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Table 1 Performance parameters of raw powders

Powder wC Co Ni Fe
Purity/% =>99.9 =>99.9 =>99.9 >98.5
Fsss/pum 6.00 0.70 1.00 1.00
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Table 2 Nominal composition of cemented carbides (wWt%)
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Fig.1 XRD patterns of WC-Co and WC-Ni-Fe cemented carbides with different binder phase contents: (a) WC-Co and (b) WC-Ni-Fe
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Fig.2 SEM images of WC-Co and WC-Ni-Fe cemented carbides with different binder phase contents: (a) WC-6Co, (b) WC-9Co, (c) WC-12Co,
(d) WC-15Co, () WC-6(Ni-Fe), (f) WC-9(Ni-Fe), (g) WC-12(Ni-Fe), and (h) WC-15(Ni-Fe)
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Fig.3 Grain size distributions of WC-Co and WC-Ni-Fe cemented carbides with different binder phase contents: (a) WC-6Co, (b) WC-9Co,
(c) WC-12Co, (d) WC-15Co, (e) WC-6(Ni-Fe), (f) WC-9(Ni-Fe), (g) WC-12(Ni-Fe), and (h) WC-15(Ni-Fe)
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carbides with different binder phase contents
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Fig.7 SEM images of bending fractures of WC-Co and WC-Ni-Fe cemented carbides with different binder phase contents: (a) WC-6Co, (b) WC-
9Co, (c) WC-12Co, (d) WC-15Co, (e) WC-6(Ni-Fe), (f) WC-9(Ni-Fe), (g) WC-12(Ni-Fe), and (h) WC-15(Ni-Fe) (A represents

transcrystalline fracture; B represents intercrystalline fracture)

RO WL, 32T T & &b Ete. S, A E8r %
W2 7 IR Sy WC s 10 55 i DT 285 5 &85 A 1 3 T 48
24090, gt Ah, B 7 Th BT ARG S8 AH B T SE D
[IH) 5 454, % B WC-Ni-Fe & £ 1ERG 45 A0 & BT,y
-(Fe, NiyRh 4t AH B B AF s e Y.
3.3 PEEEBEMITAH

iR B P A 1 T R N R B O Y AT A o
— M FL T S R T B R & AR I TR
FARE R A 4 AR F . B 8a T 7n N WC-6Co 52 WC-
15Co 15T 7 4 (P BE B B HR i 25 . 7] UL, 4 4> WC-Co i i
B 4 1 B A0 B 5 X 1A] B AR R T, 1 et o B 442 X 1] 1)
VRV R A — 8 2 5%, A S IR 5 1 R o G 45 AH 2
TOTT I H B . B 8b T s A WC-6(Ni-Fe) & WC-15(Ni-
Fe)tli Jii & 4 ) PR BE 4 it 26 . 4 > WC-Ni-Fe i Jii & 4

F10) B 457 B 5 ST X [B)RERT R, R Bl B R 45 AH & &34 , &
7S 5 IX [ 5 e g B 3% X T ) B 2 R AR AE [R5 19
G T BV e PR . X2 B T 7E WC-Ni-Fe il Jit
G 4 PAFLEN-Fe it A R RS G, B4 &7
By IR B 2 R A Bk BIARE BE IR, T K T &
i) 292

P& 9 it 71k A WC-Co 5 WC-Ni-Fe 1 2L 1 i 7 4 B2 4%
BEAR R BT L . WC-Co A 5T B 4 110 B8 5 5 45 2R H004
i L WC-6Co & 42117 0.45 38 i £ WC-15Co & 4111 0.52,
T WC-Ni-Fe Bl Jii £ 4 ) JBE 5 B 451 22 20 7 . WC-6(Ni-
Fe) & 4 10.52 B %] WC-15(Ni-Fe) & 41 0.64. &9
HhOoS LT T, B 4 B AR [R] 0 R 25 AH 5 &I, WC-Co
T J55 5 4 1RO iRf B 4 S 4 F WC-Ni-Fe B iR & 42 . A 3@
R R I RN E R R, SRR

1.5} —WC-6Co a 1.5F —WC-6(Ni-Fe) b
—WC-9Co — WC-9(Ni-Fe)
s —WC-12Co - — WC-12(Ni-Fe)
8 1.2} —wc-15c0 5 1.2} —WC-I50Ni-Fe)
Q Q
= =
20. B 0.9
3 0.

O o}
go. 506
35 RS
=, £ 03

0.0 T T 00—

0 ) 10 15 20 25 30 0 5 10 15 20 25 30
Time/min Time/min

Kl 8 [l 45 AR & B WC-Co Fl WC-Ni-Fe fifl i £ 4 B {5 B 457 1 25
Fig.8 Friction wear curves of WC-Co and WC-Ni-Fe cemented carbides with different binder phase contents: (a) WC-Co and (b) WC-(Ni-Fe)
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Study on Microstructure and Properties of WC-Co and WC-Ni-Fe Cemented Carbides
with Different Binder Phase Contents

Zhang Fan'”, Yuan Delin', Ye Yuwei', Chen Hao'”
(1. School of Materials Science and Engineering, Jiangxi University of Science and Technology, Ganzhou 341000, China)
(2. Jiangxi Key Laboratory of Efficient Development and Utilization of Tungsten Resources, Ganzhou 341000, China)
(3. Ganzhou Nonferrous Metallurgy Research Institute Co., Ltd, Ganzhou 341000, China)

Abstract: Two groups of WC-Co and WC-Ni-Fe cemented carbides with varying binder phase contents were prepared using the same process.
The research explored the trends in the microstructure changes and the differences in properties between WC-Co and WC-Ni-Fe cemented
carbides. The results show that the binder phase of both WC-Co and WC-Ni-Fe cemented carbides exhibits a single-phase structure. As the binder
phase content in the alloy increases, there is an increase in average grain size and a decrease in hardness and coercive magnetic force.
Additionally, cobalt magnetism, bending strength, and impact toughness all exhibit upward trends. In comparison, the WC-Co cemented carbide
exhibits higher coercive cobalt magnetism, magnetic force, and bending strength than WC-Ni-Fe cemented carbide. However, WC-Ni-Fe
cemented carbide exhibits better impact toughness with a higher binder phase content, reaching up to 5.9 J/cm”. The frictional behavior of WC-Co
and WC-Ni-Fe cemented carbides is similar, but the wear degree of the alloys gradually increases as the binder phase content increases. When the
contents of binder phase content are the same, the wear resistance of WC-Co cemented carbide is superior to that of WC-Ni-Fe cemented carbide.
Key words: WC-Co; WC-Ni-Fe; microstructure; mechanical properties; friction and wear
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