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Heat treatment process characteristics of age—hardening 20Cr3MnMoV
nitriding die steel
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( Changchun Institute of Optics Fine Mechanics and Physics Chinese Academy of Science Changchun Jilin 130022  China)

Abstract: Effect of heat treatment process parameters on the mechanical properties and nitriding hardening properties of 20Cr3MnMoV steel
was investigated. The results show that the heat treatment of the 20Cr3MnMoV steel is composed of solid solution treatment aging preaging
and nitriding. Reasonable controlling the aging process is the main technological characteristics of the heat treatment of the 20Cr3MnMoV
steel. By using respectively solid solution treatment + full aging nitriding without preaging and preaging + nitriding it can be adapted for
dies and components at different working conditions so that it satisfies the different requirements of wear resistance and strength-ductility.
Nitrocarburizing of 20Cr3MnMoV steel can be used to realize fast nitriding deep layer nitriding-hardening and matrix hardening which has
wide-spread prospects of application.
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o $15 mm x 10 mm
12 mm X 12 mm x25 mm 4
o 20Cr3MnMoV
(950 ~ 1100 HV)
47.5 ~50 HRC o HXD-
50% ° 1000TMC/LCD 100 g 10 s,
LDMZA50 0
o ¢»700 mm $»120 mm x 10 mm
1 2 mm NH,
H, N, 250 ~
20Cr3MnMoV 1 o 300 Pa 600 ~650 V 10 ~20 A,
1 20Cr3MnMoV ( %)
Table 1 Chemical composition of the 20Cr3MnMoV
steel ( mass fraction %)
C Si Mn Cr Mo \Y Nb °
0.21 0.29 1.58 3.17 1.59 0.30 0.05 °
20Cr3MnMoV 2500 kg 2
$500 mm 2 3 20Cr3MnMoV
$50 ~ $290 mm o 4Cr5MoSiV1( H13)
780 °C 3h 26 ~30 HRC. "o 4 20C3MnMoV 920 C x
$50 mm N 2 h ( 45 HRC) (520 ~600) °C x
~ o 6 h (620 ~650) C x4 h o
2 20Cr3MnMoV
Table 2 Mechanical properties of the 20Cr3MnMoV steel solution-treated at different temperatures
/C R, /MPa Ry, /MPa Al% Z1% KV, /] /HRC
880 1521.06 1227.67 11.59 46.6 20.0 46.6
920 1631.12 1269. 67 12.29 48.8 22.7 48.4
20Cx3MnMoV 540 C x6 h
950 1610. 39 1249. 67 10. 11 46.7 14.0 48.5
980 1604.29 1273.00 5.19 30.8 10.4 50.0
4Cr5MoSiV1 1050 C +620 C 1389.00 1189.00 46.6 21.0 43 ~44
3 20Cr3MnMoV (920 Cx2h )

Table 3 Mechanical properties of the 20Cr3MnMoV steel aged at different temperatures ( solution treated at 920 °C for 2 h)

/C /h

R, /MPa Ry, /MPa Al% Z1% KV, /] /HRC
540 1631. 12 1269.67 12.29 48.8 22.7 48.4
580 6 1480. 00 1337.80 9.63 44.3 20.0 46.5
615 1438.30 1265.30 9.50 52.0 17.9 42.0
2~4 920 °C +540 ~ o 920 C
560 C o 520 ~560 °C 4~6h 47 ~50 HRC

600 ~ 620 C

o
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4 20Cr3MnMoV ( 500
(920 Cx2h ) )
Table 4 Hardness of the 20Cr3MnMoV steel aged at
different temperatures ( solution treated at 920 °C for 2 h) 20Cr3MnMoV 150 mm
/°C 520 540 560 580 600 620 630 640 650 °
/HRC 49.8 48.4 47.5 46.5 43.5 37.5 34.6 28.8 27.5
4.1
3
20C3MnMoV 200920 °C
o r3MnMo
5 940 °C
’ ; 2 950 C
2 3 920 C
540 C 48.4 HRC
0.2 MPa 300 C o
5 20Cr3MnMoV ’
200 - e 200 2h 520 C x40 h
mm X mm mm
290 ’ 150 (150 290 ) 6 920 C x2 h
mm X mm mm mm X
?60 150 ( 150 )920 C 880 ~ 920 °C
mm X mm mm
( ) 950 ~980 °C
540 C 6 h
’ 920 C x2 h
5 20Cr3MnMoV °
Table 5 Influence of specimen size on age-hardening 4.2
ffect of the 20Cr3MnMoV steel
effect of the r3MnMoV stee 590 ~ 540 °C
/mm 920 C /HRC 540 C /HRC
$290 x 300 43.0 45.5
44 ~46 HRC
$290 x 150 43.5 47.5
290 x 160 x 150 44.5 47.5 47 ~50 HRC( 7) °
300 mm .
6 20Cr3MnMoV 2h 520 Cx40 h
Table 6 Hardness gradient of the 20Cr3MnMoV steel solution treated at different temperatures
for 2 h and nitrided at 520 °C for 40 h
( mm) /HVO0. 1
/C /HVO. 1 /mm
0.02 0.05 0.1 0.2 0.3 0.4 0.5 0.6
880 1018 1018 1018 580 527 514 500 475 475 0.42
920 1056 1056 1018 824 557 527 527 514 488 0.42
950 1056 1018 1018 824 586 542 527 514 514 0.40
980 1056 1056 1018 824 623 527 527 527 527 0.35
(2~4h)
(
o 8 540 ~ 560 C

(600 ~620 C)
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0.1 mm

o 7 8 540 C » 600 ~620 °C

; 600 ~ 620 °C o

7 20Cr3MnMoV
Table 7 Matrix hardness of the 20Cr3MnMoV steel with different preaging processes and different nitriding treatments

/ /HRC

HRC 540 °C x4 h 560 C x4 h 580 °Cx4h 600 °C x4h 620°C x4h 620 °C x6h 630 °C x4h

920 C x2 h 45.0 48.4 47.0 46.5 43.5 37.5 36.0 34.6
520/540 °C x50 h 48.5 46.0
540 C x10 h 47.5 40.0
530 C x15 h 49.5 44.5 39.5
540 C x20 h 47.5 48.5 47.5 47.5 38.0
8 20Cr3MnMoV

Table 8 Effect of preaging on nitriding hardening of the 20Cr3MnMoV steel

( mm) /HVO. 1

/mm
0.02 0.1 0.2 0.3 0.4
540 °C x20 h 12% N, 1056 946 946 642 527 475 0.42
540 C x4 h 540 °C x20 h 12% N, 1097 913 852 681 542 488 0.45
520/540 °C x50 h 15% N, 1097 1056 1018 913 572 488 0.50
600 C x4 h 520/540 C x50 h 15% N, 1056 1056 981 557 537 452 0.44
( )
600 ~ 620 °C
36 ~38 HRC
40 ~45 HRC.
5
Cr<Mo.V.Nb
(0.1 mm) (0.1~0.4 mm) 1 20Cr3MnMoV
(47.5 ~ Fig. 1 Hardness profiles of the plasma nitrided
) 20Cr3MnMoV steel
50 HRC) » 1 520/540 °C x70 h
800 HVO.1 0.4 mm 600 HVO. 1 R
0.5 mm 47. 5 HRC .
(475 HVO.1) 0.78 mm, R
20Cr3MnMoV Cr<Mo.V.Nb ( 9)
0.1 mm ( >900 HVO.1) 570 °C x4 h
0.4 ~0.5 mm 530 C x (10 ~15) h

600 ~800 HVO. 1.
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9
Table 9 Nitrocaburizing results of three steels
( mm) /HVO. 1
/mm
0.02 0.05 0.08 0.10 0.15 0.20 0.25 0.30
20Cr3MnMoV 1018 946 913 882 824 606 500 475 0.27
570 C x4 h NH; + C;Hg H13 1018 946 642 542 488 488 0.13
45 351 280 232 224 224 206 181 168 0.20
6 3) 920 C 520 ~560 °C
20C13MnMoV NN (48 ~50 HRC)
4) 920 C
2 3
20Cr3MnMoV (920 C) (520 ~ °
560 °C) 5) 920 C 540 ~
(540 ~560 °C) 560 °C 520 ~ 540 C
((600 ~620) C x 6) 920 C
(2~4) h) ((600 ~620) C x (2 ~4) h) 520 ~
) 540 C
( 10) . 45 HRC 35 ~
20Cr3MnMoV H13 38 HRC o
. 40 ~45 HRC
20Cr3MnMoV N °
. 7) 20Cr3MnMoV
10
Table 10 Comparison of nitriding hardening
of the two die steels N N
( mm) /HVO0. 1 / !
0.02 0.05 0.10 0.20 0.30 0.40 mm !
20Cr3MnMoV 1056 1056 1018 946 557 500 500 0.33
HI13 1056 1018 642 514 514 500 500 0.14 |
1530 °C x 15 h NH, 7. 2004 29(8): 58-61.
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