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Improvement of Hardenability and Toughness of SCM440 with Addition of Al
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Yutaro Ishihara, Yasuhiro Matsumoto, Takeshi Fujimatsu and Norimasa Tsunekage

Synopsis: Impact properties of quenched and tempered steels degrade by formation of non-martensitic microstructures,

which are likely to be included in large parts. Increasing hardenability of steels by using solute Al is one of the

methods to decrease the formation of non-martensitic phases during quenching process. In this study, influences

of the solute Al quantity and the heat treatments on hardenability of steels were investigated using the high-

strength Cr-Mo steel, JIS SCM440. It was found that hardenability increased obviously when more than

0.022mass% of the solute Al added to the steel. The hardenability enhancement by the solute Al decreased by

heat treatment that consisted of high temperature heating process and following slow cooling process. Small

amount of Ti addition to steel was effective for prevention of hardenability decrement. The SCM440 steel that

contained a small amount of Ti and the sufficient amount of solute Al showed superior impact properties than

conventional steel.
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Table 1. Chemical compositions of specimens. (mass%)

Grade Type C Si | Mn P S Cr | Mo | Sn Al N B | Free-Al

Steel A Base 040 | 022 | 0.77 | 0.006 | 0.003 | 1.08 | 0.21 | 0.004 | 0.017 | 0.0056 | Tr | 0.006

Steel B HiAl-1 0.39 | 022 | 0.77 | 0.006 | 0.001 | 1.08 | 0.20 | 0.004 | 0.038 | 0.0057 | Tr | 0.027

Steel C HiAl-2 040 | 022 | 0.77 | 0.007 | 0.002 | 1.09 | 0.20 | 0.004 | 0.038 | 0.0060 | Tr | 0.026

Steel D | HiALlowN | 040 | 0.22 | 0.79 | 0.006 | 0.002 | 1.07 | 0.20 | 0.004 | 0.053 | 0.0027 | Tr | 0.048

Steel E | HIALHIN | 041 | 022 | 0.80 | 0.007 | 0.002 | 1.09 | 0.20 | 0.004 | 0.050 | 0.0140 | Tr | 0.023
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Fig.2 Jominy curves of Steel A and Steel B.
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Fig.3 Relationship between amount of free - Al and Jn /J1.5.
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Fig.4 Jominy curves of Steel A and Steel B.
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Fig.5 Optical micrographs of Steel B before and after quenching.
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Fig.6 TEM images of Steel B before and after quenching.(White arrows show AIN precipitates)
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Table 2. Chemical compositions of specimens. (mass%)

grade Type C Si [Mn| P S Cr | Mo| Sn Al Ti N | Free-Al
Steel F HiAl-Ti 040 | 0.21 | 0.79 | 0.006 | 0.002 | 1.11 | 0.20 | 0.004 | 0.040 | 0.027|0.0051| 0.040
Steel G LowAI-Ti | 040 | 022 0.77 | 0.003 | 0.001 | 1.08 | 0.20 | 0.004 | 0.022 | 0.025 [0.0072] 0.022
Steel ] | Conventional | 0.42 | 022 | 0.81 | 0.014 | 0.018 | 1.00 | 0.15 | 0.008 | 0.016 | - |0.0118 0
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Fig.7 Jominy tests of Steel F and G heat treated by Treatment (1) and Treatment (2).
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Fig.8 Optical micrographs of Steel F before and after quenching.

1)Austenization at 1250°C

2) After furnace cooling

3) Austenization for quenching
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Fig.9 Model of free - Al distribution in high Al steels processed with Treatment (2).
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Fig.11 Optical micrographs of Steel F and Steel J before Charpy impact test. (Arrows show bainitic microstructure)
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