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Abstract

The carbotherma reduction kinetics of
tantalum oxide and carbon was studied by a

thermal gravimetric analysis technique. The /
reaction rate was increased with an
increasing sample-forming pressure, C/TaOs [1-4]

molar ratio and reaction temperature. But, the

reaction rate was decreased with an

increasing sample loading, the size of TaOs

and C. The effect of gas flowrate on the

reaction rate is not obvious. The observed 3.1

activation energy was 248+10 kJmol. A TapOs
kinetic model expression of the reaction Carbon black
process was developed, and it correlated

sufficiently with observed experimental

results.

* E-mail: liouth@mail.hit.edu.tw




3.2

3.3

4.1

TGA

Fig.

TaQOS(s) + 7C(s) - 2TaC(s) + 5CO(g)
/

_ (M +mM:)DW;
' (MT+7MC_2Mn)WIS
Xt m

Mt Mc My

Fig. 2

Fig. 3
©)
(b)
(©)
(d)

Zhang et a.[9]

4.2

Fig.

8mg

1

Cl TapOs

4

Fig.5

Fig.6
1x10° kPa
/
Fig.7
10
Shimada et a.[6]
Fig.8
53 ym
Fig.9
53 u
m Choi et al.[7]
Fig.10
Johnsson[8,9]
4.3
1 adw,
- r= ] dtT: f(kmP,,d%,d>)
-t
WTO WT
t k
ClTaOs
Arrhenius
- r7(_): f(k):koeXp(' E/RT)
In(-ri)  (UT)
Fig.11
248+10 kJ/mol
Shimada et al.[6] 391
kJ/mol
- 4 8
- 1,=7.096 104exp($) mgl mgps

4.4



r=re. Ch=0 r=rg
C,=C. Ci

0] 0
§ 4pr’D dc, 3 4pD,C.,  6pD.C,
2(Vr.-Yr) r.-1Ur)

2 ° dr
W+ = 4/3p Tt Nrc3
1- 3(1- X,)?*+2(1- X,)=k,T

_ 12pC°DNM,
1 (4/3,, TpN):US(W;-))ZIS

Fig.12

[1]Liou, T. H., and F. W. Chang, Ind. Eng.

Chem. Res,, 34(1), 118(1995).
[2]Liou, T. H., and F. W. Chang, Ind. Eng.
Chem. Res 35(10), 3375(1996).

[3]Liou, T. H., F. W. Chang, and J. J. Lo, Ind.

Eng. Chem. Res., 36(3), 568(1997)

[4]Chang, F. W., T. H. Liou and F. M. Tsai,
Thermochim. Acta, 354,71 (2000).

[5]Zhang, Q. Y., X. X. Me, D. Z. Yang, F. X.
Chen, T. C. Ma, Y. M. Wang and F. N.
Teng, Nucl. Instrum. Methods Phys. Sect.
B., 127/128, 664(1997).

[6]Shimada, S., T. Koyama, K. Kodaira and
T. Mastushita, J. Mater. Sci., 18,
1291(1983).

[7]Choi, J. G.,, H. G. Oh and Y. S. Baek, J.
Ind. Eng. Chem., 4(2), 94(1998).

[8]Johnsson, M. and M. Nygren, J. Mater.
Res., 12(9), 2419(1997).

[9]Johnsson, M., N. Ahlen, M. Nygren, M.
Ekelund, and G. Brandt, U.S. Patent
US5851285.

Figure 1 Schematic diagram of the apparatus.
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Figure 2 X-ray diffractogram.
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Figure 3 Scanning electron micrographs of
the specimen.
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Figure 4 The effect of gas

flow rate on the reaction of
sample.

Figure 7 The effect

of

C/Ta,0Os molar ratio on the
reaction of sample.
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Figure 5 The effect of

Figure 8 The effect of grain

sample loading on the size of tantalum oxide on the
reaction of sample. reaction of sample.
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Figure 6 The effect of
sample-forming pressure on
the reaction of sample.

Figure 9 The effect of grain

size of carbon on the reaction
of sample.

«O0pOeo>nm

X
°
2

1
0 20 40 60 80 100 120

Time (min)

Figure 10 The effect of
reaction temperature on the
reaction of sample.
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Figure 11 Arrhenius plot of
the initia reaction rate of
tantalum oxide.
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Figure 12 Experimental data
plotted according to the
kinetic model.
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