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ABSTRACT
D e n ta l r e s in /c la y  n a n o c o m p o s ite s  w e r e  p rep ared  b y  b le n d in g  o r g a n o p h ilic  

m o n tm o r il lo n ite  in  u r e th a n ed im eth a cry la te  ( U D M A )  r e s in  w ith  p h o to p o ly m e r iz a t io n .  

T w o  d iffe r e n t  o r g a n o p h ilic  c la y s  w e r e  u sed : lin ea r  a m in e  m o d if ie d  m o n tm o r il lo n ite  

and lo n g  b u lk y  q u atern ary  a m in e  m o d if ie d  m o n tm o r il lo n ite . C o n te n t o f  m o d if ie d  

c la y s  w e r e  v a r ie d  from  1 -1 6  % w t in  p u re  U D M A  res in . T h e  in te r c a la tio n  o f  resin  

in to  th e  1 n m  c la y  g a lle r ie s  w a s  in v e s t ig a te d  b y  X -r a y  d if fr a c tio n  ( X R D )  and  

tr a n sm is s io n  e le c tr o n  m ic r o s c o p y  (T E M ). T h e  X R D  sp ec tra  s h o w  n o  s ig n if ic a n t  p ea k  

at 2 0  b e lo w  10° at th e  1 % w t o f  o c ta d e c y ltr im e th y l a m m o n iu m  c la y  (O C T ) w h i le  as  

th ere  is  s l ig h t ly  p ea k  o c c u r r in g  in  o th er  p r im a ry  c h a in  a m in e  m o d if ie d  c la y s  d en ta l 

n a n o c o m p o s ite s . T h at m e a n s  th e  s u c c e s s fu l  d en ta l n a n o c o m p o s ite s  o c cu rred  in  l% w t  

o f  q u atern a ry  a m in e  m o d if ie d  c la y s ;  h o w e v e r , w ith  in c r e a s in g  O C T  c o n te n t  the  

d is ta n c e  w a s  r e d u c e d  and  in terca la te d  ty p e  n a n o c o m p o s ite s  w e r e  o b ta in e d . D e n ta l  

n a n o c o m p o s ite s  s h o w e d  la rg e  e n h a n c e m e n t  o f  d ia m etra l t e n s i le  s tren g th  (D T S )  w ith
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o n ly  a s m a ll a m o u n t o f  th e  d isp e r se d  c la y  p a r t ic le s  in  th e  d en ta l re s in  m a tr ices . 

H a rd n ess  o f  th e  h y b r id  n a n o c o m p o s ite s  w a s  c o m p a r a b le  w ith  th at o f  re s in .  

KEYWORDS: Dental Materials, Nanocomposites

1. INTRODUCTION
P o ly m e r /o r g a n ic a lly  m o d if ie d  la y e r e d  s il ic a te  (P L S ) n a n o c o m p o s ite s  are a  n e w  c la s s  

o f  f i l le d  p o ly m e r s  w ith  u ltra fin e  p h a se  d im e n s io n s . T h e y  o f fe r  an  o u ts ta n d in g  

c o m b in a tio n  o f  s t i f fn e s s , s tre n g th  and w e ig h t  that is  d if f ic u lt  to  a tta in  s e p a r a te ly  from  

th e  in d iv id u a l c o m p o n e n ts . A d d it io n a lly , th e  n a n o s c o p ic  p h a se  d is tr ib u tio n  a s  w e l l  as  

sy n e r g ism  b e tw e e n  p o ly m e r  and  th e  la y e r e d  s il ic a te  re su lt  in  a d d it io n a l p ro p er tie s ,  

su c h  as f la m e  re ta rd en cy , e n h a n c e  barrier p r o p er tie s  an  a b la t io n  r e s is ta n c e , w h ic h  are 

n o t o b se r v e d  in  e ith er  c o m p o n e n t  [ X ie  et a l,  2 0 0 1 ] .  M o n tm o r illo n ite , a 

r e p r e se n ta tiv e  c la y  m in era l, is  c o m p o s e d  o f  u n it m a d e  up o f  tw o  s i l ic a  tetrah ed ra l 

sh e e ts  and  an  a lu m in a  o c ta h ed ra l sh e e t. T h e ir  in ter  sh e e t  la y e r s  in c lu d e  e x c h a n g e a b le  

m e ta l io n s  ( e .g . so d iu m  io n s ) , n e u tr a liz in g  th e  n e t  n e g a t iv e  c h a r g e s  w h ic h  are 

g e n e r a te d  b y  p artia l su b stitu tio n  o f  A l3+ w ith  M g 2+ at th e  o c ta h e d r a l s ite s . T h e  

n u m b er  o f  e x c h a n g e a b le  io n s  w ith in  th e  c la y  m in e r a ls  d e te r m in e s  th e  a m o u n t o f  

o r g a n ic  g u e s t  io n s  w h ic h  c a n  b e  in terca la te d  b e tw e e n  th e  c la y  la y ers . F or  

m o n tm o r il lo n ite  is  c a p a b le  o f  a d so r b in g  g u e s t  c a t io n  a c c o r d in g  to  th e  m a g n itu d e  o f  

th e  c a t io n  e x c h a n g e  c a p a c ity  (C E C ) w h ic h  is  e x p r e s sd  a s  m il l ie q u iv a le n ts  o f  th e  

a n io n ic  s ite  p er  u n it gram  o f  th e  c la y  [S h ic h i an d  T a k a g i 2 0 0 0 ] ,  T h e  n e w  m a ter ia ls  

sh o w e d  d ra m a tic  im p r o v e m e n t  in  m e c h a n ic a l p r o p er tie s  an d  p h y s ic a l  p rop erties . 

N u m e r o u s  o th er  resea rch ers  la ter  u se d  th is  c o n c e p t  for  n a n o c o m p o s ite s  b a se  o n  

e p o x ie s , u n sa tu ra ted  p o ly e s te r , p o ly  (ธ-c a r p o la c to n e ) , p o ly  ( e th y le n e  o x id e ) ,  s i l ic o n e
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rubber, p o ly s ty r e n e , p o ly im id e , p o ly p r o p y le n e , p o ly  ( e th y le n e  terep h th a la te ) , and  

p o ly u r e th a n e . M e c h a n ic a l p ro p er tie s  o f  p o ly m e r  c a n  b e  im p r o v e d  b y  in co rp o ra tin g  

n a n o p a r tic le s . H o w e v e r , th e  n a n o p a r tic le s  ca n n o t b e  c o m p o u n d e d  w ith  p o ly m e r s  lik e  

c o n v e n tio n a l p a r ticu la te  f ille r s , w h ic h  h a v e  b e e n  e m p lo y e d  in  p la s t ic s  in d u stry  o n  a 

la rge  s c a le  for  m a n y  y ea rs [R o n g  et al. , 2 0 0 1 ] .  X u  et al. ( 2 0 0 1 )  h ad  a p p lie d  th e  

n a n o c o m p o s ite s  a p p ro ach  to  b io m e d ic a l p o ly (u r e th a n e  u rea )s . P o ly  (u re th a n e  urea)  

se g m e n te d  b lo c k  c o p o ly m e r s  are u se d  in  a v a r ie ty  o f  b io m e d ic a l  a p p lic a t io n s  su ch  as  

b lo o d  sa c s . T h e ir  in it ia l e x p e r im e n ts  b a se d  o n  a g e n e r ic  P o ly  (u re th a n e  u rea ) and an 

a lk y la m m o n iu m -m o d if ie d  m o n tm o r illo n ite , a b io c o m p a t ib le  la y e r e d  f il le r  fr e q u e n tly  

u se d  in  c o s m e t ic s ,  fo o d  su p p le m e n ts , and  s to m a c h  a c id  -  r e d u c in g  m e d ic in e s .  

In c r e a s in g  in  % w t o f  m o d if ie d  s il ic a te  c la y , m o d u lu s , t e n s i le  stren g th  an d  e lo n g a t io n  

to  b reak  (% ) h a v e  in crea sed . It c o n c lu d e d  that a  n o v e l n a n o c o m p o s ite  ap p ro ach  for  

b io m e d ic a l p o ly  (u reth a n e  u rea )s  h a v e  im p r o v e m e n t in  m e c h a n ic a l p ro p e r tie s  but 

r e d u c tio n  in  g a s  p e r m e a b ility . L iu  and  c o -w o r k e r s  ( 1 9 9 0 )  s tu d ie d  N H 3 /M M T  (0 -8  

% w t c la y  a d d in g )  for  co n tr o l o f  p o ly m e r iz a t io n  sh r in k a g e  in  th e  B is -G M A  resin  

sy s te m . T h e  m e a n  v a lu e s  and  stan dard  d e v ia t io n s  o f  c o m p r e s s io n  y ie ld  p o in t ,  

c o m p r e s s iv e  s tren g th  at fracture, and  K n o o p  h a rd n ess  o f  e x p e r im e n ta l c o m p o s ite s  are  

e v a lu a te d . T h e  r esu lts  s h o w e d  that w h e n  in c r e a s in g  in  w e ig h t  p e r c e n t o f  N H 3 /M M T , 

th e  p e r c e n t v o lu m e  c h a n g e  a p p ro a ch ed  to  ze r o  an d  k e e p  c o n s ta n t  at 4  % w t. T h e  

m e c h a n ism  o f  cu red  sh r in k a g e  co n tr o l w ith  b o th  n atural an d  N H 3 /M M T  u t i l iz e s  the  

d ila ta tio n  o f  th e  M M T  p a r tic le s . T h e  res in  d o e s  n o t  fo r m  a c o n t in u o u s  p h a se  but is  

la r g e ly  c o n f in e d  to th e  sm a ll in te r s tic e s  b e tw e e n  th e  s o l id  p a r t ic le s , w h ic h  n o t ch a n g e  

in  v o lu m e . T h e  sh r in k a g e  fo r c e s  d e v e lo p e d  in  th e se  sp a c e s  d u r in g  p o ly m e r iz a t io n  are 

n o  r e lie v e d  and  g iv e  r ise  to  lo c a l te n s i le  s tr e sse s , w h ic h  in c r e a se  as th e  s y s te m  cure.
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W h e n  th e  in tern a l s tre ss  e x c e e d s  th e  c o h e s iv e  s tr e n g th  o f  th e  c o m p o s ite s ,  

m ic r o c r a c k s  m a y  fo rm  in  th e  resin . In tern a l s tre ss  m a y  a ls o  c a u s e  se p a r a tio n  o f  th e  

res in  an d  f ille r , sep a ra tio n  o f  th e  c o m p o s ite  from  th e  e n a m e l an d  cr a c k s  in  th e  

e n a m e l a d ja cen t to  th e  resto ra tio n . T h e  f ille r  u s in g  in  th e ir  รณ d y  w e r e  m i x t o e  o f  

h y d r o x y a p a tite , f lu o r o a p a tite  and  2  % w t o f  M M T  h a v in g  a  w id e  r a n g e  o f  p a rtic le  

sh a p e s  an d  s iz e s .  T h e  c o m p r e s s iv e  s tren g th  o f  th e ir  e x p e r im e n ta l c o m p o s ite s  is

3 2 ,0 0 0  p s i. w h ic h  c o m p a r a b le  to  th e  rep orted  for  d en ta l c o m p o s ite  r e s in s  ( 3 4 ,0 0 0  to  

3 4 ,4 0 0  p s i [P h illip , 19 82 : C ra ig , 1 9 8 9 ]) . It is  e x p e c te d  that th e  c o m p r e s s iv e  stren g th  

w o u ld  b e  s ig n if ic a n t ly  la rger  i f  th e  f il le r  ty p e , c o n te n t and  p a r t ic le  s iz e  d istr ib u tio n  

w e r e  c o m p a r a b le  to  that o f  rep orted  d en ta l c o m p o s ite s  b e c a u s e  c o n sta n t v o lu m e  

p o ly m e r iz a t io n  sh r in k a g e  w o u ld  e lim in a te  th e  in tern a l s tr e ss . T h e  K n o o p  h a rd n ess  

that o b ta in e d  from  d en ta l c o m p o s ite s  w ith  a d d in g  N H 3 /M M T , h y d r o x y a p a tite  and  

f lu o ro a p a tite  in  th e  ra n g e  o f  f ille r  c o n te n t  0 - 5 0  % w t. T h e  N H 3 /M M T  c o n te n t  w a s  

v a r ied  fro m  2 , 2 .4 ,  2 .8 ,  3 .2 ,  3 .6 , 4  % w t. T h e  v a lu e s  o b ta in e d  fo r  th e ir  e x p e r im e n ta l  

c o m p o s ite s  ra n g ed  b e tw e e n  1 8 .8  and 2 5 .1  k g /m m 2 for  2  -  4  % w t o f  c la y  ad d in g . 

In c r e a se in g  in  p e r c e n t w e ig h t  o f  c la y  a d d in g  (4 % w t), T h e  h a r d n e ss  d e c r e a se s . K n o o p  

h a rd n ess  v a lu e s  g e n e r a lly  ra n g e s  b e tw e e n  2 5  k g /m m 2 for  M ic r o f i l le d  c o m p o s ite  

r e s in s  and  5 5  k g /m m 2  for c o n v e n tio n a l c o m p o s ite  re s in  [P h i ll ip s , 1 9 8 2 ] , T h e  lo w e r  

v a lu e  for  th e ir  e x p e r im e n ta l c o m p o s ite s  w e r e  d u e  to  th e  lo w e r  f il le r  c o n te n t as  

c o m p a red  to  th e  rep orted  d en ta l c o m p o s ite s . T h is  s tu d y  w i l l  fo c u s  o n  th e  

im p r o v e m e n t o f  m e c h a n ic a l p ro p er tie s  o f  d en ta l re s in  w h e n  u s in g  th e  s il ic a te  c la y  

co m p a r e d  w ith  th e  c o n v e n tio n a l f ille r  sy s te m . A c r y la te  m o n o m e r  o f  d en ta l re s in  is  

reac ted  in  th e  p r e se n c e  o f  c la y  to y ie ld  p o ly m e r  c la y  n a n o c o m p o s ite s .
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2. MATERIALS AND METHOD
U r e th a n e d im e th a c r y la te  ( U D M A  or  U D )  w e r e  su p p lie d  b y  E s s te c h  C o . (E ss in g to n , 

P A ) an d  w e r e  u se d  as r e c e iv e d . C a m p h o r q u in o n e  an d  d im e th y la m in o e th y l  

m e th a c r y la te  (D M A E M A )  w e r e  p u rch a sed  from  F lu k a . T h e  stru ctu re o f  m o n o m e r  is  

sh o w n  in  F ig u r e  1.

(F ig u re  1)

T h e  lin e a r  a m in e  m o d if ie d  c la y s: T e tr a d e c y la m in e  m o d if ie d  c la y  (T E T ), 

H e x a d e c y la m in e  m o d if ie d  c la y  (H E X A ) , O c ta d e c y la m in e  m o d if ie d  c la y  (O C ) and  

q u atern ary  a m in e  m o d if ie d  c la y s:  H e x a d e c y ltr im e th y l a m in e  m o d if ie d  c la y  (H E X T ),  

O c ta d e c y ltr im e th y l a m in e  m o d if ie d  c la y  w e r e  u se d  a s  r e c e iv e d  fro m  th e  p r e v io u s  

w o r k  [T h a ija ro en  et a i,  2 0 0 0 ] .

2.1 Dental resin preparation
D e n ta l r e s in s  w e r e  p rep ared  b y  m ix in g  th e  m o n o m e r  an d  p h o to in it ia to r  (0 .2  % w t 

c a m p h o r q u in o n e  an d  0 . 8  % w t d im e th y la m in o e th y l m e th a c r y la te )  u s in g  a fou r-  

tw is te d  b la d e  tu rb in e  o n  A L C -sL  m ix e r  h e a d  (v a r ia b le  sp e e d  u p to  1 5 0 0  rpm ). 

P r e p o ly m e r iz e d  d en ta l r e s in  w a s  stirred  at 5 0 0  rp m  fo r  2 0  m in u te  at ro o m  

tem p era tu re .

2.2 Dental nanocomposites preparation
T h e  d en ta l n a n o c o m p o s ite s  w e r e  p rep ared  b y  a d d in g  th o r o u g h ly  o r g a n o p h ilic  c la y s  

in to  d en ta l re s in  at 1, 2 , 4 , 8  and  16  p e r c e n t b y  w e ig h t . T h e  m ix tu r e  w a s  further  

stirred  at 5 0 0  rp m  at r o o m  tem p era tu re  for  2  h ou rs.
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2 .3  C h a ra c ter isa tio n

T h e  w id e  a n g le  X -r a y  d if fr a c tio n  (X R D )  w a s  carr ied  o u t u s in g  a  C u  K a  X -r a y  

d iffr a c to m e te r  R ig a k u  D /M A X - 2 0 0 0  se r ie s . T h e  r a d ia tio n  so u r c e  w a s  o p e r a te d  at 3 0  

k v  and  3 0  m A . T h e  stan d ard  sa m p le  h o ld e r s  w e r e  a p p lie d  to  f ilm  s a m p le s . T h e  

e x p e r im e n t  w a s  o p era ted  in  th e  2 0  r a n g e s  o f  5 -7 0  d e g r e e s  at th e  sc a n  sp e e d  5 

d e g r e e s /m in  w ith  0 .0 2  d e g r e e s  2 9 - s t e p w is e  in c r e m e n t. T r a n sm is s io n  e le c tr o n  

m ic r o s c o p e  (T E M ) o b se r v a t io n s  o f  u ltra th in  m ic r o to m e  cu t s e c t io n s  w e r e  carr ied  ou t  

w ith  JE O L  J E M -2 0 0 C X  at an a c c e le r a t io n  v o lta g e  o f  1 0 0  k v  and  4 9 9 5 0 X  

m a g n if ic a t io n s .

2 .4  D ia m e tra l ten s ile  s tren g th

T h e  s p e c im e n s  w e r e  p rep ared  b y  p o u r in g  th e  u n p o ly m e r iz e d  d en ta l r e s in  in to  a 

s ta in le s s  s te e l m o ld . R e s in  d isk  (3  m m  th ic k  b y  6  m m  d ia m e te r )  w e r e  

p h o to p o ly m e r iz e d  b e tw e e n  g la s s  s l id e  and  tra n slu cen t p o ly c a r b o n a te  strip  in  a  d en ta l  

c u r in g  u n it  (3 M  C u r in g  L ig h t X L 3 0 0 0 )  w ith  a  lig h t  in te n s ity  o f  a p p r o x im a te ly  3 0 0  

m W /c m 2  m e a su r e d  b y  a r a d io m e te r  fo r  4 0  s e c o n d s  o n  e a c h  s id e . T h e y  w e r e  su b je c te d  

to  te st  in  a  U n iv e r s a l T e s t in g  M a c h in e  f o l lo w in g  th e  p r o c e d u r e  in  A m e r ic a n  D e n ta l 

A s s o c ia t io n -S p e c if ic a t io n  N o . 2 7  for D ir e c t  F il l in g  R e s in s . F iv e  s p e c im e n s  for  ea c h  

sa m p le  ty p e  w e r e  te ste d  and  th e ir  m e a n  v a lu e s  w e r e  d e te r m in e d .

T h e  d ia m etra l te n s i le  s tren g th  (D T S )  te s t  w a s  th ere fo re  u t i l iz e d  b y  p la c in g  a sa m p le  

d isk  v e r t ic a lly  b e tw e e n  fla t g r ip s. C o m p r e s s iv e  lo a d  w a s  a p p lie d  to  fa ilu r e  w ith  a 

c r o ssh e a d  sp e e d  o f  10  m m /m in , u s in g  2 5  k N  lo a d  c e ll .  D T S  w e r e  d e te r m in e d  b y  th e  

f o l lo w in g  stan d ard  fo rm u la  ( 1 )

D T S  =  2f/(7rdl) (1)
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W h ere  f  =  lo a d  at fa ilu re; d =  s p e c im e n  d ia m eter; 1 =  s p e c im e n  th ic k n e ss

2 .5  M icro h a rd n ess  te s t

T h e  m ic r o h a r d n e ss  o f  th e  sa m p le s  w a s  m e a su r e d  u s in g  F M - 7 0 0 e  D ig ita l  

M ic r o h a r d n e ss  te ste r  (F u tu r e -te c h  corp . Jap an ) w ith  5 0 0 -g r a m  lo a d , d w e l l  t im e  15 

s e c o n d s  an d  13 6° p y ra m id a l d ia m o n d  in d en ter  (V ic k e r  H a r d n e ss  S c a le ) . T h e  

sp e c im e n s  w e r e  p rep ared  in  th e  s a m e  w a y  as th e  D T S  s p e c im e n  f o l lo w e d  b y  

p o lis h in g  th e  su r fa c e  w ith  0 .3  p m  s lu rry  a lp h a  a lu m in a  (Im p te c h , S o u th  A fr ic a ) . T h e  

p y ra m id a l sh a p e d  in d en ter  w a s  a p p lie d  o n  th e  su r fa c e  o f  s p e c im e n s  w ith in  d w e ll  

t im e  th en  th e  fo r c e  w a s  r e m o v e d . F o r  th e  V ic k e r s  m e th o d , th e  in d e n ta tio n  le n g th  o f  

v e r tic a l an d  h o r iz o n ta l a x e s  is  m e a su r e d  and  a v e r a g e d . T h e  e x p e r im e n t  w a s  rep ea ted  

f iv e  t im e s  fo r  e a c h  sa m p le  s e t  o f  p a ra m eters . T h e  im p r e s s io n  le n g th  w a s  m ea su red  

m ic r o s c o p ic a lly  and  th e  te st  lo a d  w a s  u se d  to  c a lc u la te  a h a r d n e ss  v a lu e  

a u to m a tic a lly  b y  th e  in stru m en t c a lc u la t io n  p ro g ra m m e.

4. RESULTS AND DISCUSSION
Characterisation of dental nanocomposites
T h e  X -r a y  d if fr a c tio n  p attern  o f  v a r io u s  ty p e  o f  d en ta l n a n o c o m p o s ite s  is  sh o w n  in  

F ig u r e  2 -6 .

(F ig u r e  2 -6 )

T h e  o r g a n ic a lly  m o d if ie d  c la y  is  a b le  to  fo rm  a n a n o c o m p o s it e s  w ith  d en ta l resin .  

T h e  p r im a ry  a lk y l a m m o n iu m  m o d if ie d  m o n tm o r il lo n ite  an d  q u atern a ry  a m m o n iu m -  

sa lt m o d if ie d  w e r e  u se d . T h ere  is  n o  p ea k  p r e se n te d  in  2 9  r a n g e  b e lo w  1 0 °  for  O C T
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/d e n ta l r e s in  n a n o c o m p o s ite s  w h i le  as th ere  is  s l ig h t ly  p e a k  o c c u r r in g  in  an o th er  

ty p e s  o f  d en ta l n a n o c o m p o s ite s . It m e a n s  that th e  in te r la y e r  s p a c in g  b e tw e e n  c la y  

g a lle r ie s  h a s  e x p a n d e d  and  th e d en ta l re s in  s u c c e s s fu l ly  in te r c a la te d  in to  c la y  layer . 

T h e  sh ift  o f  p ea k  in d ic a te s  th e  fo r m a tio n  o f  an  in te r c a la te d  stru ctu re , w h e r e  as  

d isa p p e a r a n c e  o f  th e  p e a k , or  r e d u c tio n  in  its  in te n s ity  w ith o u t  a n y  sh if t , in d ic a te s  an  

e x fo l ia te d  stru ctu re. It is  o b v io u s  that O C T  h a s  c a p a b ili ty  to  fo rm  e x fo lia te d  

n a n o c o m p o s ite s  w ith  d en ta l resin  for  a ll % w t c la y  lo a d in g  b e c a u s e  th is  c la y  h a s  a  

h ig h e r  d e g r e e  o f  b a sa l sp a c in g  e x p a n s io n . T h e  b u lk y  gro u p  o f  q u atern ary  

a m m o n iu m -sa lte d  m o d if ie d  c la y  h a s h ig h e r  c h a n c e  to  d e la m in a te  in  p o ly m e r  m atrix . 

T E M  m icro g ra p h  o f  n a n o c o m p o s ite s , th e  b la c k - th ic k e n in g  l in e  in  a ll F ig u res  

rep resen ted  th e  c la y  la y e r s  that h a v e  e x p a n d e d  th ro u g h o u t th e  m e th a c r y la te  resin  

(g r a y ish ).

(F ig u re  7 )

In F ig u re  7 , 1%  T E T  d en ta l n a n o c o m p o s ite s  th e  b la c k  l in e  s ta y e d  c lo s e d  to g e th e r  

that m e a n s  th e  c la y  g a lle r ie s  h a v e  le s s  e x p a n d e d  c o m p a r e d  w ith  1% o c  d en ta l 

n a n o c o m p o s ite s , F ig u re  8 .

(F ig u r e  8 )

T h e  lo n g  c h a in  o f  a m in e  sa lt  h a s h ig h  c a p a b ility  to  e x p a n d  th e  d is ta n c e  b e tw e e n  c la y  

la y ers . In 1%  O C T  d en ta l n a n o c o m p o s ite s , F ig u r e  9  

(F ig u r e  9 )

T h e  e x fo l ia te d  ty p e  o f  n a n o c o m p o s ite  is  o b ta in e d  c o r r e sp o n d in g  to  th e  X R D  resu lt. 

T h e  s p a c in g  b e tw e e n  c la y  la y e r s  is  th e  la rgest. T h e  16%  O C T  d en ta l n a n o c o m p o s ite s  

h a v e  m u c h  m o r e  c la y  la y e r s  m ix e d  w ith  c o n v e n tio n a l c o m p o s ite s  (u n e x p a n d e d  c la y  

la y ers)  that s ta y e d  v e r y  c lo s e d  to g e th er , F ig u r e lO .



67

(F ig u r e  1 0 )

A t th is  c o n d it io n , th e  in terca la ted  ty p e  o f  n a n o c o m p o s ite s  m a y  b e  o b ta in e d . T h e  

q u atern ary  a m in e  h a s th e  h ig h e s t  a b ility  to  e x p a n d  th e  d is ta n c e  b e tw e e n  c la y  la y ers  

co m p a r e d  w ith  sh ort an d  lo n g  ch a in  a m in e .

Diametral Tensile Strength (DTS)
T h e  d ia m etra l te n s i le  stre n g th  o f  d en ta l n a n o c o m p o s ite s  is  su p e r io r  th an  c o n v e n tio n a l  

c o m p o s ite s . W ith  a r ise  in  f ille r  c o n te n t, th e  stre n g th  o f  th e  n a n o c o m p o s ite s  

d e c r e a se s . T h e  su ita b le  p ercen t b y  w e ig h t  o f  c la y  lo a d in g  is  1% . T h e  D T S  o f  d en ta l 

n a n o c o m p o s ite s  n e a r ly  e q u a ls  to  D T S  o f  c o m m e r c ia l d en ta l c o m p o s ite s ,  F ig u r e  11. 

(F ig u r e  1 1 )

D ia m etra l t e n s i le  s tren g th  o f  p o ste r io r  d en ta l c o m p o s ite  v a lu e  r a n g e s  b e tw e e n  3 5  -  

4 0  M P a  an d  D T S  o f  a m a lg a m  is  6 5 .7  M P a  [C ra ig  an d  W ard , 1 9 9 7 ] , T h e  d ia m etra l 

te n s i le  s tren g th  o f  o u r  e x p e r im e n ta l d en ta l n a n o c o m p o s ite s  r a n g e s  b e tw e e n  3 0  -  5 0  

M P a  e s p e c ia l ly  in  1 -2  % w t o f  c la y  a d d in g  w h ic h  is  c o m p a r a b le  to  th e  rep o rted  d en ta l 

c o m p o s ite s . D T S  o f  th e  e x fo lia te d  d en ta l n a n o c o m p o s ite s  (a t l% w t, w e  o b ta in e d  th e  

e x fo lia te d  ty p e  o f  d en ta l n a n o c o m p o s ite s )  are su p er io r  to  c o n v e n t io n a l  c o m p o s ite s  

( s i la n iz e d  s i l ic a  f i l le d  c o m p o s ite s )  and  C H A  f il le d  c o m p o s ite s .  S in c e  th e  s in g le  

s il ic a te  n a n o la y e r s  h a v e  b e e n  d isp e r se d  in to  th e  p o ly m e r  m a tr ix , th e  e x fo lia te d  

n a n o c o m p o s ite s  is  m o r e  or  le s s  m ic r o s c o p ic a lly  h o m o g e n e o u s  r e la t iv e  to  the  

m a c r o s c o p ic  h o m o g e n e ity  o f  c o n v e n tio n a l c o m p o s ite s . T h u s  e a c h  n a n o la y e r  o f  th e  

e x fo lia te d  c o m p o s ite  co n tr ib u te s  to  th e  r e in fo r c e m e n t e f fe c t .  N a n o s c a le  o f  f ille r  in  

resin  m a tr ix  ten d s  to  d is p la y  h ig h e r  m e c h a n ic a l p r o p e r tie s  e s p e c ia l ly  d iam etra l 

te n s i le  s tren g th  for  u re th a n e d im e th a c r y la te  re s in . A t  h ig h  lo a d in g  o f  a lk y la m in e -
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m o d if ie d  c la y , th e  D T S  d e c r e a se s  d u e  to  th e  e f fe c t  o f  e x c e s s  a lk y la m in e  in  

n a n o c o m p o s ite s  fo rm a tio n . T h e  e x c e s s  a m in e  w e a k e n s  th e  c o m p o s ite s  and  r e d u ces  

th e  b e n e f it  d e r iv e d  fro m  e x fo l ia t io n  o f  th e  s il ic a te  la y ers . X u  e t  a l. ( 2 0 0 0 )  sta ted  that 

th e  d ia m etra l t e n s i le  s tren g th  an d  to u g h n e s s  o f  c o m p o s ite  first in c r e a se d , th en  

d e c r e a se d  w ith  in c r e a s in g  f il le r  le v e l. T h is  s tu d y  s u g g e s te d  that s tre n g th  an d  fa tig u e  

r e s is ta n c e  o f  c o n v e n tio n a l c o m p o s ite s  u s u a lly  rea ch  a  m a x im u m  at an  in term ed ia te  

f ille r  le v e l. T h e  o p tim u m  o f  c la y  lo a d in g  for  d en ta l re s in  w h ic h  p r o v id in g  th e  h ig h e s t  

D T S  is  a b o u t 1 -2  % w t.

Microhardness of Dental Nanocomposites
M e a n  v a lu e  and  stan dard  d e v ia t io n s  o f  V ic k e r  h a rd n ess  o f  d e n ta l n a n o c o m p o s ite s  are  

p rese n te d  in  F ig u r e  12.

(F ig u r e  1 2 )

T h ere  is  n o  s ig n if ic a n t  d iffe r e n t in  su r fa c e  h a rd n ess  v a lu e  b e tw e e n  e a c h  ty p e  o f  

m o d if ie d  c la y . T h e  V H N  o f  n a n o c o m p o s ite s  are m u c h  lo w e r  th a n  th o s e  o f  th e  

c o n v e n tio n a l d en ta l c o m p o s ite s  d u e  to  th e  lo w e r  p ercen t c o n te n t  o f  f i l le r  an d  th u s  

le s s  p r o b a b ly  o f  f ille r  to  p resen t at th e  su r fa c e  o f  res in . T h e  p ro p e r ty  o f  h a r d n e ss  is  o f  

m ajor  im p o r ta n c e  in  th e  c o m p a r iso n  o f  r e s to r a tiv e  m a te r ia ls . H a r d n e ss  m a y  b e  

b r o a d ly  d e f in e d  a s  th e  r e s is ta n c e  to  p erm a n en t su r fa c e  in d e n ta tio n . V ic k e r s  h a rd n ess  

te st  is  su ita b le  for  te s t in g  su r fa c e  h a rd n e ss  o f  m a ter ia l and  s im ila r  in  p r in c ip le  to  

K n o o p  an d  B r in e ll te s ts  e x c e p t  th e  in d en ter . K n o o p  h a r d n e ss  te s t in g  h a s b e e n  

ad a p ted  to  u s e  th e  1 3 6 °  in d en ter  (n o t  p y ra m id a l sh a p e ). K n o o p  H a r d n e ss  N u m b e r  

(K H N ) o f  M ic r o f in e  d en ta l c o m p o s ite s  r a n g e s  b e tw e e n  5 5 -8 0  K H N  (k g /m m 2) and  

th e  d e n tin e  is  a b o u t 6 8  K H N  (k g /m m 2) [C ra ig  an d  W ard , 1 9 9 7 ] , T h e  V H N  o f
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e x p e r im e n ta l n a n o c o m p o s ite s  ra n g es  b e tw e e n  8 -2 0  V H N . It is  m u c h  lo w e r  th an  th o se  

o f  rep orted  d en ta l c o m p o s ite s .  X u  e t al. ( 2 0 0 0 )  rep orted  th e  h a r d n e ss  v a lu e  o f  the  

w h isk e r  c o m p o s ite  at a  f ille r  le v e l  79%  ra n g es  1 .0 -1 .2  G P a . T h is  s tu d y  s u g g e s te d  that 

as th e  f il le r  le v e l  w a s  r e d u ced , th e  h a r d n e ss  o f  th e  w h is k e r  c o m p o s ite  d e c r e a se d . T h e  

p r e v io u s  s tu d y  is  c o n s is te n t  w ith  o u r  resu lt  s h o w in g  th at th e  n a n o c o m p o s ite  

c o n ta in in g  th e  lo w  c o n te n t  o f  f ille r  lo a d in g  h a v e  lo w e r  m ic r o h a r d n e ss  th an  th o se  o f  

c o n v e n tio n a l or  rep orted  d en ta l c o m p o s ite s .

Appearance and Color
T h e  p rep ared  p r e p o ly m e r iz e d  c o m p o s ite s  w ith  s ila n iz e d  s i l ic a , C H A  an d  m o d if ie d  

c la y  are s h o w n  in  F ig u r e  13.

(F ig u r e  1 3 )

T h e  sa t is f ie d  c o lo r s  are ra n g in g  fro m  gra y , w h ite  an d  y e l lo w . T h e  w h o le  

p r e p o ly m e r iz e d  d en ta l n a n o c o m p o s ite s  g iv e  g r a y ish  y e l lo w  w h ic h  is  a c c e p ta b le  for  

s o m e  c a se . T h is  c o lo r  is  n o t u n iv e r sa l c o lo r  fo r  a ll p a t ie n t’s  tee th .

4. CONCLUSION
N a n o c o m p o s it e s  p rep ara tio n  b e tw e e n  a m m o n iu m -m o d if ie d  c la y  and  d im e th a c r y la te  

d en ta l r e s in  is  o n e  w a y  for  e n h a n c e m e n t m e c h a n ic a l p r o p e r tie s  in  n a n o s c a le  le v e l.  

M o d if ie d  c la y  w ith  q u atern a ry  a lk y la m m o n iu m  sa lt  h a s  a h ig h  c o m p a t ib i lity  w ith  

d en ta l r e s in  d u e  to th e  s a m e  fu n c tio n a l gro u p  as th e  m o n o m e r . T h e  s u c c e s s fu l  

e n h a n c e m e n t o f  D T S  is  at 1 -2  % w t o f  c la y  lo a d in g  in to  d en ta l re s in . D T S  and  V H N  

d o  n o t im p r o v e  w ith  in c r e a s in g  c h a in  le n g th  o f  a lk y la m m o n iu m  m o d ify  a g e n t d u e  to  

th e  s id e  e f fe c t  b e tw e e n  a m in e  gro u p  in  a m m o n iu m  sa lt  an d  u r e th a n ed im eth a cry la te .
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T h e  r e s in  c a n  b e  e x fo l ia te d  in  c la y  g a lle r ie s , b u t th e  h ig h e r  c o n c e n tr a t io n  o f  c la y  and  

free  a m in e  c o m p r o m is e  th e  p ro p er tie s  o f  th e  m atr ix  b y  p a r tic ip a tin g  in  th e  cu r in g  

p r o c e s s . T h u s , th e  r e in fo r c in g  b e n e f it  o f  th e  n a n o la y e r  is  d im in ish e d .
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