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Table 1 Nominal composition of cemented carbides

Mass fraction/%

Alloy No.
wC Co CrC,
1 94 6 0
2 94 6 0.15
3 94 6 0.30
4 94 6 0.45
5 94 6 0.60

1 JRUKIR T SEM 18
Fig. 1 SEM images of raw materials: (a) WC powder; (b) Co
powder; (¢) WC/Co composite powder

45 MPa, HA[E<10 Pa.

KB KB HE KM A S R, SRR
RO R % RIS B A& mBE L, R
HXD-1000TMC/LCD %% 2 A fill & F I 12 5 4 11 2
TUBERE, ik 294 N, IFE 10 s; A EMBIREITE
Kic FHIREI 5438 K H Nova Nano SEM 37 &
P B S A a1 B s K, 5T
SRR s B A BEPEREINAYE MRH-3G Y
P IR P A IO LB AT, REE SRR 6
mm X7 mmX 30 mm, MOREEEE]N 45 55K,
#1200 N, WENEE 25 m/min, ] 1h, FREIEE
(2543) C, ¥BJE(60+2)%. K NanoMapS00LS — 4
FAR S FFRASONL 25 JE5 4070 i VR (1 B IR 5 8 B S SRR
B4 BEAE CHIG60E Hifk 2 TAEus EitAT, R
FARRE = AR R, HRIH K R (SCE) A 2 L Fa K,
IO AR B AR, AR TR AR, bl
2 0.1 mol/L ¥ HCI ¥ (FRPEFAEE)FI 1 mol/L 1
NaOH % (B IEIED), AR ZEN 1 mV/s, il
7 H—1.5~1 V.

2 FHRE5HM

2.1 AERIEMALR

G SMAZWE 2 fros. HIE 2 WAL, R
I CrC BN, A4 WC ERAT 4 i K
KIS oL, B Sk K AR CrC, A, WC
AR K S LA 2, HBEE CryCy B IN 13
NP ARSNGB R DR e R A
WC &RLI RN B AR BL LI 3) . AL 3 1] U
tH, WC IR ERE JT ARSI Crs Gy 1 (1) 1.05 pm
B A 0.6% CrsC, I 0.81 pum, N 1l 5 W 52,
(GRS 00 RN W P o EEN 6 B3 s S ST BT X L SRS PS
—IBFN VI T CryCy X WC ki K A 1 R 11
FHIE o CrsCy 1T LUA R WC iR KT J5 A
FEALUN 3 FE 1) CrC BT Co MR, If
W BT WC BIRE R, BEAIC WC IRRTHIRE, M PR
T WC TERAH T AR R 2) CrCy Wids WC/WC
FHwAT, FHAS T WC FLHEIITERE, Bk WC SRk
BEREK K 3) CrCh IR R WC 554
TR

22 EEWNEE
B A B A WC K7 SRS s s
WA SR . B 4 Fion A CryC, i



1582 hEA SR R

2017 4E 8

Abnomal grain growth

1) SPS WC-6Co il Jii & 48U e b 2. tHIE 4
A%, 28 SPS SREEEUEASG, A& MBI AR YE
FRAE 99%LL Fo [ LS TT R BL, & 4 80 B bl
CrsCy IR ALK RS R et . X EZIHN T
Cr;C, I ERAR T WC HIBEH 1, qILas e,
SRR LE G A S AR B . — U7, AR
JENBedhit, Wik Co JERGRE D, 33 CrsC, {EIAH
Co FIIMREE IR/, 2 CrC s B2, A1
Cr;Co RUTHE WC/Co fn At b, AR 52 & 4 (1) 3
AL FERY, JEH CrsCy B P fET Co A, BEAG

B2 WC-6Co Rl i1+ B2
Fig. 2 Microstructures of WC-6Co alloys
with different contents of Cr;C,: (a) 0;
(b) 0.15%; (c) 0.3%; (d) 0.45%; (e) 0.6%
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Fig. 3 Distribution of WC grain size for
WC-6Co alloys with different additions of
Cr;Cy: (a) 0; (b) 0.15%; (c) 0.3%; (d) 0.45%;
(e) 0.6%
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Fig. 4 Effect of Cr;C, content on relative density of WC-6Co
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Fig. 5§ Effect of Cr;C, content on hardness and fracture

toughness of WC-6Co alloys
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Fig. 6 Effect of Cr;C, addition on friction coefficient of
WC-6Co alloys
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Table 2 Wear properties of WC-6Co-xCr;C, cemented

carbides
Alloy No. w(Cr;C)/% Wear depth/um  Wear width/mm
1 0 17.03 2.56
2 0.15 15.46 2.38
3 0.30 14.38 2.12
4 0.45 12.38 1.85
5 0.60 13.14 1.97
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B EAERRYE . BRIEPRE  E v Re . B
WAL WC-Co Bl & 42 AR JES Ak PEAR R RE E b s T
TEWAH Co W C JuE M. BHAE dhn IRk

Bl7 Cr;CdsinEx WC-6Co 5
SEHRIEHLE I(3D)

Fig. 7 Effect of contents of Cr;C,
on wear track of WC-6Co alloys
(3D): (a) 0; (b) 0.15%; (c) 0.3%;
(d) 0.45%; (e) 0.6%
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Fig. 8 Effect of Cr;C, contents on polarization curves of
WC-6Co alloys in acidic medium (Inset is magnification of

region [ )
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Table 3  Corrosion performance parameters of WC-xCr;C,-6Co

alloys in acidic medium

w(Cr;C,)/  Average grain Deorr Jeor! R/
% size/um  (vs SCE)/V (pA-em?) (Q-cm?)
0 1.05 -0.360 10.02 4256
0.15 0.98 -0.351 9.63 4342
0.30 0.85 —0.332 8.25 4385
0.45 0.83 —0.242 7.65 4428
0.60 0.81 —0.249 7.38 4468
0

le(I/A)

1.0 0.5 0 -0.5 -1.0 1.5
Potential/V

B9 HEMENFE T CryC, TN WC-6Co & Ak Ak Hh £ 1)
Al

Fig. 9 Effect of Cr;C, contents on polarization curves of

WC-6Co alloys in alkaline medium (Inset is magnification of

region 1I)

R4 WS FF WC-6Co-xCrC, B IMERES S
Table 4 Corrosion performance parameters of WC-6Co-xCr;C,

in alkaline medium

w(Cr;C,)/  Average grain Dcorr Jeor! R/
% size/um  (vs SCE)/V (pA-em %) (Q-cm?)
0 1.05 —1.082 20.56 1628
0.15 0.98 —1.086 19.83 1765
0.30 0.85 —1.056 18.45 1829
0.45 0.83 -1.072 18.02 1861
0.60 0.81 -1.076 17.76 1923
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Effect of Cr;C, on microstructures and properties of
WC-6Co cemented carbides prepared by SPS

ZHANG Xue-hui, HUANG Zhu, XU Chang, LI Xiao-xian, CAI Zhi-yong, CHEN Hao

(School of Materials Science and Engineering, Jiangxi University of Science and Technology, Ganzhou 341000, China)

Abstract: The WC-6Co cemented carbides with various contents of grain growth inhibitors Cr;C, were fabricated by

spark plasma sintering (SPS). The effects of Cr;C, amount on the microstructures and performances of the cemented

carbides were investigated by SEM, EDS, mechanical property tester, wear testing machine and electrochemical

workstation. The results show that, with increasing the amount of Cr;C, in the cemented carbides, the abnormal growth of

WC grains disappears and homogeneous submicron-grained microstructure forms. At the same time, the addition of

Cr;C, can obviously improve the mechanical properties, wear performance and corrosion resistance of the alloys. When

the Cr;C, addition is 0.45%, the comprehensive performances of the alloy are the best. The hardness is 1933 HV;, and

fracture toughness is 12.5 MPa-m"?.

Key words: WC-6Co cemented carbide; microstructure; mechanical property; corrosion resistance
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