
CHAPTER III
EXPERIMENTAL SECTION

3.1 Materials

'y -M e th a cry lo x y p ro p y ltr im eth o x y s ila n e  (y -M P S ) w a s  su p p lie d  b y  S ia m  
F ib e r g la ss  In d u str ies  C o ., L td . F u m ed  s i l ic a  (A E R O S IL  3 0 0 ) ,  su r fa c e  area  
3 0 0 + 3 0  m 2/g , a v era g e  prim ary p a rtic le  s iz e  7  nm , p H  v a lu e  3 .6 -4 .3  and  
re fr a c tiv e  in d e x  1 .4 5 , w a s  p u rch a sed  fro m  JJ D e g u s s a  (T h a ila n d ) C o ., L td . 
M e th y lm e th a c r y la te  m o n o m e r  (M M A ), w a ter  c o n te n t  o f  0 .0 5 %  an d  a p ro p a n o l 
( in h ib ito r ) c o n te n t  o f  2 0  p p m , re fra c tiv e  in d e x  1 .4 1 1 7 -1 .4 1 2 5 ,  w a s  su p p lie d  b y  
S ia m  C h e m ic a l In d u stry  C o ., L td . D o d e c y la m in e  w a s  p u rch a sed  fr o m  M erck  
C o ., L td . O le ic  a c id  w a s  su p p lied  b y  Im p eria l In d u stria l C h e m ic a lร (T h a ila n d )  
C o ., L td . T S K  standard  p o ly s ty r e n e , Mw =  4 1 8 ,  4 5 6 ,  5 0 0  and 2 ,6 3 0 ,  w e r e  
p u rch a sed  fro m  T o s o h  C o rp oration . B e n z o y l  p e r o x id e , lw t% , w a s  a d d ed  to  
th e  c o m p o s ite  fo r  cu r in g . A ll  c h e m ic a l rea g en ts  w e r e  u se d  as r e c e iv e d .

3.2 Instruments and Equipments

3 .2 .1  B r o o k fie ld  V isc o m e te r
B r o o k fie ld  v is  c o m e te r  m o d e l R V D V - in ,  w ith  a sm a ll sa m p le  

ad ap ter  (S S A  2 1 /1 3 R )  and a w a ter  bath , w a s  u se d  to  m e a su r e  th e  v is c o s i t y  o f  

th e  m ix tu re . T h e  m ea su r e m e n t w a s  p erfo rm ed  at 3 0  °C  b y  c o n tr o ll in g  th e  
tem p eratu re  in  th e  w a ter  bath . B r o o k fie ld  v is c o s ity  stan d ard  

(p o ly d im e th y ls ilo x a n e , Tj =  4 .9 4  P a .s  at 2 5  °C ) w a s  u sed  fo r  ca lib ra tio n .
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3 .2 .2  S iz e  E x c lu s io n  C h ro m a to g ra p h y  (S E C )
W a ters  G P C  6 0 0 E  w a s  u sed  to  q u a lita t iv e ly  and q u a n tita t iv e ly  

a n a ly z e  th e  y -M P S  h y d r o ly z a te s  and th e  u n rea cted  y -M P S . T h e  tem p era tu re  o f  

c o lu m n  w a s  3 5  °c. T h e  c o lu m n  se r ie s  c o n s is te d  o f  W a ters  S ty ra g e l H R  0 .5  
an d  H R  1 c o lu m n . T etrah yd rofu ran  (H P L C  g ra d e) w a s  u se d  a s th e  m o b ile  
p h a se  at th e  e lu t io n  f lo w  rate o f  1 m L /m in . T h e  ca lib ra tio n  c u rv e  w a s  crea ted  
b y  a se r ie s  o f  p o ly s ty r e n e  standard  (M w =  4 1 8 , 4 5 6 ,  5 0 0  and 2 ,6 3 0 ) .  T h e  u v  
d e te c to r  w a s  u se d  at 2 5 4  nm .

3 .2 .3  F o u r ier  T ra n sfo rm  Infrared  S p e c tr o sc o p y  (F T IR )
D if f u s e  r e f le c ta n c e  F o u r ier  tran sform  in frared  (D R IF T )  

m e a su r e m e n ts  w e r e  p er fo rm ed  o n  a V E C T O R  2 2  B ru k er S p ec tr o m e te r  w ith  a  
h e m isp h e r ic a l d if fu s e  r e f le c ta n c e  a ttach m en t. A  d eu tera ted  tr ig ly c in e  su lfa te  
(D T G S )  d e te c to r  w a s  u se d . T h e  sp ec tra  w e r e  c o lle c te d  at a r e so lu t io n  o f  4  
c m '1 an d  c o a d d it io n  o f  6 4  sca n s . S in g le -b e a m  r e f le c ta n c e  o f  sa m p le s  w a s  
ra tio ed  a g a in st th at o f  th e  K B r  p o w d e r  and th e K u b e lk a -M u n k  (K M ) fu n c t io n  
w a s  c a lc u la te d . T h e  K M  fu n c tio n  (E q . 3 .1 )  has th e  fo l lo w in g  form :

F (R 00) =  ( 1 - R ^ ) 2 / 2 R 00 (E q .3 .1 )

w h e r e  F (R 00) rep resen ts  a ra tio  b e tw e e n  a b so rp tio n  and sca tter in g  c o e f f ic ie n t s  

an d  Ro0 is  th e  e x p e r im e n ta lly  m ea su red  r e f le c ta n c e  sp ectru m  fro m  a se m i-  
in f in ite  sp e c im e n .

D R IF T  te c h n iq u e  w a s  u se d  to  q u a n tita tiv e ly  a n a ly z e  th e  r e la t iv e  
a m o u n t o f  c h e m iso r b e d  s ila n e  o n  fu m ed  s i l ic a  su r fa ce . T h e  sa m p le  
p rep aration  w a s  d o n e  b y  g r in d in g  th e  treated  s i l ic a  an d  K B r  w ith  th e  a g a te  
m ortar and grin d er.
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3 .2 .4  T o r s io n  R ecta n g u la r  R h eo m eter
A d v a n c e d  R h eo m etr ic  E x p a n s io n  S y s te m  (A R E S )  w ith  to r s io n  

rec ta n g u la r  g e o m e tr y  an d  th e 0 .8 5  m m  in serts  w a s  a p p lied  to  a n a ly z e  th e  
r h e o lo g ic a l p ro p ertie s  o f  c o m p o s ite . T h e  m ea su rem en ts  w e r e  d o n e  in  the  
tem p eratu re  sca n  m o d e  at 1 H z  fro m  4 0  ° c  to  1 4 0  ° c .  T h e  a p p lie d  stra in  w a s  
w ith in  lin ea r  v is c o e la s t ic  r e g io n  fo r  e v e r y  sa m p le .

3 .2 .5  H ig h  S p e e d  R efr ig era ted  C en tr ifu g e
S o rv a ll S u p er  T 2 1  H ig h  S p e e d  R efr ig era ted  C e n tr ifu g e  w a s  u se d  

to  sep a ra te  th e  treated  s i l ic a  fro m  th e  liq u id  m atrix . T h e  c e n tr ifu g e  tu b e s  w e r e  

th e  P P C O  ty p e  and w e r e  u se d  at a  c o n tr o lle d  tem p eratu re o f  2 0  ° c .

3.3 Preparation of Dodecylammonium Oleate

T h e  c a ta ly s t  so lu tio n  w a s  fr e sh ly  p rep ared  b y  m ix in g  
d o d e c y la m m o n iu m  o le a te , a s to ic h io m e tr ic  m ix tu re  o f  d o d e c y la m in e  an d  o le ic  
a c id . M e th y lm e th a c y la te  w a s  u se d  a s a d ilu e n t w ith  th e  ra tio  o f  1 :1 0  b y  
w e ig h t . T h e  c a ta ly s t  so lu t io n  w a s  stirred  b y  a m a g n e tic  stirrer fo r  5  m in u te s  
b e fo r e  u se .

T เ ต ! ^ ฬ
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3 .4 .1  S tu d y  o n  th e  E f fe c t  o f  th e A m o u n t o f  Y -M PS
A  certa in  a m o u n t o f  fu m ed  s il ic a  (9  g )  w a s  d isp e r se d  in  M M A  

(1 4 1  g )  and stirred  in  rou n d  b o tto m  fla sk . T h e  s ila n e  w a s  a d d ed  in to  th e  
s y s te m  w ith  v a ry in g  th e  a m o u n t fro m  0 .2  to  a m o n o la y e r  e q u iv a le n c e . A n  
a p p rop ria ted  a m o u n t o f  ca ta ly st , d o d e c y la m m o n iu m  o le a te , w a s  a lso . T h e  
m o n o la y e r  e q u iv a le n c e  ca n  b e  c a lc u la te d  b y  E q . 3 .1 .

T h e  a m o u n t o f  s ila n e  m o n o la y e r  e q u iv a le n c e  (g )

_ surface area of silica X1020X molecular weight of silane
ô.OTxiO^x surface area of silane

_  3 0 0  (m 2/ g )  X  IQ 20 X  2 4 8  
Ô X tëxiO ^xSO ^2 )

=  0 . 2 4 7 2 g o f  s i l a n e /g o f  s i l ic a  ( E q .3 .1 )

T h e  m ix tu re  w a s  stirred. T h e  v is c o s ity  w a s  m e a su r e d  a s a 
fu n c t io n  o f  t im e  u n til it  b e c a m e  co n sta n t. T h e  fu m ed  s i l ic a  f d le d  M M A  w a s  

c e n tr ifu g e d  b y  h ig h  sp e e d  refr igu ra ted  c e n tr ifu g e  at 20 °c, 10,000 rpm  fo r  1 h. 
T h e  su p ern atan t so lu tio n  w a s  sep ara ted  and a n a ly z e d  b y  S E C  to  q u a n tify  th e  

u n trea ted  y -M P S . T h e  sep ara ted  s i l ic a  w a s  d ried  in  v a c u u m  at r o o m  

tem p eratu re  fo r  6  h  to  r e m o v e  trace a m o u n t o f  M M A  and u n rea cted  y -M P S .
T h e  o b ta in e d  s i l ic a  ( 1 .0  g )  w a s  stirred w a sh  w ith  T H F  (1 5  m L ) b y  

fo r  2  h  to  r e m o v e  th e  p h y s iso r b e d  s ila n e . A fter  stirring , th e  s o lu t io n  w a s  
c e n tr ifu g e d  an d  th e  su p ern atan t T H F  w a s  a n a ly z e d  fo r  th e  a m o u n t o f  
p h y s iso r b e d  s ila n e . T h e  sep ara ted  treated  s i l ic a  w a s  d ried  in  v a c u u m  a t r o o m  
tem p eratu re  fo r  6  h.

3.4 Preparation of Fumed Silica Filled MMA Consisting of y-MPS
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3 .4 .2  S tu d y  o n  th e  E f fe c t  o f  th e S il ic a  C o n ten t
A  v a r ied  a m o u n t o f  s ilic a , M M A , y -M P S  an d  c a ta ly s t  w e r e  m ix e d  

so  that th e  s i l ic a  c o n te n t  b e c o m e s  o f  10% , 20% , 30% . T h e  c a lc u la te d  a m o u n ts  
are sh o w n  in  T a b le  I. T h e  p rep ared  m ix tu re  w a s  d iv id e d  in to  parts fo r  m ix in g  

p ro c e d u r e s . S ilic a , y -M P S  and c a ta ly s t  w e r e  ad d ed  p a rtia lly  an d  stirred  u n til 
th e  v is c o s ity  w a s  c o n sta n t b e fo r e  a d d in g  a n oth er  part. O th er  p r o c e d u r e s  w e r e  
th e  sa m e  to that d e sc r ib e d  in  3 .4 .1 .

Table I Variation of Silica Content and the Composition of the Prepared 
Mixture

'^'''- ^ S i l i c a  content
10% 20% 30%

W e i g h T ( g ) ^ \ ^
S ilic a 1 5 . ๓ 3 1 . ๓ 4 5 . ๓
M M A 1 3 5 .๓ 1 2 0 .0 0 1 0 5 .0 0
y -M P S 3 .7 2 1 5 7 .4 7 6 0 1 1 .1 6 4 5

C a ta ly s t 3 .7 4 4 3 7 .8 8 8 8 1 1 .2 3 5 3

3.5 Preparation of the Torsion Sample for Rheometric Measurement

T h e  sa m p le s  w e r e  p rep ared  b y  a d d in g  lw t%  o f  b e n z o y l  p e r o x id e  in to  
th e  trea ted  s i l ic a /M M A  m ix tu re , th en  p r e -p o ly m e r iz in g  at 8 5 - 9 0  °c fo r  3 0  m in  

in  th e  c lo s e d  s y s te m  and p o ly m e r iz in g  in  an  o v e n  at 5 0  °c fo r  5 h  in  p e tr i-d ish . 
T h e  to r s io n  sa m p le s  w e r e  3 0 .0  m m  lo n g , 8 .0  m m  w id e , and 1 .2  m m  th ick .
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3.6 Measurements

3 .6 .1  V is c o s ity  M ea su rem en t
A fte r  p o u r in g  th e  8 m L  sa m p le  in to  th e  sa m p le  c h a m b er , th e  

sa m p le  w a s  le f t  u n til th e sa m p le  tem p eratu re  rea ch ed  2 5  ° c .  T h e  sa m p le  w a s  
m ea su red  at 1 0 0  rpm .

3 .6 .2  D if f u s e  R e f le c ta n c e  F o u rier  T ra n sfo rm  Infrared  S p e c tr o s c o p y
( D R I F O

T h e  treated  s i l ic a  an d  K B r  w e r e  w e ig h e d  an d  tran sferred  in to  th e  
a g a te  m ortar b y  ra tio  o f  2 :1 0 0 , and grou n d  w e l l .  T h e  p rep ared  m ix tu r e  w a s  
w e ig h e d  and tran fered  to  th e  sa m p le  cu p . T h e  q u a n tita tiv e  a n a ly s is  w a s  

a c h ie v e d  b y  m e a su r in g  th e area  u n d er  c = 0  p eak . T h e  c = 0  b a n d  in  y -M P S  
h a s a la rg e  s p e c if ic  a b so rp tiv ity , a llo w in g  fo r  h ig h -se n s it iv ity  m e a su r e m e n ts .  
T h e  c = 0  b an d  a lso  p ro v id e  in fo rm a tio n  w ith  r e sp e c t  to  th e  a m o u n t o f  th e  
a d so rb ed  s ila n e  m o le c u le s .  T h e  p r e se n c e  o f  w a ter  g e n e r a te s  a  p r o b le m  that 
m u st b e  c o rrec ted  b y  d ig ita l su b tra ctio n . T h e  sp ectru m  , w a s  th en , f it t in g  b y  
G a u ss ia n  an d  L a u ren tz ia n  e q u a tio n s  u n d er  th e  r e g io n  2 1 4 0  to  1 5 4 0  c m '1 w ith  
so ftw a r e . T h e  area  o f  th e  c = 0  b an d  w a s  tak en  fro m  th e  su m  o f  area  u n d er  th e  
b a n d s at 1 7 0 0  an d  1 7 1 0  c m '1. E a ch  o f  th e  p e a k  area  w a s  c a lc u la te d  b y  
n o r m a liz in g  to  th e  co n cen tra tio n  o f  treated  s i l ic a  in  K B r  (g /g ) .  P e a k  area  w a s  
e v a lu a te d  as a r e la t iv e  a m o u n t b y  u s in g  in tern a l th ic k n e ss  b an d  o f  s i lo x a n e  
g ro u p  w h ic h  a p p eared  as a co m b in a tio n  b an d  at 1 8 6 7  cm"1.

3 .6 .3  S iz e  E x c lu s io n  C h ro m a to g ra p h y  (S E C )
S a m p le s  o f  b o th  u n rea cted  s ila n e  and p h y s iso r b e d  s i la n e  w e r e  

e x a m in e d  b y  S E C . T h e  sa m p le  so lu t io n  w a s  filte r e d  b y  0 .2 2  p m  P T F E  f ilte r  

b e fo r e  a n a ly z e d  b y  S E C . T h e  sa m p le  in je c t io n  v o lu m e  w a s  h e ld  c o n s ta n t  at 6 0
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(iL . T h e  in je c te d  sa m p le  co n cen tra tio n  w a s  5 0 w t%  in  T H F  fo r  p h y s iso r b e d  
s ila n e , an d  3w t%  in  T H F  fo r  u n rea cted  s ila n e . T h e  area u n d er  th e  p e a k  o f  
p h y s iso r b e d  s ila n e  s p e c ie s  w a s  in teg ra ted  to  b e  th e  r e la t iv e  to ta l a m o u n t o f  
p h y s iso r b e d  s ila n e . E a ch  o f  th e  p ea k s w a s  c a lc u la te d  b y  n o r m a liz in g  to  th e  
c o n c e n tr a tio n  o f  sa m p le  in  T H F  (g /g ) .

3 .6 .4  R h eo m etr ic  M ea su rem en t
F o r  e a c h  sa m p le , th e  f ir st m ea su rem en t w a s  d y n a m ic  stra in  s w e e p  

d e fa u lt  test. T h e  strain  w a s  var ied  b e tw e e n  0 .0 0 1 - 0 .5  r a d ./se c  w ith  a 
fr e q u e n c y  o f  1 r a d ./se c  at tem p eratu re o f  4 0  ° c .  T h e  sa m p lin g  rate w a s  5 p o in t  
p er  d e c a d e . T h e  n e x t  m ea su rem en t m o d e  w a s  d y n a m ic  tem p era tu re  step  

d e fa u lt  test. T h e  tem p eratu re  ra n g es  u se d  w e r e  4 0 - 8 0  ° c ,  8 0 - 1 2 0  ° c ,  an d  1 2 0 -  
1 4 0  ° c .  T h e  tem p eratu re  in crem en t w a s  3 ° c  w ith  a so a k in g  o f  1 8 0  ร fo r  th e  

ra n g e  4 0 - 8 0  ° c  and 3 0 0  ร fo r  th e rest. T h e  v a lu e  o f  tan Ô v e r su s  tem p era tu re  

w a s  c o lle c te d .
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