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Chapter I I I  

Experiment Procedure.

Be fo re  s ta r t in g  th e  experim en t, the  a p p ro p r ia te  g r in d in g  
tim e o f bo th  in  the  la b o ra to ry  and in  the p ro d u c tio n  shou ld be 
se t f o r  the  same r e s u l t .  These cou ld  be done by u s in g  ra p id  po t 
m i l l  w ith  800 gm. raw m a te r ia ls  c a p a c ity  and b a l l  m i l l  w ith  
80kg. raw m a te r ia ls  c a p a c ity  re s p e c t iv e ly .

From p o t m i l l  g r in d in g , the  samples a f t e r  g r in d in g  tim es  
2 5 ,4 5 ,6 5 ,and 85 m in. were p icked  up.

For b a l l  m i l l  g r in d in g , the  samples a f t e r  g r in d in g  tim es  
2 4 ,3 6 ,4 8 ,6 0 ,7 2 ,and 84 h r . were p icked  up.

A l l  these samples were c h a ra c te r iz e d  f o r  the  most 
s u ita b le  f in e s s  w ith in  the  same r e s u l t .  A f te r  choos ing the  
a p p ro p r ia te  g r in d in g  tim e , the  ba tch  com pos itions were s e t up, 
then fu r th e r  experim ents were con tinued .

[The g r in d in g  r e s u l ts  were shown in  appendix 1 . ]

The experim ents were d iv id e d  in to  two p a r ts  ;

P a r t 1. Preparat ion..-Of ,...specimens by casting,
T h is  p a r t  p rov ided  f o r  choos ing the  most

s u ita b le  com pos ition  and s in te r in g  tem pera tu re  b e fo re  s t a r t in g  
p ro d u c tio n . The specimens o f d i f f e r e n t  com pos itions would be 
dete rm ined by comparison the  p h y s ic a l p ro p e r t ie s  a f t e r  s in te r in g .

P a r t 2. P roduc tio n  o f l in e r s  bv e x tru s io n  fo rm ing  method.
The s u ita b le  a lum ina body, chosen from  the

experim ent in  p a r t  1 . ,  would be extruded in  the  d e s ire d  shape and 
a f t e r  d ry in g , they would be s in te re d  a t the  same s in te r in g  
tem pera tu re  as d e fin e d  from  p a r t  1.
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3 .1  Equipment.

3 .1 .1  Equipments f o r  Experiment and P rodu c tio n .
-  E le c t r ic a l  ba lance
-  H igh a lum ina p o t m i l l  and b a l ls
-  Hot a i r  d ry e r
-  E xperim en ta l gas k i ln  

[maximum tem pera ture 1700 c . ]
-  P la s te r  mould [ro d  shape w ith  18 mm.diameter 

and 200 mm. lo n g . ]
-  B a l l  m i l l  w ith  h ig h  a lum ina l in e r s  and b a l ls .
-  S ieve no. 150 and 400 mesh
-  Magnetic fe r r o  f i l t e r
-  D e -a ir in g  e x tru d e r
-  F i l t e r  p ress

3 .1 .2  Equipments fo r  c h a ra c te r iz a t io n .
-  C e n tr ifu g a l p a r t ic le  s iz e  ana lyze r  

[Shimadzu, model: SA-CP 2]
-  Scanning e le c tro n  m icroscope  

[J e o l,  model: JSM-35 CF]
-  X-Ray d if f r a c to m e te r  [XRD]

[P h i l l i p s ,  no. DY 1023 Type: PW 1730/10]
-  Energy d is p e rs iv e  spectrom e te r [EDS.]

[NORAN s e r ie s  5502]
-  3 -p o in ts  bending te s t in g  machine
-  D ila tom e te r

[ O rton D ila to m e te r , model 1000.]
-  Impact s tre n g th  te s t in g  machine 

[ model JB.300 ]
-  Hardness te s t in g  machine 

[ model HRU. 45 ]
-  Olympus M icroscope
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3 .1 .3  Raw m a te r ia l and chem ica l used in  t h is  

in v e s t ig a t io n

1. C a lc ined  alum ina
A - l l  s tandard  grade from  Nippon L ig h t  M eta l Company, Japan.
A -12 standard grade from  Showa Company, Japan.
A-21 medium grade from  Sumitomo Company, Japan.

2. B en to n ite
from  Siam F ine C lay Company, T ha ila n d .

3. Ball -C.lay
from  Compound C lay Company, T ha ila n d .

4. Mallastonite
from  Ceramic 'R Us Company, T ha ila nd .

5 . Tal cu m
from  MC Company, T ha ila n d .

6. D ispex
from  Lox ley  Company, T ha ila nd .

The raw m a te r ia ls  c h a ra c te r iz a t io n s  were p resented in  c lause  4 .1
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3 .2  P a r t 1. P re pa ra tio n  o f Specimens.

Détermination of t he starting composition.

From the  l i t e r a t u r e  su rvey no. I I  and acco rd ing  
to  the  fa c t  th a t  the  h ig h e r the  % A I2O3 , the  h ig h e r the  
mechanica l p ro p e r t ie s ,  t h is  cou ld  be ga ined w ith  p rope r s in te r in g  
a id s  to  p ro v id e  good s in te r in g  in  the  d e s ire d  f i r i n g  schedules  
and p rope r p la s t i c i t y  f o r  e x tru s io n  fo rm ing  method which were the  
main purposes o f  t h is  experim ent.

The f iv e  com pos itions w ith  v a r io u s  ranges in  % 
A I2O3 , % s in te r in g  a id s  ( t a lc  and w a l la s to n ite ) ,  and % 
p la s t i c i t y  ( b a l l  c la y  and b e n to n ite )  were de fin e d  as fo llow ed  ; 
Tab le 2. F ive  s ta r t in g  com pos itions .

M a te r ia l L I-1 6 L I-1 9 L I-2 2 L I-2 3 L I-2 4

C a lc ined  alum ina 82.40 84.00 88.00 90.00 92.50
B a l l c la y  [MC] 5.40 5.00 3.00 2.00 2.00
B en to n ite 5 .40 4 .00 3.50 3.00 3.00
Talcum 3.40 4 .50 4 .00 4 .25 2.15
W a lla s to n ite 3 .40 2.50 1.50 0.75 0.35

A f te r  t h is  f i r s t  t r i a l  experim ent ( see appendix 2 . ) ,  o n ly  L I-2 2  
and L I-2 3  com pos itions were con tinued  by the  fo l lo w in g  process  
f lo w  c h a r t .
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Process JtLo.w_C.hart of Specimens Preparation.

Method. C h a ra c te r iz a t io n .

3 .2 .1 . Batch com positionไ ‘
3 .2 .2 . G rin d in g  and m ix ing

3 .2 .3 . C as ting

3 .2 .4 . F ir in g

3 .2 .2 .1  D en s ity
3 .2 .2 .2  P a r t ic le  s iz e  d is t r ib u t io n
3 .2 .2 .3  Chemical a n a ly s is
3 .2 .2 .4  M ic ro s tru c tu re

3 .2 .3 .1  S p e c if ic  g r a v i t y
3 .2 .3 .2  PH

3 .2 .4 .1  Weight
3 .2 .4 .2  Volume

B u lk  d e n s ity  
% Apparent p o ro s ity  
% Water ab so rp tio n

3 .2 .4 .3  Shrinkage  
•3 .2 .4 .4  MOR
3 .2 .4 .5  COE.
3 .2 .4 .6  M ic ro s tru c tu re .
3 .2 .4 .7  EDS
3 .2 .4 .8  Phase
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3.2.1 Batch Compos i tion

The 2 ba tch  com pos itions were prepared as fo llow ed  ; 
Tab le 3. Batch com position

M a te r ia l [gm .] L I-2 2 L I-2 3

C a lc ined A I2O3 704.0 720.0
B a l l  c la y 24.0 16.0
C a -ben ton ite 28.0 24.0
Talcum 32.0 34 .0
W a lla s to n ite 12.0 6 .0
T o ta l 800.0 800.0

3 .2 .2  £rJLnding.__and Mix in g .

Pot m i l l  o f  m i l l  volume 1000 cc . was f i l l e d  w ith  
900 gm. o f b a l ls  (d iam e te r 1 .5 -2 .0  cm .), the  800 gm. ba tch  
com pos ition  as shown in  ta b le  3, 560 cc . wa te r and (0 .2  g m ./c c .)  
D ispex N40 ะ 8 cc .

The sample a f t e r  g r in d in g  tim e 85 m in. were p icked  
up, d r ie d  and s ie v in g  th rough  150 mesh then c h a ra c te r is e d  by SEM 
and p a r t ic le  s iz e  ana lyze r.

The re s u lts  were shown in  Tab le 13 and F ig . 17
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Characterisations

3 .2 .2 .1  Chemical a n a ly s is

From the  chem ica l a n a ly s is  o f  the  raw 
m a te r ia l used, the  chem ica l a n a ly s is  o f the  L I-2 2  and L I-2 3  
com position  cou ld  be c a lc u la te d  as p resented in  Tab le 11.

3 .2 .2 .2  D en s ity  ; by u s in g  pycnometer.

D = fR -P l
[R -P ] -  [S-Q ]

Where; p = w e igh t o f pycnometer b o t t le  [gm .]
Q -  w e igh t o f  pycnometer b o t t le  + w a te r [gm .]
R ะะ w e igh t o f pycnometer b o t t le  + powder [gm .]
ร = w e igh t o f  pycnometer b o t t le  + powder + w a te r [gm .]

Tab le 4 . D en s ity  d a ta  o f com pos ition  
Data ; For L I-2 2  com pos ition .

p Q R ร

1. 30.39 80.30 32.58 81.88
2. 30.24 80.24 32.22 81.65
3. 30.23 80.24 32.26 81.69
4. 30.38 80.33 32.58 81.89
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For L I-2 3  com pos ition .

p Q R ร

1. 30.38 80.33 32.47 81.83
2. 30.38 80.28 32.68 81.95
3. 30.22 80.27 32.36 81.81
4. 30.38 80.30 32.34 81.33

The re s u l ts  were shown in  Tab le 12.

3 .2 .2 .3  P a r t ic le  S ize D is t r ib u t io n .

By u s in g  the  p a r t ic le  s iz e  ana lyze r and 
the  average d e n s ity  o f  powder c a lc u la te d  in  Tab le 12 , the  
p a r t ic le  s iz e  d is t r ib u t io n  curves and re s u lts  were shown in  F ig . 17 
and Tab le 13 .

3 .2 .2 .4  Morphology.

By u s in g  the  scann ing e le c tro n  
m icroscope, the morphology o f L I -22 and L I -23 powder
com pos itions cou ld  be observed. The SEM m icrographs and re s u lts  
were shown in  F ig . 18.
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3 . 2 . 3  C a s tin g

S lip  means l iq u id  c la y  m ix tu re  and a ls o  means 
suspension o f powder in  aqueous medium f o r  n o n -c la y  ceram ic.

In  s l i p  c a s t in g  o f h igh  a lum ina body, the  
s l i p  should be in  a d e flo c c u la te d  s ta te  which was ob ta ined
w ith  a c id s , c h ie f ly  h y d ro c h lo r ic  a c id  and the  a d d it io n  o f the
p rope r amount o f w a te r and d e f lo c c u la n t . The v is c o s i t y  o f  s lu r r y  
was a ffe c te d  by the  charged d i f f e r e n t .  The b a s ic  fa c to r s  w ith  
making s l ip - c a s t in g  p o s s ib le  were ion  exchange c a p a c ity  and 
the  presence o f  some p o r t io n  o f c o l lo id s  which behaved 
l i k e  tru e  m o lecu les . I f  the  powder was too  f in e ,  s l ip - c a s t in g
became im poss ib le  as th e re  would be no p rope r b u ild -u p  on 
the  mould su rfa ce  and the  ca s t would bad ly  c ra ck  d u r in g  
d ry in g . I t  was im po rta n t to  avo id  un ifo rm  f in e s s , the  reasonable  
s l i p  p ro p e r t ie s  were ob ta ined  w ith  powders c o n s is t in g  o f n o t
more than 30 % o f c r y s ta ls  below lyU.m. [ in c lu d in g  the  c o l lo id a l  
f r a c t io n ]  and 25-30% above 10 y tun .to  p rov ided  s u ita b le  pack ing . 
The maximum s p e c i f ic  g r a v i t y  ob ta ined  by the appearence 
o f d i la ta n c y  in  the  system.

The L I-2 2  and L I-2 3  s lu r r ie s ,  t h e i r  pH were 
ad ju s ted  by adding h y d ro c h lo r ic  a c id  [ d i l . ]  , the  d e f lo c c u la n t  
used was D ispex N 40 [sodium s a l t  o f p o ly c a rb o x y lic  a c id , pH 7 .5 ]  
f o r  a p p ro p r ia te  v is c o s i t ie s ,  and ag ing f o r  10 days.

Be fo re  c a s t in g , the  s lu r r ie s  were dete rm ined fo r  
s p e c i f ic  g r a v i t y  and pH. va lues .
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3 .2 .3 .1  S p e c if ic  G ra v ity  ; by u s in g  pycnometer.

ร  = พ ! -  พ

พร - พ

Where ; พ = w e igh t o f  pycnometer b o t t le  [gra .]
Wi = w e igh t o f  pycnometer + s lu r r y  [gm .]
พร = w e igh t o f pycnometer + wate r [gm .]

Tab le 5. s p e c i f ic  g r a v i t y  da ta  o f  com position  
Data ;

S lu r ry พ Wi พร

L I-2 2 30.56 122.66 80.17
L I -23 30.23 126.95 79.83

The re s u l ts  were shown in  Tab le 14.

3 .2 .3 .2  pH. o f  L I-2 2  and L I-2 3  s lu r r ie s .

By u s in g  the  pH. paper in d ic a to r  , the  
r e s u l ts  were shown in  page 89.
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3 . 2 . 4  F i r i n g .

A f te r  c a s t in g , the  specimens were a ire d  d ry  and 
prepared fo r  f i r i n g .  The f i r i n g  schedules were shown in  F ig .5 
and Tab le 6.
Tab le 6. F i r in g  schedule

Curve no. F ir in g  tim e  
[h ou rs ]

Maximum tem pera ture  
โ ช .]

Soaking tim e  
[h o u rs ]

A. 27 1500 1/4
B. 27 1500 3
c. 27 1520 1 / 4
D. 27 150) 3

F ig . 5 F i  r i  ng sohedul e .

Firing Curve
Temperature t celciua )

Time ( hours )
—  CURVE A CURVE B CURVE c  - a -  CURVE D

Firing schedule: A,B,C,D
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A f te r  f i r in g , t h e  specimens were c h a ra c te r iz e d  as fo llo w e d .

3 .2 .4 .1  W e igh t. ( acco rd ing  to  ASTM de s ig n a tio n  no. 
C373) by u s in g  e le c t r ic a l  ba lance , s u ita b le  to  w e igh t a c c u ra te ly
t  o 0 .0  J gm.

The specimens were d r ie d  by he a tin g  in  
an oven a t 150 c . , fo llo w ed  by c o o lin g  in  a d e s ic a to r ,  then  
determ ined the d ry  mass "พ" to  the  nea res t 0 .1  gm.

The specimens were p laced in  a pan o f  
water and b o ile d  f o r  5 hours, in  which a l l  the  specimens were 
covered w ith  w a te r. A f te r  the 5 -h r . b o i l , t h e  specimens were 
a llowed to  soak f o r  an a d d it io n a l 24 hours.

A f te r  im p regna tion , w e igh ing  the  
suspened mass "ร " by p la c in g  the  specimen in  a baske t which  
immerse in  w a te r,th e n  b lo t te d  each specimen l i g h t l y  w ith  a Gotten  
c lo th  t .0 remove a l l  excess water from  the  su rfa ce  and de te rm ine  
the  sa tu ra te d  mass "M" to  the nea res t 0.01 gm. a ls o .

The re s u l ts  o f  "พ ", "ร " ,  and "M" o f the  
L I-2 2  and L I-2 3  specimens were shown in  Tab le 15.
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3 .2 .4 .2  Shrinkage ; the  t o t a l  l in e a r  sh rinkage  

o f specimens a f t e r  d ry in g  and f i r i n g  were c a lc u la te d  as a 
percentage as fo llo w ed  ;

Si = [ Lp -  Lf ] X 100 

Lp

where; S i = % t o t a l  l in e a r  sh rinkage  a f t e r  d ry in g  and f i r i n g ,  
Lp = p la s t ic  le n g th  o f te s t  specimen, mm.,
L f  = f i r e d  le n g th  o f te s t  specimen, mm.

Tab le 7. Shrinkage da ta  o f specimen

no. LI-22

Lp Lf

L I-23 

Lp Lf

1 . 95.7 74.8 96.3 75.4

2 . 93.5 73 .7 97.4 77.6

3. 93.5 74.3 97.4 76.5

4. 92.4 73 .7 97.9 75.9

5. 95.2 73 .7 96.8 74.7

6 . 93.5 73 .2 96.3 75.4

7. 94.1 72.6 97.4 75.9

ธ . 94.1 73 .7 36.3 76.5

9. 93.5 73 .7 96.3 77.0

10. 94 .1 73 .7 95.7 76.5

[The re s u l ts  were shown in  F ig . 19 ]
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3 .2 .4 .3

The volume "V ", b u lk  d e n s ity  "D ",
% apparent p o ro s ity  "P ", and % wate r a b so rp tio n  "A" were c a lc u la te d  
by u s in g  these fo rm u las ;

V = M -  s
D ะ พ /  V 
P = TM -  พไ X  100 

V
A = .ru  -  W1 X 1QQ 

พ

[The re s u l ts  were shown in  F ig .20 ]
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3 .2 .4 .4 . Modulus o f Rup ture . [MQR. ]

The prepared specimens [ro d  shape] were 
f i r e d  a t d i f f e r e n t  tem pera tu res and soaking tim es . A f te r  f i r i n g ,  
determ ined the  modulus o f  ru p tu re  o f these specimens by 
measuring the tra n sve rse  s tre n g th  [b y  th re e -p o in ts  bend ing ] 
o f them and the  MOR. cou ld  be c a lc u la te d  from  ;

MOR. = 8WL 
1ไ D3

where ; พ = load a p p lie d , [ k g . ]
L = span le n g th , [cm .]
D = d iam e te r o f  specimen, [cm .]

The da tas o f te s t in g  were shown as fo llow ed  ;

Tab le 8. The b rea k in g  load o f  specimens
£urve.JL__150.0° d. + 1/4 hour soaking
The b rea k in g  load [K g s .] o f specimens were ;

L I -22 L I-2 3

1.
2 .
3.
4.
5.
6 .

7.
8 . 
9.

10.

236.375
192.000
222.125
211.125
200.625
250.625
217.625  
226.500
205.625 
241.875

1.37

241.750
235.500
276.250
276.000
210.250
251.500
210.500
283.000

ave. d iam e te r[cm .] 1.43
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Curve EL__ 1500 d. ±  3 hours soak ing .

The b rea k in g  load [K g s .] o f  specimens were ;

n o . L I-2 2 L I-2 3

1. 244.500 330.750
2. 251.000 271.250
3. 236.250 257.500
4. 254.250 296.500
5. 246.250 248.500
6. 227.750 259.750
7. 219.500 285.750
8. 284.500 272.750
9. 219.500 250.000

10. 242.75 -

d iam e te r[cm .] 1.37 1.44
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Curve c.__152fl_๔.,.....+.. 1/ 4.. -haur. soak ing

The b rea k in g  load [K g s .] o f specimens were ;

no. L I-2 2 L I-2 3

1 . 245.500 230.000
2. 211.250 236.750
3. 218.500 241.750
4. 265.500 223.250
5. 217.250 253.000
6. 210.500 270.000
7. 212.250 259.250
8. 281.750 201.250
9. 268.000 269.250

10. 230.000 -

ave. d iam e te r[cm .] 1.36 1.40
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Cur v e IL__ 1520U L  + 3 hours  soak ing .

The b rea k in g  load [K g s .] o f  specimens were ;

no. L I-2 2 L I-2 3

1 . 255.500 252.750
2. 219.750 260.000
3. 215.000 235.750
4. 219.000 224.000
5. 232.750 287.000
6. 301.000 290.500
.ๆ 238.750 309.500

8. 249.500 263.000
9. 227.250 255.500

10. 238.750 -
11. 301.000 -

ave. d iam e te r[cm .] 1.35 1.38

The MOR. r e s u l ts  were shown in  F ig .21 and appendix 3.
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3.2 .4 .5 .  Coe ffic ie n t... o f L inear  .Thermal Expansion

The te s t  specimens were sub jec ted  to  the  
f i r i n g  curve จ . [1520 c. + 3 hour soak ing ] , the  le n g th  o f
specimens a f t e r  f i r i n g  must be 1.00 in ch . + 0 .1  % w ith  f l a t
ground ends and p e rp e n d ic u la r to  the  a x is  o f  the  specimen. 
In s e r t  the  te s t  specimen in to  the  fu rnace  o f the  d ila to m e te r  a t  
room tem pera tu re . App ly power to  the  fu rnace  and make 
ad justm ents from  tim e to  tim e to  g iv e  a h e a tin g  ra te  o f  n o t more
than 3 d . /  m in ., ta ke  tem pera tu re  and expansion read ings a t no
g re a te r  in te r v a l than 25 d.

C a lc u la te  the  percentage expansion by 
p lo t t in g  d i r e c t ly  w ith  au tom a tic  re c o rd in g  appara tus , the  COE. 
cou ld  be c a lc u la te d  a t any tem pera tu re  range, T i to  Î 2 , w ith  in  
the  l im i t s  o f  the  te s t ,  as fo llo w e d  ;

P = [ L X  100] + A 
Lo

dL = 0 .01 p 
T2 -  T l

where ; p ะ pe rcen t l in e a r  the rm a l expansion from  tem pera tu re  
T i to  โ2.

Lo ะ sample le n g th  a t To [between 20 and 30 c . ]  
L i  = sample le n g th  a t T i  
1,2 = sample le n g th  a t T2 
A ะ in s trum en t c o r re c t io n .

The re s u l ts  were shown in  F ig .22
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3 .2 .4 .6  M ic ro s tru c tu re  ะ

The specimens o f L I -22 and L I -23 were 
broken and the f r a c tu re  su rfa ce  were dete rm ined by u s in g  scanning  
e le c tro n  m icroscope[SEM ]. The SEM m icrographs were shown in  F ig .23

3 .2 .4 .7  EDS a n a ly s is  ะ
The em ission spectroscopy based on a rc  

and spark source , the energy su pp lie d  was enough to  s t im u la te  
va r io u s  e lements in  the  sample to  be in  the  e x c ite d  s ta te  and 
em it ra d ia t io n ,  by con tinuous l in e  spectrum .

L ine  sp e c tra  caused by the  re tu rn in g  o f  
e x ite d  s ta te  to  ground s ta te  o f  the  e x te rn a l va lence e le c tro n  o f  
element showed p a r t ic u la r  c h a ra c te r is t ic  o f  those e lem ents. From 
t h is  p r in c ip le ,  we cou ld  de te rm ine the  elements composed in  the  
sample.
The re s u lts  o f  EDS a n a ly s is  were shown in  Tab le 17.

3 .2 .4 .8  Ehase.. analysis I
The powder o f  L I-2 2  and L I-2 3  specimens 

s in te re d  from  f i r i n g  schedules A,B ,C ,and D were prepared f o r  XRD 
a n a ly s is . The phases p resented in  a l l  these samples were shown in  
XRD p a tte rn s  in  4 .4 .8
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3 .3  Pr o d u c t io n -  a f - L io e x s - b y  Ex t r us io n  Fo rm in g , Me th o d

By e x tru s io n  experim en t, the  L I-2 3  had good appearace 
and shown no d e fe c ts  and cracks a f t e r  d ry in g , to g e th e r  w ith  the  
r e s u lts  o f specimens experim ent we cou ld  conclude th a t  L I -23  
com position  was s u ita b le  fo r  la rg e  sca le  p ro d u c tio n .

The l in e r -p ro d u c t io n  f lo w  c h a r t was s e t up acco rd ing  to  
the  p ro d u c tio n  p rocess, ELS fo llo w ed  ;

Pjcoaesa. . f l o w .c h a r t  o f  t he l i n e r  p r o d u c t io n

Method
1.

2 .

3.

4.

Batch com pos ition

I
Wet b a l l  m i l l in gY
S ie v in g  w ith  #150J .
Magnetic fe r r o  f i l t e r

1
5.

6 .

F i l t e r  p re ss in g

7
E x tru s io n

J
7. D ry ing

J
8. F ir in g

9. C h a ra c te r iz a tio n  
o f  the  p roduc ts

C h a ra c te r iz a tio n

-  % Water a b so rp tio n
- M ic ro s tru c tu re
- EDS a n a ly s is
- Phase
- Impact s tre n g th
- Wear re s is ta n c e
- Hardness
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Bat c h  c o rnea s it  i on. L I - 2 3

C a lc ined  A I2O3 (K g .) 72 .0
B a l l  c la y  MC 1.6
Ca- b e n to n ite 2 .4
Talcum 3 .4
W a lla s to n ite 0 .6
T o ta l 80 .0 kg
Water 56.0 kg

A f te r  g r in d in g  and m ix in g , the  powder o f com pos ition  was 
prepared f o r  chem ica l a n a ly s is , by EDS.

The r e s u l t  was presen ted in  Tab le l i b  .

F i l t e r  P r e s s in g  and E x t r u s io n

The 22 % m o is tu re  co n ten t o f  the  f i l t e r  cake
e x h ib it te d  su rfa ce  c rack  to  the  ex truded co lum n ,sm a ll c racks  
en te red  a t the  edge and the  c rack  arose from  the  g re a te r  f r i c t i o n  
a t the  co rne r o f the d ie  than on the  fa ce s . When th e  m o is tu re  
co n ten t was decreased to  20 % , the  ex truded column cou ld  be 
done w ith  in  the  c e r ta in  shape and w ith o u t c rack .

F i r i n g

A f te r  e x tru s io n , the  green bod ies were d r ie d  and 
f i r e d  in  the  s h u t t le  k i l n  w ith  the  f i r i n g  curve D.
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Chara c te r i za t ion

-  __1__tta ts r__ab so re tlo n  ะ A ccord ing  to  ASTM
de s ig n a tio n  C373, the  r e s u l ts  were shown in  T ab le lB

-  SEÜ «nd EPS a n a ly s is  ;
The p roduc t was broken and some o f th e  f r a c tu re  
p ieces  were prepared f o r  SEM and EDS a n a ly s is .
The re s u lts  were shown in  F ig .24 ,25 ,26  and Tab le 18.

-  Phase a n a ly s is  ;
The p roduc t was broken and ground in to  powder form  
and de te rm ined the  phases by XRD a n a ly s is .
The XRD p a tte rn  was p resen ted in  F ig . 27.

-  Impact. S treng th. ;

The l in e r [b e fo re  f i r i n g ]  was c u t in to  5 p ie ces  [b a r  
shape ],w ith  the s iz e  about 12.5 mm .xl2.5 mm.x68.5 mm. and then  
f i r e d  by u s in g  f i r i n g  curve D. A f te r  f i r i n g ,  the su rfa ce s  o f these  
specimens were ground f o r  accuracy measurement to  the s iz e  
10.0 mm.x 10.0 mm.x 55.0 mm. f o r  impact s tre n g th  te s t in g  
[Chrapy Impact T e s t . ]  a cco rd ing  to  ASTM de s ig n a tio n  E23.The re s u lts  
were shown in  F ig .29.

-  Wear Resis tance [ Abras ion t e s t ] .

The a b i l i t y  to  r e s is t  f r a c tu re  o f l in e r s  cou ld  be 
measured by b a l l  m i l l in g .  T h is  experim ent was s e t up by u s ing  
la b o ra to ry  po t m i l l  in  such the  same way o f p re p a ra tio n  as the  
te s t  specimens. The p o t m i l l s  were prepared by c a s t in g  the  
L I -23 com pos ition  and a f t e r  d ry in g , th e y  were f i r e d  in  
la b o ra to ry  s h u t t le  k i l n ,  u s in g  f i r i n g  curves A,B,C and D.
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A f te r  f i r i n g ,  w e igh t o f  p o t m i l l  was recorded  

and then 900 gm. o f  b a l l ,  800 gm. o f  ta b u la r  a lum ina and 560 cc. 
o f water were p u t in to  the  p o t m i l l .  The g r in d in g  tim e  was f ix e d  
a t 48 m in ./c y c le . A f te r  g r in d in g  the  s lu r r y  was taken o f f .  The 
po t m i l l  was cleaned w ith  w ate r and p u t in to  the  150 c . d ry e r f o r  
1 hour. A f te r  d ry in g , th e  w e igh t o f  p o t m i l l  was recorded aga in . 
The experim ents were done again u n t i l  the  w e igh t lo s s  o f p o t m i l l  
was n e a r ly  s ta b le .

[a cco rd in g  to  appendix. 5 ]
The re s u lts  were shown in  F ig . 28 and Tab le 19-20.

-  Hardness—I

The l in e r  was broken and some f ra c tu re s  were 
mounted in to  b e k e l i te  and p o lis e d , then the  hardness was examined 
by the Rockwell 45 N system.[ASTM. E .18 ]

The re s u lts  were shown in  c lause 4 .4 .9
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