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Fatigue Properties of High-temperature Quenched and Sub-zero Treated Cold Work Tool Steel
Daien Yokoi, Yasushi Haruna

Synopsis: Cold-work tool steel, QCM8, is the modified JIS-SKD11 that contains 0.8%C-8%Cr-2%Mo-0.5%V. In this study,
fatigue properties of high temperature quenched and sub-zero treated QCM8 have been investigated. Specimens

were heated at 1080°C and quenched to room temperature (RT) followed by sub-zero treatment (SZ) ranging from

-270°C to 0°C. Volume fraction of retained austenite (y ) decreased from 27% to 10% by the sub-zero treatment

below -80°C. Microstructures of specimens followed by tempering between 200°C and 600°C were investigated.

Tension-compression fatigue tests were carried out under fully reversed stress amplitude of 1000MPa using two

different specimens in volume fraction of y &, which were quenched to RT by air-cooled (AC) and to -80°C by SZ

followed by tempering at 200°C. The results were summarized by Weibull distribution method. Fatigue lives of AC

were longer than those of SZ. According to fracture surface observation, fracture occurred at the interior of the

specimens and fisheyes were observed. The most of crack initiation sites were broken carbides. The difference of

the fatigue lives between the two types of specimens was attributed to crack initiation life, which was longer when

the carbide size was smaller. It became clear that the fatigue crack initiation life is improved when the carbide size

is smaller and the volume fraction of y & is higher.
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Table 1. Chemical compositions of specimen (mass%).

Grade | G Si | Mn | Cr | Mo Y P S
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b) Tension-compression fatigue test piece

Fig.1 Shape and dimensions of specimen(mm).
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Fig.5 Effect of sub-zero and tempering temperature on hardness.
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Fig.6 Optical microstructure of the specimen tempered at 200T

after air-cooling from 1080T.
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