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Influence of Carbide Fraction and Carbon Content on
Properties of Sintered High-speed-steels

Novimasa Ucuma and Hideki Nakamura

Synopsis : In order to improve the performance of sintered high-speed-steels by increasing carbide fractions and carbon contents
and to clarify the limits of their addition, several properties of high-speed-steels having higher carbide fraction and
carbon content than conventional ones have been investigated. Carbide fractions were controlled by changing the W,
Mo and V contents of atomized powder. Specimens were prepared by vacuum sintering of cold-compacted water
atomized powder consisting of fine solidification structure.

The upper limit of carbide fraction was found to be about 43 area%, because the bending strength decreased with
the formation of network carbide structure. The upper limit of carbon balance (Cyai), converted into carbon content,
was about 0.15 , because above 0.15, the tempered hardness decreased with the increase in retained austenite, and, the
bending strength decreased with coarsening of carbides after sintering. The chemical compositions of 2.8C-13W-11Mo-
8V-8Co and 3.2C-12W-8Mo-10V-9Co showed superior performance to conventional high-speed-steels.

Key words : high-speed-steel ; powder metallurgy ; carbide ; alloying element; metallography ; strength; tempered hardness;

cutting performance.
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Table 1. Chemical compositions of the specimens after sintering.

[O]:ppm others: mass%

No | Specimen C Cr W Mo V Co [O] Chal Sint.Temp.
1 12-8-10 13.25 44 120 78 97 101 275 0.16 1180°C
2 13-11-8 285 42 132 113 80 82 772 | —0.15 1180
3 19-14-6 | 280 42 186 140 64 177 513 | —0.22 1180
4 3.1C 317 42 121 174 101 94 280 0.03 1175
5 3.2C 323 47 118 74 98 94 303 0.13 1175
6 3.4C 343 42 11.1 75 91 10.0 1059 0.52 1165
7 3.6 C 359 41 113 176 9.1 100 1361 0.67 1150

[ water atomizing l
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Fig. 1. Processing flow chart.
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Table 2. Heat treatment conditions and hardness of
bit in tempered condition.

No | Specimen Hardening  Condition Hardness

Quenching Tempering (HRC)

1 12-8-10 1180 C | 550Cx(1+1+1)h 70.3

2 13-11-8 1180 ” 71.6

3 19-14-6 1180 ” 72.1

4 3.1C 1240 ” 70.5

5 32C 1180 ” 70.9

6 34 C 1180 580°Cx(1+1+1)h 69.8

7 3.6 C 1180 ” 69.8
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Fig. 2. Scanning electron micrographs of the speci-
mens after hardening.
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C Cr W Mo V Co Fe

Matrix 15 44 13 23 19 14.1 744
A |MC |122 44 163 116 514 04 2.0
B [MsC 32 43 29.1 20.7 36 6.6 29.8

Fig. 3. Chemical compositions of carbides and
matrix in 12-8-10 steel.

Table 3. Area fraction and mean free pass, A, of
particles dispersed in matrix after harden-

ing.
Specimen | MeC(%) | MC(%) Total(%) A (¢ m)
12-8-10 8.7 26.0 34.7 3.2
13-11-8 20.5 22.2 42.7 1.7
19-14-6 33.3 19.7 53.0 1.5
3.1C 9.2 24.3 33.5 2.2
3.2C 8.7 25.4 34.1 2.2
3.4C 3.3 27.6 30.9 3.7
3.6 C 3.0 26.5 29.5 4.0
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Fig. 4. Tempered hardness curves of the specimens.
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Fig. 5. Transverse rupture strength, o, vs. hardness
of the specimens after hardening in various
heat treatment conditions.
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Fig. 9. Cutting edge of bit after cutting SKD61.
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