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Recycling of WC/Co Hardmetal Scrap by Alkaline Leaching
Method

Ji Eun Kwon

Department of Materials System Engineering, Graduate School,

Pukyong National University

Abstract

The present study focused on the recycling of WC/Co hardmetal scrap
by alkaline leaching method. WC/Co sludge was oxidized and put the
sludge oxide into NaOH solution to leach tungsten. Tungsten leached
liquor was purified and decreased its pH to precipitate tungsten.

The process variables, were leaching temperature, concentration of
NaOH solution, leaching time, purification substance and pH of purified
tungsten liquor. The phase structure, components, particle size of the
sludge, oxidized ‘“sludge, and precipitates were analysed using XRD, XRF
and SEM. The concentration of remained impurities in liquor were
analysed using ICP.

Tungsten leaching rate was increased by increasing of temperature and
concentration of NaOH solution and not affected by the increasing of
time. Concentration of impurities remained in leached liquor were constant
in spite of the increasing of input of NasS and HCI. It was more effective
to purify the liquor to use HCI. Precipitation rate of tungsten from
purified liquor was increased to 94% by decreasing of pH until pH-0.4
and decreased after pH —-0.4. The precipitate has 100~300nm of irregular

shape and it was high purity of HoWO4HsO regardless of decreasing of

pH.
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Table 2.1. The classification of WC/Co hardmetal.[12]

Grade Composition

Characteristic

Application

K WC/Co

WC/TiC/TaC/Co
(TiC+ TaC=7~13wt.%)

WC/TiC/TaC/Co
(TiC+ TaC=16~23wt.%)

Low machining force
Short ship

Without secondary
carbide

High wear resistance

Low thermal resistance
Sequential ‘chip

High thermal resistance
High mechanical wear

property
High cutting force

Sequential chip

A large quantity of
secondary carbide

High thermal resistance

wear

Cast iron

Nonferrous metal

Stainless steels

Steel

Cast steel
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Table 2.2. Change of properties of WC/Co hardmetal with Co

content.[20]

i Shear  Modulus of Thermal
) Hardness  Density o .
Size g ——rorCE tglasiicity Conductivity
HRA (g/cm”) ppm/K
MPa GPa W/m-k
97TWC )
3C medium, 92.5~93.2 "5 .3 1590 641 4.0 121
-3Co
94WC )
fine 92.56~93.1 15.0 1790 614 4.3 -
-6Co
94WC )
6C medium 91.7~92.2 15.0 2000 648 4.3 100
-6Co
94WC
coarse + 90.5~91.5 15.0 2210 641 4.3 121
-6Co
90WC
fine 90.7=91.3 14.6 3100 620 - -
-10Co
90WC
coarse 87.4~88.4 14.5 2760 552 5.2 112
-10Co
— 7 —
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Fig 2.1. Change of hardness of WC/Co hardmetal with Co

content.[21]
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Fig 2.5. Zinc process for recycling of WC/Co hardmetal.[6]
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Fig 2.6. Cold stream process for recycling of WC/Co
hardmetal.[6]
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Fig 2.7. High temperature process for recycling of WC/Co
hardmetal.[6]
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Fig 2.8. Reduction/Carburization process for recycling of WC/Co
hardmetal.[12]
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¥
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Fig 2.9. Acid treatment process for recycling of WC/Co

hardmetal.[1,13]
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: 3
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Fig 2.10. Alkaline leaching process for recycling of WC/Co
hardmetal.[15]
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Fig 2.11. Electrolysis process for recycling of WC/Co
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Fig 3.1. Alkaline leaching process for recycling of WC/Co

hardmetal sludge.
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Fig 3.2. WC/Co hardmetal sludge.
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Fig 4.1. Change in the weight fraction of washed sludge.
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Fig 4.2. XRD patterns of oxide of WC/Co hardmetal sludge.
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Table 4.1. Component of WC/Co hardmetal sludge oxide.

wt.%

W Co Si Na Cr Fe Al Ca Total

81.01 10.24 6.47 061 056 040 0.22 0.48 100
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Fig 4.3. FE-SEM micrographs of Oxide of WC/Co hardmetal

sludge.
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Fig 4.4. Change of tungsten leaching rate by increasing of

temperature.
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Fig 4.6. Change of tungsten leaching rate by increasing of time.
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Fig 4.7. Change of concentration of remained impurities in

leached liquor by increasing of concentration of NasS.
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Fig 4.12. Color of tungsten leached liquor.
(a) Beford purification. |

(b) After purification.
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Table 4.2. Concentration of remained impurities in leached liquor

by change of input substance.

ppm
Input substance Co Cr S Al Si
NazS 1.405 2SS9 20.57 4.57 | 104.2
HCl LO88 Y Avc47 0 7.299
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Fig 4.18. FE-SEM micrograph of precipitate.
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