
Chapter 1

I n t r o d u c t i o n

1 .1  M o t i v a t i o n ,  O b j e c t i v e  and S c o p e

M o t i v a t i o n ;

B i o c e r a m i c  i s  a m a t e r i a l  t h a t  i s  i m p o r t a n t  f o r  m e d i c a l  

a p p l i c a t i o n  e s p e c i a l l y  c a l c i u m  p h o s p h a t e  com p ou n d s .  C a lc iu m  

p h o s p h a t e  compounds ha v e  long' b e e n  i n v e s t i g a t e d  a s  bon e  and 

t o o t h  i m p l a n t  m a t e r i a l s  b e c a u s e  t h e y  c l o s e l y  r e s e m b l e  

v e r t e b r a t e  bone  and t o o t h  m a t e r i a l s .  They h a v e  b e e n  

p r o v e n  t o  be b i o c o m p a t i b l e  m a t e r i a l s .  D i c a l c i u m  p h o s p h a t e  

d i h y d r a t e  i s  one  o f  c a l c i u m  p h o s p h a t e  compounds t h a t  s u i t a b l e  

f o r  d e n t a l  a p p l i c a t i o n ,  f o r  e x a m p l e ,  a s  c o m p o s i t i o n  o f  s e l f ­

s e t t i n g  c e m e n t ,  d e n t i f r i c e  p o l i s h i n g  a g e n t ,  m o u t h r i n s e ,  gum , 

m e d i c i n e  and e t c .  At p r e s e n t ,  p u re  d i c a l c i u m  p h o s p h a t e  d i h y d r a t e  

s u i t a b l e  f o r  d e n t a l  a p p l i c a t i o n  i s  e x p e n s i v e  b e c a u s e  p u r e  

c h e m i c a l s  u s e d  as  raw m a t e r i a l s  a r e  e x p e n s i v e  t o o .

In T h a i l a n d ,  c a t t l e  a r e  n o t  o n l y  u s e d  f o r  an a g r a r i a n

but a l s o  u s e d  f o r  f o o d .  In t h e  p a s t ,  c a t t l e  bone  was u s e l e s s
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but now i t  i s  used as raw m a t e r i a l  t o  prepare  f e r t i l i z e r .  

It i s  known t h a t  c a t t l e  bone c o n s i s t s  o f  c a l c i u m  p h o sp h a t e .  A 

s u c c e s s f u l  p r e p a r a t i o n  o f  h y d r o x y a p a t i t e  ( OHApICa10( P0+ 1 ( OH) 

from c a t t l e  bone was r e p o r t e d  by Lorpra.yoon ( 1989) but t h e r e  

has been no r e p o r t  on d i c a l c i u m  phosphat e  d i h y d r a t e  ( DCPD, 

CaHP0+2H 0 ) .  T h e r e f o r e  i t  i s  v ery  i n t e r e s t i n g  t o  p repare  t h i s  

m a t e r i a l  from c a t t l e  bone.  As a r e s u l t ,  a r e s e a r c h  p r o j e c t  

w i t h  t h e  t i t l e  " P r e p a r a t i o n  o f  d i c a l c i u m  phosphat e  d i h y d r a t e  

from c a t t l e  bone " i s  proposed .

C a t t l e  bone i s  a v a i l a b l e  in Tha i l and  at  v ery  low c o s t  

and i t  i s  e x p e c t e d  t o  be a cheap s o ur c e  f o r  c a l c i u m  pho s ph at e .  

Among t h e  important  c a l c i u m phosphat e  compounds,  d i c a l c i u m  

phosphat e  d i h y d r a t e  i s  a common one .  B e s i d e s  t h e  ment ioned  

a p p l i c a t i o n s ,  d i c a l c i u m  phosphat e  d i h y d r a t e  i s  a l s o  a s t a r t i n g  

m a t e r i a l  f o r  p r e p a r i n g  o t h e r  phosphat e  compounds,  e s p e c i a l l y  

h y d r a u l i c  c a l c i u m p ho sp h at e s .

O b j e c t i v e ;
The o b j e c t i v e  o f  t h i s  s t udy  i s  t o  prepare  

d i c a l c i u m  phosphat e  d i h y d r a t e  from c a t t l e  bone,  c h a r a c t e r i z e  

t h e  prepared d i c a l c i u m  phosphat e  d i h y d r a t e  and u s e  i t  as a 

s t a r t i n g  m a t e r i a l  t o  prepare  a - t r i c a l c i u m  pho s ph at e  (oc-TCP),
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a h y d r a u l i c  c a l c i u m  pho s ph at e .

S c o p e !

The p r e p a r a t i o n  o f  d i c a l c i u m  phosphat e  d i h y d r a t e  from 

c a t t l e  bone was based on t h e  d i s s o l u t i o n  o f  t h e  bone ash in 

a c i d  f o l l o w e d  by p r e c i p i t a t i o n  o f  d i c a l c i u m  phosphat e  d i h y d r a t e  

under v a r i o u s  c o n d i t i o n s .  cc-Tri ca  1cium phosphat e  was prepared  

by h e a t i n g  t h e  c a l c i u m phosphat e  d i h y d r a t e  w i t h  c a l c i u m  

c a r b o n a t e .

The s equence  o f  t h e  exper i ment  was!  p r e p a r a t i o n  o f  

bone ash ,  c h a r a c t e r i z a t i o n ,  d i s s o l u t i o n  in a c i d ,  p r e c i p i t a t i o n  

d i c a l c i u m  phosphat e  d i h y d r a t e  from t h e  bone ash s o l u t i o n  under  

v a r i o u s  c o n d i t i o n s ,  c h a r a c t e r i z a t i o n  o f  t h e  d i c a l c i u m  phosphat e  

d i h y d r a t e  o b t a i n e d  and p r e p a r a t i o n  o f  c c - t r i c a l c i u m  phosphat e  .

from t h e  d i c a l c i u m  pho s ph at e .
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1.2  L i t e r a t u r e  Survey

Most o f  t h e  h i g h l y  pure d i c a l c i u m  phosphat e  d i h y d r a t e  

had been manufactured by a pro cedure  which was r e p r e s e n t e d  

by t h e  s t e p  o f  f i r s t  c o n d u c t i n g  a r e a c t i o n  between a r e f i n e d  

c a l c i u m s a l t  and e x p e n s i v e  dry p r o c e s s  p h o s p h o r i c  a c i d  (Cremer 

e t  a l .  1966,  and B r a c h t e l  e t  a l .  1988) ,  f i l t e r i n g  and washing  

t h e  p r e c i p i t a t e s  o f  d i c a l c i u m  phosphat e  d i h y d r a t e  formed from 

t h e  s a i d  r e a c t i o n .  The d i c a l c i u m  phosphat e  d i h y d r a t e  which was 

o b t a i n e d  from t h e  r e a c t i o n  between t h e  r e l a t i v e l y  cheaper  wet  

p r o c e s s  p h o s p h o r i c  a c i d  and a c a l c i u m s a l t  .had a c o l o u r  hue 

and c o n t a i n e d  a number o f  i m p u r i t i e s .  T h e r e f o r e  i t  was 

i m p o s s i b l e  t o  o b t a i n  t h e  d e s i r e d  h i g h l y  pure d i c a l c i u m  

phosphat e  d i h y d r a t e .
Enomotoetal  (1977)  and Hayakawu e t  a l .  ( 1969)  

t r i e d  t o  prepare  a h i g h l y  pure d i c a l c i u m  phosphat e  d i h y d r a t e .  

The exper i ment  had been d ev e l o p e d  a f t e r  an e x t e n s i v e  r e s e a r c h  

t o  f i n d  a method f o r  p ro duc i ng  at  low c o s t ,  h i g h l y  pure  

d i c a l c i u m  phosphat e  d i h y d r a t e  c o n t a i n i n g  no s u b t a n c e s  

d e t r i m e n t a l  t o  t h e  h e a l t h  o f  humans and a n i m a l s ,  by addi ng  

ammonia and a b a s i c  sodium s a l t  t o  impure wet p r o c e s s  

p h o s p h o r i c  a c i d  t o  p r e c i p i t a t e  and s e p a r a t e  c r y s t a l s  o f  sodium 

hydrogen phosphat e  (NaNH^HPO^ 4H^0) or s o - c a l l e dammonium
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mi cr o co s mi c  s a l t / ,  and by mixing'  a c a l c i u m s a l t  such as  

c a l c i u m c h l o r i d e  t o  a s o l u t i o n  o f  t h e  s a i d  mi cr o co s mi c  s a l t  

t o  p r e c i p i t a t e  d i c a l c i u m  phosphat e  d i h y d r a t e  (CaHP0+.2H20) 

w h i l e  m a i n t a i n i n g  pH and t e mp er a t ur e  o f  t h e  mixed l i q u i d  at

3 . 5  t o  5 . 0  t h e  t e mp e r a t u r e  t h e r e o f  at  45 c ,  or lower and t h e  

c a l c i u m t o  phosphorus  mole r a t i o  (Ca/P)  t h e r e o f  a t  1 .0  t o  1 . 3 .

In t h e  c a s e  o f  t r i c a l c i u m  p h o s p h a t e ,  p - t r i c a l c i u m  

phosphat e  was prepared from c a t t l e  bone ash by d i s s o l u t i o n  in  

n i t r i c  a c i d ,  c o n s e c u t i v e  p r e c i p i t a t i o n  w i t h  ammonium h y d ro x i d e  

at  pH 8 . 0 - 8 . 5  and h e a t i n g  t o  1230 c and 1280 c w i t h i n  2 

t o  3 hours  in an e l e c t r i c  f ur n a ce  (Lorprayoon , 1989  ) .  In

a d d i t i o n  . Pau ch i u  and Wang , 1993 , p - t r i c a l c i u m  phosphat e  was 

o bs e r ve d  from s i n t e r i n g  at  1100 c f o r  4 hours  in a i r  o f  

h y d r o x y a p a t i t e .  Upon s i n t e r i n g  at  1300 c t e t r a c a l c i u m  

phosphat e  appeared.  During s i n t e r i n g  at  1350 c some o f  t h e  

p - t r i c a l c i u m  phosphat e  c on v e r t e d  t o  c c - t r i ca  1cium p ho s ph a t e .
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