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Effect of carbide size on mechanical properties of cold work tool steels
Daien Yokoi, Nobuhiro Tsujii and Tatsuro Isomoto

Synopsis: With recent increases of deformation stress of work material and with near-net or complex shaping of automobile
parts, stress concentration sites are increasing in tools such as dies and punches used for the production of these
parts. Since cracking and chipping occur earlier under these circumstances, lives of tools have been noticeably
shortened. It has been found that carbides are the origin of fracture in the tools. In this work, we studied the effect
of carbide size on mechanical properties of cold work tool steels with two different carbide sizes, conventional tool
steel JIS-SKD11 and modified SKD11, that is, QCM8. It was found that the refinement and the homogeneous dis-
tribution of M,C, carbide contributed to the superior fatigue strength, strength and toughness of QCM8. QCM8 has
also better wear resistance than SKD11 at the same hardness level.
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Fig.1. Examples of SEM photograph showing internal cracks
initiated at carbides observed in the cold working die after
1X10* shots of pressing.
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Fig.2. Relation between the wear resistance and the toughness of
cold work tool steel.
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Table1. Chemical composition of specimens.(mass%)
Grade C Si Mn Cr Mo V P S
SKD11 1.41 0.24 0.41 11.10 0.80 0.23 0.023 0.001
QCM8 0.80 0.88 0.38 8.01 1.90 0.54 0.024 0.002
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Fig.3. Phase diagrams of Fe-Cr—C system sectioned at 8 and 12 mass%Cr.
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Fig. 4. CCT curves for SKD11 and QCM8.
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Fig.5. Microstructures of as—quenched SKD11 (a) and QCM8(b).
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Fig. 6. Distribution of carbide particle sizes of as—quenched
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Fig. 7. Area fraction of carbides larger than equivalent diameter of
0.5um in SKD11 and QCMS8.
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Fig. 8. Effect of tempering temperature on hardness.

Table 2. Amount of retained austenite for SKD11 and QCM8.(vol%)

Tempering Temerature

Grade As.Q 200C 400C 500C 525C 550C
SKD11 18 18 18 3 0 0
QCMm8 12 12 12 9 3 0
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Fig. 9. Results of wear test.
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Fig. 10. Relation between hardness and tensile strength.
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Fig. 15. SEM photographs showing origin of fatigue fracture of QCM8 specimen.
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