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Chapter IV

R esu lts  and D iscuss ion  

4.1 EaHJlata r ia la  Chara c t er i sat i o ns,

4 .1 .1  Chemical A n a ly s is .
Chemical a n a ly s is  o f  raw m a te r ia ls  from  the  p roduc t 

da ta  sheet and la b o ra to ry  te s t in g  were shown in  Tab le 9a and 9b 
re s p e c t iv e ly .

Tab le 9. a ) Chemical a n a ly s is  and s p e c if ic a t io n s  o f th re e  k inds  
o f commercial grade ca lc in e d  a lum ina powders ;

% chem ica l com position A - l l A -12 A-21

H2O 0.040
L .O . I . 0.100 0.010 0.060
Fe20a 0.010 0.010 0.010
S i02 0.012 0.020 0.010
Na20 0.350 0.300 0.270
AI2O3 99.600 99.700 99.700

Ehysica.l p rope rtie s
Ave. g ra in  d ia . [  yAm .] 50 60 40
S p e c if ic  g r a v i t y  [gm ./cm .3 ] 3 .92 3.96 3.95
U lt im a te  (^ - c r y s t a l [ yU m. ] 4 -5 5 2-4
Packed b u lk  d e n s ity  [gm ./cm .3 ] 1 .0 -1 .2 1.0 1.05
Loose b u lk  d e n s ity  [gm ./cm . 3 ] 0 .6 -0 .8 0 .7 0 .75
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Table 9. b) Chemical analysis of other raw materials.

% Element B en ton ite B a l l  c la y W a lla s to n ite Talcum

S i02 49.00 51.00 46.90 50.00
AI2O3 18.20 30.40 0.17 0.12
Fe203 0.19 1.90 0.07 0.31
TiOa 0.02 0.04 0.02 0.02
CaO 5.77 0.40 46.60 0.36
MgO 3.73 0.30 1.84 34.30
Na20 0.34 1.40 0.22 0.35
K2O 0.04 1.30 0.05 0.02
P2O5 0.01 _ 0.04 • 0.02
MnO 0.03 _ 0.01 0.01
C r2Û3 0.01 _ 0.01 0.01
L .O . I . 21.20 12.80 3.83 14.00

รน๓ 98.50 99.54 99.70 99.60
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4 .1 .2  P a r t ic le  s iz e  d is t r ib u t io n  o f  a lum ina powder.

From SEM. m icrographs , they were c le a r ly  shown 
th a t  the a lum ina powders re fe re d  to  aggrom era tion o f the  p r im a ry  
p a r t ic le s .  The p a r t ic le  s iz e  d is t r ib u t io n ,  measured by
sed im en ta tion  te chn ique , were p resen ted in  the  cu rves in  F ig .6

F ig .6 P a r t ic le  s iz e  d is t r ib u t io n  o f a lum ina powder.

Particle Size Distribution
Of Alumina Powder

‘6 l arger Than

-1____ i__
4 3

Diameter (micron)
A  I I  ••- A  I'J  *  A J1

Tab le 10. P a r t ic le  s iz e  d is t r ib u t io n  o f ca lc in e d  a lum ina.

m a te r ia l 20 % by w e igh t f in e r  than [ ^ vm. ]

A - l l  
A -12 
A-21

4 . 2
3. ๖ 
3 . 8
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4 .1 .3  M ic ro s tru c tu re  o f raw m a te r ia ls .

F ig . 7 ; Scanning e le c tro n  m icrographs o f
ca lc in e d  a lum ina powders in  the  a s -re c ie ved  c o n d it io n , showed 
aggregates o f g ra in s  which co n s is te d  o f le s s  than 5 y^m. p r im a ry
p a r t ic le s .

F ig . 7a ). AI2O3 A - l l ,  Nippon L ig h t  M e ta l Co; L td .

b ) .  A l20a A -12, Showa Denko Co; L td .

c ) .  A I2O3 A -21, Sumitomo Co; L td .
--------- ‘ 100 น m. 5A^m.

>"โ'โ 1 เลข VI ม,..
เลซท:เทียน.......... i k i . L ...............
วันเตื t u j ........ ))
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Scanning e le c tro n  m icrographs o f b e n to n ite  showed 

aggregated fo rm , i r r e g u la r  shape p a r t ic le s  o f  th e  s iz e  le ss
than 100 u.m.

F ig . 8 SEM m icrograph o f b e n to n ite .



Scanning e le c tro n  m ic rog raph o f b a l l  c la y  showed 
i r r e g u la r  shaped p a r t ic le  o f  hexagonal f la k e ,  aggregated form .

F ig . 9 SEM m icrograph o f b a l l  c la y .

1 (Am.
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Scanning e le c tro n  m icrograph o f ta lcum  showed s tacks  

o f u n i t  la y e rs , occured in  the  form  o f  f la k e  o f  i r r e g u la r  shape.

F ig . 10 SEM m icrograph o f ta lcum .
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Scanning e le c tro n  m ic rog raph o f  w a l la s to n ite  powder, 

the  p a r t ic le s  were f ib ro u s  fo rm  o f  lo n g -ro d  shape, w ith  about 
100 yum. in  le n g th  and 10 m. in  w id th .

F ig . 11 SEM m icrographs o f  w a lla s to n ite .
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4 .1 .4  Phase.

From XFD. p a tte rn  o f c a lc in e d  a lum ina powder ( A - l l )  
in  F ig . 12 , the m ajor phase was ck -AI2O3 which 26 ang les were ;

26 angle corresponds to d-spac
25 .6Ü 3.477
35.20 2.547
37.80 2.378
41.68 2.165
43.40 2.088
46.22 1.964
52.60 1.738
57.50 1.601
59.70 1.545
61.30 1.510
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From XRD. p a tte rn  o f  b a l l  c la y  (MC.) in  F ig l3 .  

t h is  raw m a te r ia l comprised dom inan tly  k a o l in i t e ,  subo rd ina te
amounts o f  i l l i t e s  [ f in e - g r a in  m ica ] and q u a r tz , and 
to  tra c e  amounts o f g ib b s ite  and fe ld s p a r .

The 20 angles o f k a o l in i t e  were ;

28 angle correspond to d -spac ing
12.40, 7.132
19.90 4.458
24.90 3.572
35.50 2.527
36.00 2.493
38.50 2.336

ang les o f i l l i t e  [m ica ] were ;

28 angle correspond to d -spac ing
8.90 9.927

17.80 4.979
19.90 4.458
29.90 2.986
31.30 2.855
32.10 2.786
35.50 2.527

m inor



77
The 28 ang les o f q u a r tz  were ;

28 ang le correspond to
20.85  
26.65
36.70
39.50  
40.40  
42.60
45.50
50.20
55.00
60.00

The 28 angles o f g ib b s ite  were ;

28 ang le  correspond to
18.30
20.30
36.70  
37.67
44.30

d -spac ing
4.257
3.342
2.447
2.279
2.231
2.120
1.992
1.817
1.668
1.541

d -spac ing
4.844
4.371
2.447
2.386
2.043



F ig . 13 XBD p a tte rn  o f  b a l l  c la y  [MC]

K = ICAOLINITE 
ท - -  (IICA 
ft * ft u ft ?-T 2 
G * &I335HE
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For b e n to n ite , t h is  raw m a te r ia l had two c o lo rs  

happened to g e th e r , s o f t -w h ite  and s o f t - p in k  m a te r ia ls ,  the  XRD. 
a n a ly s is  were made se p e ra te ly .

The XRD. p a tte rn s  o f s o f t -w h ite  m a te r ia l showed 
th a t  i t  was composed p redom inan tly  o f  C a -sm ec tite  w ith  m inor 
f l u o r i t e  and q u a r tz . [F ig .1 4 a ) ]

The 20 ang les o f C a -sm ec tite  in  t h is  m a te r ia l were ;
20 ang le correspond to  d -spac ing

5.80 15.224
15.50 5.712
19.80 4.480
29.20 3.056
34.80 2.576
54.20 1.691
62.50 1.485

The 20 ang les o f q u a rtz  were ;
20 ang le correspond to  d -spa c ing
21.00 4.227
27.00 3.299
39.50 2.279
40.50 2.225
42.50 2.125
50.00 1.823
60.00 1.541

The 20 angles o f  
20 angle

were ; 
correspond to

28.80
47.00
56.00

d -spa c ing
3.097
1.932
1.641
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For s o f t - p in k  m a te r ia l , in  F ig . 1 4 b ) , i t  was composed 

predom nantly o f C a -sm ec tite  w ith  tra c e  f lu o r i t e .

The 20 ang les o f C a -sm ec tite  were ;

20 ang le correspond to  d -spac ing
6.20 14.243

15.50 5.712
18.00 4.924
27.40 3.252
33.00 2.712
52.20 1.751
60.20 1.536

The 20 ang le o f f l u o r i t e  was 26.40, 
corresponded to  d -spa c ing  ะ 3.373
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F i g . 14  b )  XRD p a t t e r n  o f  s o f t  นทบ่ p i n k  l - n b . i i i t e

ร: Co. -^Mcctite 
r- Fluorite

r  i g ‘ . 14  a )  XKD p a t t e r n  o f  d o l  l ü i j i l  w l i . i l .  I I l l  . ,1. 11 r-

F- Fluorite 
ร: Co-oroectiU 
Ü. - (iuart 1

f

SI V* jb r* » *-------- • -------------«-------------1--------------«I
Lb 10 11 แ-
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F ro m  X R D . p a t t e r n  o f  w a l l a s t o n i t e ,  i n  F i g . 1 5 ,  t h e

m a jo r  p h a s e  w a s p -  C a S iÜ 3  a n d  m in o r p h a s e  w a s  c a l c i t e

T h e  2@ a n g l e s  o f p  -  C a S iO a  w e r e  ะ

2 0  a n g le c o r r e s p o n d  t o d - s p a c i n g

1 1 . 5 0 7 . 6 8 8

1 6 . 3 0 5 . 4 3 3

2 3 . 2 0 3 . 8 3 1

2 5 . 3 0 3 . 5 1 7

2 6 . 9 0 3 . 3 1 2

2 7 . 6 0 3 . 2 2 9

2 6 . 9 0 3 . 0 8 7

3 0 . 0 0 2 . 9 7 4

3 2 . 8 0 2 . 7 2 8

3 5 . 0 0 2 . 5 6 1

3 5 . 7 0 2 . 5 1 3

3 6 . 3 0 2 . 4 7 3

3 8 . 4 0 2 . 3 4 2

3 9 . 1 0 2 . 3 0 2

4 1 . 4 0 2 . 1 7 9

4 1 . 6 0 2 . 1 6 9

4 2 . 4 0 2 . 1 3 0

4 4 . 7 0 2 . 0 2 6

4 5 . 7 0 1 . 9 8 4

4 9 . 8 0 1 . 8 2 9

5 2 . 0 0 1 . 7 5 7

5 3 . 5 0 1 . 7 1 1

T h e  2 0  a n g l e s  o f  C aC Û 3  f c a l c i t e l  w e r e J

2 0  a n g l e c o r r e s p o n d  t o d - s p a c i n g

2 9 . 5 0 3 . 0 2 5

3 2 . 0 0 2 . 7 9 4

4 3 . 3 0 2 . 0 8 8

4 7 . 4 0 1 . 9 1 6

4 8 . 5 0 1 . 8 7 5
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F ro m  X R D . p a t t e r n  o f  t a l c u m  p o w d e r ,  i n  F i g . 1 6 ,  

t h e  m a j o r  p h a s e  w a s  t a l c  [ M g S i i 4 . 1 0  H2O ] w i t h  m in o r  q u a r t z  a n d  

m a g n e s i t e .

T h e  2 8  a n g l e s  o f  t a l c  w e r e  ;

2 8  a n g l e c o r r e s p o n d  t o d - s p a c i n g

9 . 5 0 9 . 3 0 2

1 9 . 0 0 4 . 6 6 7

1 9 . 4 0 4 . 5 7 2

2 8 . 6 0 3 . 1 1 8

3 4 . 5 0 2 . 5 9 7

3 6 . 2 0 2 . 4 7 9

3 8 . 5 0 2 . 3 3 6

4 0 . 6 0 2 . 2 2 0

4 3 . 0 0 2 . 1 0 2

4 8 . 6 0 1 . 8 7 2

a n t f l e s  o f  Q u a r t z  w e r e  ะ

2 8  a n g l e c o r r e s p o n d  t o d - s p a c i n g

2 6 . 6 0 3 . 3 4 8

4 2 . 5 0 2 . 1 2 5

T h e  2 8  a n g l e s  o f  m a g n e s i t e  I f lg C Q a ]  w e r e  ;

2 8  a n g l e  c o r r e s p o n d  t o

3 2 . 6 0

4 3 . 0 0

5 3 . 0 0

d - s p a c i n g

2 . 7 4 4

2.102
1 . 7 2 6
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j a d i n g  a n d  M i x i n g

4 . 2 . 1

T a b l e  l i  a )  C h e m ic a l  a n a l y s i s  o f  c o m p o s i t i o n s .

E le m e n t L I - 2 2 L I - 2 3

S iO z 5 . 9 6 0 4 . 9 8 7

A I 2O3 8 3 . 2 0 5 0 0 . 8 9 0

F è z 0 3 0 . 0 8 6 0 . 0 6 7

T iO z 0 . 0 0 3 0 . 0 0 3

CaO 0 . 9 2 7 0 . 5 4 6

MgO 1 . 5 4 0 1 . 5 9 0

N azO 0 . 3 7 9 0 . 2 9 8

KzO 0 . 0 4 2 0 . 0 2 8

L O I . 1 .8 3 1 1 . 6 0 6

T o t a l 9 9 . 9 7 3 1 0 0 .0 0 0

C h e m ic a l a n a l y s i s  o f L I - 2 3  c o m p o s i t i o n

( p r o d u c t i o n )  b y  EDS a n a l y s i s .

E le m e n t L I - 2 3 ( p r o d u c t )

S iO z 8 . 7 1

A lz O a 8 8 . 3 0

F e z O a 0 . 5 8

T iO z 0 . 2 5

CaO 0 . 8 0

MgO 0 . 4 2

N azO 0 . 6 6

K zO 0 . 2 8

T o t a l 1 0 0 . 0 0



4 . 2 . 2
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T a b l e  1 2  D e n s i t y  o f  c o m p o s i t i o n s ,  
n o .

1.
2 .

3 .

4 .

a v e r a g e  [ g i n . / c m 3 ]

L I - 2 2 L I - 2 3

3 . 5 9 3 . 5 4

3 . 4 7 3 . 6 5

3 . 5 0 3 . 5 6

3 . 4 4 3 . 6 9

3 . 5 0 3 . 6 1

4 . 2 . 3

T a b l e  1 3 . P a r t i c l e  s i z e  d i s t r i b u t i o n  o f

L I - 2 2 ,  L I - 2 3  b y  p o t  m i l l  g r i n d i n g

n o . 2 0  % b y  w e i g h t  f i n e r  t h a n

[ m i c r o n ]

L I - 2 2 1 . 0  -  1 . 1

L I - 2 3 1 . 1  -  1 . 3

F i g . 1 7  P a r t i c l e  s i z e  d i s t r i b u t i o n  c u r v e  o f  

L I - 2 2  a n d  L I - 2 3  b y  p o t  m i l l  g r i n d i n g

% L a rg e !  I b u n
100

ชน

60

40

20 ร ' * '  ■
.^ . t ' \ . i 1
3b 20 10 พ

1
« )

. - . 4 - -------

เ

)|H llitîh il ( lo b 'I o il)
. , 1 - .  I 1123

เ
h

เ i
b 4

. 1  -  

.3
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F ro m  SEM m i c r o g r a p h s  F i g .  1 8  , t h e  m o r p h o lo g y  

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

F i g . 1 8  SEM m ic r o g r a p h  o f  L I - 2 2  a n d  L I - 2 3

4.2.4 Microstructure of LI-22_amLLLo23

L I - 2 2

L I - 2 3
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4 . 3  C a s t i n g

4 .3 .1  S p e c i f ic  G ra v it y __o £ _ L Ir2 2 - .aüd u - 2 3.- S lu r r ie s

T a b l e  1 4 . S p e c f i c  g r a v i t y  o f  c o m p o s i t i o n  s l u r r i e s .

n o . s p e c i f i c  g r a v i t y

L I - 2 2 1 . 8 5 7

L I - 2 3 1 . 9 5 6

4 . 3 . 2

B y  u s i n g  pH  p a p e r  i n d i c a t o r ,  b e f o r e  a d j u s t i n g ,  

t h e  s l u r r i e s  h a d  t h e  pH  r a n g e  8 . 5  -  9 . 0 ,  a f t e r  a d d i t i o n  o f  s o m e  

h y d r o c h l o r i c  a c i d ( d i l . )  w i t h  p r o p e r  a m o u n t  t h a t  t h e  s l u r r i e s  
m u s t  n o t  b e e n  f l o c c u l a t e d .  T h e  pH  r a n g e  o f  t h e  s l u r r i e s  w e r e  

c h a n g e d  t o  7 . 0 - 7 . 5  a n d  c o u l d  b e  s l i p - c a s t e d  w e l l .
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4.4 ErflBsrties after Sm t&rlQg

4.4.1 Height_of_specimens
( s i n t e r e d  f r o m  t h e  p r o f i l e d  c u r v e s  A , B , C , D ) .

T a b l e  1 5 .  W e ig h t s  o f  s p e c im e n s .

a ) .

LL=22+  n o . D r y  w e i g h t S a t u r a t e d  w e i g h t S u s p e n d e d  w e i g h t

( พ ) (M ) ( ร )

1 . 2 5 . 6 2 2 6 . 5 5 1 8 . 3 9

2 . 2 3 . 9 4 2 5 . 0 8 1 7 . 3 1

3 . 2 4 . 8 5 2 5 . 0 8 1 7 . 8 6

4 . 2 4 . 8 8 2 4 . 9 6 1 7 . 4 1

5 . 2 5 . 2 9 2 6 . 2 5 1 8 . 1 5

6 . 2 4 . 2 2 2 4 . 8 0 1 7 . 2 1

7 . 2 6 . 6 2 2 6 . 7 5 1 8 . 6 3

8 . 2 4 . 9 7 2 5 . 1 4 1 7 . 4 6

9 . 2 4 . 7 4 2 5 . 0 8 1 7 . 3 8

1 0 . 2 4 . 9 3 2 6 . 0 0 1 7 . 9 5

L I - 2 3 ,  1 . 2 6 . 2 2 2 7 . 1 0 1 8 . 7 7

2 . 2 7 . 7 2 2 8 . 1 6 1 9 . 7 1

3 . 2 6 . 2 3 2 7 . 1 2 1 8 . 7 4

4 . 2 6 . 6 7 2 8 . 1 8 1 9 . 7 4

5 . 2 7 . 7 0 2 8 . 1 6 1 9 . 7 4

6 . 2 6 . 1 3 2 6 . 7 7 1 8 . 6 4

7 . 2 6 . 2 2 2 6 . 9 6 1 8 . 7 1

8 . 2 5 . 2 9 2 6 . 7 3 1 8 . 4 6

9 . 2 6 . 4 7 2 7 . 4 2 1 8 . 9 2

1 0 . 2 7 . 6 8 2 8 . 1 8 1 9 . 7 4
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LLz22 ,

LI-23,

b). From firing curve B

n o . D r y  w e i g h t S a t u r a t e d

( พ ) (M )

1 . 3 7 . 0 0 3 7 . 0 1

2 . 3 7 . 5 0 3 7 .9 4 ,

3 . 3 5 . 7 4 3 6 . 2 9

4 . 3 9 . 2 9 3 9 . 4 7

5 . 2 9 . 5 5 2 9 . 8 6

6 . 3 7 . 1 2 3 7 . 7 2

7 . 4 0 . 9 0 4 0 . 9 4

8 . 3 4 . 8 5 3 4 . 9 7

9 . 3 4 . 5 8 3 4 . 6 0

1 0 . 3 8 . 3 0 3 8 . 9 4

1 . 3 5 . 6 0 3 6 . 9 9

2 . '3 9 . 9 1 4 1 . 4 5

3 . 3 9 . 0 9 4 0 . 6 4

4 . 3 9 . 0 0 4 0 . 0 2

5 . 4 0 . 2 8 4 0 . 7 1

6 . 3 8 . 2 2 3 8 . 4 1

7 . 4 0 . 4 4 4 0 . 9 7

8 . 3 9 . 5 7 4 0 . 3 0

9 . 3 8 . 4 9 3 9 . 6 2

1 0 . 3 7 . 9 6 3 9 . 3 3

w e i g h t  S u s p e n d e d  w e i g h t

( ร )
2 6 . 2 5

2 6 . 5 6

2 5 . 3 2

2 7 . 8 0  

2 0 . 9 5  

2 6 . 3 4

2 8 . 8 9

2 4 . 6 6

2 4 . 4 7

2 7 . 1 7

2 5 . 6 6

2 8 . 7 1

2 8 . 1 8

2 8 . 1 2

2 8 . 8 2

2 7 . 1 9  

2 8 . 8 8  .

2 8 . 3 3

2 7 . 6 8

2 7 . 3 3
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c ). From firing curve c

L I - 2 2 ■

L I-23 ,

n o . D r y  w e i g h t

( พ )

1 . 2 4 . 9 7

2 . 3 6 .0 8

3 . 3 9 .8 8

4 . 3 4 . .2 9

5 . 3 2 .7 6

6 . 3 8 . .1 8
ท ( . 3 6 . . 7 7

8 . 3 5 . .1 4

9 . 3 8 , .6 2

1 0 . 3 0 . .9 9

1 . 3 7 , .5 1

2 . 3 6 . ,4 0

3 . 3 8 . .1 0

4 . 3 7 . 1 7

5 . 3 9 . .2 3

6 . 3 8 . 4 3

7 . 3 9 . 6 6

8 . 3 5 . 1 8

9 . 3 6 . 1 2

1 0 .

S a t u r a t e d  w e i g h t  
(M)

2 4 . 9 9

3 6 . 1 2

3 9 . 9 0  

3 4 . 3 2

3 2 . 8 0

3 8 . 2 0

3 6 . 8 0

3 5 . 1 6

3 8 . 6 4

3 1 . 0 2

3 7 . 6 1

3 6 . 5 5

3 8 . 1 3

3 7 . 2 1

3 9 . 3 9

3 8 . 4 7  
3 9 . 9 7  

3 5 . 2 4  

3 6 . 1 9

S u s p e n d e d  w e i g h t

(ร )
1 7 . 8 5

2 5 . 7 3

2 8 . 3 4

2 4 . 3 6

2 3 . 2 6  

2 7 . 3 0

2 6 . 2 7

2 5 . 1 4

2 7 . 6 4

2 2 . 1 6

2 6 . 7 4

2 6 . 0 5

2 7 . 3 9

2 6 . 6 5

2 8 . 0 6

2 7 . 6 4  
2 8 . 3 8

2 5 . 1 5

2 5 . 7 2
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d). From firing curve D

LL=22,

LL -2 3 ,

n o . D r y  w e i g h t

( พ )

1 . 2 9 .9 0

2 . 3 1 . 8 5

3 . 3 8 . 8 9

4 . 3 4 .6 4

5 . 3 9 . 3 2

6 . 3 7 .4 7

7 . 3 2 . 4 9

8 . 3 4 .4 4

9 . 3 7 .1 0

1 0 . 3 2 , .8 2

1 . 3 7 , .8 5

2 . 4 1 . 4 0

3 . 3 7 , ,7 4

4 . 4 0 . 5 8

5 . 3 7 . 1 4

6 . 4 1 . 2 1

7 . 4 2 . 8 2

8 . 3 3 . 3 7

9 . 4 2 . 4 3

1 0 . 3 6 . 8 5

S a t u r a t e d  w e i g h t  

(M)
2 9 . 9 1

3 1 . 8 5  
3 8 . 8 9

3 4 . 6 4  

3 9 . 3 2

3 7 . 4 7  

3 2 . 5 0

3 4 . 4 4

3 7 . 1 0

3 2 . 8 2

3 7 . 8 6  

4 1 . 4 1

3 7 . 7 5  
4 0 . 5 8  

3 7 . 1 4

4 1 . 2 1

4 2 . 8 2

3 3 . 3 7

4 2 . 4 4

3 6 . 8 6

S u s p e n d e d  w e i g h t

(ร )
2 1 . 3 7

2 2 . 7 3

2 7 . 7 7

2 4 . 7 5

2 8 . 1 0

2 6 . 7 6

2 3 . 2 1  

2 4 . 6 2

2 6 . 4 0

2 3 . 4 4

2 7 . 1 5

2 9 . 6 9

2 7 . 1 0

2 9 . 0 3

2 6 . 6 4  

2 9 . 6 0

3 0 . 7 0  

2 3 . 9 4  

3 0 . 5 3

2 6 . 4 8
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4 . 4 . 2  % S h r i n k a g e  o f  s p e c im e n s  s i n t e r e d  f r o m

c u r v e  D w e r e  p r e s e n t e d  i n  F i g .  1 3 ,  f r o m  t h e  g r a p h s  , t h e  a v e r a g e  

s h r i n k a g e  o f  L I - 2 2  a n d  L I  2 8  s p e c im e n s  a t  t h i s  f i r i n g  c o n d i t i o n  
w e r e  i n  t h e  r a n g e  2 1 . 5 4 0  i  0 . 0 7 5  a n d  2 1 . 3 2 0  i  0 . 0 4 1 . (  1 =  s t a n d a r d  
d e v i a t i o n  f r o m  1 0  s p e c im e n s . )

T h e  L I  2 3  s p e c im e n s  h u d  l e s s  % s h r i n k a g e  t h a n  
t h e  L I - 2 2  s p e c im e n s  b e c a u s e  o f  l o w e r  X h a l l  c l a y  a n d  b e n t o n i t e .

% Shrinkage after firing
by curve D

30

25

20

15

10

5

0

% Shrinkage after firing

No. Of specimens
I I I I  22 M  11 23

_______ "  ไ I
0 ) 5 4  21.(32

-------------- --------------------- ---- H
Fig. 10 %f ir ing shrinkage ill spool men
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4 . 4 . 3  C a l c u l a t i o n s  o f  v o lu m e  ( V ) ,  b u l k  d e n s i t y  ( D ) ,

% a p p a r e n t  p o r o s i t y  ( P )  a n d  % w a t e r  a b s o r p t i o n  ( A ) .

[  T h e  d a t a s  w e r e  s h o w n  i n  a p p e n d i x  3 ]

T h e  r e l a t i o n  b e tw e e n  f i r i n g  c o n d i t i o n s  a n d  b u l k  

d e n s i t y ,  % a p p a r e n t  p o r o s i t y ,  a n d  % w a t e r  a b s o r p t i o n  w e r e  

p r e s e n t e d  i n  t h e  g r a p h s  i n  F i g .  2 0 .  F r o m  t h e s e  g r a p h s ,  a s  t h e  

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

w h i l s t  t h e  % a p p a r e n t  p o r o s i t y  a n d  % w a t e r  a b s o r p t i o n  d e c r e a s e d .

(  1 = s t a n d a r d  d e v i a t i o n  f r o m  1 0  s p e c im e n s ) .

T h e  LI-22 a n d  LI-23 s p e c im e n s  s i n t e r e d  a t  1520 c. 
w i t h  3  h o u r s  s o a k i n g  p e r i o d  [ f i r i n g  c u r v e  D . ]  g a v e  t h e  b e s t  

r e s u l t s  t h a t  t h e  % w a t e r  a b s o r p t i o n s  w e r e  z e r o ,  a n d  t h e  a v e r a g e  
d e n s i t i e s  o f  b o t h  c o m p o s i t i o n s  w e r e (  3.497 ±  0.011 )  g m . / c m . 3  a n d  
(  3.540 +  0.013 ) g m . / c m . 3  r e s p e c t i v e l y .

T h e  L I - 2 2  a n d  L I - 2 3  s p e c im e n s  s i n t e r e d  f r o m  
c u r v e s  A ,  B ,  a n d  c s t i l l  h a d  h i g h  p e r c e n t a g e  o f  b o t h  p o r o s i t y  
a n d  w a t e r  a b s o r p t i o n .
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F i g . 2 0 a  R e l a t i o n  b e t w c u n  f i l i n g  C o n d i t i o n  a n d  b u l k  d e n s i t y

B u l k  D e n s i t y  ( g / c o )

□  น - 2 2  ™  น - 2 3



F ig . 20๖ R e l a t i o n  b e tw e e n  s i n t e r i n g  c o n d i t i o n  

a n d  % a p p a r e n t ,  P o r o s i t y .

'X Apparent Porosity
1 5 ---------1-----------------------------------------

CURVE A CURVE B CURVE c
No. of specimens 

(ZD น -22 H I  น -23

0 . 0230 .0 4 5

CURVE D
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F i g .  2 0 ๐  R e l a t i o n  b e tw e e n  s i n t e r i n g  c o n d i t i o n  

a n d  % w a L e r  a b s o r p t i o n .

% Waier Absorptiono

CURVE A CURVE B CURVE c
No. of specimens

(ZD LI-22 H  LI-23

0.0050.013 

CURVE D
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% W a te r  a b s o r p t i o n  o f  t h e  l i n e r s ,  f i r i n g  f r o m  c u r v e  D

T a b l e  1 6 .  % W a t e r  a b s o r p t i o n  o f  p r o d u c t s .

n o . พ( g m . ) M ( g m . ) % W a te r  a b s o r

1. 7 8 1 . 0 7 8 1 . 0 0 . 0 0 0

2 . 7 8 1 . 5 7 8 2 . 2 0 . 0 8 9

3 . 7 7 7 . 2 7 7 7 . 6 0 . 0 5 1

4 . 7 7 3 . 0 7 7 3 . 7 0 . 0 9 1

5 . 7 5 9 . 0 7 5 9 . 3 0 . 0 3 9

6 . 7 4 5 . 0 7 4 5 . 0 0 . 0 0 0

7 . 7 8 7 . 0 7 8 7 . 0 0 . 0 0 0

8 . 7 8 4 . 2 7 8 4 . 2 0 . 0 3 8

9 . 7 8 2 . 5 7 8 2 . 7 0 . 0 2 6

1 0 . 7 8 2 . 0 7 8 2 . 2 0 . 0 2 6

a v e r a g e 0 . 0 3 6  %

T h e  r e s u l t s  w e r e  a g r e e d  w i t h  t h e  s p e c im e n s  t e s t i n g .
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4 . 4 . 4  M o d u lu s  o f  r u p t u r e

T h e  r e l a t i o n  b e tw e e n  MOR a n d  f i r i n g  c o n d i t i o n s  

o f  L I - 2 2  a n d  L I - 2 3  w e r e  p r e s e n t e d  i n  F i g . 2 1 ( J =  s t a n d a r d  d e v i a t i o n )  

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

(M O R ) o f  s p e c im e n s  w e r e ,

<5

1 )  w h e n  t e m p e r a t u r e  i n c r e a s e d  f r o m  1 5 0 0  c . [ c u r v e  A ]  

t o  1 5 2 0  c . [ c u r v e  C ] , t h e  a v e r a g e  MOR. o f  L I - 2 2  i n c r e a s e d  f r o m

2 6 5 6 . 0 7  k g . / c m . 2  t o  2 8 6 8 . 9 9  k g . / c m . 2 , a n d  f o r  L I - 2 3  t h e  a v e r a g e  

MOR i n c r e a s e d  f r o m  2 5 9 3 . 8 8  k g . / c m . 2  t o  2 7 0 4 . 3 8  k g . / c m . 2

2 )  I f  s o a k i n g  t im e  a t  t h e  m a x im u m  t e m p e r a t u r e  
i n c r e a s e d ,  t h e  MOR a l s o  i n c r e a s e d  a s  s h o w n  f r o m  t h e  MOR r e s u l t  

b e tw e e n  f i r i n g  f r o m  c u r v e  A  a n d  B ,  o r  c u r v e  c  a n d  D o f  b o t h  
c o m p o s i t i o n s .

3) T h e  a v e r a g e  MOR o f  L I -22  a n d  L I -23  w e r e  b o t h  

o v e r  3000 k g . / c m . 2  w h i c h  c o u l d  b e  a c c e p t e d  c o m p a r in g  t o  t h e  MOR 
o f  t h e  c o m m e r c ia l  l i n e r s ,  t h e s e  r e s u l t e d  b y  f i r i n g  t o  1520 c . w i t h  

3 h o u r s  s o a k i n g  p e r i o d  a n d  a l s o  a g r e e d  w i t h  0% w a t e r  a b s o r p t i o n .

T h e  MOR d a t a s  w e r e  p r e s e n t e d  i n  a p p e n d i x  4 .



F i g .  21 T h e  r e l a t i o n  b e tw e e n  f i r i n g  c o n d i t i o n  a n d  HOF

Modulus of rupture ( Kg/cm ) (Thousands)
4 !

C Z D  ม - 2 2  Ê M  น  2 3



4 . 4 . 5  C o e f f i c i e n t  o f  l i n e a r  t h e r m a l  e x p a n s io n  o f  t h e  

L I -22 a n d  L I -23 s p e c im e n s ,  s i n t e r e d  a t  1520 c . w i t h  3 h o u r s  

s o a k i n g  p e r i o d  [ c u r v e  D ] ,  w e r e  c a l c u l a t e d  f r o m  t h e  % l i n e a r

102

t h e r m a l  e x p a n s io n  .

A d i l a t o m e t e r  w a s  u s e d  t o  m e a r u r e  t h e  % e x p a n s io n  

o f  t h e  L I - 2 2  a n d  L I - 2 3  s p e c im e n s  ( s i n t e r e d  f r o m  c u r v e  D . )  by- 

h e a t  i n g  t o  1 0 0 0  c .  a t  3  c . / m i n u t e .  T h e  p l o t s  c o n n e c t i n g  p e r c e n t  

e x p a n s io n  a n d  t e m p e r a t u r e  (  c . )  w e r e  i l l u s t r a t e d  i n  F i g .  2 2 .

B o t h  s p e c im e n s  g a v e  a  s t r a i g h t - l i n e  t h e r m a l  

e x p a n s io n  c u r v e  ( o n  h e a t i n g ) . T h e  v a l u e s  o f  t h e r m a l  e x p a n s io n  w e r e  

c a l c u l a t e d  i n  t h e  t e m p e r a t u r e  r a n g e  o f  2 5 0 °  c .  t o  8 0 0  c .  w i t h  
c o r r e c t i o n  f a c t o r  o f  t h i s  d i l a t o m e t e r  ( A  = 0 . 0 3 2 )  ;

T h e  CO E . o f  L I - 2 2  = 9 . 0 2  x  1 0 - 8  i n . / i n . 0 c .

a n d  L I-2 3  -  ธ .91 X  IQ -ร i n . / i n *  c.
T h e  C O E . o f  b o t h  c o m p o s i t i o n  w e r e  n e a r l y  t h e  s a m e .
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?
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R e l a t i o n  b e t w e e n  % l i n e a r  t h e r m a l  e x p a n s i o n

and  t e m p e r a t u r e
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4.4.6 MicrQstruo.tur.fe. of LI-22 and LI-23 specimens.

Som e p i e c e s  o f  s p e c im e n s  a f t e r  f i r i n g  f r o m  
v a r i o u s  t e m p e r a t u r e s  w e r e  b r o k e n  a n d  t h e  f r a c t u r e  s u r f a c e s  w e r e  

e x a m in e d  f o r  t h e  g r a i n  s t r u c t u r e  a n d  p o r e s  b y  SEM i n  F i g .  2 3 .

T h e  SEM m i c r o g r a p h  s h o w n  t h a t  w i t h  i n c r e a s i n g  

t e m p e r a t u r e ,  o r  s o a k i n g  p e r i o d ,  t h e  % p o r e  v o lu m e  w a s  d e c r e a s e d  

a n d  t h e  g r a i n  s t r u c t u r e  o f  a l u m in a  b e c a m e  t o  b e  m a s s iv e  f o r m e d .



F i g .  2 3  SEM m i c r o g r a p h s  o f  s p e c im e n s . a )  L I - 2 2
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b )  L I - 2 3

A

b

t

4 ft MAI
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Microstruotnre o f  t h e  l i n e r - p r o d u c t , .

T h e  d i f f e r e n c e  i n  m i c r o s t r u c t u r e  b e tw e e n  r im  a n d  c e n t e r  

m ig h t  b e  c a u s e d  b y  s i n t e r i n g  b e h a v i o r .  T h e  s i n t e r i n g  t e m p e r a t u r e  

a t  r im  m i g h t  b e  h i g h e r  t h a n  a t  c e n t e r ,  t h i s  a g r e e d  w i t h  t h e  

EDS a n a l y s i s  t h a t  t h e  % a lu m in a  a t  r im  w a s  l o w e r  c o m p a r in g  t o  t h e  

c e n t e r .

F i g . 2 4  SEM m ic r o g r a p h  o f  l i n e r  p r o d u c t

r im

c e n t e r

-> 1 0 yW. 5 1
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T h e  a p p r o x im a t i o n  o f  % p o r e  v o lu m e  = 1 3 . 3  % , a s

p r e s e n t e d  i n  F i g . 2 5 ,  a n d  t h e  e d g e  a n d  r i m  o f  g r a i n  s t r u c t u r e  

s h o w n  i n  F i g .  2 6 ,  w e r e  r o u n d ,  p a r t i a l l y  d i s s o l v e d . T h e s e  r e s u l t e d  
f r o m  g o o d  s i n t e r i n g  c o n d i t i o n .

F i g . 2 5  M i c r o s t r u c t u r e  e x a m in a t i o n  o f  l i n e r  ( x lO O ) ,  
s h o w e d  p o r e  s t r u c t u r e .

F i g . 2 6  M i c r o s t r u c t u r e  e x a m in a t i o n  o f  l i n e r  ( x lO O ) ,  

s h o w e d  g r a i n  s t r u c t u r e .



4 . 4 . 7  EDS a n a l y s i s

T a b l e  1 7 .  E D S . a n a l y s i s  o f  s p e c im e n s .

a ) .  F r o m  f i r i n f i  c u r v e  A .

; E le m e n t L I - 2 2 L I - 2 3

A I 2O 3 8 5 . 1 9 0 8 8 . 4 9 0

S i 0 2 1 0 . 8 8 0 9 . 7 7 8

CaO 1 . 4 6 0 1 . 3 0 3

M go 0 . 6 9 0 -

N azO 0 . 7 0 0 -

K zO 0 . 2 1 0 -

F e 2 0 3 0 . 5 6 0 -

T iO z 0 . 3 1 0 0 . 4 3 0

T o t a l 1 0 0 . 0 0 0 1 0 0 . 0 0 0

b ) .

% E le m e n t L I - 2 2 L I - 2 3

A lz O a 8 5 . 7 6 0 8 9 . 3 2

S iO z 1 0 . 1 0 0 8 . 2 4 0

CaO 1 . 2 8 0 0 . 8 6 0

MgO 1 . 1 7 0 -

N azO 0 . 6 0 0 0 . 5 7 0

K zO 0 . 1 6 0 -

F e z 0 3 0 . 6 6 0 0 . 6 3 0

T iO z 0 . 2 7 0 0 . 3 8 0

T o t a l 1 0 0 . 0 0 0 1 0 0 . 0 0 0



! E le m e n t L I - 2 2 L I - 2 3

A I 2O 3 8 6 . 9 0 0 8 8 . 6 0 0

S i 0 2 1 0 . 0 8 0 9 . 0 3 0

CaO 1 . 5 2 0 0 . 8 7 0

MgO 0 . 3 2 0 0 . 2 4 0

N asO 0 . 4 6 0 0 . 6 1 0

K 2O 0 . 1 0 0 -

F e 2 Û 3 0 . 3 8 0 0 . 6 5 0

T i 0 2 0 . 2 4 0 -

T o t a l 1 0 0 . 0 0 0 1 0 0 . 0 0 0

d ) .  F rom  . . f ix i n g  c u r v e  D

E le m e n t L I - 2 2 L I - 2 3

A la O a 8 2 . 9 4 0 8 7 . 8 2 0

S i 0 2 1 4 . 2 0 0 1 0 . 1 1 0

CaO 1 . 5 2 0 0 . 7 4 0

MgO 0 . 4 1 0 0 . 2 1 0

NaaO 0 . 1 7 0 0 . 2 2 0

KzO - 0 . 2 1 0

0 . 7 6 0 0 . 4 4 0

T i 0 2 - 0 . 2 5 0

T o t a l 1 0 0 . 0 0 0 1 0 0 . 0 0 0



I l l

EDS a n a l y s i s o f  t h e  l i n e r - p r o d u c t , f i r i n g

T a b l e  1 8  EDS . a n a l y s i s  o f  p r o d u c t

E le m e n t R im C e n t e r

A I 2O3 8 7 . 6 1 9 0 . 5 9

S i o 2 1 0 . 3 6 7 . 0 1

CaO 0 . 7 0 0 . 5 8

MgO - -

N azO 0 . 6 0 1 . 0 0

K 2O 0 . 0 9 -

F e 2 Ü 3 0 . 6 4 0 . 5 4

T iO z - 0 . 2 8

T o t a l 1 0 0 . 0 0 1 0 0 . 0 0  %

EDS p i c t u r e s  o f  L I - 2 2  a n d  L I - 2 3  a n d  l i n e r - p r o d u c t  w e r e  
p r e s e n t e d  i n  a p p e n d i x  7
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4 . 4 . 8  F ro m  XR D . p a t te rn s  o f  th e  L I - 2 2  , L I - 2 3  specim ens 
s in te r e d  fro m  f i r i n g  c u rv e s  A, B ,  c, and D, and l in e r - p r o d u c t ;1 
s in te re d  fro m  f i r i n g  c u rve  อ , th e  phases p re s e n te d  t h a t  th e  
m a jo r phase were s t i l l  d o m in a n tly  cL - A I 2O3 w ith  some m in o r phases 
o f  s p in e l,  MgAl204.

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

a l u m in a ,  c a u s e d  s p i n e l  f o r m a t i o n  ( a r o u n d  700 c . )  w h i c h  w a s  n o t  
s o l u b l e  i n  a l u m in a  a t  t e m p e r a t u r e  b e lo w  1700 c.

B y  c o m p a r i s o n  t o  t h e  XRD p a t t e r n s  o f  s t a r t i n g  

cL - A I 2O3 , a n d  t h e  l i n e r - p r o d u c t ,  t h e  h e i g h t  o f  c/L - A I 2O 3 p e a k s  
i n  t h e  l i n e r - p r o d u c t  w e r e  a  l i t t l e  b i t  h i g h e r .  T h i s  m e a n t  t h a t  
a f t e r  s i n t e r i n g ,  t h e  s i s e  o f  a l u m in a  g r a i n s  w e r e  b i g g e r .

T h e  XRD p a t t e r n s  o f  L I - 2 2  a n d  L I - 2 3  a n d  t h e  l i n e r  
p r o d u c t  w e r e  p r e s e n t e d  i n  F i g .  2 7 a .)  , 2 7 b )  a n d  2 7 c )

T h e  XRD p a t t e r n s  a n d  t h e  v a l u e s  o f  2 8  a n g l e s  w i t h  

d - s p a c i n g  v a l u e s  o f  cL - A I 2O3 p h a s e  a n d  s p i n e l  p h a s e  i n  t h e  

l i n e r - p r o d u c t  w e r e  p r e s e n t e d  i n  a p p e n d i x  8 .
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4 .4 .9  Hardness.

Rockwell hardness te s t  ; an in d e n ta t io n  hardness 
u s in g  a v e r i f ie d  machine to  fo rc e  a diamond in d e n te r under­
s p e c if ie d  c o n d it io n s , in to  the  su rfa ce  o f the  sample under te s t  
in  two o p e ra tio n s , and to  measure the d i f f e r e n t  in  depth o f  the  
in d e n ta t io n  under the  s p e c if ie d  c o n d it io n  p re l im in a ry  and t o t a l  
te s t  fo rc e s  [m ino r and m ajor load r e s p e c t iv e ly ] .

[T e s t method acco rd ing  to  ASTM. D es ig na tio n : E 18 -89a .]

The Hardness [HR45N] r e s u l ts  were ; 
no .1 = 76.8
no .2 = 76.6

av e r age___5___ 7 6 .7

In d e n te r ; Diamond cone
Load ; 45 Kg.
D u ra tio n  tim e ;

The average hardness va lue  o f the  l in e r -p ro d u c t  
was 7 6 .7 ,compared to  the  commercial l in e r s , t h is  va lue  was accepted.
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4 .4 .1 0  Wear R e s is ta n t ; Abras ion te s t .

The s ta r t in g  w e igh ts  and w e igh t lo s s  [ in  gm.] 
o f ra p id  po t m i l l s  [400 rpm .] from  d i f f e r e n t  f i r i n g  cu rves were 
presented as fo llow ed  ;

Tab le 19. Data o f w e igh t lo s s  in  48 m in u te s /c y c le  
from  ab ras ion  te s t .

F i r in g  cu rves. 
S ta r t in g  w e igh t[gm .]

A.
2080

B.
2068

c.
2075

D.
2040

A f te r  g r in d in g , 1 s t. 2066 2057 2067 2032
2nd. 2054 2045 2060 2025
3 rd . 2045 2036 2055 2019
4 th . 2037 2027 2048 2014
5 th . 2025 2020 2042 2009
6 th . 2010 2013 2037 2004
7 th . 2000 2007 2030 2000
8 th . 1997 2002 2024 1997
9 th . 1990 1998 2020 1994

10th . 1980 1995 2017 1991
11th . 1975 1992 2014 1988
12th . 1969 1989 2011 1985

T o ta l w e igh t lo s s . 111 79 64 55
in  12 cy c le s  [gm .]

The % w t. lo s s  /h o u r in  400 rpm. te s t in g  were c a lc u la te d  and 
presented in  appendix 5.

The r e la t io n  between % w t . lo s s /h r .  and f i r i n g  
tem pera tu re  were presented in  F ig . 28 and Tab le 20.
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Tab le 20. R e la tio n  between % w t . lo s s  /  h r . and f i r i n g  c o n d it io n .

F i r in g  c o n d it io n % w t., lo s s /h r .
by 400rpm.

A 0.5559
B 0.3979
c 0.3213
D 0.2808

Accord ing  to  the  va lues o f  d e n s ity ,  % apparen t p o ro s ity ,  and 
% w a te r a b so rp tio n , these cou ld  be concluded th a t  the  s in te r in g  
tem pera tu re  a t 1520 c . w ith  3 hours soak ing p e r io d  re s u lte d  in  
the  lowest o f % w t . lo s s /h r .  o f  the  body.
F ig .28 R e la tio n  between f i r i n g  c o n d it io n  

and % w t. lo s s /h o u r (400rpm)

% wt. loss per hour

C u r v e  A — t—  C u r v e  8 * '  C urve c C u r v e  D
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4 .5 .1 1  Impact S tre ng th .
Accord ing to  ASTM D es igna tion  : E 23, 

the  impact energy o f L I -23 specimens were presented in  graph in  
F ig . 29. ( the da ta  was shown in  appendix. ย )

From t h is  f ig u re ,  the  va lues o f impact energy o f  
the  l in e r -p ro d u c t  s in te re d  from  f i r i n g  curve D.were in  the  
range o f (9 .8 0  + 1 .50 ) kp .cm ./cm .2 ( ] -  s tandard  d e v ia t io n ) .T h is  
r e la t io n  cou ld  n o t be c le a r ly  concluded because th e re  were some 
v a r ia t io n s  in  s iz e  and su rfa ce  o f the  specimens eventhough those  
specimens were a l l  w e ll prepared by g r in d in g .

W ith comparison to  the commercial l in e r s  which  
had impact energy -  8 Up.cm/cm2 , the  impact energy o f the  
l in e r -p ro d u c t  from  t h is  experim ent w a s  accepted.

F ig .29 Impact energy o f " lin e rs .

* A ve rage
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Typi cal Physical-Properties of Liner from Experiment

Form ing method e x tru s io n
X AI2O3 con ten t 88-90
D en s ity  [gm ./cm .3] 3.540
Hardness [Rockwe ll 45N] 76.7
MOR. [gm ./cm .3 ] 3074
X w a te r a b so rp tio n  0
Impact s tre n g th  [kp.cm /cm2 ] 9 .80
X w e igh t lo s s /h o u r [400rpm] 0.2808
co lo u r w h ite
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