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Coarse-grain bulk WC composites prepared by
direct current arc in-situ metallurgy

CHI Jing, LI Hui-qi, WANG Shu-feng, LI Min, LI Jian-nan, WANG Mei, GAO Xu-jie

(College of Materials Science and Engineering, Shandong University of Science and Technology, Qingdao 266590, China)

Abstract: Coarse-grain bulk WC composites were prepared by direct current arc in-situ metallurgy. The examination of
phase composition and microstructure for the materials, reaction process of W and C as well as transformation
mechanism for WC morphologies was carried out by X-ray diffractometry and electron probe micro-analysis. The results
show that WC and W,C are the main hard phases in the composites. Furthermore, the WC content decreases but the grain
sizes of WC increase with increasing the length of consumable electrode, and the largest WC grains can reach about 100
pm. During the process of in-situ metallurgy, W and C dissolve and interdiffuse in the molten pool. As a result, W,C and
WC form successively. The WC growth morphology is triangular prism that transforms from hexangular prism, and the
growth pattern of WC is lateral growth layer by layer of the facet crystals. The WC grains can grow rapidly when
undercooling reaches the critical value.
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Fig. 1 Schematic representation of direct current arc in-situ

metallurgy process

H R 23 3R A5 0 FE A(d 20 mm X 15 mm) AR KE B(d 20
mm X 29 mm). FHRFE A Fl B il s HE S AR S,
F RIKAKA D/MAX2500PC %! X 5 265 G4 T A
38T H IXA—8230 ML FEREMILETHON A 2R, FHERET
I W SCHEA T X 3 53 AT o

2 HERE5SMH

2.1 WC EEMRHES

K 2 fros Al FE A R B 9 XRD 3% i1 2 w] 41,
PARFE A A A, EZHH WC. WLCl
M,Cs(M=Fe,Cr,W) Fl(Fe,Ni)Z&#HH; H, WC i
TR, RIRH B IURAIE SEAR AR T
K WC, K18 TLL WC Fl W,C Ry FEZAE A Fe
B AR S A A E S L. B o-ALO; N
s, R KA TR WC R WLC
im0, WFE A o WC T WLC I R0
53.46%F11 13.83%, AFf B ot WC Fl W,C % 15371
N 42.34%F1 25.23%, RTLLEH, 4 AR R
Ik, WA WC SRR, WLC S, AR
WO R C R S B 73.6%, BRI RNV ST 6%
(1) W kAL C M TE K T M;C3(M=Fe, Cr, W)ZL54,
BRI, S EGREETT WC T WLC S BT LA i s
JEAF R WORRT C OB 1 S B AT T

Sample B

W
100 110

U i

30 40 50 60 70 80 90
20/(°)

2 WC BAEEHEHN XRD i
Fig. 2 XRD patterns of bulk WC composites
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Fig. 3 Microstructures of bulk WC composites: (a) Low-magnification image; (b) Typical microstructure; (c) Coarse WC grains in

sample A; (d) Coarse WC grains in sample B
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Table 1 WDS analysis results of bulk WC composites
Location in Fig. 3(b) Mole fraction/%
w Fe Cr Ni Ti
A 50.976 1 48.407 3 0.3129 0.167 5 0.136 3 0
B 49.873 0 49.426 8 0.4952 0.084 8 0.120 1 0
C 33.5887 49.666 0 4.6077 10.323 0 0.2120 1.602 6
D 21.093 6 1.504 6 61.881 8 42524 11.2677 0
E 32.2658 3.9825 40.678 0 21.969 1 1.060 9 0.043 7
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Fig. 5 Growth morphologies of WC grains in bulk

composites: (a) Hexangular prism; (b) Triangular prism
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