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APPENDIX C

Estimate of Compositions of RHA/SRM30 and RHA/WS Samples Before and After

Mullitization

Molecular weight of Al,O,, SiO, and, mullite (3Al,0,.2Si0,) = 102, 60 and 426,

respectively.

For RHA/SRM30 samples 5 1
Before muIIitizatic/

A= 97.08%)

Used SiO, = Mullife/4 26~ Remain SiO, = SiO, - Used SiO,
Used ALO, = ALO = — Remain Al,O, = 0
After mullitization, (Exe
Mullite 3 ESeRr———————==1 ]
Used S10j% S0, Remal SI0, = 0

Used Al,O, 1306*Mulllte/426 Remain Al,O, = AlLO, - Used AlLO,

ﬂ‘lJEJ’JVlEW]ﬁWEJ’]ﬂ‘i

For RHA/WS samp S
B@Wﬁ'ﬂ“ﬂﬂim URIAINYIA Y
9 ALO,=0.6431*WS
(% Total weight loss of WS from thermal analysis = 35.69%)
SiO, =0.9708*RHA (% SiO, from XRF data = 97.08%)
After mullitization

Calculation is the same of RHA/SRM30 samples
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APPENDIX D

Sample Compositions in Specimens from Calculation

For RHA/WS_H samples
AlLO, = 0.1330*WS

(From thermal ana

% TotalW

% Weigh

eight loss of W5495.1000 °C) = 35.69%

\‘
3

nent= 22.39%
fem: 89, 13.30%)
sio, = A/ (o dalta = 97.08%)

AU ININTNEINS
PRI TUAMINYAE
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rof XRF gf S @\ ired 1700 °C.
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10/8/2004 2:08:34 PM
XRD and XRF Laboratory

View result 104

Type: Routine
Archive: CERAMIC-17025 .
Application: CERAMIC-17025
Sample: UMAPORN 2D
Sum (%): 99.399
Init weight: 1.1 g
Flux weight: 55g¢g
Final weight: 66¢g

qugineninenns
ARIANTAUNIINGIAE



© 10/8/2004 2:08:26 PM
XRD and XRF Laboratory

View result -

Type: Routine
Archive: CERAMIC-17025 |
Application: CERAMIC-17025 |
Sample: UMAPORN 3D
Sum (%): 99.328
Init weight: 1.1g
Flux weight: 55g¢g
Final weight: 6.6g¢g

Compound | Valt

SiO02
AI20
NiO
Co304
Fe2Q
P20
K20
TiO:
MgO
CaO
Na20
WO3

 AuEINENINeInS
AN TUNNINGAY



10/8/2004 2:07:56 PM
XRD and XRF Laboratory

View result 106

Type: Routine
Archive: CERAMIC-17025
Application: CERAMIC-17025
Sample: UMAPORN 4D
Sum (%): 100.649
Init weight: 1.1g
Flux weight: 55g¢g
Final weight: 66¢g

Si02

Al20

NiO

Co304 !
Fe2@8" o 4
P205
K20 4
Ti02
MgO
CaO
Na20
WO3
PbO
BaO

Z Q4 1 0006 !9 — e
ZrQ% A
Cr203

 AUEINENINYINg
AN TUNMINGAY



10/8/2004 2:07:49 PM
XRD and XRF Laboratory

View result 107 .

Type: Routine
Archive: CERAMIC-17025
Application: CERAMIC-17025
Sample: UMAPORN 2H
Sum (%): 100.386
Init weight: 1.1g¢g
Flux weight: 55¢
Final weight: 66¢g

-~."|;'\f

]
)

AU ININTNEINS
PIAINTUAMINYAE




10/8/2004_2:07:41 PM
XRD and XRF Laboratory

View result ' 108

Type: Routine
Archive: CERAMIC-17025
Application: CERAMIC-17025
Sample: UMAPORN 3H
Sum (%): 100.530
Init weight: 1.1g
Flux weight: 55¢g
Final weight: 66g

Compound

Si02
AI20
NiO_,
Co304
Fe2@8
P205
K2Q

TiO2
MgO
CaO
Na20
WO0O3

PbO
BaO

ZnOA

Cr O3 o
Mn304 0.042 [ % b

AULINENINYINS
AN TUNNINGAY



" 10/8/2004 2:07:33 PM
XRD and XRF Laboratory

View result

Type:

Routine

Archive:

CERAMIC-17025

Application:

CERAMIC-17025

Sample:

UMAPORN 4H

Sum (%):

99.643

Init weight:

Flux weight:

Final weight:

Si102
AI20
NiO
Co304
Fe2@#
P205
K20
Ti02
MgO
CaO
Na20
WO3

PbO
BaO

y2te)

Z 0% ¢
Cr i:
Mn30:

Compound. | Value |
.

Yy

AU INENTNEINS
AN TUNNINGAY
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Vicker hardness (HV) 1 kg load and fracture toughness (K_) of 4L samples fired 1700 °C

for 1 hour.
Mean length of diagonal (microns) HV HV K,
Sample :
2a, 28, 2a ) C (GPa) (kg/mmz) (MPa m"z)
1 51.63 | 52.64 82| 6 s 2| 6.69 682.25 1.56
2 52.41 | 53.0 08| 6 6.55 667.19 1:24
3 51.64 | 51. 01 6.78 690.97 1.73
4 |51.63 |50 4}3, \ 93 | 706.43 1.52
5 52.30 | 51.§ 1 65.13 114 ' .69 681.99 1.49
alaad ‘ 6.73 | 685.77 1.51
.gQEE'f:, |
‘;?“J,’:“-“ & 0.14 14.37 0.18
AT

Vicker hardness (H\_/) 1k

ss (K_) of 4S samples fired 1700 °C

for 1 hour.

HV K,
Sample
(kg/mm?) | (MPam"™)

1 51. : 0712 1.61
2 51.64751.32 | 51.48 | 63¢60 | 63.75 2.75 6.867 Q§99.72 1.63
3 Gi 0 aﬁ Hg 33, aﬂm Qﬂ Elsa ! 6505 1.53
4 52.72 | 51.70 | 52.21 | 60.57 | 60.78 | 60.68 | 6.67 680.29 1.80
5 51.30 | 50.99 | 51.15 | 60.77 | 60.23 | 60.77 | 6.95 708.92 1.75
Avr. | 6.79 692.22 1.65
S.0. | 0.19 18.96 0.13
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Vicker hardness (HV) 1 kg load and fracture toughness (K,) of 3L samples fired 1700 °C

for 1 hour.
Mean length of diagonal (microns) HV HV K.
Sample .
2a, | 2a, 22 o l ¢ | (GPa) | (kg/mm?) | (MPam")
\ \‘I' r
1 67.76 66 *1_«.._'-. 4.07 415.27 -
2 | 7007 aig 4.01 | 409.18 .
il .
- ﬁ
3 |69.08 ( ///““ 3.88 | 395.44 -
4 64.47 6445 /ﬁg'\\ \ 4.37 | 44547 .
5 64.47 B! /m A\\\\ 4.51 459.53 -
‘ ﬂda-n ¥ \\ 417 424.98
AR A
pwﬂ 7 k\ 0.26 | 26.60

Vicker hardness (HV) 1 kg load

e
S L

and iraciy
ot

ress (K,) of 3S samples fired 1700 °C

for 1 hour.

HV K,
Sample
2a, 28, ¢ jta c, ‘Cj c (GPa) | (kg/mm’) | (MPa m'?)

1 45.oﬂ14u 4a28/ el §% 84l70) ﬁﬁ 948.13 272
2 49.67‘130.00 ‘49.'84 6%42 45.70 57.06- 7_32 4668 2.71
s Ve Ra Ha Ve R Msz 250
4 q48.36 47.68 | 48.02 | 67.11 | 45.03 | 56.07 | 7.89 804.19 2.76
5 45.07 | 46.69 | 45.88 | 53.29 | 58.12 | 55.70 | 8.64 880.96 2.69
Avr. | 8.29 844.86 2.68
S:s. | 0.7 76.26 0.08
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Vicker hardness (HV) 1 kg load and fracture toughness (K,) of 2L samples fired 1700 °C

for 1 hour.
Mean length of d|agonal (microns) HV HV K,
Sample
2a, 2a, (GPa) (kg/mmz) (MPam™)
1 106.25 1.73 | 176.06 -
2 108.22 1.78 181.32 -
3 101.64 1.96 199,76 -
4 110.20 1.78 | 176.11 -
5 102.91 1.94 | 197.82 -
1.83 | 186.21
0.11 11.70

Vicker hardness (HV) 1 kg load-and fre

a7 b
-“' "-::i""»_ 1

hness (K,) of 2S samples fired 1700 °C

for 1 hour.

— MeaEle . HV HV K,
2a, = g o 2 P (GPa) | (kg/mm?) | (MPa m")

1| 5368 M ’A1°ﬂ s 6P| S| Ge2 | 9526 | 330
> | 48.0% | 40.01| 4852 }es.32 68.00 | 68.32 | 7.73 | 787.70 1.61
3 99 50 1 a@\ 11@.%]’1.%32.06 2.57
4 | 50.00 | 50.99 | 50.495 | 64.8 | 45.03 | 54.92 | 7.13 | 727.29 3.23
Avr. | 7.22 | 73558 2.68
S.D. | 0.38 | 38.40 0.78
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Vicker hardness (HV) 5 kg loads of 4L samples fired 1700 °C for 1 hour.

'},1. 2k

Vicker hardness (HV) 5 kg __#,-’%'-;

Mean length of diagonal
Number (microns) HV (GPa) HV (kg/mmz)
= 1 =il

1 114.75 ﬂ - 699.15

2 115.28 . IR: 82 699.72

3 117.4 / / /‘\\\\Q\ 665.05

4 118, / /ﬁ’\\\ai\\\ 656.81

5 120.3 4 ’AF E\\\\\ 681.99

A \\ 9 680.54

“*‘ dk\ 0.2 19.49

d 1700 °C for 1 hour.

Number : HV (kg/mm’)
2a
1 or 647.44
2 3 1 63866
o
49 114.75 113.83 114.34 6.9.6 709.21
5 118.85 118.03 118.44 6.48 660.96
Avr. 685 668.13
S.D. 0.28 28.72
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APPENDIX H (Cont.)

Vicker hardness (HV) 5 kg loads of 3L samples fired 1700 °C for 1 hour.

Number

Mean length of diagonal

(microns)

22\l £

HV (GPa)

HV (kg/mm?)

28\
by LY,
b 7l 5,
)

Vicker hardness (HV) 5 kg loads ".f:‘_l *

el
! S

Number

By

‘f' an iengtn or ailagonal |

—

401.05

403.22

392.54

390.45

403.22

398.10

6.14

ired 1700 °C for 1 hour.

\,

”

HV (kg/mm?)

791.99

791.99

A3
‘ q_hvgygs.oz
~780.12

q
5 109.84 105.74 107.79 7.83 798.02
Avr. v 792.03
S.D. 0.07 7.31
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APPENDIX H (Cont.)

Vicker hardness (HV) 5 kg loads of 2L samples fired 1700 °C for 1 hour.

Mean length of diagonal

Number (microns) HV (GPa) HV (kg/mmz)
i! l

2a, 2a,

\ \w!' f/

1 263.11 261, 3 2 134.77

2 254.92 143.14

3 252.46 /7/’:&“\\ B 148.35

4 258.20 .i. /ﬁh k&\ \ 143.60

5 262.3 ll‘ﬁ ’\&\ 143.14

\\\ 142.60

4.90

Vicker hardness (HV) 5 kg -__‘5__3,""7 d 1700 C for 1 hour
/
Number HV (kg/mm®)

ﬁ 679.65

699.15

P

J15

660.96

5 118.03 | 122.95 120.49 6.27 638.66

Avr. 6.63 675.52

S.D. 0.26 26.00




APPENDIX |

Thermal shock resistance of 4L samples fired 1700 °C for 1 hour.

134

exural strength (MPa)

e delta T = 200 °C f \‘W @ | deltaT=300°C | deltaT=400°C
1 122153 = ] 41.07 23.30
2 107.4 18.98 35.58
3 45.51 30.57
4 I // J\\‘\\ 28.36 25.11
5 15331 I’mﬂ\\\k 41.05 26.10
Avr. 123.8 l ﬂ\ \ 34.99 28.13
S.D. 11.01 4.95

Thermal shock resistaigc

V’
e
Samples T o7
( 0°C | deltaT=400°C
35.56 34.18
) 'a

INHRAE
61.46 24.17
52.69 29.10
44.67 26.66
Avr. 26.38 120.79 46.27 26.38
S.D. 6.07 9.15 10.91 6.07




APPENDIX | (Cont.)

Thermal shock resistance of 3L samples fired 1700 °C for 1 hour.
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Flexural strength (MPa)

Samples
delta T =200 ° delta T=300 °C | delta T =400 °C
1 70.72 @.8 28.98 24.67
2 112, i " 3328 29,56
3 105.67 J 20.11 31.51
4 112.9 226187\ 19.41 28.10
& 11933 i ‘ 14478 26.44
e
Avr. 104. &&;8 : 29.31 28.05
AT
S.D. 19.38 ] 10.46 2.66
! _:f*'. 1-4'
_ L oN
Thermal shock resi ‘00°C. for 1 hour.
?‘b
J Flexural strength' (MPa)
Samples T o
ﬂ I ) [ g I Gﬁlﬂ li(iOO “C | deltaT=400"¢C
UL | ‘ (=T
1 9] 158.47 148.55 49.39 26.21
v o
BT WY T AVET T (T
39 124.17 11893 71.22 36.74
4 189.40 111.50 47.90 24.66
5 143.51 119.45 41.14 22.14
Avr. 161.74 123.98 54.11 27.73
S.D. 24.32 14.29 11.82 5.60




APPENDIX | (Cont.)

Thermal shock resistance of 2L samples fired 1700 °C for 1 hour.
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F al strength (MPa)
Samples ’
delta T =200 °C elta T=300 °C | deltaT=400 °C
1 63.50 9 .25.41 32.24
2 55.39 é . 743.02 25.99
3 87.14 48 59 97,18
4 83.37 3.6 8.04 2451
5 56.68 e U= 96 30.70
v il
Avr. 69.22 58825 .01 28.12
W ‘j‘
S.D. 16.02 - oot .68 3.25
)7
Thermal shock resis: C forf1 hour.
e
1)) ,‘
Flexural strength (MPa)
Samples —¥ &
deltﬂ w doltaT,5:300,°C | deltaT=400°C
i = 1119
1 137.64 49.49 65.96 35.91
v - =
AR O THEE
3 129.62 64.64 41.23 37.89
4 136.57 57.60 52.69 38.10
5 116.34 67.86 30.91 23.08
Avr. 129.92 57.08 48.59 32.08
S.D; 8.49 9.47 13.21 725
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