
E x p e r im e n ta l p ro c e d u re

Chapter 3

T h e  e x p e r im e n ta l c o n d it io n s ,  t e c h n iq u e s  o f  s a m p le  p r e p a r a t io n  a n d  th e  

m e a s u re m e n ts  o f  p h y s ic a l a n d  th e rm a l p r o p e r t ie s  a s  w e ll a s  m ic r o s t r u c tu r e  in v e s t ig a t io n  

a re  d e s c r ib e d  in  th is  c h a p te r .

3 .1  R a w  m a te r ia ls  a n d  c h a ra c te r iz a t io n

3 .1 .1  S ta r t in g  ra w  m a te r ia ls

O x id e  a n d  n it r a te  a s  l is te d  in T a b le  3 .1  w e re  u s e d  a s  s ta r t in g  ra w  m a te r ia ls .  T h e  

c o m p o s i t io n  d a ta  f o r  e a c h  m a te r ia l w a s  r e c e iv e d  f ro m  th e  s u p p l ie r s .

T a b le .  3 .1 O x id e  p o w d e r s  a n d  c h e m ic a ls  u s e d  in  th is  e x p e r im e n t .

M a te r ia ls P u r ity
A v e ra g e  p a r t ic le  

s iz e (J T m )

!
M a n u fa c tu r e r s

A lu m in iu m  o x id e  

A K P -3 0
> 9 9 .9 9 % 0 3 S u m ito m o

A lu m in iu m  o x id e  

A E S -1 1
9 9 .8 % 0 .5 S u m ito m o

M a g n e s iu m ( l l )

n it r a te

M g ( N 0 3)26  H 20

> 9 9 % - F lu k a

Z ir c o n iu m  o x id e  

T Z - 3Y
3  ทาo l%  Y 2 0 3 - T O S O H
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A lu m in u m  o x id e ,  A K P -3 0  a n d  A E S -1 1 , w e re  u s e d  a s  ra w  m a te r ia ls  c o n s id e r in g  

t h e i r  p u r i t y  a n d  p a r t ic le  s iz e  a s  s h o w n  in T a b le  3 .1  a n d  t h e ir  c o s t .  A  p r ic e  o f  A K P -3 0  is  

a b o u t  2 ,0 0 0  b a h t /K g  a n d  A E S -1 1 is  a b o u t  2 5 0  b a h t /K g .  A K P -3 0  is  h ig h  p u r i t y  w ith  f in e  

o t - a lu m in a  p o w d e r  th a t  c o m p o s e d  o f  u n ifo rm  c r y s ta l s iz e , w ith  o f  s h a rp  p a r t ic le  s iz e  

d is t r ib u t io n .  A K P -3 0  is  s u i te d  f o r  t r a n s lu c e n t  a lu m in a  c e ra m ic s .  A E S -1 1 is  a m e d iu m  

g r a d e  w ith  f in e  a n d  u n ifo rm  o t - c r y s ta l  s iz e . A E S -1 1  a ls o  h a s  g o o d  s in te r a b i l i t y  a n d  h ig h  

m o ld in g  d e n s ity ,  w h ic h  m a k e s  th e  r e d u c t io n  o f  th e  l in e a r  s h r in k a g e  p o s s ib le .

3 .1 .2  R a w  m a te r ia l c h a ra c te r iz a t io n

3 .1 .2 .1  P a r t ic le  s iz e  d is t r ib u t io n  d e te rm in a t io n

P a r t ic le  s iz e s  d is t r ib u t io n  o f  A K P -3 0  a n d  A E S -1 1  w e re  m e a s u re d  u s in g  

s e d im e n ta t io n  m e th o d  w ith  c e n t r i fu g a l p a r t ic le  s iz e  a n a ly z e r  (S h im a d z u  S A -C P 2 ) .  A b o u t  

1 g r a m  o f  a lu m in a  p o w d e r  w a s  m ix e d  w ith  0 .2 w t%  N a H M P  s o lu t io n  b e fo r e  s u b je c te d  

in to  th e  c e n t r i fu g a l p a r t ic le  s iz e  a n a ly z e r .  A  s o lu t io n  w ith  0 .2 w t%  N a H M P  w a s  u s e d  a s  a 

b la n k  s o lu t io n .

3 .1 .2 .2  M ic r o s t r u c tu r e  e x a m in a t io n  b y  s c a n n in g  e le c t r o n  m ic r o s c o p e  (S E M )  

M o rp h o lo g y  o f  A K P -3 0  a n d  A E S -1 1  w a s  e x a m in e d  u s in g  a s c a n n in g

e le c t r o n  m ic r o s c o p e  (J E O L  : J S M -1 6 7 0 ) .  A lu m in a  p o w d e r s  w e re  d is p e r s e d  in d is t i l le d  

w a te r  u s in g  u l t r a s o n ic  fo r  5  m in . T h e  a lu m in a  s o lu t io n  w a s  d r o p p e d  o n  a  g la s s  s l ic e ,  

d r ie d  a n d  th e n  g o ld  s p u t te r e d  b e fo r e  s u b je c te d  in to  th e  m ic r o s c o p e .
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3 .2  C om po s it io n  and  p re p a ra t io n  o f a lum in a  p ow de r

A ll c o m p o s i t io n s  w h ic h  a re  s h o w n  in T a b le  3 .2 , w e re  p r e p a r e d  b y  c o n v e n t io n a l  

o x id e  m ix in g  p r o c e s s .  T h e  f lo w  c h a r t  o f  p r e p a r a t io n  is  i l lu s t r a te d  in F ig .3 .1 .  T h e  ra w  

m a te r ia ls  w e re  a d d e d  w ith  v a r io u s  a d d it iv e s ,  M g O  a n d  Z r 0 2. B o th  a d d i t iv e s  p r e v e n t  

d is c o n t in u o u s  g r a in  g r o w th  a n d  a l lo w  th e  m a te r ia l to  b e  s in te r e d  to  th e o r e t ic a l o r  n e a r ly  

th e o r e t ic a l d e n s ity .  T h e  a m o u n t  o f  M g O  w a s  s e le c te d  a t 0 .5  w t%  b a s e d  o n  th e  d a ta  

s h o w n  เท F ig .2 .3 . T h e  a m o u n ts  o f  Z r 0 2 w e re  s e le c te d  a t 1 .5 , 3  a n d  7 .5  w t% . 1 0 0  g r a m  o f  

ra w  p o w d e r s  w e re  w e t  m ix e d  เท p o ly p r o p y le n e  b o t t le  (2 5 0  m l)  f o r  4  h o u rs , u s in g  a lu m in a  

b a l ls  a s  g r in d in g  m e d ia  a n d  1 5 0  m l o f  d is t i l le d  w a te r  a s  s o lv e n t .  A lu m in a  b a l ls  w e re  f i l le d  

to  a  h a lf  v o lu m e  o f  th e  b o t t le .  T h e  m ix tu re  w a s  f i l t r a te d  a n d  d r ie d  a t  1 0 5  ๐ c o v e r n ig h t  in  

a n  o v e n  to  re m o v e  th e  s o lv e n t .  B e fo re  fo rm in g ,  th e  m ix tu re  w a s  w e ll m ix e d  w ith  1 .0  w t%  

o f  p o ly v in y l a lc o h o l (P V A  w ith  9 0 0 0  - 1 0 0 0 0  M W ) a c te d  a s  a b in d e r  a n d  w a s  s ie v e d  

t h r o u g h  a  1 0 0  m e s h  s c r e e n .  T w e n ty  g ra m  o f  th e  p o ly v in y l a lc o h o l w a s  d is s o lv e d  to  1 0 0  

m l o f  w a te r .  T h e  s p e c im e n  w a s  p r e s s e d  in to  p e l le ts  o f  12 , 2 5  a n d  3 5 m m  in d ia m e te r  b y  

b ia x ia l h y d ra u l ic  p r e s s  w ith  2 0  M P a  p re s s u re .  A l l s p e c im e n s  w e re  h e a te d  to  5 4 0  °c f o r  2  

h o u rs  w ith  h e a t in g  ra te  o f  5  ๐c /m in  f o r  b in d e r  re m o v a l.  F u r th e r  ra is e d  th e  te m p e ra tu r e  a t  

a  h e a t in g  ra te  5  ° c /m in  to  1 4 5 0 , 1 5 0 0 , 1 5 5 0 , 1 6 0 0  a n d  1 6 5 0  °c w ith  a  s o a k in g  p e r io d  o f  

1, 2 . 4  a n d  6  h o u rs  f o r  d e n s i f ic a t io n .  T h e  s in te r e d  s a m p le s  w e re  c o o le d  to  3 5  °c in  th e

fu rn a c e .
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T a b le .3 .2  C o m p o s it io n s  o f  A lu m in a  fo r  P e lt ie r  e le m e n t

S a m p le . A lu m in a
A d d i t iv e s  (w t% )

M g O Z r 0 2

2 - 1 . A K P -3 0 - -

2 - 2 . A K P -3 0 0 .5 -

2 -3 . A K P -3 0 - 1 .5

2 -4 . A K P -3 0 - 3 .0

2 -5 . A K P -3 0 - 7 .5

2 - 6 . A E S -11 - -

2 -7 . A E S -1 1 0 .5 -

2 - 8 . A E S -1 1 - 1 .5

2 -9 . A E S -1 1 - 3 .0

2 - 1 0 . A E S -1 1 - 7 .5

1 - 1 . A K P -3 0 0 .5 1 .5

1 - 2 . A K P -3 0 0 .5 3 .0

1 -3 . A K P -3 0 0 .5 7 .5

1-4 . A E S -1 1 0 .5 1 .5

1 -5 . A E S -1 1 0 .5 3 .0

1 - 6 . A E S -11 0 .5 7 .5
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F ig . 3 .1  F lo w  d ia g r a m  o f  s a m p le  p r e p a r a t io n  o f  P e lt ie r  e le m e n t  b y  a c o n v e n t io n a l  

o x id e  m ix in g  p r o c e s s .
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3.3 Characterization of sintered specimens

3 .3 .1  D e n s ity  m e a s u re m e n t

3 .3 .1 .1  B u lk  d e n s i t y

T h e  b u lk  d e n s i t y  o f  s p e c im e n s  w a s  m e a s u re d  a c c o r d in g  to  A r c h im e d e s  

m e th o d .  T h e  a ir  in  o p e n e d  p o re s  o f  s p e c im e n  w e re  r e m o v e d  b y  v a c u u m  p r e s s u re  f o r  3 0  

m in  a n d  th e n  p o u r  w a te r  o n to  s p e c im e n s  u n til a ll s p e c im e n s  s u b m e rg e d  in w a te r .  W a te r  

w a s  re m o v e d  to  th e  o p e n e d  p o re s  b y  v a c u u m  p r e s s u re  fo r  1 h r. T h e  d r y  w e ig h t  พ d 1 

S a tu ra te d  w e ig h t  พ 5 3 , a n d  S u s p e n d e d  w e ig h t  พ 5 3 5  w e re  m e a s u re d  a n d  u s e d  to  c a lc u la te  

th e  b u lk  d e n s i t y  u s in g  e q u a t io n  (3 .1 )  fo l lo w in g  A S T M  s ta n d a r d  (D e s ig n a t io n  : C 8 3 0 -9 3 )

B u lk  d e n s i t y  =  พ d p (3 .1 )

พ  พv v sat v v รบร

W h e re  p  is  w a te r  d e n s it y  a t  th e  m e a s u re m e n t  te m p e ra tu r e  (0 .9 9 5 6 8  

g / c m 3  a t  3 0  °C ) .

3 .3 .1 .2  T h e o re t ic a l d e n s i t y

T h e  th e o r e t ic a l d e n s it y  o f  s in te r e d  P e lt ie r  e le m e n ts  p e l le ts  w e re  

c a lc u la te d  f ro m  re a l d e n s i t y  u s in g  th e  fo l lo w in g  e q u a t io n .

T h e o re t ic a l d e n s i t y  =  พ,0,31 (3 .2 )

พ  3 / p a+ พ  b/ p b +...

W h e re พ , 0131 is  to ta l w e ig h t  o f  u s e d  c o m p o n e n ts .

พ 3, พ b is  w e ig h t  o f  c o m p o n e n t  a  a n d  b , r e s p e c t iv e ly .  

p a, p b is  re a l d e n s i t y  o f  c o m p o n e n t  a  a n d  b , r e s p e c t iv e ly ,  

a , b , . . .  is  u s e d  c o m p o n e n t .
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เท th is  e x p e r im e n t ,  u s e d  a s  th e  th e o r e t ic a l d e n s i t y  o f  p u re  A l 2 0 3  =  3 .9 7  g / c m 3, 

M g O  =  3 .6 4  g / c m 3  a n d  Z r 0 2  =  6 .0 2 3  g / c m 3  w e re  u s e d  fo r  c a lc u la te .  A s  a re s u lt  

t h e o r e t ic a l d e n s i t y  o f  c o m p o s i t io n s  a re  c a lc u la te d  a n d  s h o w n  in T a b le  3 .3 .

T a b le  3 .3  C a lc u la te d  1 0 0 %  d e n s i t y  o f  e a c h  c o m p o s it io n .

Composition Calculated 100% density (cm3)

2 .1 ,2 .6 3.97

2.2, 2.7 3.97

2.3, 2.8 3.99

2.4, 2.9 4.01

2 .5 ,2 .10 4.07

1.1, 1.4 3.99

1.2, 1.5 4.01

1.3, 1.6 4.07

3 .3 .1 .3  R e la t iv e  d e n s i t y

T h e  re la t iv e  d e n s i t y  c a lc u la te d  f ro m  b u lk  d e n s it y  a n d  th e o r e t ic a l d e n s it y  

u s in g  th e  fo l lo w in g  e q u a t io n .

R e la t iv e  d e n s i t y  =  B u lk  d e n s i t y  (3 .3 )

T h e o re t ic a l d e n s i t y

3 .3 .2  W a te r  a b s o rp t io n  m e a s u re m e n t

W a te r  a b s o rp t io n  o f  s p e c im e n s  w e re  m e a s u re d  a c c o r d in g  to  A r c h im e d e s  

m e th o d  u s in g  e q u a t io n  (3 .3 )

W a te r  a b s o r p t io n  (% ) =  พ ร 3 , - พ d '1 0 0  (3 -4 )

w d

W h e re  พ sat is  s a tu r a te d  w e ig h t  a n d  พ c1 is  d r y  w e ig h t  o f  th e  s p e c im e n s .
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3 .3 .3  M ic ro s t r u c tu r e  e x a m in a t io n  b v  s c a n n in g  e le c t r o n  m ic r o s c o p e  (S E M )

M ic r o s t r u c tu r e  o f  s p e c im e n s  s in te r e d  a t  1600°c a n d  1650 °c w e re  e x a m in e d  

u s in g  a  s c a n n in g  e le c t r o n  m ic r o s c o p e  (S E M ) (J E O L  : JSM-1670). T h e  a s  s in te r e d  

s p e c im e n s  w e re  p o l is h e d  w ith  v a r io u s  s iz e  o f  d ia m o n d  p a s te  a n d  f in is h e d  w ith  1 เแทา 

d ia m o n d  p a s te  u s in g  B u e h le r  m a c h in e  w ith  10  p o u n d  lo a d  a n d  2 0 0  rp m  a t e a c h  s iz e  o f  

d ia m o n d .  A n d  th e n  th e rm a l ly  e t c h e d  a t 1500 °c f o r  3 0  m in . T h e  s p e c im e n s  w e re  g o ld  

s p u t te r e d  b e fo r e  s u b je c te d  in to  th e  m ic r o s c o p e .  T h e  a v e ra g e  g r a in  s iz e  w e re  

d e te rm in e d  b y  a  lin e  in te r c e p te d  m e th o d  fo l lo w in g  A S T M  s ta n d a r d  (D e s ig n a t io n  E 1 1 2 -  

9 6 )

3 .3 .4  S t re n g th  m e a s u re m e n t

T h e  c o m p o s i t io n s  N o . 2 -6 , 2 -7 , 2 -8 , 2 -9 , 2 - 1 0  in T a b le  3 .2  w e re  p r e s s e d  in to  th e  

p e l le ts  o f  3 5  m m  d ia m e te r  b y  h y d ra u l ic  p r e s s  w ith  2 0  M P a  p re s s u re .  A ll s p e c im e n s  w e re  

s in te r e d  a t  1 4 5 0 , 1 5 0 0 , 1 5 5 0 , 1 6 0 0  a n d  1 6 5 0  °c f o r  2  h o u rs . T h e  s u r fa c e  o f  s in te r e d  

s a m p le s  w e re  g r o u n d  w ith  2 0 0  m e s h  d ia m o n d  w h e e l u s in g  g r in d in g  m a c h in e  a t  M T E C  

f o r  p a ra l le l s u r fa c e  a n d  th e n  p o l is h e d  u s in g  S iC  p a p e r  G r it  n u m b e r  2 4 0  (B u e h le r  

g r in d in g  p a p e r ) .  A ll s p e c im e n s  w e re  a n n e a le d  a t  1 5 0 0  °c f o r  3 0  m in  e x c e p t  th e  

s p e c im e n s  th a t  w e re  s in te r e d  a t  1 4 5 0  °c. T h e  te s t  s p e c im e n  w a s  p la c e d  o n  th re e  

s y m m e tr ic a l ly  s p a c e d  p o in ts  n e a r  its  p e r ip h e r y  a s  s h o w n  in  F ig .3 .2  a n d  A p p e n d ix  3 . It is  

b e n t  in  a c u p p in g  fa s h io n  b y  th e  a p p l ic a t io n  o f  fo r c e  to  th e  c e n te r  o f  s p e c im e n  th r o u g h  a  

c y l in d r ic a l ra m . S c o tc h  ta p e  w a s  a t ta c h e d  to  th e  c o m p re s s io n  s id e  o f  e a c h  s p e c im e n s  

to  p r e v e n t  th e  s c a t te r  o f  s p e c im e n  a f te r  b r e a k .  T h e  f o r c e  is  a p p l ie d  to  th e  ra m  a t  th e  ra te  

o f  2 5  m m /m in  in  c o m p re s s io n  te s t  m a c h in e  (L L O Y D  In s t r u m e n t  L T D ) w ith  lo a d  c e l l 1 0 0  

K N . T h e  b r e a k in g  lo a d , th e  d im e n s io n s  a n d  e la s t ic  c o n s ta n ts  o f  th e  s p e c im e n ,  a n d  th e  

r a d i i o f  th e  s u p p o r t  a n d  lo a d  a re  u s e d  fo r  c a lc u la te  th e  m a x im u m  te n s i le  s t r e s s  w h ic h  is  

a t  th e  c e n te r  o f  th e  te n s io n  s u r fa c e  fo l lo w in g  th e  A S T M  s ta n d a rd  (D e s ig n a t io n  F 3 9 4 -7 8 )

-0 .2 3 8 7 P (X -Y )  /  d 2ร (3 .5 )
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W h e re  ร  =  m a x im u m  c e n te r  te n s i le  s tr e s s  (M P a ),  

p  =  to ta l lo a d  c a u s in g  f r a c tu r e  (N ),

X  =  ( 1 + V )  เท(B /C ) 2  +  [ ( 1 - V ) / 2 ] ( B /C ) 2,

Y  =  ( 1 + V ) [ 1 +  เท(A /C ) 2  ]  +  ( 1 -V ) (A /C ) 2,

} i  =  P o is s o n 's  ra t io , 0 .2 3 ,

A  =  ra d iu s  o f  s u p p o r t  c i r c le  (m m ) ,

B =  ra d iu s  o f  lo a d e d  a re a  o r  ra m  t ip  (m m ) ,  

c =  ra d iu s  o f  s p e c im e n  (m m ) , a n d  

d  =  s p e c im e n  th ic k n e s s  a t  f r a c tu r e  o r ig in  (m m )

F ig .3 .2  B ia x ia l- f le x u re  s t r e n g th  - t e s t  f ix u re  in A S T M  F 3 9 ^ -7 8 .

เท th is  e x p e r im e n t  ;

A  =  1 2 .5  m m

B =  0 .2 5  m m , it w a s  m e a s u re d  f ro m  th e  c o n ta c t  a re a  u s in g  o p t ic a l

m ic r o s c o p e .

c =  1 2 -1 5  m m , e x a c t  v a lu e  is  s h o w n  in  A p p e n d ix 9 .  

d  =  2 .3 -2 .7  m m , e x a c t  v a lu e  is  a ls o  s h o w n  in  A p p e n d ix  9 .
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3 .3 .5  T h e rm a l c o n d u c t iv i t y  m e a s u re m e n t

T h e  m ix tu re s  w e re  p r e s s e d  in to  th e  p e l le ts  o f  12 m m  d ia m e te r  b y  h y d ra u l ic  p re s s  

w ith  20 M P a  p re s s u re .  S p e c im e n s  w e re  s in te r e d  a t  1600°c a n d  1650 °c  fo r  2  h o u rs  w ith  

5  ° c /m in  h e a t in g  ra te . T h e  s u r fa c e  o f  s in te r e d  s a m p le s  w a s  g r o u n d  u s in g  v a r io u s  

g r in d in g  S iC  p a p e r  250, 4 0 0 ,  800, a n d  1200 m e s h  a n d  3 0  p o u n d  lo a d  f o r  3 0  m in  e a c h .  

T h e n  p o l is h e d  w ith  d ia m o n d  p a s te  u s in g  6  J im ,  3  l- lm  a n d  1 f lm  d ia m o n d  p a s te s  w ith  

10 p o u n d  lo a d  f o r  15 m in .

T h e  th e rm a l c o n d u c t iv i t y  o f  s p e c im e n s  w e re  s e n t  to  m e a s u re d  b y  L a s e r  F la s h  

m e th o d  a t  U L V A C  -  R IK O , In c . J a p a n .  T h e  te s t  s p e c im e n  w a s  m o u n te d  h o r iz o n ta l ly  o r  

v e r t ic a l ly  is  s u b je c te d  to  a  h ig h - in te n s it y  s h o r t  d u ra t io n  th e rm a l p u ls e .  T h e  e n e r g y  o f  th e  

p u ls e  is  a b s o r b e d  o n  th e  f ro n t  s u r fa c e  o f  a s p e c im e n  a n d  re s u lt in g  re a r  fa c e  

te m p e ra tu r e  r is e  is  m e a s u re d .  T h e  a m b ie n t  te m p e ra tu r e  o f  th e  s p e c im e n  is  c o n t r o l le d  b y  

a  fu r n a c e  o r  c r y o s ta t .  T h e rm a l d i f fu s iv i t y  v a lu e s  a re  c a lc u la te d  f ro m  th e  s p e c im e n  

th ic k n e s s  a n d  th e  t im e  re q u ir e d  fo r  th e  re a r  fa c e  te m p e ra tu r e  r is e  to  re a c h  c e r ta in  

p e r c e n ta g e s  o f  its  m a x im u m  v a iu e  fo l lo w in g  th e  A S T M  s ta n d a r d  (D e s ig n a t io n  : E 1 4 6 1 -  

9 2 ) . T h e  e s s e n t ia l fe a tu re s  o f  th e  a p p a ra tu s  a re  s h o w n  in  F ig .3 .2 . T h e s e  a re  th e  f la s h  

s o u rc e ,  s a m p le  h o ld e r  a n d  e n v ir o n m e n ta l s y s te m , te m p e ra tu r e  re s p o n s e  d e te c to r ,  a n d  

d a ta  c o l le c t io n  a n d  a n a ly s is  c o m p o n e n ts .

V f 5 uoi  Oi sp loy

F ig .3 .2  F la s h  d i f f u s iv i t y  a p p a r a tu s  (S c h e m a t ic ) .


	Chapter 3 Experimental procedure
	3.1 Raw materials and characterization
	3.2 Composition and preparation of alumina powder
	3.3 Characterization of sintered specimens


