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ABSTRACT The effect of the role of alloyed components on the densification of two kind
of high speed steel (mixed and prealloyed powder), which were sintered at 1403~1573 K for 7.2 ks
in vacuum, was investigated. The results obtained were as follows. (1) Without the presence of
Vanadium (V), the relative density of sintered compacts (Ds) could not reached the density of
100% regardless of the elements in the compacts. (2) The addition of V up to 2 mass% did not
result in the complete densification when the carbon content was fixed at 2% in the compact.
(3) With the fixed amount of V of 7%, Ds decreased with the increase of the carbon content.
(4) The addition of mixed fine powder to the prealloyed powder in the range of 20 to 40% provided
the complete densification and carbide particles of 1~2 pm through the solid phase sintering. (5)
The V element played important role in controlling the complete or incomplete densification of
the sintered compacts in the alloyed component because of its formation of stable oxide and carbide
as well as the low equilibrium pressure of CO gas.
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Table 1. Chemical composition (mass%) of high speed
steel (H.S,S) pre-alloyed powders

Pre-alloyed Fe Co C Cr Mo W V
powder

H1 O 7363 787 124 390 979 1.60 119
H2 0O 7914 056 133 397 557 578 3.07
H3 A TL76 822 135 399 513 625 2.67
H4 7065 5.02 178 4.09 040 1248 4.88
Hb5 v 6203 940 286 401 345 9.38 831
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Fig. 1. Typical microstructures of (a) Fe-2%C-4%Cr-
3.2%Mo-3.5%W and (b) Fe-4%Cr-3.2%Mo-3.5%W-7
%V compact vacuum-sintered at (a) 1473 K and (b)
1523 K for 7.2 ks.
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Fig. 2. Effect of additional V powder content and sin-
tering tempreature (Ts) on the relative density (Ds)
of H.S.8 vacuum-sintered compact.
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sintered at 1523 K for 7.2 ks,
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Fig. 4. DTA (differential thermal analysis) curve for
Fe-2%C-4%Cr-3.2%Mo0-3.5%W-6%V powder mix-
ture compact.
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Fig. 3. Effect of additional V powder content on the microstructures of Fe-2%C-4%Cr-3.2%Mo-3.5%W compact
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Fig. 5. Effect of additional carbon content on the rela-
tive density (Ds) of Fe-4%Cr-3.2%Mo-3.5%W-7%V
vacuum-sintered compact.
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Fig. 6. Effect of additional carbon content on the microstructures of Fe-4%Cr-3.2%Mo~3,5%W-7%V compact

sintered at 1523 K for 7.2 ks.
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Fig. 7. Effects of green density (Dg) and sintering tem-
preature (Ts) on the relative density (Ds) of H.S.S
vacuum-sintered compact,
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Fig. 8. Typical microstructures of various H.S.5 compacts sintered at 1503 K for 7.2 ks in vacuum: (a) as-polished,

(b) etched.
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Fig. 9. Effect of addition of H2 and H4 fine powder
mixtures, green density (Dg), and sintering temprea-
ture (Ts) on the relative density (Ds) of H2 and H4
pre-alloyed compacts.
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Fig. 10. Effect of addition of H2 fine powder mixture

on the microstructures of H2 compacts sintered at
1503 K for 7.2 ks.
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Fig. 11. Effect of addition of H4 fine powder mixture on the microstructures of H4 compacts sintered at 1503 K

for 7.2 ks.
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