le n d . A ll  o f  s a m p le s  w er e  h ea ted  from  3 0  ๐c  to  2 0 0  °c w ith  th e  
h e a tin g  rate o f  10  ° c /m in  and  h e ld  fo r  3 m in  to  d estr o y  a th erm al h is to r y . T h e n , th ey  
w e r e  c o o le d  d o w n  to  3 0  ๐c  and  r e -h ea ted  a g a in  to  2 0 0  °c at th e  sa m e  rate. T h e  
m e lt in g  tem p era tu re  an d  c o ld  c r y s ta lliz a tio n  tem p era tu re  o f  E S O  v a r ied  T P V  w e r e;V  ̂ .
o b ta in e d  from  D S C  th erm o g ra m s. T h e  c r y s ta lliz a tio n  w a s  occu rred  from  P V D F  and  
P H B V , so  p ercen t c r y s ta llin ity  o f  T P V s  w e r e  d e te r m in e d  from  E q u a tio n  3 .3 :

W h ile , AH* is  th e  m ea su red  e n th a lp y  o f  P V D F  or P H B V . A H 0 is  th e  e n th a lp y  o f  
m e lt in g  per gra m  o f  1 0 0  %  c r y s ta llin e , 1 0 9  J /g  for  P H B V , and  1 0 4 .7  J /g  fo r  P V D F . 
A n d  p ercen t c r y s ta llin ity  o f  th e  b le n d  w a s  c a lc u la te d  fro m  th e  c o m b in a tio n  o f  th e  
e n th a lp y  o f  m e lt in g  p er gram  o f  1 0 0  % c r y s ta llin e  (A H 0) o f  P V D F  and  P H B V  at th e  
c o m p o s it io n  o f  4 0 P V D F /1 0 P H B V .

3 .3 .4  S tu d y  o f  M e c h a n ic a l P rop erties

e lo n g a t io n  at b reak , and  Y o u n g ’s m o d u lu s , tear  stre n g th , an d  h a rd n ess . T h e  u n iv ersa l 
te s t in g  m a c h in e  (In stron , 4 2 0 6 - 0 0 6  m o d e l)  w ith  a  lo ad  c e l l  o f  5 k N  and  th e  c r o ssh e a d  
sp e e d  o f  5 0 0  m m /m in  w a s  u se d  to  d e te r m in e  th e  te n s i le  stren g th , p ercen t e lo n g a t io n  
at b reak , and Y o u n g ’s m o d u lu s  a c c o r d in g  to  A S T M  D 4 1 2 - 0 6 a  or IS O  3 7  (T y p e  1) 
an d  d e term in e  th e  tear s tren g th  w a s  d e te r m in e d  a c c o r d in g  to  A S T M  D 6 2 4 - 0 0  or  IS O  
3 4 . T h e se  m e c h a n ic a l p ro p er tie s  w e r e  a lso  d o n e  a fter a g in g  at 10 0  ๐c  fo r  2 2  h in  air

X c ,B ie n d (.% )  =  ( 5 ^ โ0- " " % ; ; ,-;-,'5— ริ X 1 0 0  .'PVDF~ ° -2&HPHBv )
(3 .2 )

(3 .3 )

T h e  m e c h a n ic a l p ro p er tie s  in  th is  s tu d y  w e r e  te n s i le  stren g th , p ercen t
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o v e n  fo llo w e d  A S T M  D 5 7 3 -0 4  fo r  N R /P V D F  T P V . T h e  h a r d n e ss  w a s  d e te r m in e d  
a c c o r d in g  to  A S T M  D 2 2 4 0  b y  u s in g  a d u ro m eter  (Z w ic k , ty p e  7 2 0 6 )  sh o r e  A .

3 .3 .5  S tu d y  o f  S w e l l in g  R e s is ta n c e
T h e  S w e l l in g  te st  w a s  d o n e  at tem p era tu re  o f  2 5  °c and  1 0 0  °c for  2 4  

h ou rs and  7  d a y s  a c c o r d in g  to A S T M  D 4 7 1 - 0 6  or  IS O  2 2 8 5  (M e th o d  A ) . B io d ie s e l  
o il w ith  5 % b io d ie se l w h ic h  w a s  c a lle d  B 5  and  g a s o h o ls  w ith  10 % , 2 0  % , an d  85  %  
e th a n o l, w h ic h  w e r e  c a lle d  9 1 , 9 5 , E 2 0 , and E 8 5 , w e r e  u se d  a s  th e  te st  liq u id s . T h e  
in c r e a se  in  d e g r e e  o f  s w e l l in g  in  p e r c e n t b y  w e ig h t  w a s  c a lc u la te d  a s  th e  f o l lo w in g  
E q u a tio n  3 .4 :

% S w e ll in g  =  X 100 , (3 .4 )พ0
and  th e  s w e l l in g  in d e x  w a s  a lso  d e term in ed  fro m  E q u a tio n  3 .5 :

S w e l l in g  I n d e x =  — ■ 5 (3 .5 )

w h e r e  th e  พ ร  refer  to  a  s w e l l in g  w e ig h t , and th e  W o refer to  an o r ig in a l w e ig h t .
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