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Fig.1 XRD patterns of WC-Co composite powders synthesized

by in-situ reactions at different vacuum degrees
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Fig.2 TG-DSC curves of nano WC-Co composite powder
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Fig.3 SEM images of WC-Co bulks with carbon additions of 16.30% (a), 16.40% (b) and 16.45% (c) sintered at 1050 C and
16.30% (d) sintered at 1200 C
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Fig.4 SEM images (a, b) and particle size distribution (c, d) of nano composite powders with different heat treatment parameters:
(a, ¢) unheated and (b, d) heat-treatment at 800 ‘C for 2.5 h
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Fig.5 XRD patterns of sintered bulks prepared by nano WC-Co

composite powders with and without heat-treatment

FCAE BRI IR o 7 25 (0 B R L 7 A v ey A2 45 3 1
T BOTH R D e £ A Fg e o A R A Ak B
BAR A7 WS

MIBREE B ) A AR B E] (B 6), Pkt
FErp R AR b H AR D, Ui s & R i A
KA T AT AT AN A5 LA SRR AR

Frequency/%

60 80
Grain Size/nm

100 120 140 160 180

KRpeahihl &k, HHAZE . PRS2 105 nm.
YN Ol PR T EE R R NS i R Y R AT (S ik iy
KRpeahiolhe, HEEERT 99% (K 3). MAKLIL
R BeG R FE K 2 AR P B A B2 R BRI K%
IRARALAE, FLIRNE FE 4436 AR % ROTAE 50 nm LUT /N iy
REPRR . AR T A T R SR A2 BRIER B, B
KA ST — 2 RSN kL N SR AR AE v 25 BE AL 1Y)
AR o F 20 AL 2 R B A R AR P O AR TR
HRAEGIFK K. BT SPS beghinf A8, K Akl A
170N KL AT BE VA R0 (RN T 2B AT PR B o TR ARAE
SRR, AR IS T I AR Y AT A A BRI 1
B THBRIFR K, MRS S AL G/ oL D

F3 MULEBSRALIBHK WC-Co B &M B RIFH B HI
RTRESEE

Table 3 Mean grain sizes and relative densities of sintered

bulks prepared by nano WC-Co composite powders

with and without heat-treatment

Unheated Heat-treated
Mean grain size/nm 97 105
Relative density/% 96.58 99.29
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Fig.6 SEM images (a, b) and grain size distributions (c, d) of WC-Co bulks: (a, c) heat-treated and (b, d) unheated
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Table 4 Mechanical properties of sintered bulks prepared by

WC-Co composite powders with and without

heat-treatment

Unheated Heat-treated
Hardness, HV3/MPa 21830 21 450
Fracture toughness/MPa m*/2 8.62 9.81
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Preparation of Nano WC-Co Composite Powders with Pure Phases and Low Oxygen
Content

Zhou Cheng, Wang Haibin, Wang Xilong, Ma Jie, Song Xiaoyan
(Key Laboratory of Advanced Functional Materials, Education Ministry of China,
Beijing University of Technology, Beijing 100124, China)

Abstract: Using tungsten oxide, cobalt oxide and carbon black as the raw materials, the nano WC-Co composite powders with pure phases
and a mean particle size of about 80 nm were synthesized by the technique of in-situ reactions under high vacuum. The effects of
preparation conditions on the phase constitution, the particle size and the oxygen content of the composite powder as well as on the
microstructure and mechanical properties of the sintered bulk were investigated. Results indicate that the decarburization reaction occurs
in the sintering process when the oxygen content of the composite powder is higher, leading to a decrease in density and mechanical
properties of the sintered bulk. The oxygen content of the powder could be significantly reduced through a heat-treatment at 800 °C for 2.5
h. After that, the powders still have a mean particle size of 85 nm. The SPS sintering was performed using the heat-treated composite
powder in which 1.1%TiC and 0.9%VC were added as grain growth inhibitors. The sintered WC-Co bulk has a density higher than 99%
and a homogeneous grain size distribution. The mean grain size is 105 nm. Moreover, the hardness (HV3) and fracture toughness of the
bulk reach 21 450 MPa and 9.81 MPa m*?, respectively, superior to that prepared with the unheated powders.

Key words: in-situ reduction and carburization; nano WC-Co composite powder; absorbed oxygen; spark plasma sintering
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