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Fig.1 XRD patterns of WC-Co composite powders

Co Content/at%

K2 1200 CHf W-C-Co Pt &
Fig.2 Isothermal section of the W-C-Co phase diagram at 1200 C
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Table 1 Chemical composition of composite powders (/%)

Sample C 0o Co
1 5.65 0.28 5.91
2 5.65 0.33 6.02
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Fig.3 Typical morphologies of as-prepared composite powders: (a) after spraying conversion, (b) after calcination, (c) after reduction and
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carbonization, and (d, e) a short-time ball milling process

4 15 WC-Co H&EMEIIIE
Fig.4 Surface morphology of WC-Co composite powder (sample 1)
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Fig.5 Microstructures (a, b) and WC grain size distributions (c, d) of two groups of cemented carbides: (a, c) sample 1 and (b, d) sample 2
F2 2HESNE. VIEMERERTIL

Table 2 Comparison of the mechanical and physical properties of the samples

Sample Density/g €cm®  Microhardness, HVso/MPa  Kic/MPa-m*?  Magnetic saturation/%  Coercivity/kA m™*
1 14.69 18 090 11.61 5.89 33.06
2 14.80 19 550 11.84 5.90 38.14
WC-6C0o2% 14.85 17 000 10 - -
WC-10Col 14.39 18 510 11.12 - -
WC-10Co* 14.22 19 960 10.12 - -

TR, RS ke B — s I, R 4 (H)
5 WC Pk SR —E X KR, G4+ WC &
RLER R, WIFmks SN 1, 2 5 &Sl 11
4351~ 33.06 A1 38.14 KA/m, UiHH 1 544 WC P35
Wi RT 2 564, WRAESCIR[2910 N X RITHH 15
A2 544 WC SRR ~HZ1°8 0.6 F10.4 um, iX 5 H %k
AR N P B B O R

3 &

1) R 2 Hef . 3 SRR AL J7 v % 1) WC-Co
HEMAKR WC FRL RS 2008 0.26 pm, &7 72 A 8451

2) JBRERERIE L IR AL ) 25 O Ak, AFAEDE
4535, H WC kA R KRG, DAy JEURH 2%
e —EfLBL, S e rERE.

3) JBUGEERIE 5 L IR AL 5 R Ak, WC
Ko A 5T, il 26 1) & S BV L & SRR R AT

SE 3k
[1] Eriksson M, Radwan M, Shen Z J. International Journal of
Refractory Metals and Hard Materials[J], 2013, 36: 31

References

[2] Lin Hua, Sun Jianchun, Li Chunhong et al. Journal of Alloys
and Compound[J], 2016, 682: 531

[3] Sun Yexi(#MIk ), Su Wei(F5 ), Yang Hailin(#i# #k) et al.
Rare Metal Materials and Engineering(## 48 #1 ¥l 5 T
F2)[J], 2016, 45(2): 409

[4] Bl’anda M, Duszovd A, Csan&li T et al. Journal of the
European Ceramic Society[J], 2014, 34(14): 3407

[5] Duszova A, Halgas R, Bl’anda M et al. Journal of the
European Ceramic Society[J], 2013, 33(12): 2227

[6] Oh S J, Kim B S, Shon I J. International Journal of Refractory
Metals and Hard Materials[J], 2016, 58: 189

[7] Liu Wenbin, Song Xiaoyan, Zhang Jiuxing et al. International
Journal of Refractory Metals and Hard Materials[J], 2009,
27(1): 115

[8] Yang Jiangao(=F %), Tan Dungiang(iE %(5#), Chen Hao(Fk
#). Cemented Carbide(fi# ii & 4:)[M]. Changsha: Central
South University Press, 2012: 46

[9] Lei Chunpeng( & &0 ), Wu Aihua( % % ), Tang
Jiancheng (B 2 i%). Rare Metal Materials and Engineering(#
B4 EA RS T[], 2014, 43(11): 2841
[10] Liu Xuemei(X| 5 #§), Wang Haibing( T #i%), Song Xiaoyan
(KWei) et al. Rare Metal Materials and Engineering (74
& @A RS TRE)[J], 2016, 45(2): 477

[11] Fang Z Z, Wang X, Ryu T et al. International Journal of
Refractory Metals and Hard Materials[J], 2009, 27(2): 288

[12] shi Xiaoliang, Shao Ganggin, Xinlong Duan et al. Materials
Characterization[J], 2006, 57(4-5): 358

[13] Lin Hua, Tao Bowan, Xiong Jie et al. Ceramics International
[J], 2013, 39(8): 9671

[14] Wei Chongbin, Song Xiaoyan, Fu Jun et al. Materials Science
and Engineering A[J], 2013, 566: 96

[15] Zhao Xuehua, Wang Junwen, Wang Xiaobin et al. Powder
Metallurgy Technology[J], 2012, 30(4): 307

[16] Xu Zhihua, Ma Chun’an, Gan Yongping. Chemistry[J], 2003,
66(8): 544

[17] zhang Xinghe, Liao Li, Wang Yujie et al. Asian Journal of
Chemistry[J], 2012, 24(1): 327
[18] Li Yanjun(Z=#E4%), Liao Li(B 37), Xie Kenan(iff 7 #fE) et al.
Journal of Functional Materials(Zh&E+1#1)[J], 2013, 44(8):
1102

[19] Fu Jun(fF %), Song Xiaoyan(Z<HE#i), Wei Chongbin(ZE 42
i) et al. Rare Metal Materials and Engineering (%4 4 J& #1
k5 TF2)[J], 2014, 43(8): 1928

[20] Guo Shengda(%3%i%), Yang Jiangao(ZF £ ), Zhu Ertao(4k
) et al. Rare Metal Materials and Engineering (% i & )&
FHES TH)[J], 2016, 45(5): 1330

[21] Guo Shengda(Z§=%i%), Yi Jianhong(% f&%:), Bao Rui(fifl
%i). China Tungsten Industry(+ E43)lk)[J], 2015, 30(6): 35
[22] Huang Zhu, Ren Xingrun, Liu Meixia et al. International
Journal of Refractory Metals and Hard Materials[J], 2016,
58: 288

[23] Yang Qiumin, Yang Jiangao, Yang Hailin et al. Metals and
Materials International[J], 2016, 22(4): 663

[24] Guo Shengda(%k3%iX), Yang Jiangao(ZF 2 ), Chen Hao([%


http://www.baidu.com/link?url=1wnSAIqOMYF0icgs7NNh6hcd5kLpHiZ72dJUjenyTwMceCkeQ5ZgVlpFIvbFF9hkJDgucpKCN2obO4jlDX1zZms5YQFJIfGtoIHJAZqsX2mA8tMsjtIZPrD07o2IsWDMZMrPa_yZs2jueA1tgxGT-rrA9g2GWB402XEUL4p2xDOXsk0XO657Udk8Gv_v0eJS

- 3982 - WA & REAMES T 5 46 45

i) et al. Journal of Functional Materials(Z} &4 &[], [28] Zhang Xiang, Zhou Jianhua, Lin Nan et al. International

2015, 46(5): 5128 Journal of Refractory Metals and Hard Materials[J], 2016,
[25] Bao Rui, Yi Jianhong. International Journal of Refractory 57: 64

Metals and Hard Materials[J], 2013, 41: 315 [29] Raihanuzzaman R M, Xie Z H, Hong S J et al. Powder
[26] Allibert C H. International Journal of Refractory Metals and Technology[J], 2014, 261: 1

Hard Materials[J], 2001, 19(1): 53 [30] Genga R M, Cornish L A, Akdogan G. International Journal
[27] Zhang Wenbin(3k M), Liao Longguang(2 J%5%), Yu Tong- of Refractory Metals and Hard Materials[J], 2013, 41: 12

xu(‘F[EfE) et al. Acta Physica Sinica(#) ¥ =£3)[J], 2013, [31] Li Yong(Z= ), Long Jianzhan(7% "% %). Cemented Carbide

62(19): 1 (1 )5 & 42)[J], 2010, 27(4): 195

Ultra-fine Grain Cemented Carbide Fabricated from WC-Co Composite Powder
by In-situ Synthesis

Guo Shengda *?, Bao Rui, Liu Liang®, Yang Ping®, Yi Jianhong', Yang Jiangao?, Chen Hao *
(1. Kunming University of Science and Technology, Kunming 650093, China)
(2. Jiangxi University of Science and Technology, Ganzhou 341000, China)

Abstract: Using ammonium metatungstate, soluble cobalt salt and soluble carbon as the raw materials, ultrafine WC-Co composite
powder was synthesized by spraying conversion, calcination, in-situ reduction and carbonization route. Another composite powder was
also fabricated by the same route, except with an additional short-time ball milling process after the calcination. Then ultrafine WC-Co
cemented carbides were prepared by spark plasma sintering with the two kinds of powders. The morphology, microstructure and
mechanical properties of composite powders and cemented carbides were characterized by SEM, XRD, Vickers hardness tester and so on.
The results show that the composite powder fabricated via the route without the short-time ball milling process is spherical and has
obvious sintering characteristics. WC particles are bonded together, and the sintering neck and abnormal grain growth can be observed
obviously. The powder fabricated via the route with a short-time ball milling process is more disperse. The fcc-Co and hcp-Co exist in
both kinds of powders, and the grain size of WC is 0.26 um. There are a few pores existing in the alloy prepared by the spherical
composited powder. The density is lower and the WC has abnormal growth. However, the mechanical properties of the alloy prepared by
the dispersed composite powder are better.

Key words: WC-Co composite powder; sintering characteristics; short-time ball milling; porosity; mechanical properties
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