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Effects of Quenching Conditions on Hardness and Toughness of Tool Steels
Akihito Furuta and Nobuhiro Tsujii

Synopsis: To make clear the effects of heat treatment on mechanical properties is important to select the optimum quenching

condition for tool steels. In this present work, effects of quenching temperature and holding time on hardness and

toughness were investigated with two types of tool steels, 4%Cr-hot work tool steel and 8%Cr-cold work tool steel.

The quenching temperature was more influential in hardness and toughness of both steels than the holding time.

The toughness of both steels drastically fell down at 1090°C of quenching temperature because of coarse

austenite grains. In order to obtain high hardness and hardenability with good toughness, the holding time at

1030°C required at least 10min for both steels. Finally, the optimum quenching conditions were shown for two

types of the steels.

Key words: hot work tool steel; cold work tool steel; austenitizing temperature; holding time; quenching; retained austenite;

Charpy impact test; grain size; Ms temperature.
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Table 1. Chemical compositions of steels used.
(mass%)

Steel C Si  Mn P S Cr Mo V Nb

A 043 04 04 00110001 42 25 05 0.07

B 080 09 04 0.0240.001 81 19 05 —
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Fig.1. Optical micrographs of as quenched microstructures for steel A and B quenched from various austenitizing temperatures and holding times.
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Fig.2. Effect of austenitizing temperature
on the grain size of steel A and B.
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Fig.3. Effect of austenitizing temperature on hardness and volume
fraction of retained austenite of quenched steels.
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Fig.4. Effect of austenitizing temperatureon hardness of tempered
steels.
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Fig.5. Effect of austenitizing temperature on Charpy impact value
of tempered steels.
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Fig.6. Effect of holding time at 1030°C on hardness and volume
fraction of retained austenite of quenched steels.
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Fig.7. Effect of holding time at 1030°C on hardness of tempered
steels.
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Fig.8. Effect of holding time at 1030°C on Charpy impact value of
tempered steels.
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Fig.9. Effect of holding time at austenitizing temperature on the Ms
temperature and hardness of quenched steels.
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Fig.10. Optical micrographs of as quenched microstructures for steels with various holding times at austenitizing temperature.
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