
CHAPTER IV
PRELIMINARY STUDY THE EFFECT OF VULCANIZATION SYSTEM 
AND QUANTITY OF VULCANIZING AGENT ON MECHANICAL AND 

SWELLING PROPERTIES OF NATURAL RUBBER

4.1 Abstract

T h e  e f fe c t  o f  v u lc a n iz a tio n  s y s te m  and  th e  q u a n tity  o f  v u lc a n iz in g  a g e n t on  
m e c h a n ic a l an d  s w e l l in g  p ro p er tie s  o f  natural ru b ber is  a  p re lim in a ry  stu d y  fo r  
o p t im iz in g  th e  su ita b le  v u lc a n iz a t io n  sy s te m  an d  su ita b le  a m o u n t o f  v u lc a n iz in g  
a g en t for  m a k in g  a th e r m o p la s t ic  v u lc a n iz a te  (T P V ) that u se d  a s  ru b ber parts for  
a u to m o b ile  u sed  in  fu e l s y s te m . T h e  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 er e  u sed  in  th is  s tu d y  and  th e a m o u n t o f  v u lc a n iz in g  a g en t, D B P H , w e r e  a ls o  
o b se r v e d . T h e  c o m p o u n d e d  natural ru b b er o f  v a r io u s  v u lc a n iz a t io n  sy s te m s  w e r e  
p rep ared  in  an  in tern a l m ix e r  at r o o m  tem p era tu re  an d  th e  q u a n tity  o f  p e r o x id e  
c u r in g  a g e n t, D B P H , w a s  a ls o  v a r ied . T h e  cu re  ch a ra c te r is tic  an d  p a ra m eters  for  
v u lc a n iz in g  c o m p o u n d e d  N R  w e r e  s tu d ie d . T h e  m e c h a n ic a l p ro p e r tie s , t e n s i le  
stren g th  an d  %  e lo n g a t io n  at b reak , w e r e  d e term in ed  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). T h e  s w e l l in g  p rop erty  w a s  a ls o  o b se r v e d  at 2 5  an d  1 0 0  ๐C  for  
2 4  h ou rs 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 ) . In th is  s tu d y , 
b io d ie s e l o il an d  g a s o h o ls  w ith  10 % , 2 0  % , and  8 5  % e th a n o l w e r e  u se d  a s  th e  te s t  
liq u id s  an d  th 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 ercen t b y  w e ig h t  w a s  c a lc u la te d .

4.2 Introduction

T h e r m o p la s t ic  v u lc a n iz a te  (T P V )  is  a p h y s ic a l m ix  o f  tw o  or  m o re  
th e r m o p la s t ic  w ith  a v u lc a n iz e d  or c r o s s l in k  rubber. O n e  im p o rtan t th in g  in  m a k in g  
T P V  is  th e  v u lc a n iz a t io n  ru b ber p h a se . G o o d  p ro p er tie s  o f  v u lc a n iz e d  rubber p h a se  
co n tr ib u te  to  th e  g o o d  p ro p er tie s  o f  T P V  [1 -3 ] . T o  g e t  th e  b e s t  p ro p e r tie s , th e  
v u lc a n iz a tio n  o f  ru b ber is  s tu d ie d . N a tu ra l rubber (N R )  is  u se d  a s  a ru b ber p h a se  for  
T P V  in  th is  s tu d y  w h ic h  is  ab u n d an t in  T h a ila n d . It w a s  m ix e d  w ith  c h e m ic a ls  in to  a  
c o m p o u n d e d  N R  at v a r io u s  v u lc a n iz a t io n  s y s te m s  and  stu d y  th e  cu re  c h a ra c ter is tic



54

to  o b ta in  th e su ita b le  c o n d it io n  to  v u lc a n iz e  c o m p o u n d e d  N R  in to  a v u lc a n iz e d  N R .
i.-

T h e n , th e  m e c h a n ic a l and o i l  s w e l l in g  p ro p er tie s  w er e  d e term in ed .

4.3 Experimental

4 .3 .1  M a ter ia ls
N a tu ra l R u b b er  w h ic h  is  a S T R  5 L  grad e an d  su lfu r  w e r e  su p p lie d  b y  

B a n p a n  R esea rch  L a b o ratory  C o ., L td. 2 ,5 -b is (te 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 )  and  d ic u m y l p e r o x id e  (D C P )  w e r e  p u rch a sed  fro m  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  su lfe n a m id e  ( C B S )  and  z in c  o x id e  (Z n O )  
w e r e  su p p o rted  b y  In o u e  R u b b er  T h a ila n d  P C L . S ter ic  a c id  an d  tr ia lly l iso cy a n u ra te  
(T A 1C ® ) w e r e  o b ta in e d  fro m  N e o p la s to m e r  C o ., L td. C a lc iu m  h y d r o x id e  w a s  
p u rch a sed  from  F lu k a  C h e m ic a l C orp . G a so h o l 9 1 , 9 5 , E 2 0 , E 8 5  an d  b io d ie s e l B 5  
w e r e  d er iv e d  from  P T T  P C L .

4 .3 .2  C o m p o u n d in g  o f  N atu 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  from  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  fo r  a n 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 rabender®  
8 1 5 6 0 2  ty p e , w ith  N 5 0  m ix e r , G erm a n y ). In e f f ic ie n t  v u lc a n iz a t io n  s y s te m  (E V  
s y s te m ), th e  A c c :S  ra tio  w a s  12 , ster ic  a c id  an d  z in c  o x id e  (Z n O ) w e r e  u se d  a s  
a c tiv a to r s , 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  as 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 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 )  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 ted  from  M a ga rap h an  e t a l ,  2 0 0 8  [4 ]. 
C a lc iu m  h y d r o x id e  (C a (O H )2) w a s  u se d  a s  a c tiv a to r . T r ia lly l Iso c y a n u r a 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 , an d  7  phr. T h e  
m ix in g  w a s  p er fo rm ed  at ro o m  tem p era tu re  w ith  a rotor sp e e d  o f  8 0  rpm  a c c o r d in g  
to  fo r m u la e  and m ix in g  s c h e d u le  are g iv e n  in  T a b le  4 .1 .



55

Table 4.1 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 ste m D C P  sy s te m D B P H  s y s te m  [4]

Q u a n tity
(p h ra)

M ix in g
tim e

(m in )

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 )
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 1C - - - - 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  v a r ied  b y  3 , 5 , an d  7  phr in  s tu d y in g  m e c h a n ic a l  
p rop erties .

A fte r  m ix in g , th e  b le n d  w a s  th en  r e m o v e d  fro m  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  form  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 ). T h en , th e  sh e e t  c o m p o u n d e d  N R  w a s  further  
c o m p r e sse d  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 5 0  °c for su lfu r  sy s te m  and 1 8 0  °c for  p e r o x id e  s y s te m  w ith  u s in g  
2 0  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  o b ta in ed .
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4 .3 .3  S tu d y  o f  M e c h a n ic a l P ro p erties
T h e  m e c h a n ic a l p ro p er tie s  o f  v u lc a n iz e d  N R s  in  th is  s tu d y  w e r e  th e  

te n s i le  stren g th , % e lo n g a t io n  at b rea k , and Y o u n g ’s m o d u lu s  w h ic h  w er e  
d eterm in ed  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) b y  u s in g  th 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 a d  c e l l  o f  5 k N  an d  a cro ssh e a d  
sp e e d  at 5 0 0  m m /m in .

4 .3 .4  S tu d y  o f  S w e l l in g  P ro p erties
T h e  S w e l l in g  te s t  o f  v u lc a n iz e d  N R  w a s  d e te r m in e d  for a ll 

v u lc a n iz a t io n  sy s te m s . T h e  D B P H  sy s te m  w a s  u sed  at D B P H  c o n te n t o f  3 phr. It w a s  
d o n e  at tem p era tu re  o f  2 5  °c and  10 0  °c for  2 4  h o u rs  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 ) . In th is  s tu d y , b io d ie s e l o i l  (B 5 )  w h ic h  c o n ta in e d  5 %  
b io d ie s e l and  g a so h o l 9 1 , 9 5 , E 2 0 , and E 8 5  w h ic h  c o n ta in  10 , 2 0 , and  8 5  % e th a n o l,  
r e s p e c t iv e ly , w e r e  u sed  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 ercen t b y  w e ig h t  w a s  c a lc u la te d  from  e q u a tio n  4 .1  ะ

% Swelling = {Wsw ™o) * 100 , ( 4 .1 )

and the swelling index was also determined from equation 4 .2 :

S w e l l in g  In d ex  =  ^  , ( 4 .2 )

w h e r e  th e  พ ร  re fer  to  a  s w e l l in g  w e ig h t , an d  th e  W 0 re fer  to  an o r ig in a l w e ig h t .

4.4 Results and Discussion

4 .4 .1  P rep aration  o f  V u lc a n iz e d  N atu ra l R u b b er
T h e  torq u e o f  c o m p o u n d  N R  in  v a r io u s  v u lc a n iz a t io n  s y s te m s  w a s  

m o n ito r e d  w h ile  c o m p o u n d in g  in  th e  in tern a l m ix e r . T h e  h ig h  torq u e in d ic a te s  th e  
h ig h  v i s c o s i t y  o f  natural ru b b er and  d e c r e a s in g  w h e n  it had  m a stic a te d  in to  sh orter  
m o le c u la r  c h a in s . T h e  a d d in g  o f  c h e m ic a ls  h ad  o s c i l la te d  th e torq u e c u rv e ; b u t, th e  
g o o d  m ix in g  ca n  b e  o b ta in e d  fro m  th e  p la tea u  torq u e . T h e  torq u e c u r v e  and  th e  
a p p ea ra n ce  o f  c o m p o u n d e d  N R  from  v a r io u s  v u lc a n iz a t io n  s y s te m s  are  s h o w n  in  
F ig u res  4 .1 - 4 .3 .
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Figure 4.1 T h e  to rq u e  c u r v e  an d  th e  ap p ea ra n ce  o f  c o m p o u n d e d  N R  after  
c o m p o u n d in g  in  E V  s y s te m  at r o o m  tem p era tu re.

0.00 3.00 6.00 9.00
ฑ me (min]

12.00 15.00

—  Torque —  TempfStoc*)

Figure 4 .2  T h e  to rq u e  c u r v e  an d  th e  a p p ea ra n ce  o f  c o m p o u n d e d  N R  a fter  
c o m p o u n d in g  in  D C P  s y s te m  at r o o m  tem p era tu re .
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Figure 4 .3  T h e  to rq u e  c u r v e  an d  th e  ap p ea ra n ce  o f  c o m p o u n d e d  N R  a fter  
c o m p o u n d in g  in  D B P H  s y s te m  at r o o m  tem p era tu re .

4 .4 .2  C h a ra c ter iza tio n  o f  C u re  C h a ra cter istic
T h e  c o m p o u n d e d  N R s  a t v a r io u s  v u lc a n iz a t io n  s y s te m s  w ith o u t  a n y  

cu re  or  c r o s s l in k in g  w e r e  c h a ra c ter ized  fo r  cu re  ch a ra c ter is tic  to  o b ta in  p a ra m eters ,  
v u lc a n iz a t io n  tem p era tu re  an d  t im e , fo r  v u lc a n iz in g  th e  c o m p o u n d e d  N R . F ig u r e s
4 .4 - 4 .6  an d  T a b le s  4 .2 - 4 .4  in d ic a te  cu re  c h a ra c ter is tic  c u r v e s  (u p p er ) an d  
v u lc a n iz a t io n  p a ra m eters  ( lo w e r )  in  d if fe r e n t  tem p era tu res  o f  th e  c o m p o u n d e d  N R  
v u lc a n iz e d  b y  E V , D C P , an d  D B P H  sy s te m . It i s  fo u n d  th at th e y  s h o w  p la tea u  
c u r v e s  a fter  fu l ly  c r o s s l in k  fo r  a ll s y s te m s  r e v e a lin g  g o o d  th erm a l s ta b ility  a n d  th e  
h ig h e r  cu re  tem p era tu re  g iv e s  th e  sh orter  v u lc a n iz a t io n  t im e . A t  th e  sa m e  
tem p era tu re , th e  d if fe r e n t  v u lc a n iz a tio n  s y s te m s  g iv e  th e  d if fe r e n t  v u lc a n iz a t io n  
t im e s  b e c a u se  o f  th e  h a l f  l i f e  t im e  o f  v u lc a n iz in g  a g e n ts  are d iffe r e n t.
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Figure 4.4 The cure characteristic and parameter curves for vulcanizing
compounded NR in EV system.
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Figure 4.5 The cure characteristic and parameter curves for vulcanizing
compounded NR in DCP system.
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Figure 4.6 The cure characteristic and parameter curves for vulcanizing
compounded NR in DBPH system.
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For the temperature range o f  150-170 ๐c ,  the EV and DCP systems 
indicate the higher maximum torque than the DBPH system; but, it indicates the 
opposite value at the temperature above 170 ๐c .  The EV system has the highest 
maximum torque and DCP system is followed. The maximum torque o f  both 
systems is decreased when the temperature is increased from 150 to 170 ๐c ,  but is 
increased in the DBPH system. This is because the different crosslink temperatures 
affect to crosslink efficiency [5]. The temperature o f 150 °c is near the crosslink 
temperature o f sulfur, while 160 ๐c  near DCP, and 170 ๐c  near DBPH [6,7].

Considering the DBPH system, the maximum torques at 160 °c, 170 
๐c ,  and 180 ๐c  are ฝ most the same; but vulcanization times are largely different. 
Hence, the temperature o f  180 °c is more practical for mass production in industry. 
The appearance o f  vulcanized NR is shown in Figure 4.7. The peroxide systems gave 
the clear sample compared with EV system [1] due to the absence o f ZnO and the 
increasing o f  vulcanizing agent results in clearer specimens as shown in DBPH 
system and more brittleness than EV system.

Figure 4.7 The appearance o f vulcanized NR: (a) EV system, (b) DCP, (c) DBPH 3 
phr, (d) DBPH 5 phr, and (e) DBPH 7 phr.
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4.4.3 Mechanical Properties o f  Vulcanized NR
The Mechanical properties o f  vulcanized N R  were determined 

including tensile strength, percent elongation at break, and Y oung’s modulus. The 
results for all vulcanization system s are shown in Figures 4.8-4.10.

The tensile strength and percent elongation at break o f  vulcanized NR  
with peroxide cured system s are lower than EV system [8-10]. This can attribute to 
the influence o f  chemical bond formed. The flexible o f  C-S and ร-ร  bonds are 
formed in the EV system  while the peroxide system s can form only stiffer Ç-C bond 
[8-12], Respond to the percent elongation at break, peroxide system s indicate the 
lower value because the stability o f  C-C bonds which is hardly to deform and need 
more force to pull it apart with a small extension. This resulting in the brittleness and 
higher Y oung’s modulus occurred in peroxide system compared to EV system.

The DCP system indicates the poor mechanical properties than DBPH  
system  due to the temperature in com pression DCP is not match with typical 
crosslinking temperature o f  DCP, so this results in the small crosslink efficiency and 
low  mechanical properties [5], The different peroxides also have the different half 
life time at same temperature. So, it is reasonable that different crosslink density is 
achieved. Consider in DBPH system , the increasing amount o f  DBPH show s the 
increasing mechanical properties because the more crosslinking reaction is occurred 
[5 ,1 3 ],
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Figure 4.8 The tensile strength o f  vulcanized NR at various vulcanization systems.

Figure 4.9 The percent elongation at break o f vulcanized NR at various 
vulcanization systems.
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Figure 4.10 The Young’s modulus o f  vulcanized NR at various vulcanization 
systems.

4.4.4 Oil Swelling o f Vulcanized NR
The รณdy o f oil swelling was done on vulcanized NR with EV, DCP, 

DBPH 3 phr systems. The swelling percentage is calculated from the weight 
increment o f immersed sample which is shown in Figure 4.11 for the testing 
temperature o f 25 ๐c  and Figure 4.12 for the temperature o f 100 °c.

The swelling index was also determined to evaluate how many times 
the weight o f immersed sample increases from the initial weight. The swelling index 
o f sample tested at 25 °c and 100 ๐c  are shown in Figures 4.13-4.14, respectively.

The gasohol E85 gives the lowest percent swelling because the very 
high ethanol content o f 85% is much more than the content o f gasoline which is 
15%. The ability to contact oil o f  rubber is relatively low compared to each other; 
hence, the degree o f swelling in Gasohol E85 is very low indicated in the lowest 
value at 25 and 100 ๐c  which are around 10-13 %. The swelling index is equal to 1 
that means the sample weight before and after immersion are the same for all 
vulcanization systems.
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Vulcanization Systems

Figure 4.11 The percent sw elling o f  vulcanized N R  at 25 ๐c  in different oil types.
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2 5 0
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0  -H
E V  D C P  D B P H

Vulcanization Systems

Figure 4.12 The percent swelling o f vulcanized NR at 100 ° c  in different o il types.
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Figure 4.13 The sw elling index o f  vulcanized N R  at 25 ๐c  in different oil types.

5 --------------------------------------------------------------------------------------------------
■  9 5

4 «E20

E V  D C P  D B P H
Vulcanization Systems

Figure 4.14 The percent swelling o f vulcanized NR at 100 ° c  in  different o il types.
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The temperature o f  25 °c give no obviously difference in degree o f  
swelling. The percent sw elling is around 100-150 %  and the sw elling index around
2-2.5 for all vulcanization systems that mean the type o f  vulcanization system  has no 
significant effects on the sw elling at 25 °c [9],

When the temperature was increased to 100 ๐c ,  the percent sw elling 
was higher than that o f  25 °c almost 1-1.5 times, especially, in EV system . The EV 
system , which has almost 250 % swelling and 3.5 sw elling index, is more poor 
resistant to oil than DBPH peroxide systems , which has the low est percent sw elling  
o f  150 %  and sw elling index o f  2.5. The reasons because the different type o f  
chemical bond formed in crosslinking process and the elevated temperature o f  TOO 
๐c  is resulted in the mobility o f  the polymer chain. Therefore, the flexible chemical 
bonds in EV system are more affected and show the highest sw elling [5, 8-10, 12, 
14]. A lso, the DBPH system indicates the better degree o f  sw elling at 100 ๐c  than 
DCP, which indicates the intermediate value o f  percent sw elling around 200 % and 
sw elling index about 3. This because'the low  crosslink efficiency in DCP that the 
temperature in vulcanization in the experiment does not match [5] as mentioned 
earlier. In addition, the high temperature provides the ease o f  oil to penetrate through 
the samples [14],

4.5 C onclusion

In m ixing process, the w ell-m ix is obtained from the stable plateau curve o f  
m ixing torque.

From the cure characteristics; it can be concluded that to use the vulcanizing  
agent for properly working, the vulcanization temperature is important. Peroxide 
provides the higher vulcanization temperature than sulfur which works properly at 
150 ๐c .  DCP has efficiently vulcanized with the suitable time at 160 ๐c ,  and 180 ๐c  
for DBPH. All o f  the vulcanization systems give the plateau curve o f  cure 
characteristic after fully crosslink.

Peroxide cured system s provide the lower tensile strength and percent 
elongation at break than EV system, but the Y oung’s modulus and sw elling
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properties are better. The increasing in vulcanizing agent gives the increasing in 
mechanical properties.

DCP has the crosslinking temperature at 160 °c which is not suitable for 
producing TPV with high performance thermoplastic, because it use high processing 
temperature due to the high melting point o f  thermoplastic and shear stress in 
dynamic vulcanization process generates very high heat. Thus DCP is not be used in 
further study.
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