
CHAPTER III

EXPERIMENTAL

3.1 Materials

C h i c k e n  e g g s h e l l  w a s  o b t a i n e d  f r o m  P e t c h b u r i  s o i  5 M a r k e t ,  B a n g k o k .  

P o l y v i n y l  a l c o h o l  ( M w ~ 1 0 8 ,0 0 0 g / m o l  a n d  9 9 .7  m o l e %  h y d r o l y s i s )  w a s  p u r c h a s e d  

f r o m  P o l y s c i e n c e s .  N i t r i c  a c i d  ( 6 5 % w / w ,  A R  g r a d e )  w a s  p u r c h a s e d  f r o m  R C I  

L a b s c a n .  G l u t r a l d e h y d e  ( 5 0 % w / w  a q u e o u s  s o l u t i o n )  w a s  p u r c h a s e d  f r o m  S i g m a -  

A l d r i c h .  O r t h o p h o s p h o r i c  a c i d  ( 8 5 % w / w )  a n d  a m m o n i u m  h y d r o x i d e  ( 3 5 % w / w )  w e r e  

p u r c h a s e d  f r o m  M e r c k  C h e m i c a l s .  D i s t i l l e d  w a t e r  w a s  u s e d  t h r o u g h o u t  t h e  

e x p e r i m e n t .

3.2 Equipments

3 .2 .1  C e n t r i f u g a l  b a l l  m i l l  S I 0 0 /  B a l l  M i l l  M a c h i n e

T h e  c o l l e c t e d  c h i c k e n  e g g s h e l l  w a s  g r i n d e d  b y  b a l l  m i l l  m a c h i n e ,  

u s i n g  3 0 0  r p m  f o r  1 h .

3 .2 .2  C a r b o l i t e  F u r n a c e /  F u r n a c e  E q u i p m e n t

A  f u r n a c e  w a s  u s e d  t o  p r e p a r e  c a l c i u m  o x i d e  f r o m  e g g s h e l l  a n d  

h y d r o x y a p a t i t e  f r o m  c a l c i u m  o x id e .  T h e  h e a t i n g  r a t e  u s e d  t o  p r e p a r e  c a l c i u m  o x id e  

f r o m  e g g s h e l l  w a s  s e t  a t  5 ° c / m i n  f r o m  2 5 °  to  9 0 0  °c  a n d  h e l d  a t  9 0 0  °c  f o r  1 h . T h e  

h e a t i n g  r a t e  f o r  p r e p a r i n g  h y d r o x y a p a t i t e  w a s  1 0  ๐c / m i n  f r o m  2 5 °  to  7 0 0  °c  a n d  h e l d  

a t  7 0 0  °c f o r  3 0 m i n .

3 .2 .3  L S I  L y o p h i l i z a t i o n /  F r e e z e  D r y e r

A  f r e e z e  d r y e r  w a s  u s e d  to  f a b r i c a t e  c a l c i u m  o x i d e  o r  h y d r o x y a p a t i t e -  

p o l y v i n y l  a l c o h o l  h y b r i d  a e r o g e l .
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3 .2 .4  T h e r m o  N i c o l e t ,  N e x u s  6 7 0 / F o u r i e r  T r a n s f o r m  I n f r a r e d  ( F T I R )

S p e c t r o p h o t o m e t e r

F T I R  s p e c t r a  w e r e  o b t a i n e d  to  d e t e r m i n e  t h e  f u n c t i o n a l  g r o u p s  o f  

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

h y d r o x y a p a t i t e - p o l y v i n y l  a l c o h o l  h y b r id  a e r o g e l s ,  u s i n g  a n  a n a l y s i s  r a n g e  o f  4 0 0 -  

4 0 0 0  c m '1 w i t h  a  r e s o l u t i o n  o f  4  c m  T h e  s a m p l e  p r e p a r a t i o n  w a s  c a r r i e d  o u t  b y  

m i x i n g  f i n e  p o w d e r  o f  a  s a m p l e  w i t h  K B r  p o w d e r .

3 .2 .5  P e r k i n  E l m e r  T h e r m o g r a v i m e t r i c  a n a l y z e r  ( T G A )

T G A  t h e r m o g r a m s  w e r e  a n a l y z e d  to  i n v e s t i g a t e  t h e r m a l  s t a b i l i t y ,  

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

h y d r o x y a p a t i t e ,  a n d  c a l c i u m  o x i d e / h y d r o x y a p a t i t e - p o l y v i n y l  a l c o h o l  h y b r i d  a e r o g e l s .  

A p p r o x i m a t e l y  5 m g  o f  s a m p l e s  w e r e  a n a l y z e d ,  u s i n g  a  p l a t i n u m  p a n  a n d  a  

t e m p e r a t u r e  r a n g e  f r o m  30° to  900 °c in  d y n a m i c  o x y g e n  a t m o s p h e r e  w i t h  a  f l o w  

r a t e  o f  80 m l / m i n  a n d  a  h e a t i n g  r a t e  o f  10 ° C .m i n _ I .

3 .2 .6  D M A X  2 2 0 0  H V / X - R a v  D i f f r a c t r o m e t e r  ( X R D )

X R D  s p e c t r a  w e r e  o b t a i n e d  to  d e t e r m i n e  a  p h a s e  c o m p o s i t i o n ,  a  

f r a c t i o n  o f  c r y s t a l l i n i t y ,  a n d  a n  a v e r a g e  c r y s t a l l i n e  s iz e .  S a m p l e s  w e r e  a n a l y z e d  u s in g  

a  d o u b l e - c r y s t a l  w i d e - a n g l e  g o n i o m e t r y ,  s c a n n i n g  r a n g e  o f  2 0 ° - 8 0 °  2 0  a t  a  s c a n  

s p e e d  o f  5 °  2 0 / m i n ,  a n d  C u K a  r a d i a t i o n  (X, =  0 .1 5 4  n m ) .  P e a k  p o s i t i o n s  w e r e  

c o m p a r e d  w i t h  t h e  I n t e r n a t i o n a l  C e n t e r  f o r  D i f f r a c t i o n  D a t a  S t a n d a r d  ( J C P D S )  

p a t t e r n s  to  i d e n t i f y  c r y s t a l l i n e  p h a s e s .

3 .2 .7  H i t a c h i  F E - S E M  S 4 8 0 0 / S c a n n i n g  E l e c t r o n  M i c r o s c o p e  ( S E M )

S E M  w a s  u s e d  to  i n v e s t i g a t e  m o r p h o l o g y  o f  e g g s h e l l ,  c a l c i u m  o x id e ,  

h y d r o x y a p a t i t e ,  a n d  c a l c i u m  o x i d e / h y d r o x y a p a t i t e - p o l y v i n y l  a l c o h o l  h y b r id e  

a e r o g e l s .

3 .2 .8  Q u a n t a c h r o m e  A u t o s o r b - 1 / S u r f a c e  A r e a  A n a l y z e r  ( S A A )

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

o x i d e / h y d r o x y a p a t i t e - p o l y v i n y l  a l c o h o l  h y b r i d e  a e r o g e l s  w e r e  d e t e r m i n e d  w i th  

n i t r o g e n  a d s o r p t i o n - d e s o r p t i o n  b y  t h e  B r u n a u e r - E m m e t t - T e l l e r  ( B E T )  m e t h o d  o n  

Q u a n t a c h r o m e  A u t o s o r b - 1 .

3 .2 .9  Q u a n t a c h r o m e ,  U l t r a p y c n o m e t e r  1 0 0 0 /  P y c n o m e t e r
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The porosity of calcium oxide/hydroxyapatite-polyvinyl alcohol aerogels was 
characterized by a pycnometer.

3.2.11 Lloyd instrument/ Universal Testing Machine
Mechanical properties of calcium oxide/hydroxyapatite-polyvinyl 

alcohol hybride aerogels were determined using compression testing. The test was 
conducted using cylindrical specimens equipped with a universal testing machine 
fitted with a 1 kN load cell and a compression rate of 2 mm/min.

3.3 Methodology

3.3.1 Synthesis of calcium oxide (CaO) from eggshells via thermal 
Treatment

Raw eggshell was washed, separated membrane, and dried at room 
temperature. Eggshell was coarsely crushed by a motar and then finely ground by a 
ball mill. The obtained eggshell powder was separated by a sieving machine to 
collect particles less than 180 micron, followed by calcination in a furnace from 
room temperature to 900 °c with a heating rate of 5 °c/min and held at 900 °c for 1 
h. White powder of CaO was kept in a desicator.

3.3.2 Synthesis of hydroxyapatite from calcium oxide via sol gel process
In this study, calcium nitrate (Ca(NÜ3)2) solution was first prepared 

by adding the obtained calcium oxide from 3.3.1 to nitric acid until pH of the mixture 
became 7. To obtain ammonium phosphate ((NH4)3P0 4 ) solution, orthophosphoric 
acid was slowly added into ammonium hydroxide until the mixture pH became 10. 
Then, the prepared calcium nitrate solution was slowly added into the prepared 
ammonium phosphate solution by controlling the mixture pH ~10. The mole ratio of 
Ca/P was at 1.67. The solution was aged at room temperature in a close system for 
24 h to obtain gel, followed by drying at 65 °c for 24 h in an oven. The dried gel was 
washed with distillated water to obtain white powder which was calcined from 30° to 
700 °c for 30 min under air condition using a heating rate of 10 °c/min.
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Figure 3.1 Flow diagram showing synthesis of hydroxyapatite via sol-gel process.

3.3.3 Preparation of calcium oxide/hydroxyapatite - polyvinyl 
alcohol hybrid aerogel
Polyvinyl alcohol was refluxed in water. Glutaraldehyde acting as 

crosslinking agent was added into polyvinyl alcohol solution at 70 °c for 30 min, 
followed by calcium oxide or hydroxyapatite. The mixture was homogenized by a 
magnetic stirrer. Various the weight ratio of calcium oxide and poly vinyl alcohol 
(40:60, 30:70 and 20:80) and then finding the optimum properties of weight ratio and 
following various amount of polyvinyl alcohol in water (3, 3.5, 4, 4.5and 5% weight 
in water) by fixing the optimum of weight ratio of calcium oxide and 
hydroxyapatite.. After mixing, the samples became highly viscous solution and were 
added into a mold before placing into a refrigerator at 4 °c for 24 h, followed by 
placing into a freeze dryer to eliminate water.
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