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Prediction of dimensional change during heat-treatment of
cold work tool steel

i HOHEA

Masato MAEDA

Synopsis: The cold work tool steel is needed to have small dimensional change after quenching and tempering treatment. This
dimensional change is affected by a wide variety of factors. The influencing factors have not been clarified yet due
to difficulty in predicting chemical composition of matrix and amount of fine precipitated carbides after quenching
and tempering. In this paper, we aim to predict dimensional change of quenched and tempered cold work tool steel
using bulk chemical composition and amount of carbides calculated by Thermo-Calc®. As a result, the predicted
dimensional change shows good agreement with the measured dimensional change.

Key words: dimensional change, martensite transformation, tempering, transformation of retained austenite to martensite, cementite
precipitation, secondary carbide precipitation
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Fig.1 Dimensional change during quenching and tempering®
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Fig.2 Schematic of changes in amounts of constituent
phases with heat-treatment of cold work tool steel
(Number in parentheses shows the step in Fig.1)
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Table 1 Chemical compositions of test steels (mass%)
Steel C Si Mn Ni Cr Mo \
HT1 | 033 | 098 | 030 | 016 | 1005 | 124 | 045
HT2 | 059 | 099 | 030 | 017 | 1137 | 132 | 072
HT3 | 087 | 092 | 030 | 014 | 1257 | 142 | 098
HT4 | 029 | 041 | 049 | 0.16 7.98 1.00 | 050
HT5 | 029 | 040 | 050 | 0.15 5.46 2.51 0.49
HT6 | 029 | 044 | 050 | 0.15 4.98 1.00 | 059
HT7 | 029 | 039 | 050 | 0.17 2.50 1.51 0.47
HT8 | 028 | 039 | 049 | 0.15 348 049 | 030
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Fig.3 Optical microstructures of test steels after quenching (etched by 4% picral)
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Fig.4 Amount of retained austenite after quenching and
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Table 2 Dimensional change after quenching and tempering
(%) with respect to annealed condition
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Table 3 Calculated amount of precipitated carbides in
annealed condition (vol%)

After After
After . .
Steel quenching tempering | tempering
at 480°C at 520°C
HT1 0.005 -0.005 0.025
HT2 0.007 -0.015 0.027
HT3 0.010 0.002 0.035
HT4 0.002 -0.035 0.015
HT5 -0.035 -0.107 -0.052
HT6 0.025 —0.087 -0.050
HT7 0.055 -0.130 -0.075
HT8 0.122 —-0.100 -0.077

Steel MzsCs VC MzC M7C3
HT1 6.250 | 0.114 0 0
HT2 | 10.861 | 0.251 0 0
HT3 | 16.598 | 0.149 0 0
HT4 5.270 | 0.228 0 0
HTS 3.930 | 0.155 | 0.973 0
HT6 1.053 | 0.526 0 2.190
HT7 0 0.517 | 0.686 | 2.174
HT8 0 0.208 0 3.165

Table 4  Calculated chemical compositions of the matrix (austenite phase) and volume percent of remaining carbides in

each specimen quenched at 1030C

Steel Chemical compositions of the matrix (mass%) Remaining carbides(vol%)
C Si Mn Ni Cr Mo \% M-C; VC
HT1 0.29 0.99 0.30 0.16 9.89 1.19 0.38 0.540 0.059
HT2 0.28 1.03 0.31 0.18 9.84 1.21 0.38 3.917 0.076
HT3 0.29 0.99 0.31 0.17 9.62 1.23 0.38 7.451 0.061
HT4 0.28 0.41 0.49 0.16 8.00 1.00 0.44 0 0.102
HT5 0.29 0.40 0.50 0.15 5.50 2.50 0.45 0 0.072
HT6 0.28 0.44 0.50 0.15 5.00 1.00 0.51 0 0.148
HT7 0.28 0.39 0.50 0.17 2.50 1.50 0.42 0 0.097
HT8 0.28 0.39 0.49 0.15 3.50 0.50 0.26 0 0.066

Table 5 Calculated chemical composition of the matrix (ferrite phase) and volume percent of precipitated carbides in each

specimen tempered at 520TC

Steel Chemical compositions of the matrix (mass%) Precipitated carbides(vol%)

C Si Mn Ni Cr Mo \Y, M23Cs VC MsC M,C;
HT1 0.00 0.99 0.30 0.16 9.89 1.19 0.38 5.703 0.043 0 0
HT2 0.00 1.09 0.32 0.19 6.63 0.14 0.18 5.669 0.041 0 0
HT3 0.00 1.05 0.33 0.18 6.33 0.13 0.18 5.811 0.040 0 0
HT4 0.00 0.43 0.51 0.17 4.74 0.04 0.23 5.681 0.042 0 0
HT5 0.00 0.41 0.53 0.16 2.82 0.41 0.22 4.837 0.022 1.541 0
HT6 0.00 0.46 0.52 0.16 2.37 0.10 0.19 4795 0.340 0 0
HT7 0.00 0.40 0.51 0.18 0.89 0.21 0.03 3.582 0.682 0.729 0
HT8 0.00 0.41 0.47 0.16 1.31 0.02 0.02 3.172 0.365 0 0.939
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