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Table 1 Nominal composition of alloys and test scheme

Sample Mass fraction/% Sintering Holding
No. Mo Co temperature/ C time/min
1 1 0.064 1200 5
2 1 0.064 1250 5
3 1 0.064 1300 5
4 1 0.064 1250 1
5 1 0.064 1250 10
6 0 0 1250 5
7 4 0.255 1250 5

Note: WC-6Co content is balance.
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Fig. 1 XRD patterns of sintered cemented carbides
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Fig. 2 SEM images of WC-6Co-1Mo cemented carbides
sintered at different sintering temperatures: (a) 1200 C; (b)
1250 C;(c) 1300 C
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Table 2 Mechanical properties of cemented carbides sintered

at different temperatures

Sintering Vickers Fracture
Alloy Relative
temperature/ ) Hardness, toughness/
No. density/% 1
T HV30 (MPam )
1 1200 97.50 1882 8.93
2 1250 99.01 2090 9.66
3 1300 99.04 2026 9.93
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Fig. 3 SEM images of WC-6Co-1Mo cemented carbides

sintered for different holding times: (a) 1 min; (b) 10 min
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Table 3 Mechanical properties of cemented carbides sintered

for different holding times

Vickers Fracture
Alloy Holding Relative
Hardness, toughness/
No. time/min  density/% "
HV30 (MPam )
4 1 97.33 1830 8.59
5 99.01 2090 9.66
5 10 99.10 2074 9.73
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Fig. 4 SEM images ((a), (b), (c)) and statistics distribution ((a'), (b'), (c')) of WC-6Co cemented carbides with different Mo
contents: (a), (a’) Without Mo; (b), (b") 1.0% Mo; (c), (c") 4.0% Mo (Distribution of WC grains is shown in upper right corner)
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Fig. 5 XPS spectra of surface of alloy 2: (a) Wide scan survey spectrum; (b) Spectra of Mo element
F4 A Mo &K WC-6Co Bl 7 <51 fiE
Table 4 Properties of cemented carbides with different Mo contents
Alloy . . Vickers hardness, Fracture toughness/ Jeorr!
Mo content/% Relative density/% i Deor! V o
No. HV;, (MPa-m ™) (pA-cm °)
2 1.0 99.01 2090 9.66 —0.328 17.77
6 0 99.19 2039 9.30 —0.364 63.09
7 4.0 98.66 2173 8.15 —0.326 6.04
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Fig. 6
cemented carbides with different Mo contents in 0.1 mol/L HCI

Potentiodynamic polarization curves of WC-6Co

solution
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Effects of SPS sintering parameters on microstructure and
properties of WC-6Co cemented carbides with Mo addition

GUO Sheng-da"2, BAO Rui', YI Jian-hong', YANG Jian-gao?, LIU Liang', YANG Ping'

(1. School of Materials Science and Engineering,
Kunming University of Science and Technology, Kunming 650093, China;
2. Project Research Institute, Jiangxi University of Science and Technology, Ganzhou 341000, China)

Abstract: Using Mo powders, Co powders and WC-6Co composite powders as raw materials, the fine-grained WC-6Co
cemented carbides with 1% Mo (mass fraction) addition were fabricated by ball-milling and spark plasma sintering
technology. The effects of sintering temperature and holding time on the microstructure and properties of cemented
carbides were investigated by XRD, SEM, XPS, Vickers hardness tester, electrochemical workstation, and so on. The
results show that the relative density and fracture toughness of cemented carbides with 1% (mass fraction) Mo addition
increase as the sintering temperature and holding time increasing. The Vickers hardness increases until the maximun
value, and then follows a decreasing trend with the increase of sintering temperature and holding time. The best
comprehensive properties achieve at temperature of 1250 ‘C ant holding time of 5 min comparing with WC-6Co and
WC-6Co-4Mo cemented carbides prepared by the same processes. The results show that the appropriate content of Mo is
beneficial for refining the WC grains, increasing the hardness and fracture toughness significantly. However, the relative
density decreases with the addition of Mo slightly. Moreover, the corrosion resistance of WC-6Co cemented carbides in
HCI solution increases with Mo addition.

Key words: WC-6Co cemented carbide; Mo; sintering parameter; microstructure; corrosion resistance
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