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Abstract

A fundamental study was carried out to develop a process for recycling tungsten and cobalt from WC-Co hardmetal sludge
generated in the manufacturing process of hardmetal tools. The complete extraction of cobalt and simultaneous formation of
tungstic was achieved by treating the sludge using aqua regia. The effect of aqua regia concentration, reaction temperature and
time, pulp density on cobalt leaching and tungstic acid formation was investigated. The complete leaching of cobalt was attained
at the optimum conditions: 100 vol.% agua regia concentration, 100°C temperature, 60 min. reaction time and 400 g/L pulp den-
sity. A complete conversion of tungsten carbide of the sludge to tungstic acid was however, obtained at the pulp densities lower
than 150 g/L under the above condition. The progress of reaction during the aqua regia treatment of the sludge was monitored
through the XRD phase identification of the residue. The metallic impurities in the tungstic acid so produced couid be further
removed as insoluble residues by dissolving the tungsten values in ammonia solution. The ammonium paratungstate(APT,
(NHy)1p" HyW 50y - 4H,0) of 99.85% purity was prepared from the ammonium polytungstate solution by the evaporation crys-
tallization method.
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Table 1. Chemical composition of WC-Co hardmetal sludge used in the study.

Elements W Co Fe Si Ni Ti Ta
Content (wt.%) 60.9 5.99 3.38 2.50 0.99 0.56 047
Elements Cr Nb Al Mo C O
Content (wt.%) 0.37 0.35 0.26 0.15 12,64 11.39
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Table 2. Particle size distribution and Co content of the
sample used in the study.

Particle size (um) | Distribution (wt.%) Co (wt.%)
+710 2.9 5.21
-710/4+500 8.5 6.05
-500/+250 77.2 5.99
-250/+106 7.2 5.96
-106/+45 4.1 5.68
-45 0.1 5.54
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Fig. 1. X-ray diffraction patterns of WC-Co hardmetal
sludge samples used in the study ((a) -710/+500 pm;
(b) -500/4250 um; (c) -106/+45 pm).
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Fig. 2. Effect of particle size on the leaching of cobalt from
WC-Co hardmetal sludge by 100 vol.% aqua regia at
100°C for 60 min (pulp density, 50 g/L).
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Fig. 3. X-ray diffraction patterns of the products obtained by
treating hardmetal sludges of various sizes in 100
vol.% aqua regia for 60 min at 100°C and 50 g/L
pulp density ((a) -710/+500 pm, (b) -500/+250 pm,
{c) -106/+45 pm).
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Fig. 4. Effect of aqua regia concentration on the leaching of
cobalt from WC-Co hardmetal sludge by aqua regia
at 90°C and 100°C for 60 min (pulp density, 50 g/L;
particle size, -500/+250 pm).
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Fig. 5. X-ray diffraction patterns of the products obtained by
treating hardmetal sludges in various concentration
of aqua regia at 90°C (a) and 100°C (b) for 60 min
(pulp density, 50 g/L; particle size, -500/+250 pm).
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Fig. 6. Effect of pulp density on the leaching of cobalt from
WC-Co hardmetal sludge by 100 vol.% aqua regia at
100°C for 60 min (particle size, -500/+250 pm).
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Fig. 7. X-ray diffraction patterns of the products obtained at
the pulp densities of 150 g/L (a), 200 g/L (b), 250 g/
L (¢), 400 g/L. {d) (aqua regia, 100 vol.%; T = 100°C;
t = 60 min.; particle size, -500/+250 pm).

Fig. 8. SEM image of the tungstic acid formed by 100 vol.%
aqua regia treatment of sludge for 60 min at 100°C
and 250 g/L pulp density (particle size, -500/+250
pm).
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Table 3. Metal impurities in tungstic acid obtained from WC-Co hardmental sludge by 100 vol.% aqua regia treatment at 100°C

for 60 min. (Pulp density, 150 g/L)
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Ta Nb Al Mo

Content (ppm) 600 25000 5298

3660 3100 1593 980
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Fig. 9. Effect of pulp density on the dissolution of tungstic
acid with various concentration of ammonia solution
at 25°C for 60 min.
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Fig. 10. X-ray diffraction patterns of the residues obtained by
dissolving the tungstic acid with 21% (a) and 28%
(b) ammonia solution at 25°C for 60 min.
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Fig. 11. SEM image and EDS analysis of the residue obtained by dissolving tungstic acid with 21% ammonia solution at 25°C

for 60 min.
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Fig. 12. X-ray diffraction pattern of ammonium paratungstate
prepared from the ammoium polytungstate solution
by the evaporation crystallization method at 80°C.
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Table 4. Metal impurities in ammonium paratungstate obtained from WC-Co hardmental sludge in the study.

Elements Co Si Ti Ta Nb Ni Al Mo
Content (ppm) <S5 410 246 310 283 87 55 32
A 7%%1% @Xé %I—% AL ﬁ}ait} Table 4 2 LAl 2
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