
CHAPTER II 
LITERATURE SURVEY

2.1 Artificial Marble

M a rb le  s to n e  is  a natural p rod u ct w e lc o m e d  in  v a r io u s a p p lic a t io n s  d u e  
to  its  g o r g e o u s  and supra p h y s ic a l p ro p erties . H o w e v e r , it  s h o w s  so m e  
d isa d v a n ta g e s  su ch  as w e ig h t , la c k  o f  c o lo r  v a r ie ty , lim it  o f  sh a p e , an d  h ig h  
c o s t . A c c o r d in g ly , th e  ap p roach  fo r  sy n th e tic  m ateria l h a s r e c e iv e d  a tten tio n . 
It is  k n o w n  that an a r tific ia l m arb le  ca n  b e  prepared  b y  f i l l in g  in o r g a n ic  
m a ter ia lร w h ic h  h a v e  th e re fra c tiv e  in d e x  c lo s e  to  that o f  m a tr ix  resin . 
V a r io u s  ty p e s  o f  m atr ix  re s in s  h a v e  b e e n  stu d ied  in  ord er  to  o b ta in  th e  
a p p ea ra n ce  s im ila r  to  th e  m a rb le . T h e  a r tific ia l m a rb le  is  req u ired  to  h a v e  an  
a p p ea ra n ce  w h ic h  g iv e s  a  g o r g e o u s  im p r e ss io n  w ith  th e in tern a l p a ttern s o f  th e  
m o ld e d  p ro d u ct to  b e  se e n  th rou gh  to g e th e r  w ith  th e  m e c h a n ic a l stren g th , i.e .;  
f le x u r a l stren gth , and im p a c t stren gth  and th e  im p ro v ed  su r fa ce  h a rd n ess  or  
th e  h ea t res is ta n t p ro p erties . O n e  o f  th e  p o te n tia lly  u se fu l m atr ix  r e s in s  is  an  
u n satu ra ted  p o ly e s te r  (O d a  e t  ฝ . ,  1 9 8 9 );  h o w e v e r , it  h as th e p r o b le m  o n  th e  
tra n sp a ren cy . A c c o r d in g ly , an a tten tio n  has b e e n  d ra w n  to  a  
m e th y lm e th a c r y la te  res in  w h ic h  h a s a h ig h  d e g r e e  o f  p o ly m e r iz a t io n , g o o d  
tra n sp a ren cy , m e c h a n ic a l stren gth , f la m e  retard an cy  and r ig id ity  (H a y a sh i,  
1 9 9 0 ; S a sa k i e t  ฝ . ,  1 9 8 7 ) .

In ord er  to  a c h ie v e  s ig n if ic a n t  p h y s ic a l p rop erties; f i l le r s  fo r  a r tif ic ia l 
m a rb le  h a v e  b e e n  s tu d ied  e x te n s iv e ly .  In o rg a n ic  f ille r s  u sed  fo r  th e  a r tific ia l  
m a rb le  are as a lu m in iu m  h y d r o x id e , m a g n e s iu m  h y d r o x id e , s i l ic a , ^ c i u m  
ca rb o n a te , 0ฝ ฟ น ท 1 s il ic a te , k a o lin , c la y  or  ta lc , e tc . H o w e v e r , fo r  th e se  ty p e s  
o f  a r tif ic ia l m arb le , th e req u ired  in tern a l a ff in it ie s  su ch  a s m isc ib il ity ,
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a d h e s io n , e tc . are im p ortan t p aram eters d u e  to  the su b sta n tia l d if fe r e n c e s  in  
p ro p ertie s  b e tw e e n  th e  in o rg a n ic  f ille r  and o rg a n ic  res in . F u rth erm ore , th e  
in c r e a se d  v is c o s ity  b y  in co rp o ra tio n  m a k es  th e d if f ic u lty  fo r  u n ifo rm  
d isp e r s io n  o f  th e f ille r . T h u s, th e im p ro v em en t fo r  th e a r tif ic ia l m a rb le  
p ro p ertie s  and c o s t  red u ctio n  b y  a d d in g  th e f ille r  is  lim ite d . In ord er  to  
o v e r c o m e  th e se  sh o r tc o m in g s , trea tm en t o f  f ille r  su r fa ce  b y  a s ila n e  c o u p lin g  
a g e n t is  an a ttra ctiv e  ap p roach .

2.2 Silica and Silane Coupling Agent

2 .2 .1  S y n th e tic  S ilic a  (W a so n , 1 9 8 7 )
S ilic a s  are g ro u p ed  in to  tw o  m a jo r  ca te g o r ie s:  n atural m in e d  

s i l ic a s  and sy n th e tic  s i l ic a s . C o m m e r c ia lly  a v a ila b le  sy n th e tic  s i l ic a s  are o f  
f iv e  ty p es: fu m ed , e le c tr ic  arc, fu se d , g e l, and  p rec ip ita ted . T h e  su r fa c e  o f  
sy n th e tic  s i l ic a  c o n ta in s  h y d r o x y l g ro u p s c a lle d  s ila n o l g ro u p s . B e c a u s e  o f  
su r fa c e  m o istu r e  and th e  p r esen ce  o f  s ila n o l g ro u p s, th e  sy n th e tic  s i l ic a s  are 
h y d r o p h ilic  in  nature. A ll  sy n th e tic  s i l ic a s  are a m o rp h o u s in  n ature, c o lo r le s s ,  
o d o r le s s , ta s te le s s , f in e -p a r tic le  an d  w h ite  p o w d e r s . S il ic a s  are c h e m ic a lly  
in ert and in so lu b le  p o w d e r s  e x c e p t  in  stron g  a lk a li (N a O H ) and h y d r o flu o r ic  
a c id  (H F ). T h e  re fra c tiv e  in d e x  o f  sy n th e tic  s i l ic a  is  1 .4 5 , m a k in g  it  u s e fu l fo r  
p r o d u c in g  tra n slu cen t and tran sp aren t f i l le d  p o ly m e r  s to ck . A lth o u g h  a m o n g  
th e  sy n th e tic  s i l ic a s , fu m ed  s i l ic a  is  th e  m o st  e x p e n s iv e  and th e  p rec ip ita ted  
s i l ic a  fo r  th e lo w e s t-p r ic e d . H o w e v e r , p rec ip ita ted  s i l ic a  c r e a te s  n o t  o n ly  
ex tern a l su r fa ce  area b ut a lso  th e in tern a l su r fa ce  area, w h ile  fu m e d  s i l ic a  
c o n tr ib u te s  m a in ly  ex tern a l su r fa ce  area. It is  w e l l  k n o w n  that th e  d e g r e e  o f  
r e in fo r c e m e n t o b ta in ed  w ith  s i l ic a  is  re la ted  to  th e ex tern a l su r fa c e  area. 
T h ere fo re , fu m ed  s i l ic a  is  p referred  as a re in fo rc in g  f ille r  than p rec ip ita ted  
s il ic a . F u rth erm ore, fu m ed  s il ic a  is  u sed  a s a th ix o tro p e  in  p o ly e s te r  and



5

e p o x y  r e s in s . T o  a le s se r  d eg ree , fu m ed  s il ic a  is  a lso  u sed  in  th e r m o p la st ic s  as  
a r h e o lo g y  co n tro l a g en t and a p la te -o u t agen t. L ik e  fu m e d  s il ic a , p rec ip ita ted  
s i l ic a  a lso  e x h ib its  th ix o tro p ic  ch aracters in  re s in s  and liq u id  sy s te m s , b u t it  is  
n o t as e f fe c t iv e  as th e  fu m ed  s ilic a .

T h e  c o m p a tib ility  o f  sy n th e tic  s i l ic a s  and th e im p r o v e m e n t  fo r  
th e ir  u se  in  p o ly m e r s  v ia  h y d r o p h o b iz in g  the s i l ic a  su r fa ce  c a n  b e  a c h ie v e d  b y  
s o m e  su ita b le  c o u p lin g  a g en ts  and c h e m ic a l treatm en ts.

2 .2 .2  S ila n e  C o u p lin g  A g e n t  (P lu ed d em a n n , 1 9 8 2 ; Ish id a , 1 9 9 3 )
2.2.2.1 Structure o f  Silane. S ila n e  c o u p lin g  a g e n ts  u su a lly  p o s s e s  

a d u a l fu n c t io n a lity  o f  th e  form ,
Y - S i- X 3

w h e r e  Y  is  th e o rg a n o fu n c tio n a l g ro u p  an d  X  fo r  th e  h y d r o ly z a b le  g rou p .
T h e  o r g a n o fu n c tio n a l g ro u p s (Y )  are c h o s e n  fo r  r e a c tiv ity  

or c o m p a tib ility  w ith  th e  p o ly m e r  w h ile  th e h y d r o ly z a b le  g r o u p s  ( X )  are  
m e r e ly  in te r m e d ia te s  in  fo rm a tio n  o f  s i la n o l gro u p s fo r  b o n d in g  to  m in era l 
su r fa c e s . T h e  structure o f  an o r g a n o fu n c tio n a l g ro u p  is  c h o s e n  so  a s  to  
c o p o ly m e r iz e  w ith  a th erm o se ttin g  res in  or  to  b e  c o m p a tib le  w ith  a  
th erm o p la stic  res in .

2 .2 .2 .2  R eaction o f  H ydrolyzable G roups on Silicon. U p o n  
c o n ta c t  w ith  w a ter , th e  fo l lo w in g  r e a c tio n s  take p la ce .

H20
R S i(O R ’)3 ------------ ►  R S i(O H )3 +  3 R ’O H  (E q .2 .1 )

F f
2  R S i-(O H )3 -------- ►  H O -S i-O -S i-O H  (E q .2 .2 )

k k
T h e  h y d r o ly s is  o f  tr ia lk o x y  g ro u p s ta k es  p la c e  in  a 

s te p w is e  fa sh io n  to  g iv e  th e  c o r r e sp o n d in g  s ila n o ls , w h ic h  u lt im a te ly  c o n d e n s e
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to  s i lo x a n e s . N ish iy a m a  and H o n e  in v e s t ig a te d  th e m e c h a n ism s  o f  h y d r o ly s is  
and c o n d e n sa t io n  o f  y -M P S  in  70% E tO H /H 20  so lu tio n  b y  th e  u se  o f  13c  and  
29S i N M R  (N ish iy a m a  and H o r ie , 1987). N ish iy a m a  e t  al. fo u n d  that th ere  are  
se v e r a l k in d s o f  h y d r o ly s is  and c o n d e n sa tio n  sp e c ie s . T h e  ord er  in  th e  a m o u n t  
o f  h y d r o ly s is  s p e c ie s  is  -C H 2-S i(O C H 3)2-O H  >  -C H 2-S i- (O H )3 >  -C H 2-S i  
(O C H 3)- (O H )2. M e a n w h ile  th e c o n d e n sa tio n  p r o c e ss  p ro d u ces  th e  -C H 2-S i-  
( 0 H ) 2- 0 - S i -  m a in ly . It is  fo u n d  that th e  lo n g e r  th e tim e fo r  c o n d e n sa t io n  th e  
h ig h er  th e  m o le c u la r  w e ig h t . It is  a lso  fo u n d  that w a ter  a c c e le r a te s  th e  
h y d r o ly s is .

s i la n e  c o u p lin g  a g e n t is  th e  so lu tio n  p H . It is  fo u n d  that h y d r o ly z a te s  o b ta in e d  
fro m  so lu tio n  s tu d ied  b y  S E C  and F T IR  ap p ear to  b e  p o ly s i lo x a n e  w ith  
m o le c u la r  w e ig h t  d istr ib u tio n  d e p e n d in g  o n  th e so lu tio n  p H  (M ille r  e t  a l., 
1 9 8 4 ) .

p o ly c y c l ic  b lo c k s . A t n ear neu tra l p H  e x tr e m e ly  h ig h -m o le c u la r -w e ig h t  an d  
p o ly d isp e r se  p o ly s i lo x a n e s  are g e n era ted  at n ear neutra l p H  d u e  to  th e  
fo r m a tio n  o f  th e  d o u b le  c h a in  la d d er  co n fig u r a tio n  and th e  h ig h  s ila n o l  
in s ta b ility . In stro n g ly  b a s ic  e n v ir o n m e n ts , th e  m eth a cry la te  fu n c t io n  o f  y-  
M P S  is  p a rtia lly  h y d r o ly z e d  to  fo rm  so d iu m  c a r b o x y la te , an d  ca rb o n  d io x id e  
is  a b so rb ed  fro m  th e air and rea cts  to  fo rm  so d iu m  ca rb o n a te  (E q . 2 .3 )  (M ille r  
e t  a l., 1 9 8 4 ; Ish id a , 1 9 9 3 ).

A n o th er  p aram eter in f lu e n c e d  th e a d so rp tio n  b e h a v io r  o f

In a c id ic  en v ir o n m e n ts  (b e lo w  p H  4 ) ,  y -M P S  fo r m s

o
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2.2.23 Silane Treating Solutions (Binaghi et ah).
1) Aqueous silane treatment

In this method, the treatment of aqueous silane start with 
complete hydrolysis of the alkoxy groups in the silane molecule. The low 
concentration of silane allows the highly reactive silanetriol to be the 
dominant species. Thus, the solution must be freshly prepared to prevent 
oligomer formation among silane hydrolyzate species.

2) Dry blending
In this method, the alkoxy group of silane molecule was 

partially hydrolyzed in ฟcohol solution or the addition of trace amount of 
water in ฟcohol solution. The concentration of silane is usually around 10- 
20wt%. Particulate fillers are often treated with this partially hydrolyzed 
silane by spraying onto fillers for homogeneous covering. The amount of 
adsorbed silane on filler surface is not controlled by the adsorption mechanism 
but by the relative weight of the silane and the filler.

3) Integral blends
Integral blend has the advantage about the elimination of 

pretreatment, drying and repulverization step. Here, the unhydrolyzed silane 
is directly incorporated onto an uncured resin. However, the silane has lower 
efficiency than direct treatment, thus, the large amount of silane is required. 
The integral technique relies on the preferential adsorption of the silane onto 
the substrate. Hydrolysis may proceed with time if sufficient water is 
available from either the resin or the substrate surface. Direct chemical 
reaction with the substrate can also proceed via the following exchange 
reaction.
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SÏI-OH
Si OH + (CH30 )3SiR 
Si-OH

Si-OH
Si-0-Si(0CH3)2R + CH3OH 
Si-OH

(Eq.2.3)

However, to process the integral blend, catalyst is required. 
Catalyst such as amines or heat treatment helps accelerate the reaction since 
the reactivity of the above reaction is lower than the condensation reaction of 
silanol groups. Because there are few silanols available, the silane in this 
treatment method tends to be near a monomolecular equivalent. Furthermore, 
the matrix material acts as a solvent for the unhydrolyzed silane, and only the 
hydrolyzed silane can remain at the filler/matrix interface. In the present 
work, the y-MPS is applied as silane coupling agent for fumed silica in MMA 
by integral blend method. Dodecylammonium oleate is used as a catalyst for 
hydrolysis reaction of y-MPS. The structure of y-MPS is shown below.

0  o c h 3
CH2= C - C  -O  -  (CH2)3 - S i -  OCH3

c h 3 o c h 3

The methacrylate group of the coupling agent can react and is 
compatible with the methylmethacrylate while the methoxy group 
(hydrolyzable group) is merely intermediate in formation of silanol group for 
bonding at fumed silica surface.
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2.3 Physisorbed and Chemisorbed Silane

Silanes can form many structures due to their tri-functional 
condensation mechanism. Monomeric and oligomeric silanes can react with 
the surface of a filler. The motion of physisorbed and chemisorbed silanes are 
used based on the reaction with the substrate surface. Chemisorbed silane is 
the one that possesses at least one covalent bond with the substrate. This type 
of silane does not desorb even washing with an anhydrous organic solvent.

Physisorbed silane does not posses any covalent bonds with the 
substrate. The physisorbed silane may be small oligomers or large polymer. 
Quite often, oligomers take the form of cyclic silanes where concentration of 
unreacted silanol group in the molecule is low despite the small molecular 
size. These physisorbed oligomers can be eliminated by washing with an 
organic solvent. However, high molecular weight physisorbed silanes are not 
as easily eliminated as the small oligomers. Many silanol groups can form 
hydrogen bonds with the substrate surface or chemisorbed silanes.

If a small amount of water exists in the solvent, water can hydrolyze the 
siloxane bonds of the loosely chemisorbed silane to desorb. The time scale for 
desorption and hydrolysis of the siloxane bonds might be comparable for a 
large, loosely chemisorbed molecules. For small oligomers, it is not important 
since the time nescessary to hydrolyze the siloxane bonds is much longer than 
the extraction time.

The structure of the physisorbed silanes tends to be cyclic oligomers, 
and their molecular weight are strongly dependent on the pH of the filler. 
Ishida and Miller (Ishida and Miller, 1984) studied the substrate effects on the 
chemisorbed and physisorbed layers of y-MPS modified particulate minerals 
by DRIFT and SEC. y-MPS layers on the substrate surface are influenced by 
the acid/base nature of the surface, the chemical functionality on the surface 
and the adsorbate loading. The near-neutral pH substrates showed the greatest
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proportion of chemisorbed silane. SEC indicated that the physisorbed layers 
consist of hydrolyzed or partially hydrolyzed monomer and polysiloxane with 
a molecular weight up to several thousand. The molecular weight of 
oligomeric species depends strongly on acid/base nature of substrate surface 
and descends in the following order; neutral > basic > acid. This effect can be 
modified by adjusting the pH of the treating solution. The adsorption behavior 
of y-MPS deposited onto silica is examined as a function of drying time and 
silane concentration. At low silane concentration, chemisorbed silane 
molecules are lying parallel to the silica surface (C=0 band at 1706 cm'1). 
With increasing amounts of chemisorption, additional chemisorbed molecules 
are forced to move away from the silica surface (new c=0 band at 1726 cm'1). 
Addition of acid accelerates the intermolecular condensation of the silane 
molecules. The amount of physisorbed silane decreases with increasing 
drying time, thereby indicating an increase in the chemisorbed fraction of 
silane (Ishida et ฟ., 1991).

2.4 Rheological Properties of Silica/Polymer Composites

The viscosity of a filled system is นรนฟly much higher than a non-filled 
system mainly due to the formation of filler aggregates. The viscosity is a 
nonlinear function of the filler fraction and increases much more rapidly at 
higher filler fraction. In most silica suspensions, since the amount of polymer 
adsorbed on the silica surfaces is at the plateau of the adsorption isotherms for 
the corresponding polymer, the resulting silica suspensions are stable. 
Kawaguchi et ฟ. reported that the silica contents could not be greater than 
15wt% without silane coupling agent (Kawaguchi et al., 1997).
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A  d ram atic  v is c o s ity  red u ctio n  o f  a h ig h ly  f i l le d  sy s te m  c a n  b e  
a c h ie v e d  b y  b r ea k in g  up  th e  a g g r e g a te s  o f  th e f ille r . T h is  ca n  b e  a c h ie v e d  b y  
a p p ly in g  a sh ea r  or  te n s io n a l fo r c e  w h ic h  m e c h a n ic a lly  sep a ra te  th e  a g g r e g a te s  
or c h a n g in g  th e  su r fa ce  e n e r g y  o f  th e  f ille r  so  that th e fo r c e  o f  f ille r /m a tr ix  
in tera c tio n  o v e r c o m e s  that o f  th e  a g g reg a tio n . T h e  a g g r e g a tio n  fo r c e , d u e  to  
h y d r o g e n  b o n d in g  b e tw e e n  th e  su r fa ce  h y d r o x y l g rou p  o f  s i l ic a  c o m p o u n d  and  
h y d r o x y l g ro u p  o f  w a ter  m o le c u le s , ca n  b e  red u ced  b y  trea tin g  th e  f i l le r  
su r fa c e  w ith  s i la n e  c o u p lin g  a g en ts . S ila n e  can  c o m p e te  fo r  an d  r ea c t w ith  th e  
su r fa c e  h y d r o x y l g ro u p s and c o v e r  th e f ille r  w ith  o r g a n o -fu n c t io n a l g ro u p s . 
S in c e  th e  v a n  d er  W a a l’s fo r c e  b e tw e e n  th e o r g a n o -fu n c tio n a l g r o u p s  is  
s im ila r  to  that b e tw e e n  th e  s ila n e  and res in , a sm a ll sh ea r in g  fo r c e  c a n  e a s i ly  
b rea k  u p  th e  a g g lo m e r a te d  f i l le r  p a r tic le s . F u rth erm ore, a p h y s iso r b e d  s ila n e  
c a n  fu rth er r e d u c e  th e v is c o s ity . In g en era l, the h ig h er  th e c o n c e n tr a tio n  o f  th e  
s ila n e  in  th e  trea tin g  so lu tio n , th e m o re  th e  p h y s iso r b ed  s ila n e .

W h e n  th e  in teg ra l b le n d in g  m e th o d  w a s  u se d  to  treat a  f i l le r  su r fa c e , 
th e  q u a n tity  o f  th e  d e p o s ite d  s ila n e  in c r e a se d  as th e  a m o u n t o f  th e  s i la n e  
so lu t io n . H o w e v e r , th e  in c r e a se  in  th e  d e p o s ite d  s ila n e  h a lted  su d d e n ly  fo r  a 
cer ta in  a m o u n t o f  s ila n e  w h e r e  th e  f i l le r  w a s  c o m p le te ly  w e tte d  b y  th e  s ila n e  
so lu tio n . A c c o r d in g ly , th ere  is  an u p p er  lim it  o f  s ila n e  that c a n  b e  d e p o s ite d  
b y  th e  in teg ra l b le n d in g  m e th o d  (Ish id a , 1 9 9 3 ) .

A  h ig h ly  f i l le d  sy s te m  is  o f  grea t te c h n o lo g ic a l s ig n if ic a n c e  in  th e  
c e r a m ic , a r tif ic ia l m arb le , and  o th er  in d u str ie s . D u e  to  th e  v e r y  h ig h  f i l le r  
c o n te n ts , th e  v is c o s ity  o f  th e  f i l le d  s y s te m  is  u su a lly  e x tr e m e ly  h ig h  to  th e  
e x te n t  that th e  m ix tu re  o f  in it ia l in g r e d ie n ts  is  d o u g h -lik e  in  c o n s is te n c y , e v e n  
i f  a  s i l ic a  f i l le r  is  m ix e d  w ith  su ch  a lo w  v is c o s ity  m a ter ia l as  
m e th y lm e th a c r y la te . T h e  v is c o s ity  red u c tio n  p r o c e ss  is  a fu n c t io n  o f  th e  
su r fa ce  c o v e r a g e  o f  th e f i l le r  b y  th e  s ila n e . T h e  c o m p le te  c o v e r a g e  o f  th e  
f i l le r  su r fa ce  is  n e c e ssa r y  to  a c h ie v e  lo w  v is c o s ity .  S in c e  th is  ty p e  o f  
trea tm en t is  d o n e  in  an o rg a n ic  s o lv e n t  w ith o u t a n y  w a ter  a d d ed , th e  rate o f
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h y d r o ly s is  is  v ery  s lo w . T h u s, th e a d d itio n  o f  an a lk a lin e  c a ta ly s t  g rea tly  
a c c e le r a te s  th e  c h e m ic a l rea c tio n  o f  th e  s ila n e  w ith  th e f iller .

2.5 Dynamic Mechanical Properties of Silica Polymer Composites

It is  k n o w n  that th e  m e c h a n ic a l p ro p erties  o f  p o ly m e r ic  c o m p o s ite  
m a ter ia ls  are c o n tr o lle d  b y  th e  in terp h a se . T h e  p ro p erties  o f  an  in terp h a se  
c o m p r ise d  o f  s ila n e  c o u p lin g  a g en ts  are s tro n g ly  in f lu e n c e d  b y  th e  a d so rp tio n  
a m o u n t an d  b e h a v io r  o f  th e  s ila n e . T h ere fo re , th e d e term in a tio n  o f  th e se  
p a ra m eters  is  e s se n t ia l fo r  a fu n d a m en ta l u n d ersta n d in g  o f  th e  r e in fo r c e m e n t  
m e c h a n ism  in  p o ly m e r  c o m p o s ite s . N ish iy a m a  and Ish id a  (N is h iy a m a  and  
Ish id a , 1 9 9 0 )  s tu d ied  th e  in f lu e n c e  o f  th e  s ila n e  a d so rp tio n  b e h a v io r  o n  th e  
m e c h a n ic a l p ro p ertie s  o f  th e s i l ic a  f i l le d  m eth a cry la te  c o m p o s ite s .  It w a s  
s h o w n  that th ere  w a s  lit t le  c h a n g e  w ith  in c r e a s in g  s ila n e  c o v e r a g e  u n til th e  
a m o u n t o f  c h e m iso r b e d  s ila n e  b e c a m e  saturated  and th e  s i la n e  b e g a n  to  
p h y s iso r b . T h e  p r e se n c e  o f  p h y s iso r b e d  s ila n e  c a u se d  d ram atic  d if fe r e n c e s ,  
d u e  to  re in fo r c e m e n t. E c k ste in  (E c k ste in , 1 9 8 8 )  stu d ied  th e  d y n a m ic  
m e c h a n ic a l p ro p ertie s  o f  g la s s  f ib e r s  im p reg n a ted  w ith  y -M P S  and  
m e th y ltr im e th o x y  s ila n e  a s a  fu n c tio n  o f  c o n cen tra tio n  o f  s ila n e . A n  in c r e a se  
o f  th e  c o n c e n tr a tio n  o f  th e  s ila n e s  in c r e a se s  th e m o le c u la r  w e ig h t  o f  p o ly m e r ic  
c o a t in g s , as w e l l  as th e  e x te n t  o f  th eir  c r o ss lin k in g , g la s s  tra n sitio n , m o d u lu s  
an d  d a m p in g .
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