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Appendix L

ElitJilLSrinding limes

In determining the appropriate grinding time by

using rapid pot mill [with 400 rpm. revolution], the LI-23
composition was chosen.

Procedure

pot mill with mill volume 1,000 ec.,

- balls , diameter 1.5-2.0 cm., total weight 900 gm.,
- total batch weight 800 gm.[LI-23 composition],

- water added 560 cc.,

- 0.2 gm./cc. Dispex N40 =8 cc.,

- the sample after grinding time 25, 45, 65, and 85

mins, were picked wup, dried and sieving through
150 mesh.,

- the powders were characterized by SEM and particle

size analyzer.,

- the appropriate grinding time was determined from

SEM.  photographs and particle size distribution
curves.
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Bail mill Grinding times

In determining the appropriate grinding time
by using ball mill (with 33 rpm revolution), the  LI-23
composition was chosen.

procedure: - Ball mill with mill volume 110 Its.
- 50% of mill volume occupied by balls.  55.0 It.
- By using 3 sizes of ball; 5.3 ¢cm., 4.3 cm., 2.8 cm.
with ratio by weight 20% 60% 20%
- From experiment we got 8.4 kg. of balls had bulk
volume =4.3 Its.

- S0, we must used total ball weight = 55.0 x 8.4
= 107.5 kg.
which were divided into
20 % large balls = 21 kg
60 % medium balls = 655 kg
20 % small balls = 21 kg
- Density of balls 3.3 gm./Jcm.3
True volume of balls = 1075 = 32.6 It.
3.3
Void volume between balls = 55-32.6
=224 |ts.

- Batch volume must bigger than void volume between

balls and =20 - 25 %of mill volume,
assumed 20.0 %= 0.2x110 Its. =22.0 |Its.

- From experiment, the density of LI-23 is 3.61 gm./cm.3
Batch weight = 22.0x3.61 = 79.42 = 80 Kg.

- Water content = 70 %of batch weight = 56 Kg.

- 0.1 %deflocculant (Dispex N40 with .2 gm./cc.)
= 400 cc.



Result from Pot Mill Grinding Times

In determining the appropriate grinding time by
using rapid pot mill [with revolution 400 rpm.] , the L1.-23
composition was chosen.

1. Morphology.

From SEM micrographs, the morphology of powders
shown particle agglomerates of plate-liked, irregular shape in
milled alumina powders, the size of agglomeration depended on
grinding times, as shown in following figure.

SEM. micrographs of composition by pot mill grinding.

25 min., 45 min,

65 min. 85 min.



sedimentation
followed.

2. Particle

Sise Distribution.

The particle

Particle size distribution

by pot mill grinding

micron

35.0
20.0
10.0
8.0
6.0
5.0
4.0
3.0
2.0
1.0
0.8
0.6
0.5
0.4

% cumulative larger than [CUMUL%]

25 mins.

0.0
194
36.7
44.1
54.5
60.2
67.5
74.7
81.4
88.6
90.5
92.6
93.8

45 mins. 65 mins.
0.0 0.0
10.7 15.8
30.9 26.7
37.7 32.1
50.1 41.6
56.3 48.3
62.9 56.3
69.4 65.3
76.9 73.7
86.0 84.4
88.6 87.4
91.2 90.7
92.6 92.4
94.0 —

size distributions, measured by
technique were presented in data and figure as

of powders composition

35 mins.

0.0

9.2
16.5
22.4
34.0
41.3
50.5
60.0
69.7
80.9
84.2
88.0
90.0
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From the distribution curves,the particle size distribution
after various grinding times were presented as followed |

Grinding time 20 % by weight finer than
[min.] [micron]
25 2.20
45 1.60
65 1.25
85 1.10

The appropriate grinding time for labolatory rapid pot mill
was 85 minutes because the increased grinding time (more than 85
min.) was not effective.

Result from—BaH-Hill .grinding.

In determining the appropriate grinding times of
ball mill, the LI.-23 composition was chosen and the batch
weight was 80 kg.

1. Morphology
From SEM micrographs, the morphology of powders
shown particle aggromerates of plate-liked, irregular-shaped in
milled alumina powders as the same as grinding from rapid
pot mill, as followed.
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SEM. micrographs of composition by ball mill grinding.

24 hr. 36 hr.

48 hr. 60 hr.

72 hr. 84 hr.
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2. Particle Size Distribution.
The particle size distributions, measured hby-
sedimentation technique, were presented in data and figure as
followed.

Particle size distribution of powders composition
by ball mill grinding.

% cumulative larger than [CUMUL%]
micron 24 hrs. 36 hrs. 48 hrs. 60 hrs. 72 hrs. 84 hrs.

35.0 0.0 0.0 0.0 0.0 0.0 0.0
20.0 8.3 5.2 8.6 17.3 11.6 4.3
10.0 24.1 22.5 17.6 21.7 16.3 9.9
8.0 29.0 30.7 21.0 274 23.0 17.0
6.0 41.6 43.4 38.7 3.1 33.6 26.7
5.0 49.8 50.6 47.1 44.2 41.2 36.3
4.0 58.2 57.9 Do+ 52.9 50.6 46.7
3.0 68.2 67.9 65.9 63.1 61.4 59.1
2.0 76.4 76.4 74.4 124 70.6 69.9
1.0 86.2 85.4 84.0 83.6 82.0 81.5
0.8 88.6 87.6 86.4 86.6 85.1 84.9
0.6 91.3 90.3 89.1 89.9 88.6 88.6
0.5 - 91.4 90.6 91.6 90.4 90.6
0.4 : 93.2 92.1 - — -



w Larger Than
100 e
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From the distribution curves, the particle size distribution
after various grinding times were presented as followed ;

Grinding time 20 %by weight finer than
[hrs.] [micron]
24 1.6
36 1.6
48 1.4
60 1.3
72 1.2
84 1.15

The appropriate grinding time for ball milling was 84 hours,
because increased grinding time [ more than 84 hours | was not
effective and at this time the particle size distribution of the
composition was nearly the same as from 85 min. laboratory testing



Appendix 2.

Physical properties of the LI-16 and LI-19 test specimens
after firing from curve A

L1-16 LI-19
Bulk density[gm./cm.3] 3.325 3.303
% Apparent porosity 0.169 0.194
% Water ahsorption 0.051 0.058
MOR. [kg./cm .2] 2222.120 2402.470
% AI203 content 82.460 79.890

[from EDS|]

These results showed that the sintering temperture was
neary reached [the water absorption are neary zero] 5 but the
bulk densities and %alumina contents were to low by
comparing to the commercial liners.

Physical properties of the LI-24 test specimens after
firing from curve D.

Bulk density[gm./cm.3] 3,511

% Apparent porosity 1.487

% Water ahsorption 0.432

MOR.[kg./cm.2] 3289.600

% AI203 content 91.050
[from EDS.]

These results showed that at this firing condition, the
sintering point of this composition was not reached [the water-
absorption was more than 0.03 %].

138



Appendix 3.

Volume.-, _bulk density., % apparent__ PQx.0s.ityj, A.-Hater .absorpton
a). From firing curve A,

1122, no. Vv D P A
1 8.16 3.140 11.397 3.630

2 1.77 3.081 14.671 4,762

3 7.95 3.126 12.075 3.863

4, 7.55 3.295 1.060 0.322

5. 8.10 3.122 11.852 3.796

6 7.59 3.191 7.642 2.395

7 8.12 3.278 1.601 0.488

8 7.68 3.251 2.241 0.681

9. 7.70 3.213 4.416 1.374

10. 8.05 3.097 13.292 4.292
Average . 3.179 8.022 2.560
Standard Deviation - 0.073 5.007 1.627
1122, 1 8.33 3.148 10.564 3.356
2 8.45 3.281 5.207 1.587

3 8.38 3.130 10.621 3.393

4, 8.44 3.160 17.891 5.662

b. 8.42 3.290 5.463 1.661

6 8.13 3.214 7.872 2.449

7 8.25 3.178 8.970 2.822

8 8.27 3.058 17.412 5.694

9. 8.50 3.114 11.176 3.589

10. 8.44 3.280 5.924 1.806
Average . 3.185 10.110 3.202

Standard Deviation - 0.075 4.300 1.418



LI-22, no.

9.
10.

Average

bL-EQnfiring curce s,

Vv
10.76
11.38
10.97
11.67

8.91
11.38
12.05
10.31
10.13
1177

Standard Deviation -

LI-23. 1
2.
3.
4.
5.
6.
1.
9.
10.
Average

11.33
12.74
12.46
11.90
11.89
11.22
12.09
11.97
11.94
12.00

Standard Deviation -

D
3.439
3.295
3.258
3.367
3.317
3.262
3.394
3.380
3.414
3.254
3.338
0.066

3.142
3.133
Jekod
3.2117
3.388
3.406
3.345
3.307
3.224
3.163
3.252
0.101

P
0.093
3.866
5.014
1.542
3.479
5.272
0.332
1.164
0.197
5.438
2.640
2.092

12.268
12.088
12.440
8.571
3.617
1.693
4.384
6.015
9.464
11.417
8.196
3.800

A
0.027
1.173
1.539
0.458
1.049
1.616
0.098
0.344
0.058
1.671
0.803
0.643

3.904
3.859
3.965
2.615
1.068
0.497
1.311
1.819
2.936
3.609
2.558
1.237
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LI-22, no.

10.

Average

1
2
3
4.
5.
6
7
8
9

Vv
7.14
10.39
11.56
9.96
9.54
10.90
10.53
10.02
11.00
8.86

Standard Deviation -

LLi22,

10
Average

10.87
10.50
10.74
10.56
11.33
10.83
11.39
10.10
10.47

Standard Deviat.ion -

3.497
3 473
3.450
3.443
3.434
3,503
3.492
3 507
3,911
3 498
3,481
0 027

3,451
3 467
3 547
0 520
3 462
3 549
3 482
3,483
3 448

3.490
. 037

P
0.280
0.385
0.173
0.301
0.419
0.183
0.285
0.200
0.182
0.339
0.275
0.084

0.920
1.429
0.279
0.379
1.412
0.369
0.966
0.594
0.860

0.801
0.407

A
0.080
0.111
0.050
0.088
0.122
0.052
0.082
0.057
0.052
0.097
0.079
0.025

0.267
0.412
0.079
0.108
0.408
0.104
0.277
0.171
0.249

0.231
0.118



LLz22, no.

10.

Average

0
1
2
3
4.
5.
6
7
8
9

Vv
8.54
9.12

1112
9.89
11.22
10.71
9.29
9.82
10.70
9.38

Standard Deviation -

L1-23,

Average

10.71
11.72
10.65
11.55
10.50
11.61
12.12

9.43
11.91
10.38

Standard Deviation -

jQiirxe EL

D
3.501
3.492
3.497
3.503
3.504
3.499
3.497
3.507
3.467
3.499
3.497
0.011

3.534
3.532
3.544
3.513
3.537
3.950
3.533
3.539
3.563
3.550
3.540
0.013

P
0.117
0.000
0.000
0.000
0.000
0.000
0.108
0.000
0.000
0.000
0.023
0.045

0.093
0.085
0.094
0.000
0.000
0.000
0.000
0.000
0.084
0.096
0.045
0.044

A
0.033
0.000
0.000
0.000
0.000
0.000
0.031
0.000
0.000
0.000
0.006
0.013

0.026
0.024
0.026
0.000
0.000
0.000
0.000
0.000
0.024
0.027
0.013
0.013
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Appendix 4.

MOR. of specimens.
MOR of the specimens from firing curve A

a).

=
© o N o ol W o

—_
o

MOR. average
dard Deviation

b).

© o N oUW N

—_
o

average
Devation

LI-22
2810.49
2282.87
2641.25
2510.27
2385.42
3329.18
2587.55
2693.07
2444 87
2875.88
2656.07

284.59

MOR of specimens from firing curve B

2907.09
2984.38
2809.00
3023.02
2927.90
2707.94
2609.84
3382.69
2609.84
2886.28
2884.80

216.22

LI-23
2521.55
2462.21
2888.26
2885.64
2198.21
2629.49
2200.83
2958.83

2593.88
282.63

3386.52
2177.31
2636.52
3035.84
254437
2659.56
2925.71
2192.67
2559.73

2813.14
254.73
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c). MOR of specimens from firing curve

no. LI-22 LI-23
1 2983.85 2562.63
2. 2567.57 2637.83
3. 2655.68 2693.54
4, 3226.93 2487.42
B. 2640.49 2818.89
6. 2558.45 3008.30
1. 2579.72 2888.53
8. 3424.43 2242.30
9, 3257.31 2999.94
10. 2795.46 -
average 2868.99 2704.38
1Deviation 312.20 238.51 kg./em.2
d). MOR of specimenc from firing curve D
1. 3174.91 2940.33
2. 2730.67 3024.67
3. 2671.64 2742.56
4, 2721.35 2605.87
5. 2892.21 3338.77
6. 3740.30 3379.49
. 2941.92 3600.52
8. 3100.35 3059.57
9. 2823.87 2972.32
10. 2966.77 -
11, 3740.30 -
average 3045.84 3073.79

Deviation 359.13 298.23 kg./cm.2



Appendix 5.

%wt. loss/hr. (400 rpm. testing) of bodies sintered from

and D in 48 mins.leyele.

firing curves A,B,C,

grinding cycle.

Ist.
2nd.
3th.
4th.
5th.
6th.
7th.
8th.
9th.
10th.
11th.
12th.

0.8413
0.7260
0.5477
0.4890
0.7364
0.9259
0.4975
0.1875
0.4397
0.6281
0.3157
0.3797

0.6649
0.7293
0.5501
0.5526
0.4317
0.3061
0.4296
0.3695
0.2470
0.1856
0.1859
0.1862

0.4819
0.4233
0.2427
0.4258
0.3662
0.3061
0.4260
0.3695
0.2470
0.1856
0.1859
0.1862

0

O O O O O O O o O o o

4902
4306
3704
3096
3103
3111
2495
1875
1878
1881
1883
1886
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Appendix 6

Impact Energy of Liner-Product

No.of Specimen Inpact Energy
L 10.2 kp.cm./em2
2 2
3. 10.2
4. 8.2
5 12.2
Average 9.8

Standard Deviation 1.50
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S@: SETUF DEFINITIONS
ad: DuANTIFY

Alumina 27-AFR-93.
Standardless Analysis
15.0 BV 5L0 Degrees

RefLt _MNALS _NAE® _MGES _MEET 11 TIE"
Refit _SIK’ _SL" _CAE" _FEL" _} 1o I 1"
Chi-sqd = 2.63

Element Rel. k-ratio tlat Counls
Al 0,935 +7= 000748 AL g Ce 2475

Gi-k O+~ Q0015 L7ksd At 7
Ca-). OJIOGED 4/ = 000192 g e 4
Na--k 00872 +/- 000173 121 +/- a9
Fe-I: 0007239 + /= 0,000402 B2 g 2%
Mag-F OO e e ] 0 R B £]
| B 000407 +. - O.00]48 | EATCE S =T
Ti-k OeIIERE +/ - OLONELE al +/ - 2%

ZAF Correction 15,00 1Y 91,00 deq
No.of Iterations = 4

Element k-irratio = {4 i e 1 Atomh Wt4
Al-) QL0 1.O02  Laal, o0 10T 23,30 B8.22
Si-k D045 R4 1LTHE LMy LTOE 747 T3
Ca-lk 0010 fo0dd  Lo0s L0000 108d 0.7 1.08
Na=k W00 00 IRE o 00aTe LIcs L0 092
Fee-h 0,007 A1 1000 L0 1122 0,358 077
Mg—F. Q005 O3 L/ OIS T iy .54 0.48
[ D00y 1,005 1018 O.oha 11 0, =1 0.44
Ti~k 0,003 LR L4 o msd b oJde 0,29

Totslm 100,005

NORAN &BRIES II( Aok TISTR  bEF TUE 27-APR-93 14:01
Cursart @, 000kev = @

tﬁ i -
] i :
I t i
C o
!
i Lt
i i

: % : r :ﬁ e P E i i: ' : : E X

2.200 VFS = 40988 10 . 240
129 Alumina a7-RFR-2Z

[ L1-~43 rauauxJ



148

SGlr SETUF DEFINITIONS

SC CIUANTIFY

)
o

ALUMINA (22B) 16/DEC/32. [1500¢.)
Standardless Analysis
15.0 BV 510 Degress

Refit _MGK’ _MGE" _NAK _NAE" _TIk' _TIK" _K K/ _K K" _FEK’ _FEK"
Refit _SIK" _CAK’
Chi-sqd = 2.43

Element Rel. K-ratio Net Counts
Al-l 28779 +/= 001052 17641 +/- 209
S1-k 06147 +/- 000271 1383 +/- =31
Ca~k CLOLFSE +/ - 000505 248 +/- 4
Mgk GLO0ESL +/= 000307 144 +/- e
Na-Fk 000928 +/- 000272 85 +/=- P=a
Ti-k Q0233 +/~ 000289 I/ v 23
P 0.00238 +/~ 000176 GE +/- a7
ek O 00708 +/- 0.00414 33 £h= 22
ZAF Covrection 15,00 BV 51,00 deg
MNo.of Iteratidns = 4
Element k-ratic £ A F ZAF Atoms [ Wih
al-k 0884 1L.002 1,034 0,938 1.035 B&.45 B85.24
Si1-k 0,057 0375 71.776E Bl 1684 .06 61
Ca-l GL.Oo18 1005 1,081 .08 1.3% 1.97

Mgk CO0E 0971 1074 0038 0,999 0.89 073
Ma-k (RN Tabe 00996 LIES 0980 1438 116 0,38
Ti=k, 0,003 LI03 1048 399 1,148 0.20 0.25
K =k O.00% L.O2e 1117 04998 1.144 0.22 0.32
Fe—k 0,007 1416 L0007 Looo 1124 026 Q.74
Total= 100.00%

MORAM SERIES II #okk TISTR ook WED 1e-DEC-32 15:02
Cursor: @ 200ksV = @

A |
rEET T = T F
K] ‘I i KA I E
Q. Qoo . VES = 2048 18 2402
158 ALLMINA 228> L& /DEC/3Z.

Lisece.)



50 SETUF DEFINITIONS

Sl QUANTIFY

ALUMINA E2E 1500=(3hr)

Standardiess Analysis
15.0 KV 50 Degrees

Refit MGRES MGE" _FERS _FEE"
Retit _SLE" _CAKY

Chi—-sad = 4.37

lement Rel. K-ratio
Al-K  OEI0RE +/~ 0.0056%

Sk CLOSEEE +/ - 000139
Ca-k 0017231 +/- 000276

OLAAE S~ O00LES
DLO0BSE 4/ GLO0E47
Na=k 000880 +/-~ 0.00134
Tiel  O00FE7 4/ 0.00134
SR 14 000155 /- 0000035

M-t
Fa-k

TAF Correction 15,00 KV 5LO0
Mo.of Tten-ations = 4
Elemant

Eo-ratic & i
A=t 0

1038

R 1758
Ca-k 1.0E1

Mgt

L0772

Fe-k 000 7
Na=h  0u0E 09 Lled

Tivk £ 1108 L4y
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Appendix 8.

From XRD patterns of the liner-produet , the 20 angles and

d-spacings of c/~-Ai203 and spinels were presented as followed.

The 20 angles of (/. -Al203 were

20 angle correspond to d-spaeing
25.60 3.477
35.20 2.547
37.80 2.378
43.40 2.088
52.60 1.738
57.50 1.601
59.70 1. 545
61.30 1.510

The 28 angles of spinel, MgAl2U4, were :

20 angle correspond to d-spacing
19.10 4.634
28.00 3.184
31.35 2.855
36.85 2.434
44.82 2.021

59.40 1.554
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Appendix 9
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