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Fabrication of Ultrafine-Grained Gradient Cemented Carbide by
SPS Pre-sintered Method
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Abstract: The ultrafine-grained gradient cemented carbide (UGCC) was prepared by a two-step
sintering,, containing spark plasma or vacuum pre-sintering, and a gradient sintering. The effect of
the pre-sintering mode ( spark plasma or vacuum ) on microstructure of the UGCC is studied and
the influence of the pre-sintered microstructure on the gradient formation and grain growth during
gradient sintering process is also analyzed. The results show that the pre-sintered microstructure of
the UGCC greatly affects the gradient formation and grain growth during gradient sintering. Using
this two-step sintering, the thickness of gradient layer of the UGCC can be increased to 53 pum,
associated with the average grain size of WC about 0. 3 pm.

Key words: ultrafine grain; gradient cemented carbide; SPS ( spark plasma sintering ) pre-
sintering ; gradient formation; grain size
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Table 1 Powder and particle sizes for the
cemented carbide

MES  WC Co Ti(C,N)(W,Ti)C VC Cr,C,
TS HU %

Fsss /pm

77 12 4 6 0.35 0.65

0.4 1.0 1.5 .5 1.0 1.0

Kt R v R D T D R, S F AR
RS P T AT . i 5k S L B
B AR T 4 26 2 RO B SO 2 2.l T 3k
15 WC dihr ST, R HIEMZ 53 B 454 Win ROOF
X WC @R HEA T I o | RS SE G S5 F T Bl AL E HR
3N, B 200 424 Y WC KL

2 RN

2t ELAS e 45 RN SPS THBE 45 I B A 4
AR S5 AN 1 frs. Hedb a2 We
FH, BAE Y & Co KEghAH, KUY &7 5 Al B2
Tibest s , WC &b K/ MBS 5] 343 DX 3 30
MR R TIES =M WC Sk, IF BB T8
AR Ti(C,N)  AMNR R K (W, Ti) C 1)
OO =B g ST TR T SPS TBRLE I, WC
KRS AR SRR A N, KN A 35T AT
0 ) SR B K ANFEAE S IS — R 45457 J5AH.

1 BREREREEEMAR

Fig. 1

N TR HURE S A G B UL SO A 5
B4 B BESE RN R A= A A 52 0, %) TUbe 45 I
B T 4 9 WC R RS A #E4T 1 23, a1

Microstructure of the cemented carbides after pre-sintering

(a)—H=%; (b)—SPS.
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Fig. 2 WC grain size distribution in the cemented carbide after pre-sintering
(a)—H=5; (b)—SPS.

3 BERERERERMAR
Fig. 3 Surface microstructure of cemented carbide after gradient sintering
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Fig. 4 Microstructure of the cemented carbide after gradient sintering
(a)—H=5; (b)—SPS.
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