
RESULTS AND DISCUSSION
CHAPTER IV

4.1 Silica Content Effects on Viscosity Behavior of MMA/Silica Composite

K a w a g u c h i e t  a l. rep orted  that in tegra l b le n d  o f  th e  h o m o g e n e o u s  
fu m e d  s i l ic a  su sp e n s io n s  w ith  v a r io u s  s i l ic a  c o n te n t  ca n  b e  p rep a red  b y  
m e c h a n ic a l m ix in g  and sh a k in g  (K a w a g u c h i e t  a l., 1 9 9 7 )  w ith  c o u p lin g  a g en t. 
In th e  p r e se n t  w o rk , th e  in teg ra l b le n d  o f  M M A /S il ic a  w a s  p rep a red  b y  stirrin g  
in  th e  g la s sw a r e  to  a v o id  th e  im p u r ity  p a r tic le s  fro m  m ill in g  b a ll. y -M P S  w a s  
a p p lie d  a s a c o u p lin g  a g e n t and w a s  ad d ed  g ra d u a lly  w ith  th e  p artia l a m o u n t  
o f  s i l ic a  till th e  m ix tu re  a c h ie v e d  th e req u ired  co n ten t. Ish id a  e t  a l. rep o rted  
that w h e n  th e  s i la n e  c o u p lin g  a g e n t rea c ts  w ith  s i l ic a , th e v is c o s i t y  w i l l  b e  
d e c r e a se d  (Ish id a  e t  a l., U K  p a ten t 2 ,2 1 3 ,8 2 4 ) .  H ere , th e  v is c o s i t y  o f  th e  
m ix tu r e  w a s  s tu d ie d  a s a fu n c tio n  o f  t im e . W h e n  th e t im e  fo r  stirrin g  
in c r e a se d , th e  v is c o s ity  o f  th e  so lu t io n  d e c r e a se d  an d  b e c a m e  c o n s ta n t  at 
e q u ilib r iu m  sta te , as sh o w n  in  F ig u re  4 .1 .

T h e  d e c r e a se  o f  v is c o s ity  c a n  b e  m e n tio n e d  as a  r e su lt  o f  th e  
b r e a k d o w n  o f  a g g r e g a te s . S in c e  s o m e  sm a ll a g g r e g a te s  are นsu a ily  p r e se n t  in  
th e  fu m e d  s il ic a s , b r ea k d o w n  o f  su ch  a g g r e g a te s  b y  th e  m ix in g  an d  r e a c tio n  o f  
s ila n e  o n to  s i l ic a  su r fa ce  w il l  a f fe c t  d ir e c t ly  th e v is c o s ity .  T h e  e q u ilib r iu m  
sta te  w a s  a c h ie v e d  w ith  o p tim u m  a d so rp tio n  o f  s ila n e  o n to  s i l ic a . F ig u r e  4 .2  
s h o w s  th e  v is c o s ity  at eq u ilib r iu m  sta te  o f  e a c h  % s i l ic a  sy s te m s . It w a s  fo u n d  
that th e  v is c o s ity  at e q u ilib r iu m  sta te  in c r e a se s  w ith o u t lin ea r  fu n c t io n  o f  th e  
s i l ic a  c o n s ta n t an d  in c r e a se s  s ig n if ic a n t ly  at h ig h er  s i l ic a  co n ten t.
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Figure 4.1 V is c o s ity  o f  30%  s il ic a  w ith  a m o n o la y e r  e q u iv a le n c e  
o f  s ila n e  c o u p lin g  a g e n t as a fu n c tio n  o f  tim e .

Figure 4.2 V is c o s ity  at eq u ilib r iu m  sta te  o f  v a r io u s % s i l ic a  s y s te m s  
fo r  a m o n o la y e r  e q u iv a le n c e  o f  s ila n e  c o u p lin g  a g en t.
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F ig u re  4 .2  s h o w s  that in  lo w  s il ic a  c o n te n t  at e q u ilib r iu m  sta te , the  
s i l ic a  p a r tic le s  ca n  d isp e r se  w e ll  in  M M A  so lu tio n  and th e  fo r m a tio n  o f  
a g g r e g a tio n  is  n o t s ig n if ic a n t . T h u s, th e v is c o s ity  at e q u ilib r iu m  o f  su ch  
sy s te m  is  lo w . In crea s in g  o f  s i l ic a  c o n te n t  re su lts  in  in c r e a s in g  s iz e  o f  s i l ic a  
a g g r e g a te s . A s  a resu lt, th e v is c o s ity  at eq u ilib r iu m  sta te  is  h ig h .

4.2 Silica Content Effects on Adsorption Behavior of MMA/Silica 
Composite

In in teg ra l b len d  treatm en t, it  is  k n o w n  that th e  s i la n e  m o le c u le s  are  
h y d r o ly z e d  b y  th e  trace o f  w a ter  o n  th e  s i l ic a  su r fa ce  an d  c o n d e n s e d  
im m e d ia te ly  w ith  th e  s i la n o l g rou p  (S i-O H ) o n  th e s i l ic a  su r fa c e  to  fo rm  
s i lo x a n e  b o n d  (S i-O -S i)  (Ish id a , 1 9 9 3 ) . S o m e  o f  h y d r o ly z e d  s ila n e  m a y  fo r m  
e ith e r  o lig o m e r s  or  h ig h  m o le c u la r  w e ig h t  p o ly s i lo x a n e s ,  d e p e n d in g  o n ly  o n  
in it ia l r e a c tio n  c o n d it io n s , th en , a d so rb ed  p h y s ic a lly  o n to  s i l ic a  su r fa ce . 
B e c a u s e  th ere  are n u m ero u s  s p e c ie s  o f  p h y s iso r b ed  s ila n e , su ch  a s, m o n o m e r ,  
d im er , tr im er an d  o th er  o lig o m e r s , w h ic h  are k n o w n  to  b e  s im ila r  in  th e  
stru ctu re. T h u s , s iz e  e x c lu s io n  ch ro m a to g ra p h y  is  a u se fu l to o l  to  a n a ly z e  
p h y s iso r b e d  s ila n e .

N o r m a lly , p h y s iso r b e d  s ila n e  c a n  b e  w a sh e d  o u t  e a s i ly  b y  T H F  o w in g  
to  th e  s im ila r ity  in  so lu b ility  p aram eter. T h e  d if fe r e n c e  in  r e te n tio n  t im e  
c o r r e sp o n d s  to  th e  d if fe r e n c e  in  m o le c u la r  w e ig h t  o f  p h y s iso r b e d  s ila n e . T h e  
r e la tiv e  to ta l a m o u n t o f  p h y s iso r b ed  s ila n e  w a s  e v a lu a te d  fr o m  th e  in teg ra tio n  
u n d er  e a c h  p e a k  fro m  S E C  ch ro m a to g ra m  that rep resen ted  th e  p h y s iso r b e d  
s ila n e  s p e c ie s .  T h e  a m o u n t o f  u n rea cted  s ila n e  ca n  b e  e v a lu a te d  b y  th e  sa m e  
w a y  o f  p h y s iso r b e d  s ila n e . T h e  d if fu s e  r e f le c ta n c e  te c h n iq u e  h a s  su b sta n tia lly  
a d v a n c e d  th e  a b ility  to  stu d y  th e c h e m istr y  o f  ad sorb ate  m o le c u le s  (Ish id a , 
1 9 8 4 ) . U s u a lly , sca tter in g  c h a n g e s  are sm a ll w ith in  a lim ite d  sp ec tra l ra n g e  so
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that conversion of a diffuse reflectance spectrum by the Kubelca-Munk
function gives a plot which is scaled linear in concentration and thus directly
comparable to an absorbance spectrum.

Wavenumber (cm1)

Figure 4 .3  D R IF T  sp ec tra  o f  y -M P S  treated  fu m ed  s i l ic a  o f  20%  s i l ic a  
s y s te m  w ith  a m o n o la y e r  e q u iv a le n c e  o f  s ila n e  at 5 d a y s  
(A )  fu m e d  s ilica ; (B )  y -M P S  treated  fu m ed  s ilic a ; (C )  y -M P S .

F ig u re  4 .3  illu stra te s  th e  sp ec tra  o b ta in ed  fro m  th e  d if fu s e  r e f le c ta n c e  
e x p e r im e n t. S p ectru m  A  is  th e  fu m e d  s il ic a  in  m id -IR  r e g io n  fr o m  4 0 0 0 - 1 5 0 0  
c m '1, sp ec tru m  B  is  th e  y -M P S  treated  fu m ed  s i l ic a  and sp ec tru m  c  is  th e  y- 
M P S .

F ro m  sp ectru m  B , th e s p e c ie s  o n  su rfa ce  o f  fu m e d  s i l ic a  are s h o w n  b y  
th e  C -H  stre tch in g  m o d e  at 3 0 0 0 - 2 8 0 0  c m '1, th e c = 0  b an d  at 1 7 2 0  c m '1 and  
th e  c = c  b an d  at 1 6 3 8  c m '1. T h e  c = 0  b an d  in  y -M P S  h a s a la rg e  s p e c if ic  

a b so r p tiv ity , a llo w in g  fo r  h ig h -s e n s it iv ity  m ea su rem en ts . T h e  c = 0  b a n d  o f  y- 
M P S  o n  s i l ic a  ap p ears at 1 7 1 0  c m ’1 d u e  to  h y d ro g en  b o n d in g . H e n c e , it  is
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c la r if ie d  th at y -M P S  is  a d so rb ed  o n to  th e s ilic a . T h e  b an d  at 1 8 6 7  c m '1, w h ic h  
is  l ik e ly  a c o m b in a tio n  b an d , w a s  u sed  as th e in tern a l standard  b a n d  to  
d e te r m in e  th e  a m o u n t o f  s ilic a . T h e  in frared  b an d s o f  y -M P S  are lin e a r  in  

in te n s ity  or  area u n d er  p ea k  w ith  c o n cen tra tio n  o f  th e y -M P S  (M ille r  and  
Ish id a , 1 9 8 6 ) . T h u s , th e  ch a ra cter istic  p ea k s o f  c = 0  b a n d s ca n  b e  a p p lie d  fo r  
q u a n tita tiv e  a n a ly s is  u s in g  co m b in a tio n  b an d  as an  in tern a l stan d ard  b a n d .
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Figure 4.4 A m o u n t o f  y -M P S  u n rea cted , p h y s iso r b ed  an d  c h e m iso r b e d  
o n  s i l ic a  su r fa ce  as a fu n c tio n  o f  s i l ic a  c o n te n t  w ith  a  m o n o -  
la y er  e q u iv a le n c e  o f  s ila n e  at 8 d a y s  ♦  c h e m iso r b e d  s ila n e ;  
■  p h y s iso r b e d  sila n e; ▲  u n rea cted  s ila n e .
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F ig u re  4 .4  d e m o n stra te s  th e  r e la tiv e  a m o u n t o f  u n rea cted , p h y s iso r b e d  
s ila n e  and c h e m iso r b e d  s ila n e  as a  fu n c tio n  o f  s i l ic a  c o n te n t  w ith  a m o n o la y e r  
e q u iv a le n c e  o f  s ila n e  at 8 d a y s . A s  sh o w n  in  F ig u re  4 .4 ,  in  th e  c a s e  o f  
c h e m iso r p t io n , it  is  fo u n d  that w h e n  th e  s i l ic a  c o n te n t  is  h ig h e r  (2 0 % , 3 0 % ), 
th e  c h e m iso r b e d  s ila n e  is  lo w e r . It sh o u ld  b e  n o ted  that in  a ll c a s e s  o f  s i l ic a  
co n te n t , m o n o la y e r  e q u iv a le n c e  o f  s ila n e  w a s  ad d ed  in to  th e  s y s te m  an d  is  
e x p e c te d  to  fo rm  th e  s im ila r  a d so rp tio n  le v e l .  H o w e v e r , th e  r e su lt  r e v e a ls  that 
th e  c o u p lin g  rea c tio n  o n to  s i l ic a  to  fo rm  as a c h e m iso r b e d  s ila n e  b e c o m e s  le s s  
e f f ic ie n t  w h e n  th e  s i l ic a  c o n te n t  is  h ig h . R e fe r in g  to  th e v is c o s i t y  s tu d y  ( s e e  
4 .1 ) ,  at m o n o la y e r  e q u iv a le n c e  o f  s ila n e , w h e n  th e s i l ic a  c o n te n t  is  h ig h  th e  
v is c o s i t y  at eq u ilib r iu m  sta te  is  h ig h . It can  b e  c o n c lu d e d  th at s i l ic a  in  h ig h  
c o n c e n tr a tio n  fo r m s a g g r e g a te s  lim it in g  th e s ila n e  to  c o u p le  o n to  s i l ic a  
su r fa ce . A s  a resu lt, th e  c h e m iso r b e d  s ila n e  fo r  h ig h er  s i l ic a  c o n te n t  is  lo w e r  
th an  that fo r  lo w  s il ic a  co n ten t.

In th e  c a s e  o f  p h y s iso r p tio n , th e  p h y s iso r b ed  s ila n e  is  d e r iv e d  fro m  
m o n o m e r , o l ig o m e r  and h ig h  m o le c u la r  w e ig h t  o f  p o ly s i lo x a n e . A s  s h o w n  in  
F ig u r e  4 .4 ,  th e  to ta l r e la tiv e  a m o u n t o f  ฝ !  p h y s iso r b ed  s ila n e  in c r e a s e s  w ith  
s i l ic a  co n te n t , w h ile  th e  r e la tiv e  a m o u n t o f  c h e m iso r b e d  s ila n e  d e c r e a se s .  
S in c e  th e  s i la n e  co n cen tra tio n  is  c o n tr o lle d  at m o n o la y e r  e q u iv a le n c e ,  th e  
o b ta in e d  p h y s iso r b e d  s ila n e  is  nrn in ly  re la ted  to  th e s ila n e  a m o u n t o f  w h ic h  
c a n  n o t fo rm  as a c h e m iso r b e d  s ila n e . T h ere fo re , th e  p h y s iso r b e d  s ila n e  is  
d o m in a n t in  h ig h  c o n c e n tr a tio n  o f  th e  s ilic a . T h is  ca n  b e  su m m a r iz e d  a s a 
sc h e m a tic  d ia g ra m  as sh o w n  in  F ig u re  4 .5 .
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F ig u r e  4 .5  M o d e l fo r  p h y s iso r p tio n  and c h e m iso r p tio n  e f fe c te d  fr o m  s i l ic a  
c o n te n t  w ith  a m o n o la y e r  e q u iv a le n c e  o f  s ila n e .

T h e  tra n s lu cen t a p p ea ra n ce  ca n  b e  o b se r v e d  b y  th e  a p p ea ra n ce  o f  th e  
m ix tu re . It sh o u ld  b e  n o ted  that w h e n  th e  s i l ic a  c o n te n t  in c r e a se s , th e  
tra n sp a ren cy  w il l  b e  in crea sed . R e fe r in g  to  th e  r e la t io n sh ip  o f  s i l ic a  and  
a d so r p tio n  b e h a v io r , it  ca n  b e  sa id  that h ig h  p h y s iso r b e d  s ila n e  is  d ir e c t ly  
re la ted  to  th e  tra n sp a ren cy  o f  th e  m ix tu re . In o th er  w o r d s , th e  tr a n s lu c e n t  
a p p ea ra n ce  o f  th e  P M M A /S ilic a  c o m p o s ite  ca n  b e  a c h ie v e d  b y  th e  in c r e m e n t  
o f  p h y s iso r b e d  s ila n e .

F ro m  th is  part o f  e x p er im en t, 6  %  s i l ic a  sy s te m  w a s  ta k en  a s a  
c o n d it io n  to  s tu d y  th e  e f f e c t  o f  s ila n e  c o n cen tra tio n . T h is  sy s te m  w a s  c h o s e n  
b e c a u s e  h ig h  c o n te n t  o f  c h e m iso r b e d  s ila n e  in  th e  sy s te m .
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T h e  tim e  fo r  a c h ie v in g  c o n sta n t v is c o s ity  w a s  stu d ied  b y  v a r y in g  th e  
c o n c e n tr a tio n  o f  s ila n e  fro m  0 .2  to  a m o n o la y e r  e q u iv a le n c e . A  m o n o la y e r  
e q u iv a le n c e  o f  s ila n e  in  M M A  so lu tio n  is  d e f in e d  as a la y e r  o f  s ila n e  
m o le c u le s  that is  n e c e ssa r y  to  fo rm  a la y er  u n d er  th e  id e a l c o n d it io n . F ig u re
4 .6  s h o w s  th e  r e su lt  w h e n  th e s i l ic a  c o n te n t  is  m a in ta in ed  at 6%  an d  a c h ie v e s  
th e  c o n sta n t v is c o s ity .  It sh o u ld  b e  n o ted  that th e v is c o s ity  o f  th e  s i l ic a  
su sp e n s io n  at e a c h  s ila n e  c o n cen tra tio n  is  a lm o st  th e sa m e fo r  0 .4 - 1 .0  la y e r s  
ra n g e  (a p p r o x im a te ly  0 .0 0 1 5  P a .s .)  and  r a ise s  up  to  b e  0 .0 4 8  P a .s  fo r  0 .2  la y er .

4.3 Silane Concentration Effects on Viscosity Behavior of MMA/Silica
Composite

0.0 0.2 0.4 0.6 0.8 1.0 1.2
S i la n e  C o n c e n tr a t io n  (m o n o la y e r  e q u iv a le n c e )

F ig u r e  4 .6  R e a c tio n  tim e  fo r  a c h ie v in g  co n sta n t v is c o s ity  fo r  e a c h  s ila n e
c o n c e n tr a tio n  in  th e  c a s e  o f  6%  s ilic a .
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It w a s  fo u n d  that w h e n  th e s ila n e  c o n cen tra tio n  b e c o m e s  lo w , th e  tim e  
to  a c h ie v e  th e  co n sta n t v is c o s ity  is  lo n g e r  than in  th e c a s e  o f  h ig h  s ila n e  
co n c e n tr a tio n . It c a n  b e  sa id  that in  lo w  s ila n e  c o n c e n tr a tio n , th ere  is  a  sm a ll 
a m o u n t o f  r e a c tiv e  s ila n e  that c o u p le s  o n to  s i l ic a  su r fa ce , th u s, th is  sy s te m  
req u ires  a lo n g  t im e  fo r  co n sta n t v is c o s ity . In th e  c a s e  o f  h ig h  s ila n e  
c o n c e n tr a tio n  sy s te m , th ere is  a large a m o u n t o f  s ila n e  m o le c u le s  th at is  rea d y  
to  a d so rb  o n  s i l ic a  su r fa ce  and th e e q u ilib r iu m  stru ctu re is  r e a c h e d  at v ery  
e a r ly  s ta g e  o f  treatm en t.

T h e  c o n c e n tr a tio n  o f  s ila n e  in  M M A  so lu tio n  is  d e f in e d  as a  la y e r  o f  
s ila n e  m o le c u le  that ca n  c o v e r  a ll s i l ic a  su r fa ce  (a  m o n o la y e r  e q u iv a le n c e  b y  
th e o r e tic a l v a lu e ) . T h e  c o n cen tra tio n  ra n g e  fro m  0 .2  la y ers  to  a m o n o la y e r  
e q u iv a le n c e  o f  y -M P S  w a s  a p p lied  fo r  th e  stu d y . F ig u re  4 .6  s h o w s  that th e  
m ix tu re  at lo w  s ila n e  co n cen tra tio n  ta k es  lo n g e r  tim e  to  a c h ie v e  th e  c o n s ta n t  
v is c o s ity .

It ca n  b e  sa id  that in  lo w  s ila n e  c o n cen tra tio n , th ere  is  a sm a ll a m o u n t  
o f  r e a c tiv e  s ila n e  that c o u p le s  o n to  s i l ic a  su rfa ce , th u s, th is  s y s te m  req u ires  a 
lo n g  t im e  fo r  c o n s ta n t v is c o s ity .  In th e c a s e  o f  h ig h  s i la n e  c o n c e n tr a tio n  
sy s te m , th ere  is  a la rg e  a m o u n t o f  s ila n e  m o le c u le s  that are rea d y  to  a d so rb  o n  
th e  s i l ic a  su r fa ce  an d  th e  eq u ilib r iu m  structure w a s  r e a ch ed  at v e r y  e a r ly  s ta g e  
o f  treatm en t.

4.4 Silane Concentration Effects on the Adsorption Behavior of MMA/ 
Silica Composite

T h e  a d so rp tio n  b e h a v io r  o f  y -M P S  o n  s il ic a  su r fa ce  w a s  in d ic a te d  b y  
F ig u re  4 .7 .  T h e  c h e m iso r b e d  s ila n e  a m o u n t co r r e sp o n d s  d ir e c t ly  to  th e  s ila n e  
c o n c e n tr a tio n . In s e c t io n  4 .3 ,  it  is  fo u n d  that w h e n  th e  s i la n e  c o n c e n tr a tio n  is  
m a in ta in e d  at a  m o n o la y e r  e q u iv a le n c e , in  lo w  s i l ic a  c o n te n t  sy s te m , th e  s ila n e
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m o le c u le s  h a v e  h ig h  p o te n tia l to  fo rm  c o v a le n t  b o n d  w ith  s i l ic a  su r fa c e , th en , 
a lm o st  s i la n e  m o le c u le s  are c h e m iso r b e d  s ila n e  and h a s n o  e f f e c t  o n  
p h y s iso r b e d  and u n rea cted  s ila n e . In th e p resen t stu d y , s i l ic a  c o n te n t  is  
m a in ta in ed  at 6%  an d  th e s ila n e  c o n cen tra tio n  is  v a r ied  fro m  0 .2  to  a 
m o n o la y e r  e q u iv a le n c e . A s  sh o w n  in  F ig u re  4 .7 ,  it  is  fo u n d  that w h e n  s ila n e  
c o n c e n tr a tio n  is  ra ised  to  0 .8  layer , th e  c h e m iso r p tio n  in c r e a se s  s ig n if ic a n t ly .  
T h e  r e su lt  a lso  r e v e a ls  that in  lo w  s i l ic a  co n ten t, s ila n e  is  c o u p le d  o n to  s i l ic a  
su r fa c e  and fo r m e d  as a c h e m iso r p tio n  p red o m in a n tly  w h ile  th e p h y s iso r p tio n  
m a in ta in s  in  a certa in  le v e l.  A s  a resu lt, co m p a r in g  to  th e  c h a n g in g  o f  
c h e m iso r b e d  s ila n e , th e  u n rea cted  and p h y s iso r b ed  s ila n e  a m o u n t c a n  b e  
m e n tio n e d  as a co n sta n t v a lu e  fo r  a ll s ila n e  co n cen tra tio n .
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F ig u r e  4 .7  A m o u n t o f  s ila n e  a d so rb ed  o n  fu m ed  s i l ic a  as a fu n c t io n  o f  
th e  co n cen tra tio n  o f  s ila n e  in  th e  trea tm en t so lu tio n  
♦  c h e m iso r b e d  sila n e; ■  p h y s iso r b e d  s ila n e; ▲  u n rea c ted  s ila n e .
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4.5 Silane Concentration Effects on Dynamic Mechanical Properties of 
PMMA/Silica Composite

In ord er  to  s tu d y  th e fo rm a tio n  o f  th e in terp en etra tio n  n e tw o r k  b y  the  
s ila n e  c o u p lin g  a g e n t w ith  M M A , M M A  in  6%  s il ic a  w ith  v a r ia tio n  o f  s ila n e  
la y e r  w a s  cu red  to  o b ta in  a sa m p le  sh ee t. T h e  o b ta in ed  sa m p le  s h e e t  w a s  
p rep ared  fo r  te s t in g  th e  r h e o lo g ic a l p ro p erties  in  th e tem p era tu re  m o d e . It is  
w e ll  k n o w n  that th e  d y n a m ic  m e c h a n ic a l m ea su r e m e n ts  c a n  b e  u t il iz e d  to  
s tu d y  d y n a m ic  m e c h a n ic a l ch a ra c ter is tic s  o f  p o ly m e r ic  m a ter ia ls  o n  th e  
m o le c u la r  le v e l  (E c k ste in , 1 9 8 8 ) .

F ig u re  4 .8  sh o w s  th e r h e o lo g ic a l p ro p erties  o f  M M A -s il ic a  c o m p o s ite  
in  d a m p in g  m o d e  w ith  v a r io u s s ila n e  c o n cen tra tio n s . T h e  p u re P M M A  
sp e c im e n  s h o w s  th e  a  tran sition  at 108  ๐c  w h ic h  c o r r e sp o n d s  to  th e  Tg o f  
P M M A . H o w e v e r , a  sm a ll in c r e a se  o f  Tg ca n  b e  o b se r v e d  w h e n  trea ted  s i l ic a  
h a s a 0 .2  m o n o la y e r  e q u iv a le n t  c o v e r a g e  o f  s ila n e . In a d d itio n , a d r a st ic a lly  
in c r e a se d  in  Tg fo r  th e  sa m e  le v e l  is  o b se r v e d  w h e n  s ila n e  c o v e r a g e  e q u a lร to
0 .4 - 0 .8  m o n o la y e r  e q u iv a le n c e . In th is c a se , Tg is  sh ifte d  to  b e  a p p r o x im a te ly
112 °c.

It is  k n o w n  that th e c h a n g e  in  Tg is  re la ted  to  th e  m o r p h o lo g y  o f  th e  
c o m p o s ite . In th e  c a s e  o f  lo w  s ila n e  c o v e r a g e  ( 0 .2  m o n o la y e r  e q u iv a le n c e ) ,  
th e  c h e m iso r p t io n  o f  s ila n e  o n to  th e  s i l ic a  su r fa ce  c a n n o t  b e  a c h ie v e d  
e f f ic ie n t ly  w h ic h  in d u ced  th e  a g g reg a tio n  o f  s i l ic a  p a r tic le s  in  th e  c o m p o s ite  
w h ile  h ig h  s ila n e  c o v e r a g e  ( 0 .4 -0 .8  m o n o la y e r  e q u iv a le n c e ) , s i l ic a  p a r tic le s  
are w e l l  sep a ra ted . F o r  th e  sy s te m  w ith  h ig h  s ila n e  co n c e n tr a tio n , in  co n tr a st  
to  th o se  w ith  lo w  s ila n e  co n cen tra tio n , th ere is  a h ig h  p r o b a b ility  to  co n tr ib u te  
th e  in tera c tio n  b e tw e e n  th e c h a in s  o f  P M M A  and s i l ic a  treated  y -M P S  fo r  hard  
se g m e n t  fo rm a tio n , w h ic h  resu lts  in  stron g  in terp en etra tin g  n e tw o rk . T h e  sh ift  
in  Tg fo r  e a c h  s ila n e  c o n cen tra tio n  in d ic a te s  that th ere  is  an  in terp en etra tin g  
n e tw o r k  re la ted  to  th e s ila n e  co n cen tra tio n . T h e  a b o v e  p h e n o m e n a  im p lie s
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that a high concentration o f  chemisorbed silane is required for a strong
interpenetrating network formation o f the PM M A/silica com posite.

2.0E+00

F ig u r e  4 .8  D y n a m ic  m e c h a n ic a l p ro p ertie s  o f  treated  s i l ic a  f i l le d  
M M A  c o m p o s ite s  in  v a r io u s s ila n e  c o n c e n tr a tio n  fo r  
6%  s ilic a .
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