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Effect of Mixing Condition on Material Properties
of Ferrous Sintered Tool Steels

Nobuyasu Kawai and Taihei Maruyama

Powder Metallurgical HIP’ed (P/M HIP’ed) high speed tool steels have better mechanical properties
but lower notched ductility than those of conventional tool steels due to uniformly distributed fine
carbides. Therefore it is thought to be a useful means to add properly larger carbides to high speed
steel powder. This paper describes the mechanical test results of WC carbide added tool steels
prepared with wet type ball mill and dry type V mixer. 9.3 and 17 volume % of WC added high speed
steels were investigated in terms of bend test, hardness test, fractal dimension, carbide distribution
and so on in comparison with conventional and commercial P/M HIP’ed high speed steels. As a result
it was found that lower bend strength, lower hardness and lower fractal dimension for 9.3 and 17
volume % WC steels were obtained than for conventional and P/M HIP’ed steels due to agglomerated

carbides.
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Table 1 Materials used for This Study

Mark Mixing Mixing condition
A 9.3vol.%WC added SKH55 | Dry, V Mixer 20 rpm, 1.8ks.
B 17vol.%WC added SKH55 ibid ibid
D 9.3vol.%WC added SKH55 | Wet, Ball Mill 200rpm, 1.8ks
E 17vol.%WC added SKH55 ibid ibid
C Conventional SKH55
H Powder HIPed SKH55
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b) Wet Mixed (Ball Mill Mixed)

Fig.1 SEM Photograph of Mixed Powders (9.3 volume % WC)
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a) Dry Mixed (V Mixer)
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Table 2 Density of Samples
(Mg/m?)
A B D E C H
Measured density 8.9 10.13 9.02 9.43 7.97 7.99
Normalized density 9.04 10.27 9.16 9.57 8.11 8.13
Calculated density 9.38 10.26 9.38 10.26 8.13 8.13
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Table 3 Bend Strength and Hardness

A B D E C H

Bend Strength (GPa) - - - - 3.04 3.1
Hardness (HRB) 122 121 123 123 119 123
Hardness (HV) 759 835 855 763 681 849

100 um

a) Sample A (9.3%WC Dry Mixing) b) Sample D (9.3%WC Wet Mixing)

100 um 100 um

¢) Sample B (17%WC Dry Mixing) d) Sample E (17%WC Wet Mixing)

Miniscope23dl 2010/03/11 15:35 L 100 um Miniscope 1646 200911712 10:18 L 100 um

e) Sample C (Conventional SKH55) f) Sample H (Powder HIP’ed SKH55)

Fig.2 Microstructures of Test Samples
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Fig.3 Elemental Maps of Sample D (9.3 volume %, Wet Mixing)
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Fig.4 Comparison of WC Size Distribution between Dry and Wet Mixed Samples
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Table 4 Fractal Dimensions of Fractured Surface Roughne

A B D E C H
Fractal Dimension | 2.16 | 2.13 | 2.19 | 2.22 | 2.23 | 2.17
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a) Sample D (9.3 volume % WC)

Z [um]

X R

i
-
ORI
N

TR
X

A
AR

ANl
|
\\\\‘

W
RO

1090

b) Sample C (Conventional SKH55)
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Fig.5 Appearance of Fractured Surface
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Fig.6 Image to calculate optimum WC content
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