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Abstract Production of fine tantalum powder by calciothermic reduction of tantalum oxides (TazOs) pellet
through an electronically mediated reaction (EMR) has been investigated. TasOs pellet feed and reductant
calcium-nickel (Ca-Ni) alloy were charged into electronically isolated locations in a molten CaCl, bath. The
current flow through an external path between the feed (cathode) and reductant (anode) locations was
monitored. The current approximately 4.7A was measured during the reaction in the external circuit
connecting cathode and anode location. Tantalum powder with approximately 99 mass% purity was readily
obtained after each experiment. Tantalum powder by EMR using TayOs pellet feed was fine compared with
that of metal powder by metallothermic reduction and EMR using Ta,0; powder feed.
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Fig. 1. (a) The conventional concept of caliothermic reduction of
Ta,0s governed by reaction and transport of neutral species. (b)
Electronically mediated reaction (EMR) during metallothermic
reduction of Ta,Os through a metal/molten salt interface.
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Fig. 2. Comparison of EMR processes both Ta,Os powder and

pellet in molten calcium chloride medium.
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Fig. 3. Schematic diagram of the experimental apparatus for
production of tantalum powder by caliothermic reduction of
Ta,0Os5 pellet.
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Table 1. Experimental conditions of the calciothermic reduction of tantalum in various reaction temperatures.

Amount of material used for each cell, w;/g

Experiment Reaction Feed material Salt Reductanta
Condition Temp. WTa205 Weacn Wea-Ni alloy
Caliothermic 950°C 3.84 1100 504
reduction 900°C 8.86 1102 50.1
850°C 8.85 1098 50.7
EMR by 950°C 8.84 1108 50.5
Ta,0s powder 900°C 8.86 1111 50.8
850°C 8.84 1103 51.1
EMR by 950°C 8.84 1102 50.20
Ta,0s pellet 900°C 8.85 1099 50.5
850°C 8.86 1101 49.8

% Ca-18.4 mol% Ni alloy was used.
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Fig. 4. Results of calciothermic reduction both Ta,0s pellet
and powder at 900°C. Observed current and calculated charge
passing through an external circuit as a function of time under
EMR conditions. (a) Ta,Os powder, (b) Ta,Os pellet.
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Fig. 5. Scanning electron micrographs images of tantalum
deposit obtained at 900°C. (a) conventional calciothermic
reduction, (b) Ta;Os powder, (c¢) Ta;Os pellet.
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Fig. 6. X-ray diffraction patterns of tantalum deposit obtained at 900°C. (a) conventional calciothermic reduction, (b) Ta,Os
powder, (c) Ta,Os pellet.

Table 2. Analytical results of tantalum powder with various experimental conditions.

Impurity content, C; © (mass%)"

Experiment Reaction Tantalum Calcium Iron Nickel Clorine Oxygen
Condition Temp. Cn C C g C N C g Co
950°C 98.74 0.36 0.17 0.10 0.00 (0.63)
0.47d 1.17d 0.24d
Caliothermic 900°C 98.68 025 0.37 0.00 0.10 (0.60)
reduction 0.81d 0.89d 0.27d
850°C 97.78 0.44 0.21 0.00 0.15 (1.42)
091d 1.14d 0.31d
950°C 99.07 0.10 033 0.00 0.03 0.47)
0.27d 0.32d 0.17d
EMR by 900°C 98.97 0.20 0.23 0.02 0.01 0.57)
Ta;Os powder 0.25d 0.23d 0.19d
350°C 98.94 0.12 035 0.00 0.06 (0.53)
0.47d 0.43d 0.27d
950°C 99.64 0.01 0.02 0.00 0.01 0.32)
0.14d 0.08d 0.01d
EMR by 900°C 99.13 0.09 0.24 0.05 0.02 (0.47)
Ta,Os pellet 0.17d 0.14d 0.11d
850°C 99.04 0.06 0.19 0.08 0.04 (0.59)
0.19d 0.12d 0.07d

" Add sponge titanium to CaCl, molten salt for eliminating contamination of oxygen.
“: Determined by EDX analysis. Values in parenthesis are listed for reference.
4: Determined by ICP-AES analysis.
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