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Effect of Heat Treatment Process on Microstructure and Mechanical
Property of 38CrMoAIA Steel

ZHANG Yeqin, WANG Junli, ZHONG Ping, LIU Liyu

Beijing Institute of Aeronautical Materials, Beijing 100095, China

Abstract The effects of quenching temperature, cooling method and tempering temperature on the microstructure and mechanical
properties of 38CrMoAlA steel have been studied through a series of heat treatment process tests. The experiment has measured the
mechanical properties of the steel in different heat treatment conditions. The mechanical tests include tensile, impact and hardness test.
The experiment has also measured the continuous cooling change curve of the steel, and analyzed the microstructure of the steel under
different cooling rate and different temper conditions. The results of tests show that the effect of quenching temperature on mechanical
properties of the steel the impact is not big when quenching at the temperature between 900°C and 1000°C. Because of different cooling
intensity of quenching medium, different cooling methods lead to different microstructure, and thus affect the mechanical properties of the
steel. The effect of tempering temperature on the microstructure and mechanical properties of the steel is the most remarkable. When
tempered at the temperature between 100°C and 400°C, it behaves temper brittlement. While tempered at about 620°C, it can get a good
combination of strength and toughness. Therefore, choosing the heat treatment process of quenched by heating to 940°C, holding at
temperature for one hour, cooling in oil, and tempered by heating to 620°C, holding at temperature for five hours, cooling in oil,
38CrMoAlA steel can get the best property.
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Table 1 Chemical composition of 38CrMoAIA steel (wt%)

JLR C Mn Si Cr Ni Al Mo P S Fe
H /% 0.38 0.42 0.31 1.52 0.28 097 0.22 <0.01 0.001 Bal
Fr2EPEREM 2 HESER
1.2 REFHE 21 EANEE AAFXINAF M EEI AL
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Fig. 1 Relation between mechanical properties  Fig. 2 Relation between mechanical properties and
and quenching temperature of 38CrMoAIA steel cooling method of 38CrMoAIA steel
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Table 2 Effect of quenching temperature on mechanical properties of 38CrMoAIA steel

R G Jeb Ji i B B B JIR LIRS WeHs = ‘(FFEE??JJ‘@_{E W (HRC)
0,/MPa o,/MPa 64 % Ul % o/ (J-em?)
900 858 987 194 64.3 209.2 30.0
925 851 985 19.7 66.9 192.0 31.1
940 848 978 19.9 66.8 1923 305
955 869 998 17.6 63.3 186.2 305
975 847 977 17.9 63.8 1779 314
1000 833 1011 17.9 61.0 160.1 322
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Table 3 Effect of cooling method on mechanical properties of 38CrMoAIA steel

BT BRI 0/MPa BURERIE o/MPa SEMNER 6% KA %  whik BPER a/(J-em?) A (HRC)
940°C, 1h, =% 704 893 19.2 61.1 119.9 26.9
940°C, 1h, ik k% 847 982 19.6 66.4 193.2 30.4
940°C, 1h, ¥ 848 978 19.9 66.8 192.3 30.5
940°C, 1h, /K¥% 838 971 18.9 66.2 190.7 31.3
38CrMoALA H 1 i% 0¥ 5% 28 i 28 T Pl 3 7 /% , O % R Al 900
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Fig. 3 Continuous cooling curve of austenite
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Fig. 4 Microstructure under different cooling rate
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Table 4 Effect of tempering temperature on mechanical

properties of 38CrMoAIA steel

MO R R PR EAh S gEse sl v

FE/°C 00,/MPa  o,/MPa 85/% Y% o /(J-em?)
NEPS 1322 2063 8.9 25.0 51.3
100 1546 1928 9.7 37.1 69.3
200 1388 2038 9.9 26.8 52.1
300 1503 1809 8.3 37.8 47.4
350 1448 1720 8.4 38.7 44.4
400 1358 1599 10.1 40.3 38.6
430 1291 1501 9.4 38.5 40.5
450 1254 1431 9.7 39.5 60.4
475 1225 1373 11.9 44.3 58.7
500 1198 1328 12.3 48.9 70.7
530 1136 1257 14.3 53.4 88.7
560 1074 1187 13.2 54.2 104.9
590 935 1060 17.4 62.0 143.6
600 935 1057 16.8 63.5 162.2
615 895 1023 18.1 64.7 170.6
630 840 975 19.1 65.8 189.5
640 790 933 20.2 67.2 209.7
650 782 919 20.3 67.2 214.5
660 752 893 20.4 68.1 222.7
670 700 845 22.8 69.6 230.9
680 668 816 23.3 69.3 237.3
690 629 786 24.4 71.4 244.7
700 608 763 24.9 70.7 246.6
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Fig. 5 Relation between mechanical properties and
tempering temperature of 38CrMoAIA steel
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Fig. 6 Microstructure tempered at different temperature
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