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Production of the ultra fine-composite powders of WC-Co and WC-Ni
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Department of Metallugical Engineering

Abstract

The grain size of the final products of WC—Co and WC-Ni composite powders is dependent on the size of
the starting material and the conditions employed for the reduction and carburizaticn. APT-Co and -Ni com-
plex salts were prepared by the substitution reaction between ammeonium ions in APT and the metal ions in Co
(NO3); and Ni{NQ3); solutions of different concentrations(0.1 to 0.7M} at 50°C and the grain sizes of the com-
plex salts was 0.54~0.76um. The complex oxides which calcined the complex salts at 700°~800°C for 60min.
were 0.2~0.5m. W-Co0(5.92%) and -Ni(6.95%) powders which reduced the complex oxides with H; atmo-
sphere(flow rate;600cc/min.) at 700°~800°C for 60min. were 0.5~0.6un. The mean grain sizes of WC~Co and
WC-Ni composite powders which carburized both complex metals of W~Co and W-Ni at 800°C for 60min. were
0.5~0.64m ,and take place the coarsening of the grain above 800°C and the optmium ratio of CsHs and H, was
0.2 for the control of the free carbon. The effect of Co contents on the particle sizes decreased from 0.4 to 0.25
mu with increasing the content from 2.0 to 7.6w%. The activation energies on the reductions of oxides and the
formations of carbides were as follows ; W—Co 1.Q = 8.7 keal/mole, W-Ni : @ = 8.1 kecal/mole, WC-Co pow-
der : Q = 17.8 kecal/mole, WC-Ni powder . Q@ = 16.6 kecal/mole.
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Table 1. The chemical composition of APT.

T

(W0, MO | Cu | Si {NH,[ AL| Cr [ Fe [Na| Ni | Ca|HO|Igoss |
wi% | m | g | g WL%| e | |l ||| W% W% |
83.0125] 5 [10[54] 5[5 [10]10) 5 [10]05] 110 |

Table 2. The particle stze distribution of APT.

Mesh +65 | -65~+100 |-100~+323 +325
Amount(wt%) 0.8 7.7 7.7 20.0
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Fig. 1. Schematic illustration of a reaction bath.

1. plastic bath 7. reacting soluticn
2. heating element 8. tube supporter
3. water 9. thermocouple

4. rpm controller 10. plastic tube

5. thermometer 11. temperature

6. agitating fan controller
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Fig. 2. Schematic diagram the exper imental appa-

ratus.

{for the calcination, reduction, carburization)
1. gas cock 8. electric furnace
2. needle valve 9. sealing cap

3. empty pot 10. quartz tube

4. conc. HoS0, 11. sample holder
5. silica gel 12. clip

6. gas flow meter 13. thermocouple
7. gas mixer 14. temperature

controller
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Fig. 3. The effects of the concentrations of caobalt' nitrate salt and agitating times on cobalt
content in the complex salts
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Photo. 2. Scanning electron micrographs of the complex oxides cbtained by calcining both APT-
Co(5.92wt% ) andNi{6.95wt% ) as a function of the termperatures.
Cobalt;(a)500°C (b)700C (¢)900°C (d}1100C
Nickel ;{e)500°C (f)700°C {(Q)900°C (h}11007C



Fig. 8. The reduction ratio ratio as a function of the reduction temperatures and the times.
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Photo.4. Scanning electron micrographs of the W-Ni(6.95wt% ) complex powders obtained by
reducing the complex oxides as a function of the different temperatu res.
(reaction time;60min., H, gas; 600cc/min.) (a)700°C (b)800C (c)900°C (d)10007
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Fig. 17. Xray diffraction patterns of the WC-Co
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Fig. 18. X-ray diffraction patterns of the WC-Ni
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Photo.5. Scanning electron micrographs of the WC-Co(5.92wt%) and WC-Ni{6.95wt% )} com-
posite powders obtained by carburizing with the different temperatures for 30min.
(a)8007Cc (b)900°C {c)1000TC
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WC-Co WC-Ni

Phote.8. Scanning electron micrographs of WC-Co(5.92wt% ) and WC-Ni{6.95wt % Jcomposite
powders obtained by carburizing with the different times at 800°C.
{a)30min. (b)60min. (c)90min.
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