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COMPARISON OF TECHN IQUES FOR ELECTROWINNING 
TUNGSTEN FROM SCHEE LITE 

by 

2John M, Gomes , 1 Ke nji Uchida, 1 and M, M, Wong 

ABSTRACT 

The Bureau of Mines investigated two techniques for removing Cao fr om 
scheelite (CaW04 ) prior to electrolysis. In the first technique, a crude 
tungstic oxide (W03 ) containing 0 . 15- percent lime (CaO) was prepared by 
digesting scheelite concentrates in hot hydrochloric acid. This oxide wa s 
used as cell feed to produce tungsten of 99.9 - percent purity. The second tech­
nique used a high-temperature, two-phase separation, resulting in extraction 
of 99 percent of the W03 in the halide - tungstate phase, while 90 percent of 
the Cao was retained in the sil icat e phase . Tungsten of 99 , 9 - percent pur i ty 
was deposi t ed from the halide - t ungstate melt after ~ 03 and Na P03 were added 
to form an electrolyte. The two methods were compared with a previously 
developed technique of depositing tungsten from scheelite concentrate fed 
directly to the electrolytic ce l l . 

INTRODUCTION 

Past investigations by the Bureau of Mines have demonstrated techniques 
for the electrowinning of tungsten directly from scheelite concentrate (1, 1), 3 

The major problem with direct electrowinning is the accumulation of lime (CaO) 
in the electrolyte, Scheelite mineral concentrates usually contain 60 to 70 
weight-percent W03 and about 20 weight-percent Cao . 

The results of the CaO buildup are decreased metal purity, increased 
electrolyte viscosity, and decreased metal adherence to the cathode. The 
effects of Cao accumulation were neutralized by periodic additions of boric 
oxide (~03 ) to the electrolyte, but relief was only temporary (1), Electro­
winning from commercial-grade tungstic oxide (W03 ) was conducted for a pro­
longed period without degradation of the products or significant buildup of 
impurities in the electrolyte (l) , The quantity of electrolyte per pound of 
tungsten recovered was 1 , 33 pounds (l), In direct electrowinning from 
scheelite, 3.93 pounds of electrolyte were required per pound of tungsten 
recovered (1) . 

1 Metallurgi s t . 
2 Supervisory chemical research engineer. 
3 Underlined numbers in parentheses refer to items in the list of references at 

the end of this report . 
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A technique for the preelectrolysis elimination of the Cao from the schee­
lite concentrates would be desirable. One method that appears feasible is the 
decomposition of scheelite in hot HCl (~), represented by the following 
reaction: 

(1) 

The product is crude tungstic acid containing acid-insoluble material from the 
concentrate, mainly silicate minerals. 

Another possibly feasible method is the high-temperature, two-phase sepa­
ration technique, based on the reaction with sodium metasilicate at 1,080° C 
in the presence of molten NaCl: 

( 2) 

The most efficient separation is obtained when 2 moles of Na2 Si03 are used per 
mole of scheelite (l). The sodium tungstate (Na2 W04 ) is recovered in a molten 
NaCl phase which is immiscible with the silicate phase. Optimum extractions 
are 99 percent of the W03 in the halide phase and 88 percent of the CaO in the 
silicate phase. Electrodeposition of either tungsten metal or tungsten 
carbide (WC) from the Na2 W04 -NaCl melt may be accomplished, depending upon the 
chemicals added to the melt to form the electrolyte(~). 

The objective of this study was to investigate the hydrochloric acid 
digestion and high-temperature, two-phase separation techniques for the 
electrolytic preparation of tungsten. The results of the processes are eval­
uated and compared with those of direct electrowinning of tungsten from 
scheelite concentrate. 

EXPERIMENTAL MATERIALS AND EQUIPMENT 

The analysis of California scheelite concentrate used as the tungsten 
source material is as follows, in weight-percent: 

W03 ••••••••••••••••••• 73.51 
CaO • •••••••••••••••••• 20.14 
F~ 03 ••••••••••••••••• 1. 27 
Si(:J..a •••••••••••••••••• 1.20 
A12 03 ••••••••••••••••• .20 
Mo03 •••••••••••••••••• .40 

The concentrate had the following particle size distribution, in weight­
percent: plus 65 mesh, 2 percent; minus 65 plus 100 mesh, 8 percent; minus 100 
plus 200 mesh, 24 percent; and minus 200 mesh, 66 percent. 

Technical-grade salts were used in the electrolytes and in the two-phase 
separation. Chemically pure-grade hydrochloric acid was used in the leaching 
experiments. The two-phase separation and most of the electrolysis experi­
ments were performed in 3-inch-inside-diameter by 8-inch-high graphite 
crucibles. Electrolysis using crude oxide feed was performed in a graphite 
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crucible of 5-inch inside diameter and 11 inches in depth. The crucible was 
the cathode, and a centrally positioned 1.5-inch-diameter graphite rod was the 
anode. The crucible was heated to operating temperatures of 1,000° to 
1,080° Cina globar furnace. 

EXPERIMENTAL RESULTS 

Acid Digestion Process 

HCl Digestion of Scheelite Concentrate 

Conventional acid decomposition of scheelite requires 1.5 to 2.0 parts of 
concentrated HCl per part scheelite (I), This technique produces a tungstic 
acid slurry, which can be filtered and washed free of soluble impurities . The 
tungstic acid is then dissolved in ammonia or sodium hydroxide to form ammo­
nium paratungstate or sodium tungstate. Our experiments were designed to 
determine the most efficient method to convert the scheel ite concentrate to an 
oxide cell feed suitable for electrowinning. The following operating varia­
bles were studied: Ratio of HCl to scheelite, digestion time, digestion and 
precipitation temperature, and procedures for washing the tungstic acid 
precipitate, The digestions were performed in an Erlenmeye r flask with a 
reflux condenser. The flask was charged with 100 grams of scheelite concen­
trate and 200 ml of concentrated HCl. The charge was stirred with a magnetic 
stirrer and heated on an electric hotplate. 

The procedure diagramed in figure 1 was determined to be the most effi­
cient method for preparing a crude tungstic oxide. The procedure required 
about 2 ml of concentrated HCl per gram of scheelite. Digestion and precipi­
tation required only 30 minutes each. The first wash solution of concentrated 
HCl was recycled to leach the next 100-gram charge of scheelite. The diges­
tion temperature was 50° to 60° C and precipitation temperature was 80° to 
90° C. Within a few minutes after digestion had begun, the ye llow tungstic 
acid started to precipitate. This tendency of tungstic acid (H2 W04 ) to pre­
cipitat e from an acid solution eliminates the possibility of using filtration 
to remove the acid-insoluble silicate minerals. Analysis of the tungstic acid 
precipitate showed that two washings were adequate to remove soluble impuri­
ties. The acid solutions could be neutralized with limestone (CaC03 ) or 
treated by other means to meet local pollution standards prior to discarding. 

The results of 6 successive leach cycl es are shown in table 1. A steady 
state was reached after the second cycle as indicated in table 1. Analysis of 
the oxide formed by calcining the tungstic acid from the 6 cycles is shown 
in table 2. Loss on ignition was approximately 10 percent. Over 99 percent 
of the tungsten in the scheelite was recovered in the product which contained 
98-percent W03 • The technique was scaled up to treat 300-gram batches of 
scheelite concentrate. Seven kilograms of oxide were prepared for use as cell 
feed. The analysis of the 7-kilogram composite of tungstic oxide was almost 
identical to that shown in table 2. 
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No. 2 wash 
500 ml 5-pct HCI 

No. 1 wash 
200 ml concentrate HCl 

First cycle 

H2 W04 CalcinationDigestion Precipitation Filtration Wash 
and100 g CaW04 

200 ml concentrate HCl 
i------ 1;2 hr at 80°-90°C - (Vacuum) - Filter cake electrolysis 

1/2 hr at 50°-60° C 

No. 2 wash solution 

No.1 wash solution ,,. 
Neutralize'7 Barren solution 

discard 

No. 2 wash 
500 ml 5-pct HCI 

No. l washsecond 
200 ml concentrate HClcycle 

H2W04Digestion Precipitation Fil tration Wash 

100 g Ca W04 ~ Filter cake1/2 hr at 80°-90°C - (Vacuum) 

1/2 hr at 50°-60°C 

No.2wash solution 

No.1 wash solut ion ,,. 
NeutralizeBarren solution~ di scar d 

To next cycle 

FIGURE 1. - Flowsheet for HCI Digestion of Sc hee lite. 

TABLE 1. - Results from HCl digestion of scheelite concentrate 

lfeWO4 ppt Barren leach solution Recycled No. 1 HCl 
Cycle wash solution 

Wt g CaO, pct CaO, g/1 wo.~ , g/1 ml Cao, g/1 
1 81.0 0.15 107 3.3 194 14 
2 82.0 .22 119 1. 2 198 21 
3 82.5 .14 123 2.0 218 22 
4 85.0 .17 124 1. 7 200 23 
5 82.0 .14 125 1.0 200 24 
6 82.5 .15 125 1.7 205 23 
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TABLE 2. - Analysis of composited crude tungstic oxide 

Tmnuritvl Weight-percent lmpurity2 Weight-percent 
Al2 03 ••••••••••••• 0.10 Cr . ............... 0.001 
CaO • ••.•••.•.••••• .13 Cu . ...•••......••. .005 
Si~ .............. 1. 35 Mo • .•••••..•..•••• .002 
FeO . .•..•••.•••••• . 26 Ni . ............... .004 
MnO . ••.•••..••.••• . 07 Ti . ............... .002 
MgO . .••.••..•.•••. .08 Zr • ••••••...•...•• .001 
1 By chemical analysis.
2By spectrographic analysis. 

Electrolysis of Crude Oxide 

The procedure for electrolysis was a modification of the technique 
reported previously for electrowinning of tungsten from W03 (l). The original 
5 kilograms of electrolyte contained, in weight-percent: W03 , 20; sodium 
pyrophosphate (Na4 P2 0.,,), 60; sodium tetraborate (Na2 B4 0.,,), 4; sodium 
chloride (NaCl), 14; and calcium fluoride (CaF2 ), 2. The electrolyte was 
heated to 1,000° C by the external furnace and electrolysis was initiated, 
using the crucible as the cathode. By mechanically feeding tungstic oxide, 
the W03 content of the electrolyte was maintained between 10 and 20 percent. 

The electrolysis current of 540 to 600 amperes was sufficient to maintain 
the bath temperature between 1,000° and 1,100° C, and no external heating was 
required. At the completion of 600 ampere-hours of electrolysis, the feeder 
was stopped, the anode was removed, and the metal was recovered from the cell 
with a graphite scraper. Makeup electrolyte was added to the cell, the anode 
repositioned, the feeder started, and the electrolysis cycle repeated. The 
metal deposits were cleaned of adhering electrolyte by leaching, first in hot 
5-percent HCl, and then in a 2-percent NaOH solution. The operating dat8 and 
results for a cyclic experiment are shown in tables 3 and 4. The average 
cathode current efficiency was 89.5 percent, and 3.9 kilowatt-hours of power 
was consumed per pound of tungsten recovered. 

TABLE 3. - Operating data on electrowinning of tungsten 
from crude tungstic oxide 

Electrol sis 
Weight of electrolyte •••.••••••••••••••••••••• g •• 5,000 
Current • .........................•.•........ amp . . 540-660 
Voltage ......................................... . 8-10 
Cathode current density •••••.••••••••••• amp/dm2 •• 75 
Anode current density ••••••••••••••••.•• amp/dm2 •. 300 
Deposition cycle •••••••••••••••••••••••• amp-hr •• 600 
Number of cycles ................................ . 7 
Feed rate of WO:, .......................... g/min .. 11-12 
Makeup electrolyte between cycles: 

2 additions ................................. g •• 600 
4 additions ................................. g •• 800 
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TABLE 4. - Results of electrowinning tungsten from crude 
tungstic oxide 

Metal recovered ••••.•••••••••••••••••••••••••••• g •• 4,382 
Average current efficiency .••••••••••••••••••• pct •• 89.5 
W03 converted to metal ••••.••••••••••••••••••• pct •• 82 
Total energy consumed per 

pound of tungsten .........•...•............. kwhr .. 3.9 
Dragout electrolyte per 

pound of tungsten ........ ·•·••··••·••· ........ lb .. 1.18 
Average W03 content of dragout 

e lee trolyte . ................................. pct . . 12.2 
Weight of dragout electrolyte ••••••••••••••••••• g •• 5,196 
Average W03 content in electrolyte 

remaining in cell ............................ pct .. 11.24 
Weight of electrolyte remaining 

in cell.................... ... ................. . . 3 273 

The analyses of the products are shown in table 5. Metal purity was in 
excess of 99.9 percent and comparable to metal electrowon from pure W03 (1). 
The overall tungsten recovery from the W03 cell feed was 93.5 percent, 
excluding W03 in the original and the final electrolyte. W03 , in the dragout 
electrolyte, could be reclaimed and recycled as cell feed. The major losses 
of materials, which were from dusting and fuming, amounted to 2.3-percent W03 

and 1,1-percent electrolyte salts. 

TABLE 5. - Analysis of electrolytic products using crude tungstic 
oxide, weight-percent 

Deoosit Al Ca Cu Fe Ni Si C 0 
2d 0.001 <0.002 <0.004 0.008 <0.001 0.003 0.007 0.011 

4th .001 <.002 <.004 .006 <.001 .001 .005 .011 
7th .001 .003 <.004 .006 < .001 .003 .005 .009 

Two-Phase Separation Sequence 

Extraction of W03 From Scheelite Concentrate 

The high-temperature, two-phase separation sequence is based on the 
extraction of W03 in an immiscible two-phase molten salt system (l-~). Schee­
lite concentrate was dissolved in a molten halide-silicate mixture at 1,070° C 
and held for 1 hour. Tungstic oxide (W03 ) was converted to Na2 W04 and trans­
ferred to the upper halide phase; calcium oxide was retained in the lower 
silicate phase. The two liquid phases were separated by decantation. 

W03 extraction of 99.5 percent and a separation factor4 of 1,550 were 
obtained with a melt of the following composition: 

4 W03 in halide phase Cao in halide phase 
W03 in silicate phase Cao in silicate phase 
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Component Moles Weight-percent 
CaW04 (as scheelite) ••... 1.0 29.0 
NaC 1 • ••••••••••••.••••••• 4.8 28.0 
NaF . ...••.•.•..•••••••... 3.2 13. 5 
Al2 ~ ••••••••••••••••• •• • • 5 5.0 
Na2 Si~ •••••••••••••••••• 2.0 24.5 

The analyses of the two phases and percentage distribution of oxide constitu­
ents are shown in table 6. 

TABLE 6. - Extraction of W0:3 from schee lite concentrate 
using high-temperature two-phase separation 

Phase Weight, Weight-oercent 
grams W03 CaO Al2 03 Si02 

Analysis: 
Halide-tungstate ••. 685 30.5 0.9 0.2 0.4 
Silicate ••.•.•..••• 310 .3 15.4 14.5 36.8 

Distribution:1 

Halide-tungstate •.• - 99.5 11.8 2.8 2.5 
Silicate ........•.. - . 5 88.2 97.2 97.5 

l Based on material recovered in the two phases. 

Electrolysis of Halide-Tungstate Melt 

Electrolysis of the halide-tungstate melt as obtained from the two-phase 
separation did not result in the deposition of any metallic product. Addi­
tions of phosphate, borate, or alkali aluminum fluoride to the melt were 
required to form a satisfactory electrolyte. The best results were obtained 
when 2.0 moles of NaP03 and 1.5 moles of ~03 were added per mole of W03 in 
the melt. 

Electrolysis was conducted at 1,000° C using external heating. The 
crucible was the cathode and a centrally positioned 1-inch graphite rod was 
the anode. The applied current was 100 amperes, the cell potential was 4.5 to 
5.0 volts, and the cathode current density 35 ampere/square decimeter. After 
150 ampere-hours of electrolysis, the electrolyte was decanted from the 
crucible. The deposit was then removed from the crucible by soaking in water 
and scraping. 

The deposit weighed 140 grams, representing a recovery of 83 percent of 
the tungsten in the scheelite. The spent electrolyte analyzed 2.7 percent W03 
and contained 10.5 percent of the original tungsten value. The current effi­
ciency was 81.5 percent, and 5 kilowatt-hours were required per pound of 
tungsten deposited. The product was of high purity and contained the follow­
ing impurities, in weight-percent: C, 0.023; 0, 0.008; Fe, 0.005; Al, <0.001; 
Ca, <0.002; and Si, <<0.001. 
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Comparison of Electrowinning Techniques 

Direct electrowinning techniques were described in detail in a previous 
Bureau of Mines publication (l). The results of the most efficient technique 
were selected for comparison with those of the electrolysis of crude W03 pre­
pared by the acid digestion process and two-phase separation sequence. 
Results, material, and energy requirements for producing tungsten by the three 
methods are shown in table 7. The analyses of the three products are shown in 
table 8. 

TABLE 7. - Results, materials, and energy required for the three methods 

Direct Two-phase Acid 
electro- separation digestion 
winning sequence orocess 

Tungsten recovered ........................ lb .. 1.0 0.31 9.52 
Cathode current efficiency.......•....... pct .. 69 81.5 89.5 
Pound tungsten/kwhr (de) ..................... . 3.6 5.0 1 3.9 
Pound tungsten/kwhr (ac heating) ............. . (2) (2) -
Tungsten recovered as metal .........•.... pct .. 79 89 82 
Pounds electrolyte required per pound of 

tungsten recovered .............•..........•.. 4.0 2.20 1.06 

Material consumed per pound of tungsten 
recovered, lb: 

Na4 P207 ....•• , .. ,,. · • · • · · · • · · • · • · · • · • · · • · • · • 1. 63 - 0.81 
Na2 B:a 04 ••••••••••••••••••••••••••••••••••••• .28 - .05 
NaCl ............•........................... .62 2.00 .18 
NaF ........................................ . .20 . 95 -
CaF:a ....................................... . .06 - .02 
ZnO.•..•••.•.•.•....•.•.... , ... ,.,. · · · · • · · · · .03 - -
B20s, .. , .•....•••. , .•.. , , , , , , , , , , , , , , , , , , • , , 1.18 .75 -
NaP03 ••••••••••••••••••••••••••••••••••••••• - 1.45 -
Na2 Si03 ••••••••••••••••••••••••••••••••••••• - 1. 74 -
Al2 03 ••••••••••••••••••••••••••••••••••••••• - .36 -
HCl ........................................ . - - 4.90 

1 Includes energy for heating. 
2 Data from ref. 1, 3.3 kwhr of ac power were required for external heating of 

8-inch inside diameter cell. 

TABLE 8. - Analysis of electrolytic products, weight-percent 

Technique Deposit Al Ca Fe Si C 0 
Acid digestion process ...... Composite ... 0.001 <0.002 0.008 0.001 0.008 0.017 
Two-phase separation Do ........ <.001 <.002 .005 <.001 .023 .008 

sequence. 
Direct electrowinning1 ..•..• 2d cycle .... <.001 <.002 .008 .003 .008 .048 

4th cycle ... <.001 .003 .002 .002 .005 .025 
6th cycle ... <.001 .003 .004 .001 .007 .024 
10th cycle .. <.001 <.002 .004 .001 .003 .031 
Cell metal.. <.001 .003 .008 .001 .028 .026 

lGomes and coworkers (1). 
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Metal of 99.9-percent purity was electrowon, using each of the techniques. 
The extent of conversion of tungsten to metal was similar, varying from 79 to 
83 percent. Most of the tungsten los s was in the dragout electrolyte and 
could be recovered by the hydrometallurgical processing of this material. The 
anode carbon consumption was 0 . 22 pound per pound of tungsten recovered . 

The acid digestion process has the following advantages over the other 
two methods: 

1. Prolonged electrowinning operation. 

2. Lower rate of impurity buildup in the electrolyte. 

3. Less electrolyte reagents consumed per pound of tungsten recovered. 

4. Higher cathode current efficiency. 

5. Less total electrical energy required per pound of tungsten recovered. 

Disadvantages of the HCl-digestion process are the 5 pounds of acid 
required to produce 1 pound of metal and the additional processing equipment 
and labor needed. 

The two-phase separation sequence for recovering tungsten from scheelite 
is mainly of academic interest. The technique is more applicable to the 
treatment of acid-insoluble wolframite ores (l-0 and possibly scheelite ores 
containing a high percentage of iron. The two-phas e separation sequence con­
sumes 7.25 pounds of reagents per pound of tungsten produced. 

The direct electrolysis of scheelite is an intermittent operation. Lime 
and other associated impurities from the scheelite accumulate in the electro­
lyte. This accumulation results in a degradation of the product and decreases 
metal adherence to the cathode. Periodic additions of boric oxide are 
required to neutralize the effects of the Cao buildup. This is only a tempo­
rary relief measure because synthetic apatite (Ca5 (P04 ) 3 F) forms in the elec­
trolyte, and the resulting scum must be removed periodically. 

CONCLUSIONS 

The most efficient electrolytic method for preparing tungsten from schee­
lite was to decompose the mineral with hot, concentrated HCl to prepare a 
crude W03 cell feed. Metal of 99.9-percent purity was won from the prepared 
oxide. Metal deposition in the seventh cycle showed no decrease in purity . 
This technique requires about 4 kilowatt-hours of electrical power, 5.0 pounds 
of concentrated HCl, and 1.0 pound of electrolyte reagent per pound of tung­
sten recovered. 

Metal of 99.9-percent purity was recovered with both the high-temperature, 
two-phase separation sequence and direct electrolysis. The two-phase separa­
tion sequence required over 8 kilowatt-hours of electrical power and 7 . 25 
pounds of reagents per pound of tungsten recovered. The direct electrolysis 
required about 7 kilowatt-hours and 4.0 pounds of reagents per pound of 
tungsten recovered. 
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