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Abstract
type operation, it is difficult to control morphology and location of deposits. On the other hand, a electronically medi-
ated reaction (EMR) process is capable to overcome these difficuities and has a merit of continuous process, but it has
the defect that the reduction yield is poor. MR-EMR combination process is a method that is able to overcome demer-
its of MR and EMR process. In this study, a MR-EMR combination process has been applied to the production of
tantalum powder by sodium reduction of K,TaF,. The total charge passed through external circuit and average par-

In the conventional metallothermic reduction (MR) process for obtaining tantalum powder in batch-

ticle size (FSSS) were increased with increasing reduction temperature. The proportion of fine particle (=325 mesh)
was decreased with increasing reduction temperature. The yield was improved from 65% to 74% with increasing
reduction temperature. Considering the charge, impurities, morphology, particle size and yield, an reduction tem-
perature of 1,123 K was found to be optimum temperature for MR-EMR combination process.

Keywords : Tantalum powder, Metallothermic reduction, Electronically mediated reaction, Reductant, Charge,

yield, Particle size
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Fig. 1. Transport mechanisms of metal along the metal/
molten salt interface of MR process.
(a) pathway of reductant : physical transfer
(b) chemical reaction : MX+R—M+RX
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Fig. 2. Transport mechanisms of metal along the metal/
molten salt interface of EMR process.

(a) pathway of reductant : electrochemical transfer

(b) chemiical reaction : MX—M"+X"~
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Fig. 3. Reductant locations of EMR process (a) and MR-
EMR combination process (b).
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Fig. 4. Schematic representation of the experimental set up for controlling and monitoring EMR.

@ reaction holder : KCVKF + Na(50wt%)

@ feed holder : K, TaF, + KCUKF + Na (50wt%)
@) electron transport bar

@ external circuit

Fig, 5. Schematic representation of reaction chamber zone.
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Table 1. The variations of measured current, charge and Ta yield with reaction temperature and time.

Temperature Reaction time

Current (A)

Ta fraction produced

) (sec) Max, Average Charge (©) by EMR (%)
1073 10,800 6.4 1.52 16,470 26.8
1123 10,800 78 1.48 16,041 26.1
1173 10,325 8.9 1.77 18,270 297
1223 10,800 6.4 1.80 19,487 317

Imol K, TaF, y Smol Na
392.1333g K TaF,  1mol K, TaF,

50g K,TaF,;x

22.99g Na ._
X Na =14.7g Na (10)
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Fig. 6. Current and charge amount passed through external circuit with change of reduction temperature.
Table 2. Charge amount and percentage with change of reduction temperature.
Reduction temperature (K)
Time
(hr) 1073 1123 1173 1223
C % C % C % C %
0~05 6,920 420 7,637 47.6 9,852 53.9 6,319 324
05 ~1 2,790 17.0 1,998 12.4 4,232 232 3412 17.5
1~15 2,026 123 1,797 11.2 2,220 122 3,141 16.1
1.5~2 1,785 10.8 1,629 10.2 1,286 7.0 2,643 13.6
2~25 1,552 94 1,546 9.6 618 34 2,221 114
25~3 1,395 8.5 1,443 9.0 62 0.3 1,750 9.0
Total 16,470 100 16,041 100 18,270 100 19,487 100

C : Charge(Coulomb), % : Charge percentage
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Table 3. Maximum tolerance of impurities of tantalum
powder for capacitor and impurities of tantalum powder
with reduction temperature.

Commercia Reduction temperature (K)
Impurities 1 Ta powder 112
(ppm) 1073 3 1173 1223

Al <50 <50 <50 <50 <50
Ca <50 <50 <50 <50 <50
Cr <50 110 130 160 200
Cu <10 <10 <10 <10 <10
Fe <100 260 300 330 410
H <200 910 860 850 870
K <100 6,400 5,700 5,100 6,200
Mg <10 <10 <10 <10 <10
Mn <10 <10 <10 <10 <10
Mo <10 <10 <10 <10 <10
Ni <50 170 180 200 240
(6] <3,000 <12,900 <13,700 <13,600 <14,300
Ti <10 <10 <10 <10 <10
Si <200 840 800 750 810
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Fig. 8. SEM micrographs of Ta powders reduced at different temperatures.
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Table 4. Particle size distribution and average particle size
(FSSS) with change of reduction temperature.

Reduction Particle size distribution (%) Average
temperature -325 325~200 +200 particle
(K) mesh mesh mesh  size (um)
1073 99.37 0.63 0 2.87
1123 98.89 1.11 0 3.62
1173 82.32 12.12 5.52 493
1223 78.51 14.30 7.19 6.37
o] (Ta wire), &F-E(Ta plate) A|TA] A3HAL =l

A 948 EAQL 7143 g},

Kelly 5-'"2] AH-2 )=o) SFo4S =
oA AJALSLT gl iukgo R AAbE= el
gGEEL] e 3YeSe ol Ak needle
shape), 2~EX]|(sponge), PlHlEH(fine powder) 5
of-$- cheFsAl HEEviar B usiglc)

2= Wl mE HEEEEY HaR=7
(Fisher Sub-Sieve Size:FSSS)$} UAL=7|HEE

a%
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Fig. 9. The variation of yield percentage of Ta powder with
reduction temperature.
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