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Enrichment of tantalum and niobium from
tungsten residue by hydrochloric acid method
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Abstract: The composition, phase and element distribution of tungsten slag were analyzed by ICP-OES, XRD and
SEM-EDS, respectively. The results show that the main phases of tungsten slag are iron-manganese oxides, silicate and
quartz. Tantalum and niobium are mainly encapsulated in silicon-manganese phases. Based on this analysis, a new
method was proposed for tantalum and niobium enrichment which includes desilication with dilute hydrochloric acid and
iron-manganese deeply removing with concentrated hydrochloric acid. The removal rules of silicon, iron, manganese,
calcium and aluminum were investigated, and the optimum process conditions were obtained. Under the optimum process
conditions, the desilication rate is over 70%, while the iron and manganese removal rates reach 98.01% and 98.71%,
respectively. The recovery rates of tantalum and niobium reach 86.57% and 82.48%, respectively, and the tantalum and
niobium grades in the enriched slag reach 2.81% and 9.23%, respectively. The enriched slag can be used as raw materials
in tantalum and niobium hydrometallurgical industry.
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Table 1
fraction, %)

Chemical composition of tungsten slag (mass

Ta205 Nb205 F€203 MnO SIOZ A1203 CaO NaZO MgO

0.16 0.50 24.37 17.51 1490 5.61 6.64 493 190
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Fig. 1 XRD pattern of tungsten slag
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Table 2 EDS analysis results of tungsten slag at points 1, 2
and 3 in Fig. 2(a)

Point in Mass fraction/%

Fig2@) 0 Fe Mn Si Ca Nb Ta

1 39.54 931 7.82 - - 0.03 0.00
2 4146 — 3.17 588 0.75 0.10 0.09
3 4395 - 7.13 733 4.06 023 0.14
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Table 3 Recovery rates of tantalum, niobium and leaching
rates of iron, manganese and silicon under optimum conditions

in desilication process with dilute hydrochloric acid

Recovery rate/% Leaching rate/%
Ta,0Os Nb,Os  Fe,O3 MnO  SiO,

Group 1 93.11 91.74 20.69 43.97 71.74

Group 2 93.72 91.28 22.86 4632  73.23

Average value 93.42  91.51 21.78 45.15 7249
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Fig. 9 SEM images ((a), (c)) and element distribution ((b), (d)) of tungsten slag ((a), (b)) and desilication slag ((c), (d))
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Table 4 Recovery rates of tantalum, niobium and leaching
rates of iron, manganese and silicon under optimum conditions
in iron-manganese removing with concentrated hydrochloric

acid

Recovery rate/% Leaching rate/%

Sample

Ta205 Nb205 F€203 MnO CaO A1203

Group 1 92.71 91.02 97.94 98.62 88.34 70.06

Group 2 92.63 89.23  98.27 98.79 90.03 68.45

Average value 92.67 90.13  98.01 98.71 89.19 69.26
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20/(°)

B 14 4R XRD i
Fig. 14 XRD pattern of enrichment slag
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Table 5 Chemical composition of enrichment slag (mass

fraction, %)

Ta205 Nb205 SIOZ F€203 MnO
2.81 9.23 26.31 1.93 0.38
CaO Al,O4 MgO Organic compound
1.76 6.22 0.26 -
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