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Influence of Thermal History on Surface Hot-shortness of Cu—Sn Bearing Steel

Masaharu HATANO, Kazutoshi KUNISHIGE and Yuichi KoMizo

Synopsis : The influence of thermal history on the surface hot-shortness of 0.3%Cu-0.05%Sn bearing steel was investigated in this paper. Surface hot-

shortness was assessed by measuring the number of surface cracks occurring in the specimens which were held at 950 to 1200°C for 5 to 30

min after 1250°C heating in air, which were given 40% tensile-deformation at 1100°C in Ar gas atmosphere. The microstructure at the

scale/steel interface was closely observed and the effect of Cu(Sn) on the surface hot-shortness was discussed.

Surface cracks occurred in the specimens which were held at 1200°C for 5 min and the number of surface cracks decreased in the speci-

mens which were held for 10 to 30 min. At 1100°C, however, the number of surface cracks increased in the specimens which were held for

10 to 30 min. Cu(Sn) enriched alloy was observed at the scale/steel interface in the specimens where the number of surface cracks increased.

In addition, Cu(Sn) concentrated film was observed at austenite grain boundaries.

The hot shortness is estimated to result from the liquid film of Cu(Sn) being precipitated at grain boundaries and its growth during cooling

along with Fe~Cu phase diagram. The effect of holding temperature and time on the hot shortness was explained in terms of £ which was in-

troduced as a parameter indicating the severity of cracking caused by Cu(Sn) enriched liquid film at grain boundaries.

Key words: surface hot-shortness; Cu~Sn bearing steel; liquid film of Cu(Sn); tramp elements; iron scrap; recycling.
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Table 1. Chemical composition of steel (mass%).

C Si Mn P S Cu Sn Ni Cr Al N
0.046 0.02 0.33 0.026 0.006 0.33 0.05 0.02 0.03 0.039 0.0055
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Fig. 1. Experimental conditions for investigating hot
workability.
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Fig. 2. The appearances of surface cracking of Cu-Sn
bearing steel under different thermal conditions,
which are deformed to a strain of about 40%.
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Fig. 3. Surface cracking after 1250°C heating.
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Fig. 4. Back scattered elctron images of the scale/steel in-
terface structure of Cu-Sn bearing steels which
were held at 1200°C for (a) 5 min and (b) 10 min.

Fig. 5. Back scattered electron images of the scale/steel in-
terface structure of Cu—Sn bearing steels which
were held at 1100°C for (a) 5 min and (b) 10 min.
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Fig. 6. (a) Back scattered electron image, (b) Cu X-ray
image, and (c) Sn X-ray image of the scale/steel in-
terface of Cu—Sn bearing steel which was held for
30min at 1100°C.
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Fig. 7. Schematic illustration of Cu concentration at the
scale/steel interface after 1250°C heating of Cu—Sn
bearing steel in air.
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Fig. 8. Calculated phase diagram of Fe—Cu binary system.
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Table 2. Calculated values of the diffusivity D for Cu in y-
Fe.

1200 °C : 5.07x10"(m%/s) 1100 °C : 9.58x10™(m%s)

1000 °C : 1.39x10™ (m%s)
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Fig. 10. The parameter indicating the severity of cracking
caused by Cu(Sn) enriched liquid film at austenite
grain boundaries vs. holding time at 1100°C and
1200°C after 1250°C heating.
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