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APPENDIX Bl Specification of commercial (x-Az203 powder (TM-DAR) from
Taimei Chemicals, Co.,Ltd (Japan)

Purity and content:
Alumina content of "TAIMICRON" is over 99.99%. / Measured by ICP-AES

Ah03 Impurities (ppm)
(%) St Fe Na K Ca Mg Cu Cr Mn Th
>9999 10 8 8 3 3 2 1 < < <0004 <0005

Properties of TM-DAR alumina powder:

Grade  M-DAR
Crystalling form Alpha
B.E.T. Specific surface area/ mo-g* 145
Primary particle size/ pm  *1 0.1
Bulk density / g-cm'3 0.9
Tapped density / g-cm'3 1
Pressed density / g-cm'3 *2 2.3

Sintered density / g-cm'3 %2 3.96*3

*1; measured by SEM
*2 ; uniaxial press at 98MPa
*3; 1350 for [Hr. in air
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Particle size distributions of each grade / Measured by centrifugal particle sizer:

100 foommme e T
T 80
5 T X -’ ] 1 .1 ]
2 1 S 1 1 el ¥
; TM-D, DAR

E a0 TM-5D
5 T™M-10
g TM-100J

1) L. (R WL W D X A SO SN, | TM-300

0 | ’ !

0.1 10 100

Particle diameter / . m
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Densification behaviors of each grade uniaxially pressed (98MPa) and fired
(IHr.in air)
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Microstructure of sintered TM-DAR hody at 1350°C for Ih in air:
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APPENDIX B2 Specification of commercial Blasnose 7M refined CMC

Blanose 7M is derived from Aqualon, a Division of Hercules Incorporated,
Aqualon production facilities at Alizay, France

BLANOSE Refined CMC is the sodium salt of carboxymethylcellulose, which
has been purified to a CMC content of 98 % minimum. A water soluble polymer,
BLANOSE Refined CMC acts as a thickener, rheology control agent, binder,
stabilizer, protective colloid, film former and water retention aid for use in a variety of
Industrial applications.

Type and specifications;

Type % sodium Concentration, Range at250C,  Brookfield LVF setting
content % mPa.s Spindle No. RPM
™ 70-89 2 300-600 2 I~

Other specification property:

Property Limit
Purity : 100% 98 min.
Bulk density, glcm3  0.55-1.00
Moisture, % &s
packed 8 max.
pH of solutions,

all M-type, at 1%  6.5-85

Properties and use:

The properties of BLANOSE Refined CMC are used in many industries to
Improve products.
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- Paper and cardboard: Additive for improving dry strength and wet strength, refining
additive, solvent and

grease blocker and additive for reducing porosity. As a rheology control agent and
water binder for paints,

preparations for film presses, size presses and coatings and as an additive for
carbonless copy paper.

- Textile industry: As an additive for warp sizing and finishing.

- Adhesives: Wallpaper adhesive, carpet backing compounds.

In different applications such as welding rods, plate desensitizers and fountain
solutions in offset printing, in waterbased paints, for seed coating, emulsion
polymerisation, detergents, dry batteries, in drilling applications and in
foundation work (diaphragm method).

Packageing and storage:

BLANOSE Refined CMC is packed in 25 kg 3-ply paper bags (with the
exception of BLANOSE SB, in 20 kg paper bags), with removable polyethylene inner
bag, supplied on pallets of 40 bags each. These are supplied from theAqualon
production facilities at Alizay, France, and from warehouse stocks conveniently
located near industrial centers. Full packaging details are available from Packaging
Data Sheet no. 27.001.

BLANOSE is a non-perishable powcder. It is recommended to use the product in
rotation on a first-in first-out basis. The product should be stored under dry and clean
conditions in its original packing and away from heat. The product is hygroscopic.
The packaging is selected in a way to avoid ingress of moisture, but the water content
of the packed product may increase if not stored ary.

Product safety:

Read and understand the Safety Data Sheet (SDS) before using this product
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Appendix C| Particle size distribution of TM-DAR alumina powder dynamic
light-scattering technique (DLS; Malvern Zetasizer 300HSA, UK).

Data 1. size average 162.31 nm (Dpso)
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Appendix C| Particle size distribution of TM-DAR alumina powder dynamic
light-scattering technique (DLS; Malvern Zetasizer 300HSA, UK). (Continug)

Data 2; size average 163.36 nm (Dpso)

%No.  size(m)  %No.  Size(nm) % No.  size(nin)* % No.

Ly 0 173 0 7531 0 0

0 201 0 s 0 "TRIV
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Appendix C| Particle size distribution of TM-DAR alumina powder dynamic
light-scattering technique (DLS; Malvern Zetasizer 300HSA, UK). (Continug)

Data 3; size average 159.83 nm (Dp%)
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Appendix C2 Viscosity of 70% solid loading of TMDAR alumina slurry at
various concentration of Aron A6114 deflocculant.

deflocculant
(basis on solid

™

%

'3
0.75
0.98
1.18
1.53
1.94
2.09
2.29
2.49
2.76
0.75
0.98
1.18
1.53
1.94
2.09
2.29
2.49
2.76
0.75
0.98
1.18
1.53
1.94
2.09
2.29
2.49
2.76
0.75
0.98
1.18
1.53
1.94
2.09
2.29
2.49
2.76

Average Viscosity

(mPa.s)
12848
402
160
154
263
491
1022
1852
2174
7098
273
130
97
176
319
625
1099
1291
3824
225
111
83
131
230
407
681
789
2725
211
129
89
123
200
328
528
609

Spindle

(rpm)

-1 Q-m :

I f

e .

%
deflocculant
(basis on solid

weight)
0*75
0.98

1.18

1.53

1.94

2.09
2.29
2.49
2.76
0.75
0.98

1.18

1.53

1.94

2.09
2.29
2.49
2.76
0.75
0.98

1.18

1.53

1.94

2.09
2.29
2 49
2.76

AverageViscosity

(mPa.s)
1790
177
116
94
114
161
243
379
436
1535
167
113
99
114
153
221
339
390
1021
150
115
112
121
145
180
289
291
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Appendix C3 Viscosity of 75% solid loading of TMDAR alumina slurry at
various concentration of Aron A6114 deflocculant.

Spindle % Average %
speed deflocculant Viscosity * 9 deflocculant  AverageViscosity
(basis on solid (basis on solid
(rpm) weight) (mPa.S) (rpm) weight) (mPa.S)
1.00 22048 is LOO 3224
1.15 1035 x| 1.15 375
1.25 676 Siedyl " 125 213
5 1.40 182 1.40 319
149 750 5 149 304
) 1.62 843 1.62 329
Y] RS 1.99 2109 1.99 462
1.00 12270 1.00 2763
1.15 761 4 115 348
' ‘ 1.25 500 —] B - 1.25 257
10 1.40 594 6 1.40 302
1.49 572 1.49 289
| 1.62 624 1.62 308
1.99 1300 199 416
1 1.00 6714 1.00 1840
; t 1.15 549 WisilKm | 1.15 290
1.25 380 1.25 228
20 1.40 458 1.40 260
1.49 436 1.49 252
1.62 473 1.62 266
- 1.99 815 1.99 314
ool 1.00 4853
1.15 467
s 1.25 333
30 1.40 397
1 1.49 375
1.62 408

1,99 641
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Appendix C4 Viscosity of 80% solid loading of TMDAR alumina slurry at
various concentration of Aron A6114 deflocculant.

Spindle % Spindle %
speed Deflocculant  AverageViscosity speed r Deflocculant AverageViscosity
1 (basis on (basis on solid
solid weight) (mPa.S) (rpno weight) (mPa.S)
1.00 29696 1.00 4709
1.50 3296 S 1.50 890
2.00 5240 : 2.00 1288
3.00 8472 a 3.00 1672
3.50 15056 3.50 2778
1.00 15504 e 1.00 3915
10 1.50 1972 1.50 817
2.00 3280 60 2.00 1167
.1 01 0* 3.00 4976 3.00 1497
- .- 3.50 8736 3.50 2457
1.00 9126 . 1.00 2721
1.50 1394 em 'I- I 1.50 628
2.00 2136 = 100 2.00 880
3.00 3040 N 3.00 1156
(1 3.50 5174 3.50 1755
1.00 6955
1.50 1193
0. 2.00 1728
- 3.00 2350

ot 3.50 3956



Appendix C5 Viscosity of 70% solid loading of TMDAR alumina slurry with
1.18% def. at various concentration of CMC hinder

Spindle Viscosity
% CMC binder speed (mPa.s)
(basis _orp] ts)olid
wei rom
i (p5 ) 60
I 10 130
20 1105
o 30 1288
it 50 1158
n IM1il 60 1134
' 100 1154
5 1890
AL 10 1207
1P IR s 2 778
0.05 30 630.9
s 50 470.8
* 0’ 60 421.4
100 3208
5 5180
10 2217
20 1641
0.1 30 12242
50 836.6
60 730
100 503.2
5 17968
10 10254
20 5895
30 4354.6
50 2970.8
60 2587.9

100 1785.8



Appendix C6 Viscosity of 75% solid loading of TMDAR alumina slurry with
1.25% def. at various concentration of CMC binder

Spindle Viscosity
(mPa.s)

676
5004
379.6
3328
213.2

256.98
221.6
6622
3883
2322.5
1838.5
1290.2
11421
800.6
13088
6714
4132
3040
2056
1793
1234.6




Appendix C7 Green body density of specimens prepared from Ato G type of

slurries

Sample

Sample

RAL
RA2
RA3
PAL
PA2
PA3
PA4
PAS
PAG
RBI
RB2
RB3
PB1
PB2
PB3
PB4
PB5
PB6
RC1
RC2
RC3
RC4
RC6
RC7
RC8
RCY
RC10

r
4.14

4.20
4.87
2.32
2.07
432
4,08
2.50
414
3.61
5.22
5.00
2.86
5.80
11.56
2.58
5.16
6.09
1.84
4.62
515
2.93
244
231
5.48
3.66
2.95

Volume
(cm3)
1.66
1.83
2.21
1.02
0.96
1.99
1.96
1.10
1.82
1.44
2.13
2.00
1.20
2.45
4.87
1.09
2.18
2.63
0.75
1.88
2.09
1.20
1.00
0.94
2.24
1.48
1.20

249
2.30
2.20
2.21
2.16
217
2.08
2.21
221
2.51
245
2.50
2.38
237
2.37
237
237
232
245
2.46
2.46
244
244
2.46
245
247
2.46

M

M

62.66
57.67
55.37
57.15
54.18
54.54
52.30
57.10
57.15
62.99
61.58
62.81
59.88
59.48
59.64
59.47
59.47
58.18
61.64
61.74
61.91
61.35
6131
61.74
61.47
62.13
61.77

%RD

56.46

60.39

61.67

90



Appendix C7 Green body density of specimens prepared from A to G type of
slurries (Continues)

*¥ 31  Mass Volume Density % Relative Density ISHIf-
() (cm3) ; b~ m3) . (% RD.)

RDI 3.53 151 2.34 58.74
RD2 4.59 197 2.33 58.54
RD3 231 0.99 2.33 58.63
PD1 1.47 3.17 2.36 59.21

D PD2 3.61 1.53 2.36 59.28 58.76
PD4 4.84 2.07 2.34 58.75
PD5 2.88 1.23 2.34 58.83
PD6 4.90 2.10 2.33 58.63
PD7 4.52 1.95 2.32 58.24
RE1 4.12 175 2.35 59.15
RE2 3.62 155 2.34 58.68
RE3 3.74 1.60 2.34 58.73
PEI 6.33 2.68 2.36 59.35

E PE2 7.43 3.18 2.34 58.71 58.37
PE3 3.36 148 2.27 57.04
PE4 6.44 2.85 2.26 56.78
PE5 251 1.08 2.32 58.39
PE6 4.66 2.00 2.33 58.54
RG1 2.05 0.88 2.33 58.53
RG2 157 0.68 231 58.01

G PG1 5.62 2.31 3T 59.58
PG2 3.27 1.37 2.39 59.97 59.50
PG3 6.24 2.62 2.38 59.84
PG4 3.20 1.34 2.39 60.00
PG5 3.00 1.26 2.38 59.82
PG6 2.58 1.08 2.39 60.02
PGT7 3.40 143 2.38 59.74
RH2 2.18 1.2 2.30 57.73
RH3 5.52 2.37 2.33 58.52
RHI11 2.93 1.27 231 57.97
PHI 4.59 197 2.33 58.54

H PH2 4.76 2.06 231 58.06
PH3 3.61 1.54 2.34 58.90 58.36
PH4 4.86 2.07 2.35 58.99
PH5 4.66 2.02 231 57.96

PHT7 5.06 217 2.33 58.59



Appendix C8 Green body strength of specimens prepared from A to G type of
slurries

Flexure stress at Average Standard
Code Maximum Flexure load Flexure stress deviation
(MPa) (MPa) (MPa)
RA1 1.74
RA? 1.64 1.67 0.06
RA3 1.64
RBI 1.76
RB2 1.82 181 0.05
RB3 1.85
RC1 2.05
RC2 2.22 2.15 0.09
RC3 2.19
RDI 1.85
RD2 1.74 1.89 0.18
RD3 2.09
RE1 2.03
RE?2 231 2.13 0.15
RE3 2.04
RG1 2.09
RG2 2.21 2.18 0.09
RG3 2.18
RH1 1.19
RH2 1.59 1.46 0.23

RH3 1.60



Appendix C9 Summarize results of green biody density and strength

Solid content Average flexural strength Deviation

(%) (MPa) (MPa)
70 1.67 0'0d
75 181 0.05
80 2.15 0.09
Solid Binder Average flexural

content content strength
(%) 5%3 (MPa)

0 L67

10 0.05 1.89
0.10 2.13

0.00 170

75 0.05 2.18
0.10 1.46
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Appendix CIO Sintered density of specimen at various sintering temperature in

air atmosphere for 2h
Temperature B specimen : G specimen _
°C Non-treafed  Treated with ~ Non-treated  Treated with
with acid acid with acid
1250 94.92 9747 94.34
1300 97.12 98.72 98.17

1350 98.58 99.18 98.62



Appendix C I Shrinkage of specimen at various Sintering temperature in air
atmosphere for 2h

Sintering shrinkage(%)
TemperatUre , ,

‘o Diameter  Thickness vol
BU 1351 12.93 34.87

1250 GU 12.70 12.34 33.19
BT 1452 13.03 36.45
GT 13.82 13.14 35.49
BU 1351 1453 36.06

1300 GU 13.88 14.77 36.79
BT 15.45 17.38 40.93
GT 15.39 18.98 42.00
BU 15.12 16.21 39.64

1350 GU 15.71 16.59 40.74
BT 15.90 18.60 42.20
GT 16.58 19.28 43.83

Appendix C12 Transmittance of specimen after HIPed at 1300 °C 1130 MPa in
argon atmosphere

Wavelength % Transmittance

(nm) BU GU BT GT
200 1 12 04 0.5
250 34 38 1.85 16
300 6.35 6.0 4.15 3.05
350 9 8.75 6.45 4.35
400 11.6 10.75 9.05 6.05
450 14.35 12.85 121 8.05
500 16.95 14.85 15.35 10.2
550 194 16.7 18.7 12.45
600 217 184 22.15 148
650 23.15 20 25.45 17.15
700 25.8 21.15 28.8 19.55
750 21,6 22.95 31.9 21.9
800 29.3 24.3 34.95 24.25
850 30.85 25,55 37.85 26.5
900 32.35 26.8 40.55 28.1
950 33.65 21.55 43.15 30.9
1000 34.9 29 4555 32.95
1050 36.05 30.05 47.8 35

1100 373 3115 49.9 31
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Figure C12.1 Transmittance of B and G Specimen without acid treatment
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Figure C12.2 Transmittance of B and G specimen withacid treatment
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Figure C12.3 Transmittance of B specimens with and without acid treatment
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Figure C12.4 Transmittance of G specimens with and without acid treatment
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