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Mechanism of ultrafine/nano W-20Cu
composite powder during liquid sintering
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Abstract: Ultrafine/nano W-20Cu (mass fraction, %) composite powders were synthesized by sol-spray drying and
subsequent hydrogen reduction process. The powder compacts were sintered at 1 340—1 420 ‘C for 5-180 min. The
densification and the mechanism of the grain growth were studied. The results show that, the sintering temperature is the
main factor for the densification. The significant densification occurs in the early sintering stage in the liquid phase for
W-20Cu composite powders. When sintered at 1 420 C for 5 min, the relative density reaches above 89%. With the
extension of the sintering time, the relative density increases. When sintered at 1 420 C for 90 min, the maximum
relative density of 99.1% is obtained. During liquid sintering, W grain becomes large and spherical, and the grain size G
and time ¢ match the relationship G’ = Gg + kt , which means that the grain growth of W is subjected to the
dissolution-precipitation mechanism. As the sintering temperature increases, the grain growth kinetic parameters of W
increase from 1.59X 1072 pm*min to 2.47X102 pm*min at 1 340—1 420 ‘C. The formation of liquid, particle
rearrangement, grain growth and dissolution-precipitation cause W-Cu material to reach nearly full density.
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Fig.1 Relationship between relative density and sintering
time for ultra/nanocrystalline W-20Cu at different sintering
temperatures: (a) 1 340 “C; (b) 1 380 'C; (c) 1 420 C
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Fig.2 Microstructures of ultrafine W-20Cu sintered at 1 420 “C for different sintering times: (a) 5 min; (b) 10 min; (c¢) 15 min;
(d) 30 min; (e) 45 min; (f) 60 min; (g) 90 min; (h) 120 min; (i) 150 min ; (j) 180 min
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Fig.3 Relationship between grain size G and sintering time ¢ of ultra/nanocrystalline W-20Cu at 1 340 ‘C
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Fig.4 Relationship between grain size G and sintering time ¢ of ultra/nanocrystalline W-20Cu at 1 380 ‘C
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Fig.5 Relationship between grain size G and sintering time ¢ of ultra/nanocrystalline W-20Cu at 1 420 ‘C
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Table 1  Grain growth kinetics rate constant of ultra/

nanocrystalline W-20Cu

Grain growth kinetics rate constant/

Temperature/ 'C (u-min™)
1 340 1.59%X 1072
1380 1.93X1072
1420 2.47X1072
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