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RESULTS AND DISCUSSION

CHAPTER IV

4 .1  Thermogravimetric Analysis of Fillers
Thermogravimetric analysis (TGA) was used to investigate the 

degradation temperature o f  the fillers. The weight o f  the tapioca starch, rice 
husk and burning husk as a function o f  temperature are show n in Figure 4.1 
below .
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Figure 4.1 T G A  th e rm o g ra m  o f  ta p io c a  starch , r ice  h u sk  an d  b u r n in g  h u sk .

T he w e ig h t lo ss  o f  each  filler sh ow s the degradation tem perature. B y  
com p arin g  tap ioca  starch to rice husk, it w as found that the degradation tem perature 
o f  rice husk (T = 3 11 °  C ) w as very c lo se  to that o f  tap ioca starch (T = 305  °  C).
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However burning husk did not exhibited degradable property. Therefore, it 
was possible to use the same processing condition for the blends with the three 
different types o f filler (T=170 °C ).

4.2 Filler Density Measurement
B e c a u s e  th e  m ix in g  p r o c e s s  o f  th e  p o ly m e r  b le n d s  req u ired  th e  sa m e  

a m o u n t o f  b o th  f ille r s  an d  H D P E  to  co n tro l th e  c o m p o s it io n  d u r in g  m ix in g ,  
th e  d e n s it ie s  o f  f ille r s  w e r e  in v e s t ig a te d  to  fin d  o u t th e  o p t im u m  w e ig h t  o f  
f i l le r s  fo r  e a c h  c o m p o s it io n  o f  th e  b le n d s . T h e  p y c n o m e tr ic  te c h n iq u e  w a s  
a p p lie d  fo r  th e  m e a su r e m e n t. T h e  d e n s it ie s  o f  th e  f i l le r s  are su m m a r iz e d  in  
T a b le  4 .1 .

Table 4 .1  D e n s ity  o f  f ille r s .
T y p e  o f  f ille r s S o lv e n t D e n s ity  ( g / c n r )

B u r n in g  h u sk E th y le n e  g ly c o l 1 .83
R ic e  h u sk E th y le n e  g ly c o l 2 .2 0
T a p io c a  starch E th y le n e  g ly c o l 1 .7 2

4.3 Microstructure Characterization
T h e  m e c h a n ic a l p ro p ertie s  o f  im m is c ib le  b le n d s  are b a se d  m a in ly  o n  

th e  p h y s ic a l  p ro p erty  o f  th e  f ille r s , e s p e c ia l ly  th e ir  s iz e  a n d  sh a p e . T h u s , S E M  
w a s  a p p lie d  to  s tu d y  th e  m ic r o s c o p ic  stru ctu re o f  f i l le r s  an d  th e  re la ted  
m ic r o str u c tu r e  o f  th e  b le n d s . T h e  im a g e s  o f  f ille r s  are illu str a te d  in  F ig u re
4 .2 ,  4 .3  a n d  4 .4 .
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Figure 4 .2  S E M  m icro g ra p h  at 7 5 0  m a g n if ic a t io n  o f  ta p io c a  sta rch  p a r tic le s .

Figure 4 .3  S E M  m icro g ra p h  at 7 5 0  m a g n if ic a t io n  o f  r ic e  h u sk  p a r tic le s .
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Figure 4.4 S E M  m icro g ra p h  at 7 5 0  m a g n if ic a t io n  o f  b u rn in g  h u sk  p a r t ic le s .

F ro m  F ig u r e  4 .2 ,  ta p io c a  starch  is  r o u g h ly  sp h e r ic a l in  s h a p e  w ith  th e  
s iz e  a ro u n d  8 -1 7  p m . W h ile  b o th  o f  r ic e  h u sk  a n d  b u rn in g  h u sk  (F ig u r e  4 .3  
a n d  4 .4 ,  r e s p e c t iv e ly )  s h o w  as f la k e  p a r tic le s . T h e  d ata  o b ta in e d  fro m  
s c a n n in g  e le c tr o n  m ic r o s c o p e  (S E M ) are su m m a r iz e d  in  T a b le  4 .1 .

Table 4.1 P h y s ic a l  p ro p er tie s  o f  fille r s .
F ille r s P a rtic le  s iz e  (m ic r o n ) P a r tic le  sh a p e

T a p io c a  sta rch 8 -1 7 S p h e r e
R ic e  h u sk 3 8 -5 3 , 5 3 -1 8 0 ,  1 8 0 -4 2 5 F la k e
B u r n in g  h u sk 3 8 - 5 3 ,5 3 - 1 8 0 ,  1 8 0 -4 2 5 F la k e

T h e  fractu re  sp e c im e n s  o f  ta p io c a  s ta r c h -f ille d , r ic e  h u s k -f i l le d ,  an d  
b u r n in g  h u s k -f i l le d  H D P E  b le n d s  o b ta in ed  fro m  im p a c t  te s t in g  p r o c e d u r e  
w e r e  in v e s t ig a te d  fo r  th e  f ille r  d istr ib u tio n  a s w e l l  a s  d isp e r s io n  in  th e  p o ly m e r  
m a tr ix  b y  S E M .
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Figure 4.5 S E M  m icro g ra p h s  o f  ta p io c a  s ta r c h -f ille d  H O P E  at 
a ) 1%  f il le r  c o n te n t  b ) 5%  fille r  c o n te n t  
c )  10%  f il le r  c o n te n t  d ) 30%  f ille r  co n ten t.

M ic r o g r a p h s  o f  fractu re su r fa c e s  o f  ta p io c a  s ta r c h -f ille d  H D P E  b le n d  
are p r e se n te d  in  F ig u r e  4 .5 . T a p io c a  starch  p a r tic le s  d o  n o t  fo rm  
a g g lo m e r a t io n  an d  d isp e r se  w e l l  in  H D P E  m atrix . A t 5%  f ille r  c o n te n t , th e  
f i l le r s  are  s im p ly  tra p p ed  in s id e  th e  H D P E  m atrix . W h ile  at 3 0 %  f ille r  
c o n te n t , th e  h ig h  a m o u n t o f  th e  p a r tic le s  th o r o u g h ly  p e n e tr a te s  th e  m a tr ix  an d  
in d u c e s  o b s ta c le s  to  th e  H D P E  p a c k in g . In  a d d itio n , th ere  a p p ea rs to  b e  litt le  
or n o  a d h e s io n  b e tw e e n  ta p io c a  starch  p a r tic le s  and H D P E .
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Figure 4.6 S E M  m icro g ra p h s  o f  r ic e  h u s k -f i l le d  H D P E  at 
a ) 1%  f il le r  c o n te n t  b )  5%  fil le r  c o n te n t  
c )  10%  f ille r  c o n te n t  d ) 30%  fille r  co n ten t.

A s  s h o w n  in  F ig u re  4 .6 ,  s im ila r  to  th e  b le n d  c o n ta in in g  ta p io c a  starch , 
th e  a g g lo m e r a t io n  o f  r ic e  h u sk  p a r tic le s  are n o t fo u n d  fro m  th e  fractu re  
su r fa c e s  o f  r ic e  h u s k -f i l le d  H D P E  b le n d . T h e  a d d itio n  o f  h ig h  f i l le r  c o n te n t  
in d u c e s  th e  o b str u c tio n  o f  p a c k in g  o f  H D P E  m atr ix . F u rth erm o re , S E M  
m ic r o g r a p h s  r e v e a l th at th ere  is  litt le  or n o  a d h e s io n  b e tw e e n  r ic e  h u sk  
p a r tic le s  an d  p o ly m e r  m a tr ix , w h ic h  is  s im ila r  to  th at o f  ta p io c a  s ta r c h -f ille d  
H D P E  b len d .
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Figure 4.7 S E M  m icro g ra p h s  o f  b u rn in g  h u sk -f i l le d  H D P E  at 
a) 1%  f ille r  c o n te n t  b ) 5%  f ille r  c o n te n t  
c )  10%  fil le r  c o n te n t  d ) 30%  fille r  co n ten t.

B u r n in g  h u s k -f i l le d  H D P E  b le n d  (F ig u re  4 .7 )  s h o w s  th e  sa m e  tren d s  
a s  ta p io c a  s ta r c h -f i l le d  an d  r ic e  h u sk -f i l le d  H D P E  b le n d s . A t  3 0 %  f ille r  
c o n te n t , th e  p a c k in g  o f  p o ly m e r  m a tr ix  is  in terru p ted  b y  f i l le r  p a r tic le s  sa m e  
a s  t h o s e  o f  th e  tw o  p r e v io u s  b le n d s . A g a in , litt le  or n o  a d h e s io n  b e tw e e n  
b u r n in g  h u sk  p a r tic le s  an d  H D P E  m a tr ix  is  o b se r v e d  b y  S E M . H o w e v e r  
b u r n in g  h u s k -f i l le d  H D P E  b len d  sh o w s  th e  fin er  te x tu r e  o f  fractu re  su r fa c e  
th a n  th o s e  o f  th e  tw o  p r e v io u s  b le n d s . T h is  m a y  b e  d u e  to  th e  h y d r o p h o b ic ity  
o f  b u r n in g  h u sk  is  c lo s e  to  that o f  H D P E  m atrix .
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4.4 Mechanical Properties Testing
It is  k n o w n  th at th e  nature o f  f ille r s  w il l  e f f e c t  o n  th e  m e c h a n ic a l  

p r o p e r tie s  o f  p o ly m e r  b le n d s . T h ere fo re , th e  e f f e c t  o f  f i l le r  c o n te n t  a n d  s iz e  o f  
f i l le r s  o n  th e  m e c h a n ic a l p ro p ertie s , in  term s o f  te n s i le  p r o p e r tie s , f le x u r a l  
p r o p e r tie s  a n d  im p a c t  p ro p erty , o f  th e  p o ly m e r  b le n d s  are s tu d ie d  in  th is  w o rk .

4 .4 .1  E f f e c t  o f  F il le r  C o n te n t
In  ord er  to  in v e s t ig a te  th e  e f f e c t  o f  f ille r  c o n te n t , th e  p a r tic le  s iz e  o f  

r ic e  h u sk  a n d  b u rn in g  h u sk  w a s  f ix e d  to  b e  53  p m , w h i le  ta p io c a  starch  

p a r tic le  w a s  17  p m . P e r c en t c o m p o s it io n s  o f  th e  f i l le r s  w e r e  v a r ie d  a n d  th e  
m e c h a n ic a l p ro p er tie s  o f  th e  p o ly m e r  b le n d s  w e r e  stu d ied .

4.4.1.1 Tensile Properties
T e n s i le  s tren g th  an d  te n s i le  m o d u lu s  o f  th e  p o ly m e r  b le n d s  w e r e  

s tu d ie d  a s  a  fu n c t io n  o f  f i l le r  co n ten t. T h e  te n s i le  s tren g th s  at y ie ld  are p lo tte d  
v e r s u s  f i l le r  c o n te n t  a n d  th e  re su lt  is  s h o w n  in  F ig u re  4 .8 .
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Figure 4.8 T e n s ile  s tren g th  at y ie ld  o f  ta p io c a  s ta r c h -f ille d , r ic e  h u s k -f i l le d  
an d  b u rn in g  h u s k -f i l le d  H D P E  b len d s .
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C o n tin u o u s  d ro p p in g  o f  te n s i le  s tren g th  at y ie ld  are o b s e r v e d  w h e n  th e  
f i l le r  c o n te n t  in c r e a se s . T h e  a v e r a g e  te n s i le  s tren g th  fo r  th e  u n f i l le d  b le n d s  
are 2 5 .2 4  M P a . D e c r e a s in g  o f  te n s ile  stren gth  is  fo u n d e d  in  a ll c a s e s  o f  th e  
p o ly m e r  b le n d s . D u e  to  th e  p o ly m e r  b le n d s  in  th is  w o r k  are im m is c ib le  b le n d s  
w ith o u t  a c o m p a t ib il iz e r  to  en h a n ce  m is c ib il ity  o f  th e  p o ly m e r  m a tr ix . T h u s ,  
th e  t e n s i le  s tren g th  o f  th e  b le n d  is  m a in ly  d ep en d ed  o n  th e  p h y s ic a l  p ro p er tie s  
o f  e a c h  f ille r . U n fo r tu n a te ly , a ll o f  f il le r s  h a v e  n o  fu n c tio n a l g ro u p  c a p a b le  to  
r ea c t w ith  H D P E  m a tr ix . H e n c e  w h e n  a s tress  w a s  a p p lie d , th e  w e a k e s t  lin k s ,  
c o n s is t in g  o f  sm a lle r  m a tr ix  z o n e s , b ea r  th e  strain  an d  b reak  m o s t  r e a d ily . T h e  
e f f e c t  o f  f i l le r  c o n te n t  o n  te n s i le  m o d u lu s  o f  th e  b le n d s  is  s h o w n  in  F ig u r e  4 .9 .
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Figure 4.9 T e n s i le  m o d u lu s  o f  ta p io c a  s ta r c h -f ille d , r ic e  h u s k -f i l le d  an d  
b u r n in g  h u s k -f i l le d  H D P E  b le n d s .

A s  s h o w n  in  F ig u r e  4 .9 ,  th e  te n s ile  m o d u lu s  o f  e a c h  p o ly m e r  b le n d  
in c r e a s e s  a s  th e  f ille r  c o n te n t  in c r e a se s . A d d it io n  o f  th e  f ille r s  fro m  0  to  3 0 %  
r e su lts  in  th e  in c r e a s in g  o f  th e  m o d u lu s  o f  ta p io c a  s ta r c h -f ille d  H D P E  b le n d  
fro m  1 0 5 2  M P a  to  1 3 3 3  M P a . W h ile  th e  te n s ile  m o d u lu s  o f  r ic e  h u s k -f i l le d  
H D P E  a n d  b u r n in g  h u sk -f i l le d  H D P E  b le n d s  at 30%  f ille r  c o n te n t  are 1 7 1 7
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a n d  2 0 2 1  M P a , r e s p e c t iv e ly . In  g en era l, s o l id  f ille r s  w i l l  a lw a y s  im p r o v e  th e  
m o d u lu s  o f  c o m p o s ite s  (K a tz , 1 9 7 4 ) . E s p e c ia l ly  fo r  b le n d s  c o n ta in in g  b ig  
p a r t ic le s  or  h ig h  f ille r  co n te n t, th e  p o ly m e r  m a tr ix  is  r e str ic ted  in  its  a b il ity  to  
s tre tch  b e tw e e n  p a c k e d  p a r tic le s  or arou n d  f ille r  p a r tic le s  (K a tz , 1 9 7 4 ) . S o  
th is  c a u s e s  th e  in c r e a s in g  in  te n s i le  m o d u lu s  an d  it is  a  r e a so n  o f  w h y  t e n s i le  
m o d u lu s  v a lu e s  o f  th e  b le n d s  c o n ta in in g  r ic e  h u sk  an d  b u r n in g  h u sk  are h ig h e r  
th a n  ta p io c a  s ta r c h -f i l le d  H D P E  b len d .

4.4.1.2 Flexural Properties
F le x u r a l p ro p er tie s  w e r e  in v e s t ig a te d  a s  fu n c t io n s  o f  f i l le r  c o n te n t  

a n d  a ls o  ty p e s  o f  f ille r s . F lex u ra l stren g th  w a s  p lo tte d  v e r su s  f i l le r  c o n te n t  for  
th e  th r e e  t y p e s  o f  f ille r s .

F ig u r e  4 .1 0  illu stra te s  th e  re la tio n  b e tw e e n  f le x u r a l s tren g th  a n d  f ille r  
c o n te n t . F o r  th e  b le n d s  c o n ta in in g  ta p io c a  starch  an d  r ic e  h u sk  s h o w e d  th e  
s a m e  tren d  o f  s l ig h t ly  d e c r e a s in g  in  flex u ra l stren g th  (a s  c o m p a r e d  to  p u re  
H D P E )  w ith  in c r e a s in g  f ille r  co n ten t.

— •  — Rice husk —■ — Burning husk - - - - Tapioca starch
«Oht
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Figure 4.10 F le x u r a l stren gth  o f  ta p io c a  s ta r c h -f ille d , r ic e  h u s k -f i l le d  and  
b u r n in g  h u s k -f i l le d  H D P E  b le n d s .
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T h e  f le x u r a l stren g th  o f  p u re H D P E  is  3 0 .6 2  M P a . W h ile  th e  f le x u r a l  
s tren g th  o f  ta p io c a  s ta r c h -f ille d  an d  r ic e  h u sk -f i l le d  H D P E  b le n d s  at 3 0 %  f il le r  
c o n te n t  are 2 9 .3 1  a n d  2 8 .4 6 ,  M P a  r e sp e c t iv e ly . T h e  d e c r e a s in g  o f  f le x u r a l  
s tren g th  c a n  b e  e x p la in e d  in  term  o f  p o o r  a d h e s io n  b e tw e e n  f i l le r  p a r t ic le s  an d  
p o ly m e r  m a tr ix . S im ila r  to  te n s ile  s tren gth , th e  fa ilu r e s  o c c u r  at th e  
f i l le r s /H D P E  in te r fa c e  an d  r e su lts  in  sep a ra tio n  o f  th e  f ille r  p a r t ic le s  fr o m  th e  
H D P E  m a tr ix .

In  co n tra st, th e  f le x u r a l stren gth  o f  b u rn in g  h u s k -f i l le d  H D P E  b le n d  
in c r e a se  c o n t in u o u s ly  w ith  in c r e a s in g  f ille r  c o n te n t (th e  f le x u r a l s tr e n g th  o f  
p u re  H D P E  an d  b u rn in g  h u sk -f i l le d  H D P E  b le n d  are 3 0 .6 2  M P a  a n d  3 8 .5 2  
M P a , r e s p e c t iv e ly .) .  S in c e  b u rn in g  h u sk  m o s t ly  c o n s is t s  o f  c a rb o n  r e m a in in g  
a fter  b u r n in g  o f  r ic e  h u sk  at h ig h  tem p era tu re . S o  b u rn in g  h u sk  s h o u ld  h a v e  
h ig h e r  h y d r o p h o b ic ity  th an  r ic e  h u sk  or  ta p io c a  starch  w h ic h  h a v e  h y d r o x y l  
g r o u p s  in  th e ir  m o le c u le s .  A s  a resu lt, b u rn in g  h u sk  is  m o r e  c o m p a t ib le  to  
H D P E  th a n  r ic e  h u sk  an d  ta p io c a  starch  an d  b u rn in g  h u s k -f i l le d  H D P E  b le n d  
s h o w e d  th e  in c r e a s in g  in  f lex u ra l s tren g th  as f i l le r  c o n te n t  in c r e a se d . 
H o w e v e r , b u rn in g  h u sk  h a s  n o  fu n c tio n a l grou p  to  rea c t w ith  H D P E  to  fo r m  a  
m is c ib le  b le n d .

In  th e  c a s e  o f  ta p io c a  starch  an d  r ice  h u sk , th e  o c c u r r e n c e  o f  p h a se  
se p a r a tio n  b e tw e e n  fille r  p a r tic le s  an d  H D P E  m a tr ix  c a n  b e  o b s e r v e d  fro m  
S E M  m ic r o g r a p h s  a s sh o w n  in  F ig u re  4 .1 1 .
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Figure 4.11 F ractu re  su r fa c e  at 10%  fille r  c o n te n t  o f  th e  b le n d s  c o n ta in in g  
a ) P u re  H D P E  b ) T a p io c a  starch  c )  R ic e  h u sk  d ) B u r n in g  h u sk .

1
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T h e  P o re  s iz e s  o f  f ille r s  in  p o ly m e r  b le n d s  w a s  s tu d ie d  b y  S E M  u s in g  
S e m a fo r e  p ro g ra m . C o m p a r in g  th e  d ia m eters  o f  p o re  s iz e  in  H D P E  o f  th e  
b le n d s  c o n ta in in g  b u rn in g  h u sk , r ice  h u sk  and ta p io c a  sta rch  are m e n tio n e d .  
T h e  a v e r a g e  p o re  s iz e  th at o ccu rred  b y  b u rn in g  h u sk  e x h ib ite d  s m a lle r  in  
d ia m e te r  th a n  th o s e  o f  r ic e  h u sk  an d  b u rn in g  h u sk . T h e  a v e r a g e  d ia m e te r s , at 
10%  f ille r  c o n te n t  an d  53  m icro n  o f  p a r tic le  s iz e ,  o f  ta p io c a  sta rch , r ic e  h u sk  
a n d  b u r n in g  h u sk  are 3 9 ,  51  an d  2 3  fim , r e sp e c t iv e ly .
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Figure 4.12. A v e r a g e  p o re  s iz e  d ia m eters  w ith in  th e  p o ly m e r  b le n d e d  w ith  
ta p io c a  sta rch , r ic e  h u sk  an d  b u rn in g  h u sk  in  th e  p o ly m e r  b le n d s .
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F o r  f le x u r a l m o d u lu s , th e  re su lts  fro m  th e  te s t  ca n , th e r e fo r e , g iv e  U S a  
g o o d  in d ic a t io n  o f  th e  r ig id ity  or s t if fn e s s  o f  th e  p o ly m e r  b le n d s . F le x u r a l 
m o d u lu s  o f  th e  p o ly m e r  b le n d s  are p lo tte d  as a fu n c tio n  o f  f i l le r  co n te n t .
F ig u r e  4 .1 3  illu s tr a te s  th e  e f fe c t  o f  f i l le r  c o n te n t o n  th ree  ty p e s  o f  p o ly m e r  
b le n d s .

— ■ ♦  — Rice husk —■ — Burning husk - - *  - - Tapioca starch

Figure 4.13 F le x u r a l m o d u lu s  o f  ta p io c a  s ta r c h -f ille d , r ic e  h u s k -f i l le d  an d  
b u rn in g  h u s k -f i l le d  H D P E  b le n d s .

S im ila r  to  th e  te n s i le  m o d u lu s , th e  f lex u ra l m o d u lu s  o f  th e  p o ly m e r  
b le n d s  in c r e a se s  a s f i l le r  c o n te n t  in c r e a se s . F lex u ra l m o d u lu s  o f  b u rn in g  h u sk -  
f i l le d  H D P E  b le n d  is  h ig h e r  th an  th o se  o f  th e  o th er  tw o  p o ly m e r  b le n d s . T h e  
f le x u r a l m o d u lu s  o f  b u rn in g  h u sk -f i l le d  H D P E  b le n d  at 3 0 %  f ille r  c o n te n t  is  
1 9 3 3  M P a  w h i le  f le x u r a l m o d u lu s  o f  ta p io c a  s ta r c h -f ille d  a n d  r ic e  h u s k -f i l le d  
H D P E  b le n d s  w ith  th e  sa m e  fille r  c o n te n t are 1 5 2 5  a n d  1 5 2 9  M P a , 
r e s p e c t iv e ly .  T h e s e  r e su lts  ca n  b e  e x p la in e d  b y  s t if fe n in g  e f f e c t  (K a tz , 1 9 7 4 ) .



38

T a p io c a  starch  p a rtic le , that is  sm a lle r  in  s iz e  th an  b u rn in g  h u sk , can  
m o v e  m o r e  fr e e ly  w ith in  th e  m atrix , c o n se q u e n tly , th e  m a tr ix  ca n  s tre tch  m o r e  
e a s i ly  a ro u n d  th em . T h e r e fo r e  ta p io c a  s ta r c h -fille d  H D P E  b le n d  s h o w s  lo w e r  
f le x u r a l m o d u lu s  th an  b u rn in g  h u sk -f i l le d  H D P E  b len d .

4.4.1.3 Impact Property
T h e  n o tc h e d  sp e c im e n s  o f  th ree  ty p e s  o f  p o ly m e r  b le n d s  w e r e  te s te d  

fo r  th e ir  im p a c t  stren g th . B y  v a r y in g  th e  a m o u n t o f  f ille r s , t w o  im p o rta n t  
r e g io n s  are o b se r v e d  fro m  th e  resu lt as sh o w n  in  F ig u r e  4 .1 4 .  F ir s t  r e g io n  is  
fro m  0  to  5%  o f  f ille r  c o n te n t  w h ile  th e  se c o n d  r e g io n  is  fro m  10%  to  3 0 %  o f  
f i l le r  c o n te n t . A t  th e  first r e g io n , a ll ty p e s  o f  p o ly m e r  b le n d s  s h o w  th e  s im ila r  
tren d  o f  d e c r e a s in g  in  im p a c t stren gth  as f ille r  c o n te n t  in c r e a se s .

T h e  s e c o n d  r e g io n  s h o w s  an  in c r e a s in g  o f  im p a c t  s tren g th  a s  th e  f ille r  
c o n te n t  in c r e a se s  in  th e  c a s e  o f  ta p io c a  s ta r c h -f ille d  H D P E  b le n d . H o w e v e r  
im p a c t  s tren g th  o f  b o th  r ic e  h u sk -f i l le d  H D P E  and b u rn in g  h u s k -f i l le d  H D P E  
b le n d s  d e c r e a se s  w h i le  f ille r  c o n ten t in crea se s .

— • — Rice husk —■ — Burning husk - -*--Tapioca starch

Figure 4.14 Im p a c t stren gth  o f  ta p io c a  s ta r c h -fille d , r ic e  h u s k -f i l le d  and  
b u r n in g  h u s k -f i l le d  H D P E  b le n d s .
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T h e  in c r e a s in g  in  im p a c t r e s is ta n c e  o f  ta p io c a  s ta r c h -f i l le d  H D P E  
b le n d  c a n  b e  e x p la in e d  b y  c r a z in g  p h e n o m e n a . C ra zes  a c t as lo a d  b e a r in g  
e n t it ie s  th at c o u ld  d is s ip a te  e n e r g y  an d  th u s to u g h e n  th e  b le n d . A t  lo w  p e r c e n t  
f i l le r  c o n te n t , r ig id  ta p io c a  starch  p a r tic le s  a f fe c t  th e  b le n d  to  g iv e  lo w e r  
im p a c t  s tren g th  th an  p u re  H D P E . A t  lo w  starch  co n te n t , th ere  is  a  litt le  
c r a z in g  a lo n g  th e  c ra ck  p ro p a g a tio n  p a th  s o  that it r e su lts  in  d e c r e a s in g  o f  
im p a c t  str e n g th  o f  th e  p o ly m e r  b len d . In  co n tra st, fo r  h ig h  f i l le r  c o n te n t , th e  
c r a c k  p r o p a g a tio n  m a y  p a ss  th ro u g h  m a n y  p a r tic le s . T h e  m o r e  e n e r g y  
d is s ip a te s  b y  th e  c r a z e , th e  m o re  im p r o v e m e n t in  im p a c t s tren g th  w i l l  b e  
o b se r v e d .

F o r  th e  b le n d s  c o n ta in in g  r ic e  h u sk  an d  b u rn in g  h u sk , th e y  f o l lo w  th e  
tren d  o f  d e c r e a s in g  in  im p a ct p rop erty  w ith  in c r e a s in g  f i l le r  co n te n t . 
E s p e c ia l ly  fo r  b u rn in g  h u sk , w h ic h  is  a  r ig id  an d  b r ittle  m a ter ia l, w h e n  it w a s  
s u f fe r e d  fr o m  im p a c t  lo a d , th e  cra ck  p ro p a g a tio n  w o u ld  b e  e a s i ly  o c cu rred  
le a d in g  to  a d e c r e a se  in  im p a c t stren gth .

4 .4 .2  E f fe c t  o f  P a r tic le  S iz e
T h e  s iz e  o f  f ille r s  p la y e d  an  im p ortan t r o le  in  im p r o v in g  th e  

m e c h a n ic a l p ro p er tie s  o f  p o ly m e r  b le n d s  (M a ld a s  et al., 1 9 8 8 ) . In  o rd er  to  
e v a lu a te  th e  e f f e c t  o f  p a r tic le  s iz e s  o n  th e  m e c h a n ic a l p r o p e r tie s , th ree  
d iffe r e n t  s iz e s  o f  e a c h  f ille r  o b ta in e d  b y  p a s s in g  th ro u g h  th ree  d if fe r e n t  s iz e s  

o f  s ie v e s ,  w h ic h  are 5 3 , 1 80  an d  4 2 5 |im , w e r e  s tu d ied .
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a

c
Figure 4.15 SEM  micrographs o f  the polym er blends containing different
sizes o f  rice husk at 10% filler content: a) 53 pm b) 180 pm c) 425 pm.
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a

b

c
F igu re 4 .16  SEM  micrographs o f  the polym er blends containing different 
sizes o f  burning husk at 10% filler content: a) 53 pm b) 180 pm  c) 425 pm.
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4.4.2.1 Tensile Property
The effect o f  particle sizes o f  rice husk and burning husk on tensile  

strength at y ield  is shown in Figure 4.17.
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□  Tapioca starch
□  53 micron
■  180 m icron
■  425 micron

R ice husk B urning husk

F igu re 4 .17  Effect o f  particle sizes on tensile strength o f  rice husk-filled and 
burning husk-filled  HDPE blends with 10% o f  filler content as compared to 
tapioca starch-filled HDPE blend.

The particle size o f  53 micron gives slightly higher tensile strength 
value than that o f  180 and 425 pm for both rice husk-filled HDPE and burning 
husk-filled HDPE blends. The tensile strength o f  blends containing rice husk  
o f  w hich  53, 180 and 425 pm are 22.94, 22.81 and 22.76 M Pa, respectively. 
W hile the tensile strength o f  the blends containing burning husk o f  w hich  53, 
180 and 425 pm  are 25.43, 24.17 and 23.33 MPa, respectively.
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4.4.2.2 Flexural Property
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Figure 4.18 Effect of particle sizes on flexural strength of rice husk-filled and 
burning husk-filled HDPE blends with 10% of filler content as compared to 
tapioca starch-filled HDPE blend.

The effect of particle sizes on flexural strength of the polymer blends 
containing 10% filler content is shown in Figure 4.18. Rice husk-filled and 
burning husk-filled HDPE blends with the particle size of 53 pm have higher 
flexural strength than those of 180 and 425 pm.

The effect of particle sizes on the decreasing in tensile and flexural 
properties can be explained that fillers with small particles are more 
compatible with polymer matrix than the big ones. In other words, smaller 
particle provides a greater interaction with the polymer matrix. The smaller 
size of filler offers a larger surface area in the blends than the bigger ones at 
the same weight fraction (Maldas e t  a l ,  1988).
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4.4.2.3 Impact Property
Impact strength o f  rice husk-filled and burning husk-filled HDPE  

blends at 10% filler content as functions o f  filler sizes and filler content are 
show n in Figures 4 .19  and 4.20, respectively.

fSI

Filler content(%)

F igu re 4 .19  Effect o f  filler content and filler sizes on impact strength o f  rice  
husk-filled HDPE blend.
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□  Burning husk S3 micron
□  Burning husk 180 micron 
■  Burning husk 425 micron
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F igu re 4 .20 Effect o f  filler content and filler sizes on impact strength o f  
burning husk-filled HDPE blend.
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U n lik e  t e n s i le  an d  flex u ra l p ro p er tie s  at a  f ix e d  f i l le r  c o n te n t , im p a c t  
stren g th  d e c r e a s e s  a s p a r tic le  s iz e s  o f  th e  f ille r s  d e c r e a se  for  b o th  ty p e s  o f  th e  
p o ly m e r  b le n d s . T h e  im p a c t stren g th  o f  b le n d s  c o n ta in in g  r ic e  h u sk  o f  w h ic h  
5 3 , 1 8 0  a n d  4 2 5  p m  at 10%  f ille r  c o n te n t  are 9 .8 , 1 0 .6  a n d  1 2 .2  K J /m 2, 
r e s p e c t iv e ly .  W h ile  th e  im p a c t stren g th  o f  b u rn in g  h u sk  o f  w h ic h  5 3 , 1 8 0  an d  

4 2 5  p m  a t th e  sa m e  f i l le r  c o n te n t  are 6 .2 ,  7 .9  an d  8.1 K J /m 2, r e s p e c t iv e ly .
It m a y  b e  o c cu rred  fro m  sm a lle r  s p e c if ic  su r fa c e  a rea s o f  b ig  p a r tic le  

c o m p a r e d  to  sm a ll p a r tic le  at th e  sa m e  f ille r  co n ten t. M o r e o v e r , th e  b ig  
p a r t ic le s  s h o w  th e  p o o r  d is tr ib u tio n  in  p o ly m e r  m atr ix . H e n c e  th e r e  are la rg er  
a rea s o f  H D P E  m a tr ix  w ith  c o n ta in in g  b ig  p a rtic le  s iz e  f i l le r s  th a t are n o t  
d a m a g e d  b y  f i l le r s  th a n  that o f  H D P E  m a tr ix  w ith  sm a ll p a r tic le  s iz e  f ille r s .  
F ig u r e  4 .2 1  illu s tr a te s  th e  c r o s s -s e c t io n a l area  o f  th e  b le n d s  c o n ta in in g  f i l le r s  
w ith  d if fe r e n t  s iz e s .

Figure 4.21 C r o ss -se c t io n a l area  o f  th e  b le n d s  c o n ta in in g  f i l le r s  w ith  
d if fe r e n c e  in  d ia m eters .

T h u s , w h e n  a lo a d  a p p lie d  to  th e  p o ly m e r  b le n d s , th e  p r o b a b ility  o f  
c ra ck  p r o p a g a tio n  p a th , w h ic h  p a s se s  th ro u g h  o n ly  p u re  H D P E  m a tr ix , is  
h ig h e r  th a n  th e  b le n d s  c o n ta in e d  sm a lle r  p a r tic le s . A s  a r e su lt , th e  im p a c t  
s tren g th  in c r e a se s .
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4.5 Water and Moisture Absorption
W a ter  a b so rp tio n  v e r su s  t im e  for  ta p io c a  s ta r c h -f ille d , r ic e  h u s k -f i l le d  

an d  b u r n in g  h u s k -f i l le d  H D P E  b le n d s  are sh o w n  in  F ig u r e s  4 .2 2 ,  4 .2 3 .  an d  
4 .2 4 ,  r e s p e c t iv e ly .

Immersing time (day)
Figure 4 .2 2  W a ter  a b so rp tio n  o f  ta p io c a  s ta r c h -f ille d  H D P E  b le n d  at v a r io u s  
f i l le r  co n te n t .

Imersing time (day)
Figure 4 .2 3  W a ter  a b so rp tio n  o f  r ice  h u sk -f i l le d  H D P E  b le n d  at v a r io u s  r ic e  
h u sk  co n te n t .
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Im m ersing time (day)
F igu re 4 .24  Water absorption o f  burning husk-filled HDPE blend at various 
burning husk content.

The three types o f  polymer blends show the similar tendency in water 
absorption properties that water absorption o f  the blends increases with  
increasing filler content and immersing interval. The larger amount o f  fillers 
is related to more surface areas contained hydroxyl group, except for burning 
husk, that can trap more water. Furthermore, the nature o f  fillers also affects 
their water absorption property. The result o f  the effect o f  types o f  fillers on 
water absorption property is shown in Figure 4.25.



48

Immersing time (day)

F igu re 4 .25  Water absorption o f  tapioca starch-filled, rice husk-filled and 
burning husk-filled HDPE blends at 30% filler content.

A s shown in Figure 4.25, rice husk-filled and tapioca starch-filled  
HDPE blends absorb more water than burning husk-filled H DPE blend. 
O w ing to its hydrophobic property, burning husk-filled HDPE blend is less 
sensitive to water than the other two blends. Because rice husk and tapioca  
starch have hydroxyl group in their m olecules that form hydrogen bonding  
w ith water, the water uptake o f  rice husk and tapioca starch are higher than 
burning husk.
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