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Prevention of Austenite Grain Coarsening of Carburizing Steel during Carburizing by Mn Content Optimization
and its Improvement Mechanism

Takeshi FUIMATSU, Kazuya HASHIMOTO, Kazuhiko HIRAOKA and Atsushi Y AMAMOTO

Synopsis

: Carburizing steels are often used for automotive drive train parts which require high fatigue strength and impact value. Prevention of austen-

ite grain coarsening of these steel parts during carburizing is an important issue for exerting high performance. In this study, with a view to

preventing the grain coarsening during carburizing, influence of Mn content on grain coarsening temperature was investigated for Ti-modi-

fied carburizing steel with ferrite and pearlite microstructure. It was found that grain coarsening temperature was elevated more than 50K by

reducing Mn content from 0.8 mass% to 0.4 mass%. This is attributed to the elevated Ar, point due to lower Mn content, where ferrite and

pearlite microstructure is coarser prior to the carburizing and initial austenite grain is preferably coarse during carburizing. This result

showed that the reduction of Mn content in carburizing steel was effective to prevent grain coarsening during carburizing when the mi-

crostructure prior to carburizing was controlled as ferrite and pearlite by hot forging, controiled cooling after hot forging, normalizing or full

annealing.
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Table 1. Chemical compositions of steels (mass%).

Steel C Si Mn S Cr Mo Cu Al Ti N
Steel A 0.22 0.21 121 0013 0.1 090 0.01 0.13 0032 0.15 0.0039
Steel B 0.22 0.21 081 0.013 0.11 1.39  0.01 013 0.029 0.15 0.0045
Steel C  0.22 020 040 0.014 0.11 250 001 012 0034 015 0.0053
Steel D  0.22 019 042 0013 0.11 1.39 0.01 0.12 0032 0.15 0.0042

25um

Fig. 1. Optical microstructures of typical nonmetallic inclusions. (a) Steel A, (b) Steel B, (c) Steel C, (d) Steel D.
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Fig. 2. Hot forging and normalizing.
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Fig. 4. Heat treatment for measurement of Ar;.
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Fig. 5. Initial austenite grain of steels heated to 1123K for 1.8 ks and quenched in water. Average initial austenite grain diameter
shown in parenthesis. (a) Steel A, (b) Steel B, (c) Steel C, (d) Steel D.
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Fig. 7. Optical microstructures of steels heated to 1323K for 10.8 ks and quenched in water. (a) Steel A, (b) Steel B, (c) Steel C,

(d) Steel D.

Fig. 8. Optical microstructures after normalizing. (a) Steel A, (b) Steel B, (c) Steel C, (d) Steel D.

Table 2. Ferrite transformation start temperature during
cooling from 1173K.

Steel Mn(mass%) Cr(mass%) Ar,(K)
A 1.21 0.90 998
B 0.81 1.39 1008
C 0.40 2.50 1033
D 0.42 1.39 1038
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Fig. 9. Microstructures of steels heated to 1173K for 10.8 ks and quenched in water after hot forging. Average prior austenite grain
diameter shown in parenthesis. (a) Steel A, (b) Steel B, (c) Steel C, (d) Steel D.
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