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Table 1 Chemical compositions of the alloys (/%)

Alloy Co Ni CrsCp WwC
WC-Co 12 - - Bal.
WC-Co-Cr 12 - 1.1 Bal.
WC-Co-Ni-Cr 8 4 1.1 Bal.
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Fig.1 Metallographic structure of the alloys: (a) WC-Co, (b) WC-Co-Cr, and (c) WC-Co-Ni-Cr
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Fig.2 Polarization curves of three different alloys in neutral
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Table 2 Electrochemical corrosion data of the three alloys

Alloy Ecor!V icorr/pA-cm’
WC-Co -0.40 4.73
WC-Co-Cr -0.23 2.37
WC-Co-Ni-Cr -0.07 0.45
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Fig.3

Surface morphologies of three different alloys before and after polarization curve testing: (a) WC-Co, before testing,

(b) WC-Co-Cr, before testing, (c) WC-Co-Ni-Cr, before testing, (d) WC-Co, after testing, (¢) WC-Co-Cr, after testing,

and (f) WC-Co-Ni-Cr, after testing
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Table 3 Surface element analysis results of three different alloys before and after polarization curve testing (/%)

WC-Co WC-Co-Cr WC-Co-Ni-Cr
Element Before After Before After Before After
C 6.65 7.28 6.18 8.11 7.01 8.90
w 81.91 91.55 81.02 87.17 80.18 80.30
Co 11.44 - 11.86 1.14 7.75 0.85
(e} - 1.17 - 2.49 - 6.74
Ni - - - - 4.06 1.43
Cr - - 0.94 1.08 0.99 1.79
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Fig.4 Mass loss curves of three alloys in neutral solution
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Fig.5 Surface corrosion products of three alloys after immersion in neutral solution for 480 h: (a) WC-Co, (b) WC-Co-Cr, and (c) WC-Co-Ni-Cr
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Fig.6 XPS analysis of surface corrosion products: (a) survey, (b) O 1s, (c) W 4f, (d) Co 2p, and (e) Ni 2p
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Table 4 Surface element analysis results of the immersed

alloys after eradication of corrosion products

WC-Co WC-Co-Cr WC-Co-Ni-Cr
Element

/% at% ol% at% /% at%
c 7.07  46.09 7.65  50.38 6.85  47.09

) 1.52 7.44 - - - -
w 83.07 3538 8165 3511 8168 36.66
Co 834 11.09 984 1320 6.86 9.60
Ni - - - - 3.67 5.16
Cr 0.86 1.31 0.93 1.48
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Table 5 Volume fractions of different phases in WC-Co and
WC-Co-Cr alloys

Volume fraction/%

Phase
WC-Co WC-Co-Cr
Co-hcp 2.01 0.58
Co-fcc 15.24 18.00
WC 71.85 71.84
Zero resolution 10.91 9.58
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Corrosion Behavior of WC-Co-(Ni)-(Cr) Cemented Carbide in Neutral Solution

Wei Xiuyu 23, Jin Peng 2, Xia Yanping ', Yu Huaimin *?, Zhang Weibing ?, Cao Yu?®
(1. State Key Laboratory for Cemented Carbide, Zhuzhou 412000, China)
(2. Zhuzhou Cemented Carbide Group Crop. Ltd, Zhuzhou 412000, China)
(3. Chalmers University of Technology, Gothenburg SE-41296, Sweden)

Abstract: Three groups of WC-Co-(Ni)-(Cr) cemented carbides with different binder phase compositions were prepared by powder
metallurgy using WC, Co, Ni and Cr;C, powders as raw materials. The corrosion behavior of the three alloys in neutral solution was
studied by polarization curve test and immersion experiment. The corrosion mechanism was discussed by means of scanning electron
microscopy, energy spectrum analysis, X-ray photoelectron spectroscopy (XPS) and EBSD. The results show that in neutral solution the
corrosion of WC-Co and WC-Co-Cr cemented carbides is mainly caused by the selective dissolution of Co and the corrosion products after
immersion are mainly composed of Co(OH),. The corrosion resistance of WC-Co cemented carbide in neutral solution can be improved by
the addition of Cr, which may be related to the decrease in the content of hcp-Co in the binder phase by adding Cr. Adding Ni and Cr
together can further improve the corrosion resistance of WC-Co cemented carbide in neutral solution. After immersion for 480 h in Na,SO4
solution, the WC-Co-Ni-Cr alloy sample is just corroded slightly.
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