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APPENDIX A

Thermochemical data for TiC, Al,O,, TiO, Al and C*

Element | Temp range AH® AH, C,
(K) (KJ/mole) | (KJ/mole (KJ/mole)
)
TiC 296-1800 | -184.096 49.5+(3.35x10°T)-(14.98x10°T?)
1800 — 3290 1.34.2+(11.58x10°T)-(74.161x10°T?)
ALO, | 298-1800 17 61+(17.78x10°T)-(28.54x10°T?)
1800 — 2327 28x10°T)-(20.235x10°T?)
2327 - 30
TiO,
(rutile)
TiO, 7
(anatase) ¥ -
Al =
G . : §
The theoretical ad an be calculated using
thermodynamics data in &bove ta

wit, - oorf] uuamm W B D s,
“M AN THNRIIRYN Y

ln he case of anatase

A112098

=-1087.506 kJ/mole

" J.H.Lee, S.K.Ko and C.W.Won. Combustion characteristics of TiO,JAl/C system. Materials Research Bulletin.

36(2001): 1157-67.



AH ) = f:d >.C (products Xr

Thus the calculation of rutile is follow:

327

1087506 = L (BC,5icis) +2C, 0,))dT + _r BCrmic) +2C, a,0,))4T

+ AHm,Al;O, £;7 (3CP.77 ) CP:A'zOJ(-"))dT

- T,, = 2330.978"

"'—'

And the calculation of anatz

1087506 = [ (3C o+ 2C, 1,0,0)4T

+AH

m,Al,0,

. T,, = 2331.28

ﬂuH’JVIEWliWEI’]ﬂ‘i
QW?ﬁ\iﬂ‘iﬁuﬂJWl’mH’]ﬁﬂ
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APPENDIX B

Reactant particle size at 10%, 50%, 90% and mean particle size D(4,3)

105

Reactants D(0.1) D(0.5) D(0.9) D(4,3)
Rutile 0.32 0.64 4.11 1.24
Anatase 0.14 0.32 0.65 0.36
Carbon black 0.34 0.66 3.47 1.13
Graphite 2.84 11.12 6.61
Activated carbon 77.81 41.75
Aluminum 19.73 11.99
20 100
18 - rutile lack 1 oo
16 1 - 0 . + 80
14 40 170
12 E + 60
10 - % 150 %
8 . T40
6 1 L +30
41 — i 120
2 5 110
03 -0
001 01 0.1 1 10 00 1000
Particle size (u Fr ‘-'-J Particle size (um)
20 2 100
1g { anatase = raphite o
16 1 o 180
14 70
12 1 60
10 +50 %
8 - + 40
61 130
4- —_— - 20
21 110
0 -0
0. 1 10 100 1000

q

1 10
Particle size (um)

100 1000

Particle size (um)

0.1 1 10
Particle size (um)

100

1000

Particle size distribution and cumulative particle size of various reactants.
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APPENDIX C

J i 11 A mee

Relative Intensity

anatase
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20 (deg)

XRD pattern of various reactant in combustion synthesis.
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APPENDIX D

Standard calculation made up from maximum peak intensity of commercial mixing powder

(AL,O, and TiC) with varying weight ratio.

Maximum peak height

%TiC HT,c/(HA,203+Hm)
AlL0, TiC
0 540 0 0
10 0.25
20 0.45
S N
v I\
77/ E)
I =
60
50
40
O
F~ 30
2
20
10
0
0.2 ¢ 04 1

am AN FUUMATIETR Y



%TiC calculation of each composition received from standard graph.
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Composition Maximum peak height Ho/Hapos ¥ Hee)
%TiC
Al,0, TiC

C-TC1 331 1530 0.82 46.60
C-TC2 272 1126 0.81 45.65
C-TC3 231 934 0.81 45.44
C-TC4 285 1192 0.81 45.74
C-TC5 307 . 0.80 45.08
C-TC6 2 ‘G 0.78 44.45
M-TC1 0 & g 0.83 47.05
M-TC2 0.81 46.17
M-TC3 0.78 44.18
M-TC4 0.83 47.15
M-TC5 . 0.79 44,65
M-TC6 3 0.77 43.75

7
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APPENDIX E

milled C-TC2

it

A

milled C-TC3

milled M-TC3

SEM micrograph of milled as-combusted powder prepared from rutile as titania source.
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F g
i

milled C-TC6

milled M-TC6

SEM micrograph of milled as-combusted powder prepared from anatase as titania source.
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Ti

Al

EDS mapping of milled conventional as-combusted powder.
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Al Ti C

M-TC1

M-TC2

M-TC3

M-TC4

M-TC5

M-TC6

EDS mapping of milled microwave as-combusted powder.
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APPENDIX F

Milled conventional as-combusted particle size at 10%, 50%, 90% and mean particle size

Compositions D(0.1) D(0.5) D(0.9) D(4,3)
C-TC1 0.68 3.91 13.96 6.38
C-TC2 0.77 4.26 15.28 8.90
C-TC3 0.99 6.11 24 .41 9.88
C-TC4 0.9 21.75 8.80
C-TC5 24.84 9.79
C-TC6 = . R — 8.01 4.36

10 ; 100

- c-TC1 A 1o

8 - 0 +80

7 - 170

6 160

5 H50 %

4 4 Er ) + 40

s % 1

21 h— 4440+ 120

14 . - 110

ol ~ 0 o
0.01 0.1 1 =10 100 s 0.01 A 1 10 100 1000

Particle size 1 _-J - Particle size (um)

0 c-TC2 ;‘g 5 100
91 +90
8 - 80
7 4 +70
6 + 60
5 +50 %
4 4 - 40
31 30 3 o 130
2 A - 20 u 2 T20
1 1 j + 10
0 0 +0
0.01 0. 1 0. 1 1 0 100 1000

Particle size (um)
i,
Q wi 1 ( 100
1 94 + 90
’ 1 8 + 80
1 7 1 + 70

6 1 6 1 + 60

5 1 51 +50 %

L 4 T 40

3 3 T 30

24 2 T 20

11 1 j L 10

0 o : + 0 . -0

0.01 0.1 1 10 100 1000 0.01 0.1 1 10 100 1000

Particle size (um) Particle size (um)

Particle size distribution and cumulative particle size of conventional combusted powder.
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Milled microwave as-combusted particle size at 10%, 50%, 90% and mean particle size

Compositions D(0.1) D(0.5) D(0.9) D(4,3)
M-TC1 0.68 3.90 15.84 6.58
M-TC2 0.43 2.15 8.19 3.84
M-TC3 0.48 2.21 7.16 3.29
M-TC4 1.62 5.36 15.53 7.50
M-TC5 0.48 2.96 13.10 5.28
M-TC6 0.68 24.16 9.22

10 e 100
9 %
8 4
7 70
61 160
5 1 150 %
44 :l“}” 40
3 - " l"‘ /

24 —m ! 120
. I ' _
; ] ...ullill”mm'” A‘,"m i il r I | ;0
001 01 D 10 100 1000
Particle s ticle size (um)

W= 100
9 - 90
8 180
7 {70
6 160
54 +50 %
41 140
3 - 30
2 i 120
o] T [o
001 0.1 1 {' 10 100 10 100 1000

Particle size (um)

1 10
Particle size (um)

100

1000

\

I

1 10
Particle size (um)

100

Particle size distribution and cumulative particle size of microwave combusted powder.
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APPENDIX G

Physical and mechanical properties of sintered products at 1900°C.

Relative density (%TD) Vickers hardness (GPa)
Composition

C-TC M-TC C-TC M-TC
TC1 93.76 91.25 13.36 11.74
TC2 95.84 88.68 18.94 11.33
TC3 92.60 12.10 -
TC4 93.55_ = 16.82 8.05
TC5 | 16.37 6.81
TC6 14.52 15.58

]
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