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Effect of Aging Temperature on Mechanical Properties and Structure
of Secondary-Hardening Ultra-High Strength Steel M54

Wang Fei', Yang Zhuoyue® Pang Xuedong', Sun Yong', Zhai Yujia', Li Jianxin',
Zhao Chengzhi' , Wang Rui' and Yan Xiaohong'
(1 Technology Center, Fushun Special Steel Co Ltd, Fushun 113001 ;
2 Central Iron and Steel Research Institute, Beijing 100081 )

Abstract The tested steel M54 (/% . 0.28 ~ 0.32C, <0.10Si, <0.10Mn, <0.005S, <0.008P, 9.5 ~
10.5Ni, 6.6 ~7.4Co, 1.8 ~2.2Mo, 1.1 ~1.5W, 0.7 ~1.3Cr, 0.04 ~0. 16V) is melted by 5.8 t vacuum induction
furnace +2. 2 t vacuum consumable electrode furmace, and forged to ®170 mm bar products. The ®5 mm test specimens
cut at 1/2 R of forged bar are treated by solid solution treatment at 1 075 °C for 90 min, air cooling and at 1 060 °C for 75
min, oil cooling + deep-cooling treatment at —73 °C for 120 min + aged treatment at 400 ~ 600 C for 300 min, air cool-
ing. The effect of aging temperature on mechanical properties and structure of secondary-hardening ulira-high strength steel
M54 is studied and analyzed by optical and scanning electron microscope etc. Results show that tested steel M54 aged at
520 °C for 300 min has excellent comprehensive mechanical properties-tensile strength 2 040 MPa, impact energy 62 J and
fracture toughness 110 MPa - m'”? ; with aging at 560 °C the morphology of intergranular fracture occurs in steel and the im-
pact energy K, and fracture toughness K. of the steel decrease respectively to 26 J and 80.6 MPa - m"?, and with in-
creasing aging temperature to 600 °C the impact energy K, and fracture toughness K, of tested steel increase respectively
t0 56 ] and 131 MPa - m"”.
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Table 1 Chemical composition of steel M54 /%
o Ni Co Cr Mo W A% Si Mn S P
0.28~0.32 9.5~10.5 6.6~7.4 0.7~1.3 1.8~2.2 1.1~1.5 0.04~0.16 =<0.10 <0.10 <0. 005 =<0. 008
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Table 2 Heat treatment of steel M54
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Fig. 1 Effect of aging temperature on yield strength R, ,, tensile strength R,

energy K, and fracture toughness K. (b) of tested steel M54

, elongation A, and reduction of area Z (a) and impact
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Fig.2 Effect of aging at 480 °C (a), 520 °C (b), 560 °C (c) and 600 C (d) on morphology of impact fracture of steel M54
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Fig.3 SEM morphology and energy spectrum analysis of frac-
ture of K¢ test of steel M54 aged at 520 °C
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Fig.4 Effect of aging at 480 C (a), 520 °C (b), 560 C (c¢) and 600 C (d) on
structure of steel M54
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