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Effect of Heat Treatment Conditions and Minor Elements on Grain Size
of High Strength Ni-Cr-Mo-V Steel
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Synopsis ——

We tried to refine the grain size of high strength Ni-Cr-Mo-V steel by modification of the heat treatment condition
and adjustment of contents of minor elements. The grain size number of the Ni-Cr-Mo-V steel is from 5 to 6 after the
conventional heat treatment. It is impossible to make the grain much finer only by a minor modification of the heat
treatment condition. Repeating austenitizing and increasing heating rate are required for further refining the grain of the
steel. Also, no grain refining effect is confirmed even if Al and N were added to the Ni-Cr-Mo-V steel. Thermodynamic
analysis results showed that the amount of AIN precipitates decreases and the solvus temperature drops with increase
in V content. Fine AIN precipitates were observed in the modified composition with low V content, although precipitation
of AIN was hardly observed in the conventional Ni-Cr-Mo-V steel composition containing high amount of V. This study
revealed that it is possible to refine the grain of Ni-Cr-Mo-V steel to grain size number larger than 8 by Al and N addition
with decreasing V content for stable precipitation of AIN without change of the conventional heat treatment condition.
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Steel C Si Mn P S Ni Cr Cu Mo A% Al N Nb Remarks

| 0.20 0.08 0.58 0.003 0.0026 4.00 1.79 0.05 024 0.14 <0.005 0.0054 - Conventional

Il 0.19 0.08 059 0.003 0.0030 4.00 1.79 0.04 024 0.14 0.020 0.0089 0.03 AIN, 0.03Nb

1 0.19 0.08 0.58 0003 0.0025 399 1.80 0.05 0.33 0.19 <0.005 0.0058 - 0.19V

\Y 0.19 0.08 0.32 0.003 0.0020 372 155 0.04 024 0.06 <0.005 0.0062 - 0.06V

v 0.19 0.08 032 0.003 0.0021 3.72 1.56 0.04 024 <0.003 <0.005 0.0054 - V free

VI 0.20 0.08 0.58 0.003 0.0028 375 1.78 0.06 0.24 <0.003 0.020  0.0071 - V free, AIN
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