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ELECTROLYTIC PREPARATION OF TUNGSTEN METAL
AND TUNGSTEN CARBIDE FROM WOLFRAMITE

by

John M. Gomes,! Keniji Uchida,’ and M« M. Wong?

ABSTRACT

- Two methods for electrowinning tungsten from wolframite [ (Fe,Mn)WO, ] were
investigated. The first method, direct electrowinning from wolframite concen-
trate dissolved in molten salt mixtures composed essentially of various combi-
nations of sodium phosphates, sodium borates, and sodium halides, yielded
impure products. The second method was electrowinning from a halide-tungstate
melt that was obtained from a high-temperature, two-phase extraction of tung-
stic oxide (WO;) from wolframite. Electrolysis in electrolytes prepared from
addition of sodium metaphosphate (NaPO;) and boric oxide (B;05) to the halide-
tungstate melt produced tungsten metal of 99.9 percent purity., Tungsten
carbide (WC) was electrodeposited from the halide-tungstate melt when the melt
was adjusted to contain 82 mole-percent NaCl and 6.0 molé-percent each of WOy,
sodium metaborate (NayB,0,), and caustic soda (NaOH).

INTRODUCTION

A high-temperature, two-phase extraction technique has been developed by
the Bureau of Mines for the recovery of tungstic oxide (WO;) from tungsten-
bearing minerals (3-4).% The technique consists of dissolving scheelite
(CaW0, ) or wolframite in a system of two immiscible liquids--sodium chloride
and sodium silicate--at 1,080° C. Tungstic oxide is converted to sodium tung-
state (NayWO,) and is transferred to the upper halide phase, and calcium or
iron oxide and manganese oxide are retained in the lower silicate phase. The
two liquids are then separated by decantation. The halide-tungstate phase
containing approximately 28 weight-percent WO would be a suitable starting
material for the electrolytic recovery of tungsten or tungsten carbide.

*Metallurgist.
~Supervisory chemical research engineer.
All authors are with the Reno Metallurgy Research Center, Bureau of Mines,
Reno, Nev.
“Underlined numbers in parentheses refer to items in the list of references at
the end of this report.




A recent Bureau of Mines research program was concerned with developing
electrolytic methods, for the recovery of refractory metals or compounds
directly from mineral concentrates., The electrolytic method for recovery of
tungsten or tungsten carbide from wolframite would eliminate several steps
from the conventional procedures for preparing these products. The conven-
tional procedures include ore decomposition, preparation and purification of
intermediate tungstates or tungstic acid, reduction of oxide to metal, and
carburization «f metal to carbide.

Although scheelite ore reserves are a more important source of tungsten
in the United States, wolframite ores are more abundant in the world. The
wolframite isomorphic series, from ferberite (FeWO, ) to huebnerite (MnWO, ), is
an important domestic source of tungsten. Large deposits ocecur in Vance
County, N.C.; Lemhi County, Iddho; and Boulder County, Colo. Also, large
quantities of wolframite concentrate byproducts are recovered at the Climax
Molybdenum Mine in Colorado.

Electrowinning of tungsten from wolframite dissolved in sodium phosphate
or sodium tetraborate electrolytes was investigated by Fink and Ma (2). These
investigators did not report the analysis of iron, manganese, and cther impuri-
ties in their products. Commenting on the preparation of tungsten metal by
electrolysis of its minerals, Andrieux stated that direct electrowinning of
high-purity tungsten from the minerals did not appear practical because of the
codeposition of iron and other impurities (1). The Bureau of Mines had pre-
viously developed electrolytic techniques for winning tungsten metal from
tungstic oxide (5) and scheelite (7), and for preparing tungsten carbide from

sodium tungstate (6).

The objective of the present study was to develop electrolytic methods
for the recovery of tungsten from wolframite. Two methods to recover tungsten
as metal and ascarbide were investigated: (1) Directly from wolframite and
(2) from the halide-tungstate melt obtained from two-phase extraction of wolf-
ramite. The results of these two methods are compared.

MATERIALS, EQUIPMENT, AND PROCEDURE

Wolframite ore concentrate from Colorado was used in the direct electro-
winning experiments and in the two-phase extraction from which a halide-
tungstate melt was obtained for subsequent electrolysis., The analyses of the
wolframite concentrate and the halide-tungstate melt are shown in table 1,

The procedure for making the two-phase extraction was described in a pre-
vious publication (4). Three parts of wolframite concentrate, 5 parts of
sodium chloride, and 2 parts of sodium metasilicate (NaySiO;) were mixed,
charged in a silicon carbide crucible, and heated to 1,080° Cc. After holding
the mixture at this temperature for 1 hour, two immiscible liquids were formed.
The upper halide-tungstate melt was very fluid and easily decanted from the
lower, viscous silicate melt.



TABLE 1. - Analyses of wolframite concentrate and melt
obtained from two-phase extraction, percent

Constituent Wolframite Halide-tungstate

concentrate melt
WOgereersronnnessnmnnsosnness 68.1 27.50
FeOueessenonsasassssssoannas 15,2 .13
MOOceesosneoserasccssasssese 9.4 .23
CbpOgereesnannssrennneennnns 1.3 .10
SiOpescesescassnnsanacocoens o <, 10
Blfla e vy ssmunepanaidnininuns .3 <, 10
CA0. eooe ronsvssasassssnress .1 <, 10
TiOpeecoatsancassacnssnocrs: 3.0 <, 10

IThe halide-tungstate melt also contained 65.0 percent NaCl
and 7.3 percent NagO.

The electrolytic cell consisted of a graphite crucible, 3 inches in
inside diameter and 7 inches deep, which served as the anode. The cathode was
a l-inch-diameter graphite rod, centrally positioned in the cell. The cell
was heated in an electric furnace.

In the electrowinning of tungsten directly from wolframite, approximately
1,000 grams of a mixture of wolframite concentrate and various phosphate,
borate, and halide reagents were used in making up the electrolyte. The mix-
ture was heated to 1,000° C. The electrolysis was conducted at the following
conditions: Current, 90 amperes; jnitial cathode current density, 150 amp/dnf }
and cell voltage, from 2.5 to 5.2 v. After 60 amp-hr of electrolysis, the
cathode was withdrawn from the electrolyte, and the deposit was scraped off
the hot cathode.

In electrowinning from the halide-tungstate melt, the electrolyte was
composed of 800 grams of the melt and approximately 200 grams of phosphate and
borate reagents. The electrolyte was heated to 1,000 C. In the electrodepo-
sition of tungsten metal, the operating conditions were as follows: Current,
90 amperes; initial cathode current density, 150 amp/dnf ; cell voltage, from
2.3 to 2.6 v; and 60 amp-hr of electrolysis. In the electrodeposition of tung-
sten carbide, the electrolyte was composed of the halide-tungstate melt with
additions of sodium chloride, sodium metaborate, and sodium hydroxide. The
current and initial cathode current density were the same as stated above, but
the cell voltage was from 2.8 to 3.5 v, and the electrolysis was conducted for
90 amp-hr. After electrolysis, the cathode was withdrawn from the electrolyte,
and the deposit was scraped off the hot cathode.

The deposits were first leached in a hot 5-percent HCl solution, followed
by leaching in a 2-percent NaOH solution to remove the entrained electrolyte.
The products were then washed with water, dried, weighed, and analyzed. The
metallic impurities were analyzed by a spectrographic method, and total carbon
was analyzed by a combustion-gas chromatographic procedure. In a few
instances, free carbon was also analyzed, using & chemical separation and the
combustion-gas chromatographic procedure.



EXPERIMENTAL RESULTS

Direct Electrowinning of Tungsten
Metal From Wolframite

Electrowinning of tungsten directly from wolframite concentrate was
studied with electrolytes consisting essentially of various phosphate, sodium
borate, and alkali halide reagents. Some combinations of these compounds were
successfully used as eiectrolytes for electrowinning tungsten from wolframite
by Fink and Ma (2) and from scheelite and tungsten oxide by the Bureau of
Mines (5, 7). The compositions of the electrolytes and the results of the
present study on electrowznning tungsten are shown in table 2.

TABLE 2. - Direct electrowinning of tungsten from wolframite
Electrolyte composi- Cathode
tion, moles/mole of current Impurities in metal product, wt pct
contained wolframite' |efficiency,| Al Ca Fe Mn P Si
pct®
4.0 Na,P,0,-1.5 NaPO,. . 7 0. 006 0.02510.15-1.010.14-1,0[0.05 0.025
8 Na,P,0, -3 RaPO, v wsaui 13 . 006 012} .15-1.0] .14-1.0| .05 . 008
3NagBOsennniiinnnn,.. 66 . 006 -012 .15-1.0| ., 006 ) | .o0s

2.7 Na,P_0,-4.5 NaCl-
2.2 NaF-0.6 Na_B,0, -
0.5 CaF,-0.2 ZnO...... 57 . 001 -012| .15-1.0} .015 ) | .01

5.4 Na,P_0,-9.0 NaCl-
4.4 NaF-1.2 NayB,0, -

1.0 caF;-0.4 ZnO...... 66 .001 -006 | .15-1.0 .007 500 | . 002
5.5 Na;B,0,-2.0 NaF.... 42 .003 -006 | .15-1,0 .14-1.0((®) | .004
li Na,B,0,-4 NaF.....,. 40 .009 080} .15-1.0 .14-1.0{(3) | .100
1 KAlF,-12 NaCl-9 NaF.. 57 +1-1.0} .020 | .15-1.0 | .14-1.0[(®) | .004
2 KAIF, -24 NaCl-18 NaF. 37 +1-1.01 .008| .15-1.0| .14-1.0((3) | .002

1Assumed the molecular weight of wolframite to be 303,
ZCalculation based on electroreduction of wet,
®Below determination limit.

Deposits won from each of the electrolytes investigated contained more
than 0,15 percent iron. The manganese content was over 0,14 percent in the
deposits produced from the following electrolyte systems: NaéPaOE-NaPOS,
Na,B, 0, -NaF, and KALF, -NaCl-NaF. The aluminum content was in excess of 0.10
percent in the products obtained from electrolytes containing potassium alumi-
num tetrafluoride (KALF, ). The overall results supported Andrieux's state-
ment (1) that direct elcctrowinning of tungsten from minerals would incur
contamination from the associated mineral constituents. Preparation of high-
purity tungsten metal directly from wolframite by electrolysis does not appear
promising because of the codeposition of impurities.



Electrowinning of Tungsten Metal From Wolframite
Via Two-Phase Extraction

Deposits were not produced by the electrolysis of the halide-tungstate
melt as obtained from the high-temperature extraction treatment of wolframite,
Guided by previous work on electrowinning of tungsten (2, 5, 7), investiga-
tions were made with electrolytes prepared by additions of phosphates, borates,
and/or alkali aluminum fluoride to the halide-tungstate melt. Tungsten depos-
its in various states of purity were obtained in these electrolytes. Products
with over 0.15 percent iron and 1.0 percent carbon were obtained from electro-
lytes containing sodium aluminum fluoride (NazAlF;) or potassium aluminum
fluoride (KA1F,). Products with up to 0.15 percent iron, 0.14 percent manga-
nese, and 0.06 percent silicon were obtained from electrolytes containing
alkali metaphosphate or pyrophosphate. Products with 0,30-0.1 percent iromn
and 0.03-0,13 percent carbon were obtained from electrolytes containing boric
oxide or sodium tetraborate (NazB,0, ). The highest purity tungsten metal was
obtained from electrolytes containing both NaPO; and Bz053 therefore, these
electrolytes were studied further. Results from electrolytes containing
various amounts of these fwo compounds are shown in table 3.

TABLE 3. - Electrowinning of tungsten from wolframite
via two-phase extraction!

Addition to the Cathode
halide-tungstate current Analysis of metal product, wt pet?
melt, moles/mole |efficiency, C ¢} Al Ca Fe Mn Si
of WO,° pet®
NaPO, | B;O;
1.0 1.0 71 0.023{0,00210,001 ;0.003 0.015 |<0,0005|0.003
1.0 1.5 80 ,020f .002| .0005|<.002 . 010 <.0005| .003
1.0 2.0 83 L0231 .005| .0005{ .002 ,0015| <.0005i<,0015
1.5 1.0 82 ,030] .004| .001 ,003| .0015} <.0005} .003
1.5 1.5 81 ,016|<.002 | .0005| .002 <,0015] <.0005{<.0015
1.5 2.0 85 .010|<.002 | ,0005}<.002 <,0015| <.0005{<.0015
2.5 2.5 84 .050| .013} .0005| .0C03 <.0015| <.0005| .0015

TAnalysis of halide-tungstate melt is given in table 1.

2 Resultant mixtures were used as electrolytes.:

8calculation based on electroreduction of W,

4Analysis of other impurities includes: B, not detected; Cu, <25 ppm;
Ni, <10 ppm; and P, not detected.

The quality of the product did not change greatly with varying propor-
tions of NaPOjand Bz0; in the electrolyte composition. With the exception of the
electrolyte containing 1.0 mole of NaPO,, and 1.0 mole of B,0, per mole of WO,,
the cathode current efficiencies for all the electrolyte compositions were sur-
prisingly uniform, within a narrow range of 80 to 85 percent. Best cathode
current efficiency and product quality were obtained with the electrolyte com-
position containing 1.5 moles of NaPO, and 2.0 moles of B,0; per mole of WO,.



Electrodeposition of WC From Wolframite

Attempts to electrodeposit WC directly from wolframite were not Success-
ful in producing the material in an acceptable state of purity. Products
obtained in the experiments were mixtures of WC, ditungsten carbide (W,C),
tungsten metal, and free carbon, Moreover, the products also contained iron
and manganese impurities, each in the range of 1 to 5 percent. Because of the
impurities in the products, electrodeposition of WC directly from wolframite
was not pursued, Efforts were subsequently directed toward using the halide-
tungstate melt obtained from the two-phase extraction.

In previous work on electrodeposition of WC from Na WO, , the optimum
electrolyte composition was determined to be 83 mole-percent NaCl and 5.7
mole-percent each of Na, WO, , Na B,0,, and NaOH (6). In experiments to deposit
WC from the halide-tungstate melt, 1.0 mole each of Na,B,0, and NaOH was added
per meole of WO; in the melt, The quantity of NaCl in the electrolytes was
varied from 75 mole-percent, the quantity in the original halide-tungstate
melt, to 86 mole-percent, an addition of 9.0 moles of NaCl per mole of WO, .
The results are shown in table 4,

TABLE 4. - Electrodeposition of WC from wolframite
via two-phase extraction

Electrolyte composition, : Product
mole-percent Yield Analysis, pct X-ray diffraction
NaCl | WO, NazB,0, | NaOH | g/amp-hr | Total C Fe Mn determination
Major | Minor | Trace
75 | 8.3 8.3 8.3 0.29 5.4 0.10 10.12| wcC W.C 25
7} R7 7.7 7.7 .34 5.9 .16 | .18 wC W,C )
79 | 7.0 7,0 7.0 .38 5.6 .12 .16 | WC WsC -
82 6.0 6.0 6.0 .36 6.1 .15 .13 WwC - W,C
86 4. 4.7 4.7 « 33 6.6 .15 241 WC - W,C, C
IUnidentified.

The results in table 4 indicate that a greater proportion of W,C was
formed from electrolytes containing 79 mole-percent or less of NaCl. The
presence of W,C 'in these products was indicated by X-ray diffraction as well
as by the analytical results for carbon which showed values below 6.1 percent,
the stoichiometric carbon content in WC. On the other hand, free carbon was
detected in the product obtained from the electrolyte containing 86 mole-
percent NaCl,

Over 90 percent of the tungsten value in the electrolyte containing 82
mole-percent NaCl was recovered by electrodeposition. X-ray diffraction and
the total carbon analysis showed that the product was nearly all WC. A trace
quantity of W,C in the material was indicated by X-ray diffraction, and the
presence of 0.07 percent free carbcn was determined by analysis (not shown in
table 4). Spectrographic analysis of the material also indicated the follow-
ing impurities present in weight-percent: Al, <0,001; B, 0.0015; ca, <0.0015;
Cr, 0.003; Cu, 0.02; Mg, 0.004; Mo, 0.02; Ni, 0.001; si, 0.008; Sn, 0.01;



Ti, 0.001; and V, 0.003. The microhardness of this product, determined with
a 50-gram load, was 1,700 Vhn.

CONCLUSTIONS

Tungsten metal of 99.9 percent purity was electrowon from a halide-
tungstate melt that was obtained from a high-temperature, two-phase extraction
treatment of wolframite. This high-purity product was electrodeposited when
sodium metaphosphate and boric oxide were added to the melt to form an elec-
trolyte. Other tungsten metal produced by direct electrolysis of wolframite
dissolved in molten salt mixtures composed essentially of various combinations
of sodium phosphates, sodium borates, and sodium halides was of lower purity,
containing about 0.15 percent each of iron and manganese.

Tungsten carbide was also recovered from the halide-tungstate melt. The
electrolysis was performed in an electrolyte composed of the halide-tungstate
melt and additions of sodium metaborate, sodium chloride, and sodium
hydroxide.
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