
C H A P T E R  I I I

EXPERIMENTAL

3.1 M a te r ia ls

1. H ig h -a m m o n ia  n a tu ra l r u b b e r  (H A N R )  la te x

: T h a i R u b b e r  L a te x  a n d  C o o p e r a t io n  (T h a ila n d )  C o . L td .

2. G e la tin  fro m  p o r c in e  s k in  

: C h e m ic a l g ra d e ;  F lu k a

3. G u m  A r a b ic

: C h e m ic a l g ra d e ;  F lu k a

4 . T ita n iu m  (IV ) o x id e  ( T i0 2)

: A n a ly t ic a l g ra d e ;  R ie d e l-d e  H a e n

5. S u lfu r

: C h e m ic a l g ra d e ;  D Y N A  T ra d e  C o . L td .

6. Z in c  o x id e  (Z n O )

: C h e m ic a l g ra d e ;  F lu k a

7. Z in c  d ie th y l d ith io c a r b a m a te  (Z D E C )

: C h e m ic a l g ra d e ;  A ld r ic h

8. S o d iu m  h y d ro x id e

: C h e m ic a l g ra d e ;  M e rc k

9. P o ta s s iu m  h y d ro x id e

: C h e m ic a l g ra d e ;  M e rc k

10. T o lu e n e

: A n a ly t ic a l g ra d e ;  C a r lo  E rb a

11 . G la c ia l a c e t ic  a c id

: Analytical grade; Carlo Erba



12. F o rm a ld e h y d e  s o lu t io n

: A n a ly t ic a l g ra d e ;  L a b -S c a n

13. M e th a n o l

: A n a ly t ic a l g ra d e ;  M e rc k

14. S o y b e a n  o il w a s  o b ta in e d  c o m m e r c ia l ly .

3 .2  In s tru m e n ts

1. U lt ra v io le t  l ig h t

: D a a v lin  PW , U V B  2 2 0  (U V B  P s o ra w a n d )  (2 9 0 -3 1 5  n m )

2 . U lt ra tu r ra x

: IK A  W o rk s , m o d e l T 1 8 b a s ic

3. U b b e lh o d e  v is c o m e te r

: S ib a ta , m o d e l 2 6 1 3 -0 0 1

4 . F o u r ie r  T ra n s fo rm  In fra re d  S p e c t ro p h o to m e te r  (F T -IR )

: P e rk in  E lm e r, m o d e l 1 7 6 0 X

5. A t te n u a te d  T o ta l R e f le c t io n  In fra re d  S p e c t ro p h o to m e te r  (A T R -IR ) 

: B ru k e r , m o d e l V e c to r  3 3

6 . S c a n n in g  E le c tro n  D is p e rs iv e  X - ra y  M ic r o s c o p y  (S E M -E D X )

: J E O L , m o d e l J S M - 5 8 0 0 L V

7. X  -  ra y  d if f r a c t r o m e te r

: J E O L , m o d e l J D X - 8 0 3 0

8. U n iv e rs a l te s t in g  m a c h in e

: H o u n s f ie ld ,  m o d e l H 1 0 K M
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3 .3  P ro c e d u re

3 .3 .1 . P u r if ic a t io n  a n d  d e te rm in a t io n  o f  g e l c o n te n t  o f  n a tu ra l ru b b e r

H A N R  la te x  5 ทาL w a s  p o u re d  in to  a g la s s /a lu m in u m  m o ld  ( 5 x 5 x 1  c m 3) a n d  

c o v e r e d  w ith  a lu m in u m  fo il.  T h e  la te x  w a s  d r ie d  in th e  d a r k  a t a m b ie n t  te m p e ra tu re  fo r  2 

d a y s .  T h e  d r ie d  la te x  s h e e t w a s  d is s o lv e d  in d r ie d  to lu e n e . T h e  s o lu t io n  w a s  k e p t  

w ith o u t  s t ir r in g  in th e  d a rk  a t a m b ie n t  te m p e r a tu r e  fo r  3 d a y s .  T h e  g e l f ra c t io n  w a s  

c o lle c te d  a s  a b o tto m  f ra c t io n  b y  v a c u u m  f i l t r a t io n .  T h e  s o lu t io n  f r a c t io n  o f  r u b b e r  w a s  

c o lle c te d  as  a s o l f r a c t io n ,  w h ic h  w a s  la te r  p r e c ip i ta te d  w ith  an  e x c e s s  a m o u n t o f 

m e th a n o l.  T h e  d r ie d  r u b b e r  o b ta in e d  a f te r  p r e c ip i ta t io n  w a s  c a lle d  f r a c t io n a te d  ru b b e r .

3 .3 .2 . M o le c u la r  w e ig h t  d e te rm in a t io n  o f  n a tu ra l r u b b e r  b y  s o lu t io n  v is c o m e try

T h e  s to c k  r u b b e r  s o lu t io n  (2 .1  X 1 0 3 g /m L )  w a s  p re p a re d  b y  d is s o lv in g  

f ra c t io n a te d  r u b b e r  0 .2  g  in 1 0 0  ทาL d r ie d  to lu e n e , w h ic h  w a s  s t ir re d  fo r  2  d a y s  in th e  

d a rk  a t a m b ie n t  te m p e ra tu re .  T h e  s to c k  r u b b e r  s o lu t io n  6 m L  a n d  2  m L  to lu e n e  (1 .6  X 

10"3 g /m L )  w e re  a d d e d  in to  U b b e lh o d e  tu b e  a t  25 °c  . T h e  s o lu t io n  le v e l w a s  b ro u g h t  u p  

a b o v e  a  (s e e  F ig u re  2 .5 /  u s in g  r u b b e r  b u lb .  T h e  t im e  a t w h ic h  th e  s o lu t io n  m o v e d  d o w n  

fro m  a to  b  w a s  m e a s u re d . T h e  s a m e  p ro c e d u r e  w a s  re p e a te d  fo r  e a c h  c o n c e n tra t io n s  

b y  a s te p w is e  a d d it io n  o f  2  m L  to lu e n e  to  o b ta in  r u b b e r  c o n c e n tra t io n  o f  1 .3  X 1 o '3, 1.1 X 

10"3 , 9 X 10"4 a n d  8 x 1 0 ^  g /m L , r e s p e c t iv e ly .  V is c o s it y - a v e r a g e  m o le c u la r  w e ig h t  (M v) 

w a s  d e te rm in e d  u s in g  M a r k -H o u w in k  e q u a t io n .

3 .3 .3 . O x id a t iv e  d e g ra d a t io n  o f  n a tu ra l ru b b e r  in  th e  p re s e n c e  o f  T i 0 2 p o w d e r  

u n d e r  a c c e le ra te d  c o n d it io n

T h e  r u b b e r  s o lu t io n  (2 .1  X 1 0 ’3 g /m L )  w a s  p re p a re d  b y  d is s o lv in g  0 .2  g  

f ra c t io n a te d  r u b b e r  in 1 00  m L  d r ie d  to lu e n e , w h ic h  w a s  s t ir re d  fo r  2  d a y s  in  th e  d a r k  a t 

a m b ie n t  te m p e ra tu re .  T i0 2 p o w d e r  0 .0 1 , 0 .1 , 0 .2  a n d  1 g  (0 .0 5 , 0 .5 , 1 a n d  5 % w /v )  w a s  

a d d e d  in to  5 0  m L  b e a k e r  c o n ta in in g  2 0  m L  r u b b e r  s o lu t io n  a n d  a m a g n e t ic  b a r .  T h e  

s o lu t io n  w a s  k e p t  s t ir r in g  w h ile  e x p o s e d  to  u lt ra v io le t  l ig h t  f o r  a d e s ire d  p e r io d  o f  t im e
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( 1 5 - 1 2 0  m in ) . T h e  s o lu t io n  w a s  th e n  f i l te re d  to  s e p a ra te  T i 0 2 p o w d e r  b e fo re  s u b je c te d  

to  m o le c u la r  w e ig h t  d e te rm in a t io n  u s in g  s o lu t io n  v is c o m e try .

3.3.4. Preparation of microparticles containing Ti02 powder

G e la t in  a n d  g u m  a ra b ic  s o lu t io n  5 % (w /v )  w e re  p re p a r e d  s e p a ra te ly  a t 4 7  °c  b y  

d is s o lv in g  2 .5  g  g e la t in  o r  g u m  a r a b ic  in 5 0  ทาL d e io n iz e d  w a te r .  T i0 2 p o w d e r  (1 .5  g )  

w a s  m ix e d  w ith  10 ทาL s o y b e a n  o il in  6 0 0  ทาL b e a k e r  a t ro o m  te m p e ra tu re .  G e la t in  

s o lu t io n  5 % (w /v )  5 0  ทาL a t 4 7  ๐c  w a s  a d d e d  in to  th e  m ix tu re . T h e  e m u ls io n  w a s  

h o m o g e n iz e d  a t 1 4 ,0 0 0  rp m  fo r  2  m in . G u m  a ra b ic  s o lu t io n  5 % (w /v )  5 0  m l_ a t 4 7  °c  w a s  

a d d e d  in to  th e  s u s p e n s io n .  p H  o f  th e  s u s p e n s io n  w a s  r e d u c e d  to  3 .5  b y  1 0 %  a c e t ic  

a c id  fo l lo w e d  b y  an a d d it io n  o f  8 0  m L  w a rm  w a te r  (4 7  ° C ) .  T h e  s u s p e n s io n  w a s  

h o m o g e n iz e d  a t 1 4 ,0 0 0  rp m  fo r  3 0  m in . T h e  s y s te m  w a s  c o o le d  d o w n  to  5 °c  a n d  le f t  

fo r  3 0  m in  b e fo re  3 m L  fo rm a ld e h y d e  w a s  a d d e d .  1 0 %  s o d iu m  h y d ro x id e  w a s  a d d e d  to  

th e  s u s p e n s io n  to  e le v a te  p H  to  8 .5 . A f te r  a g ita t io n  c o n t in u e d  fo r  3 0  m in , th e  

te m p e ra tu re  w a s  in c re a s e d  to  5 0  °c. M ic r o p a r t ic le s  w e re  s u b je c te d  to  f r e e z e - d r y in g  fo r  

1 d a y  b e fo re  c h a r a c te r iz e d  b y  s c a n n in g  e le c tro n  m ic r o s c o p y .

3.3.5. Oxidative degradation of rubber sheet containing Ti02 powder and Ti02 

microparticles

T i0 2 p o w d e r  0 .0 0 5 , 0 .0 2 5 , 0 .0 5  o r  0 .2 5  g  (0 .1 , 0 .5 , 1 o r  5 % w /w )  o r  T i 0 2 

m ic r o p a r t ic le s  0 .0 2 5 , 0 .0 5 , 0 .1 5  o r  0 .2 5  g  (0 .5 , 1 , 3  o r  5 % w /w )  w a s  m ix e d  w ith  5 g  H A N R  

la te x  b y  s t ir r in g .  T h e  m ix tu re  w a s  p o u re d  in to  a g la s s /a lu m in u m  m o ld  a n d  c o v e re d  w ith  

a lu m in u m  fo il.  T h e  la te x  w a s  d r ie d  in  th e  d a r k  a t  a m b ie n t  te m p e ra tu re  fo r  2 d a y s .  T h e  

r u b b e r  s h e e ts  ( 5 x 5 x 1  c m 3) w e re  e x p o s e d  to  u lt ra v io le t  l ig h t  f o r  a d e s ire d  p e r io d  o f 

t im e  (6 0 -1 5 0  m in )  o r  s u n l ig h t  fo r  1 -  4  d a y s .  T h e  r u b b e r  s h e e t  w a s  d is s o lv e d  in 5 0  m L  

d r ie d  to lu e n e . T h e  s o lu t io n  w a s  k e p t  w ith o u t  s t ir r in g  in th e  d a r k  a t a m b ie n t  te m p e ra tu re  

fo r  3 d a y s .  T h e  s o lu t io n  w a s  th e n  f i l te re d  b y  v a c u u m  f i l t ra t io n  to  s e p a ra te  T i0 2 p o w d e r  o r  

m ic r o p a r t ic le s  a lo n g  w ith  g e l f r a c t io n .  V is c o s it y - a v e r a g e  m o le c u la r  w e ig h t  o f r u b b e r  so l 

f r a c t io n  w a s  d e te rm in e d  u s in g  s o lu t io n  v is c o m e t r y .
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3 .3 .6 . P re p a ra t io n  o f  v u lc a n iz e d  ru b b e r  s h e e ts

H A N R  la te x  1 00  m L  w a s  f i r s t  s ta b i l iz e d  b y  a d d in g  1 0 % (w /v )  p o ta s s iu m  h y d ro x id e  

a t 5 0 ° c .  2  g  o f  5 0 % (w /v )  s u lfu r  d is p e r s io n ,  1 g  o f  5 0 % (w /v )  z in c  o x id e  d is p e rs io n  a n d  1 g  

o f 5 0 % (w /v )  z in c  d ie th y l d i t h io c a r b a m a te  (Z D E C )  w e re  th e n  a d d e d  in to  th e  la te x . T h e  

la te x  m ix tu re  w a s  th e n  w a r m e d  u p  to  5 0  °c f o r  3 h o u rs  b e fo re  1 g  o f  T i0 2 p o w d e r  o r  T i0 2 

m ic ro p a r t ic le s  w e re  a d d e d .  T h e  la te x  m ix tu re  w a s  p o u re d  in to  a d u m b - b e l l  s h a p e d  

m o ld . T h e  d im e n s io n  o f d u m b - b e l l  te s t  p ie c e s  is  s h o w n  in  T a b le  3 .1 . T h e  c o m p o u n d e d  

la te x  s h e e t w a s  o b ta in e d  a f te r  d r y in g  in th e  d a r k  a t a m b ie n t  te m p e ra tu re  fo r  2 d a y s .  T h e  

v u lc a n iz e d  s h e e ts  w e re  p re p a r e d  b y  h e a t in g  th e  c o m p o u n d e d  s h e e ts  a t 1 00  °c f o r  30  

m in . T h e  v u lc a n iz e d  s h e e ts  w e re  e x p o s e d  to  s u n l ig h t  fo r  5 -  15  d a y s .  O x id a t iv e  

d e g ra d a t io n  w a s  s tu d ie d  b y  m o n ito r in g  m e c h a n ic a l p ro p e r t ie s .  D e g ra d e d  r u b b e r  s h e e ts  

w e re  a n a ly z e d  b y  a t te n u a te d  to ta l r e f le c t io n - in f r a r e d  s p e c t r o s c o p y  (A T R -IR ) a n d  

s c a n n in g  e le c tro n  m ic r o s c o p y  (S E M ).

3 .3 .7 . M e c h a n ic a l te s t in g

T h e  te n s ile  s tre n g th  a n d  e lo n g a t io n  a t  b re a k  o f v u lc a n iz e d  r u b b e r  s h e e ts  (5 

s p e c im e n s /s a m p le )  w e re  m e a s u re d  u s in g  a u n iv e rs a l- te s t in g  m a c h in e  a c c o r d in g  to  

A S T M  อ  4 1 2 -8 7 . T h e  c o n d it io n  fo r  te n s ile  te s t in g  is  i l lu s tra te d  in T a b le  3 .2 . T h e  d u m b 

b e ll te s t p ie c e s  ( ty p e  อ )  h a v e  th e  o u t l in e  s h o w n  in F ig u re  3 .1 .

F ig u re  3 .1  S c h e m a t ic  o f  te n s ile  s p e c im e n
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Table 3.1 Dimension of dumbbell test pieces (type อ) prepared for mechanical 

testing

Dimension (mm)

(A) Width of ends 16 ±  1

(C) Overall length (minimum) 100

(G) Transition radius outside 14 ±  1

(H) Transition radius inside 16 +  2

(L) Length of narrow portion 33 ± 2

Table 3.2 The condition for tensile testing

Temperature 25 °c

Humidity 60%

Crosshead speed 500.00 mm/min

Gauge length 20.0 mm
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