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F 1 FeW-80 k2o
Table 1 Composition of FeW-80 powder (mass fraction, %)

w C P S Si Mn Fe
75.0-85.0 <0.20 <0.04 <0.08 <0.70 <0.25 Bal.

D.. 0% -
1 IRk R SEM 4
Fig. 1 SEM images of original powder: (a) FeW-80; (b) Fe

powder

SERPRIE n(C)n(W), 1% n(C)/n(W)h 0.9 1.1, 1.3,
1.5 5 1.7 M&FE, 2 mlbsid ik 1~5.
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G: A MRS K W 53.88. Fe 8.64. 0 13.09. C A= ()&
IR %), B K44 Fe 34.74, O 17.65. C S & (FE
IRGTEL, %), AIWSEAEYIIUNE WA, ARG
JFONE Fe Mo 50 E W AHLL KRR E A7 e, 0k
AR T S5 A KBk FeW-80 By RIS A /N, (HHLIA
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Fig. 2 SEM images of mixed powder after ball milling: (a)
Sample 1; (b) Sample 4
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Fig. 3 XRD patterns of sintering samples with different molar

ratios of C and W
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Fig. 4 SEM images of sintering samples with different molar ratios of C and W: (a), (f) Sample 1; (b) Sample 2; (c) Sample 3; (d)

Sample 4; (e) Sample 5



28 455 7 W

HeEE, &5 C. W BJREON LRSS N A5 B WC-Fe [l AT EHE SURTE RE 52 17 1331

F2 4P & ST EDS oA R
Table 2 EDS composition test results of points in Fig. 4(f)

Element content, x/%

Point
W Fe C
Y| 31.30 428 Bal.
B 24.18 23.24 Bal.
C 1.60 95.12 Bal.
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Fig. 5 Volume fraction of different grain sizes and average

particle size of WC
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Fig. 6 Effect of molar ratio of C and W on density and

relative density of sintering samples
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Table 3 Line shrinkage along length direction and width

direction of sintering samples

Line shrinkage/%
n(C)/n(W)

Length Width
0.9 18.79 17.84
1.1 17.49 17.74
1.3 17.14 17.13
1.5 16.43 16.81
1.7 13.86 13.90
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Fig. 7 Effect of molar ratio of C and W on macrohardness

and wear mass loss of sintering samples
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Fig. 8 Relative wear resistance of Q235 steel and sintering

samples with different molar ratios of C and W
3 iR

1) DUESBRA Bk VR, LA KA, R
PRGN A AR, W LA i % WC-Fe
i B AR} o M Jal - LU AR, B n(C)/n(W)A 0.9~1.1
i, ARG 0 WCHy+y ZAHZLER, n #BE n(C)/n(W)
SRR s mcds BE R Le ey, B n(C)/n(W)TE
1.3~1.7 Z[A1ZZAGIS, XF R A RE A WCHp+C
— AL, C AHBE n(C)Yn(W)IBG KIMIE 2 . R
Wi 1.1~1.3 Z [ HEE n(C)/n(W) kK 3k HUEL AR 1)
WCHy WAHAH L.

2) fERMNAKRY, B n(C)/n(W)HK, Fiftk
K WC RFR A WG I, 1 WC IR dok R
NP RTE S DS

3) ik n(C)/n(W)If, BUZ ) n A5 WC ROk 2%
A, AR AT s O S R L IR B
i1 n(C)/n(W)IT, BRAR A7 SR AR Rk, FRALZA0
S, AR IAE R S P RE .

REFERENCES

[1]  RUiM, RE o, A, BREEX WC-Co BEBTE 4 il
ARSI KA BI]. R G 42, 2008, 25(3): 179-185.

WU Yue-mei, XIONG Ji, LAI Ren-ming. Influence of carbon
content on the microstructure of WC-Co cemented carbides and
carbon control[J]. Cemented Carbides, 2008, 25 (3): 179-185.

[2] AAdRiE, PhVERD, BOCHR. BR. B BURSEEI (WL Ti) C R
FEMBEEI]. BG4, 2002, 192): 70-73.

BAI Zhen-hai, SUN Bao-qi, LI Wen-xian. The carbon content of
(W, Ti)C cemented carbide bonded with Fe, Co, Ni[J]. Cemented
Carbides, 2002, 19(2): 70-73.

[3]1 k4. WG ER WC-10C0-0.6Cr3C2 TliJFi & 42l 4k 5

PERE K52 W 0] B AR SRR Y 5 TR, 2014, 1903):
446-450.
ZHANG Shou-quan. Effect of carbon content on Microstructure
and properties of WC-10Co0-0.6Cr3C2 cemented carbide[J].
Materials Science and Engineering of Powder Metallurgy, 2014,
19(3): 446—450.

(4] I, WP, VT PR, RN B EXT WC-6%Ni 4

mi B BT B 2 A A R M RE I e (0], B BT 4G, 2013
30(4): 190—-196.
DONG Kai-lin, SHI Kai-Hua, JIANG Qing, ZHOU Ke-chao.
Influence of carbon content on microstructure and properties of
WC-6%Ni cemented carbide[J]. Cemented Carbides, 2013, 30(4):
190-196.

51 ZFEHE WIEEEA G WCp k5 2 4125 1 B
PE[D]. IR WHRCKSE, 2015: 1-54.

LI Xue-feng. Microstructure and wear resistance of in-situ
synthesized WCp reinforced coating fabricated by argon arc
cladding[D]. Xiangtan: Xiangtan University, 2015: 1-54.

[6] POETSCHKE J, RICHTER V, GESTRICH T, MICHAELIS A.
Grain growth during sintering of tungsten carbide ceramics[J].
International Journal of Refractory Metals and Hard Materials,
2014, 43: 309-316.

[7] DELANOE A, LAY S. Evolution of the WC grain shape in
WC-Co alloys during sintering: Effect of C content[J].
International Journal of Refractory Metals and Hard Materials,
2009, 27(1): 140—-148.

[8] DELANOE A, LAY S. Evolution of the WC grain shape in
WC-Co alloys during sintering: Cumulated effect of the Cr
addition and of the C content[J]. International Journal of
Refractory Metals and Hard Materials, 2009, 27(2): 189—197.

[9] BOUNHOURE V, LAY S, CHARLOT F, ANTONI-ZDZIOBEK
A , PAUTY E, MISSIAEN J M. Effect of C content on the
microstructure evolution during early solid state sintering of
WC-Co alloys[J]. International Journal of Refractory Metals and
Hard Materials, 2014, 44: 27-34.

[10] MASETE, X2, SR B IR AE e TR AL A U )22 45 A A e



1334 ATt m AR 2018 47 H
HIsZI[I]. Ak THE, 2016, 44(6): 50-55. carbide powders by salt-assisted combustion synthesis[J]. Rare
ZHAO Li-ying, LIU Ping-an. Effects of oxygen-fuel ratio on Metal Materials and Engineering, 2016, 45(4): 853—857.
structure and property of detonation gun sprayed WC coating[J]. [14] 6f 3w, Sfd%, WA, SIook, kiGve, £ #. Bk
Journal of Materials Engineering, 2016, 44(6): 50—55. SMLREY YG BT A7 AE 1 B0 1) 880 R e adb 7], Mok

[11] WMiefe, BORME, F F, W 2%, skuvgs, # A, Hihs. WBEMRRIE S TR, 2012, 17(2): 172-176.

T T B e T A - L VR M R R S R [0 L BAO Rui, YI Jian-hong, YANG Ya-jie, PENG Yuan-dong,
2F4ik, 2007, 17(1): 39-44. ZHANG Hao-ze, LOU lJing. Decarbonization and
XIAO Yi-feng, HE Yue-hui, FENG Ping, XIE Hong, ZHANG improvement of coarse-grained low cobalt cemented carbide
Li-juan, HUANG Zi-qian, HUANG Bo-yun. Effects of carbon sintered by microwave irradiation[J]. Materials Science and
content on microstructure and properties of carbon-deficient Engineering of Powder Metallurgy, 2012, 17(2): 172—176.
cemented carbides [J].The Chinese Journal Nonferrous Metals, [15] g, R 8 & B, S & I B SET
2007, 17(1): 39-44. Bfive e R G A & AL S 45 BT SI]. 8

[12] XF2. WC-Co J5i& 41 I g AHIJ]. BTG4, 1997, 14(4): L%, 2011 (8): 72-76.

198-203. WANG Shu-feng, LI Hui-qi, CHI Jing, LI Min, CHAI Lu, XU

LIU Shou-rong. x-phase in WC-Co cemented carbides[J]. Hui. Microstructure and crystallization mechanism of composite

Cemented Carbides, 1997, 14 (4): 198-203. WC alloy produced by plasma in-situ metallurgy[J]. Journal of
[13] LAP,OUY, HAN S, WEI Y, ZHU D, FENG J. Effect of carbon Materials Engineering, 2011(8): 72—76.

content on morphology, size and phase of submicron tungsten

Effect of molar ratio of C and W on microstructure and properties of
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Abstract: The in-situ synthesized WC-Fe wear resistant materials with different molar ratios of C to W were prepared by
vacuum sintering using ferrotungsten and carbon black as reaction source. The effects of molar ratios of C and W on
microstructure and properties were studied by XRD, SEM, EDS, macro-hardness tester and abrasive wear testing
technology. The results show that when the molar ratios of C to W of the materials varies from 1.1 to 1.3, the materials
have a normal two-phase structure. The molar ratios of C to W of the materials is lower than 1.1, the n phase appears, as
when molar ratios of C to W is higher than 1.3, the C phase appears. The content and the average grain size of hard WC
observably increase and then change slowly with molar ratios of C and W increase. The density, linear shrinkage and
hardness of the material gradually decrease with molar ratios of C and W increase. And the wear mass loss constantly
increases with increasing molar ratios of C to W.
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