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Influence of Heating Temperature and Strain on
Surface Crack in Carbon Steel Induced by Residual Copper

Toshiyuki Kanrany, Masamitsu Wakon, Naoki Tokumrrsu, Shigeaki Ocisavasm and Shozo Mizocucn

Synopsis : Mechanism of surface crack formation of steel induced by residual copper (Cu) is investigated using a new technique
of Greeble test. Two kinds of experiments were carried out, to clarify the effect of temperature and to understand the
behavior of crack growth. Crack is caused by liquid Cu, which precipitates at steel-scale interface during oxidation.
However, no crack formed at higher temperature. Micro analysis indicates that it is due to the formation of liquid scale
above eutectic temperature of FeO-2FeQ+Si0,. Liquid Cu-precipitates are trapped in the liquid scale area, and they
cannot penetrate into austenite grain boundaries. The fact that silicon addition reduces the crack formation also
supports this mechanism.

Deformation test with various strains reveals that there exist two stages in the behavior of crack growth. At the first
stage, crack grows deeper, because liquid Cu penetrates into the boundary. The crack stops growing along the depth
direction and opens its width in the second stage, because of the lack of liquid Cu. That means the amount of Cu-
precipitates decides the crack depth.
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Table 1. Chemical composition of samples (mass%).

No. C Si Mn P S Cu T-Al
1 0.20 0.25 0.50  <0.005 0.005 0.2 0.03
2 0.20 0.25 0.50 <0.005 0.005 0.5 0.03
3 0.20 0.25 0.50 <0.005 0.005 1.0 0.03
4 0.20 0.25 0.50 <0.005 0.005 1.5 0.03
5 0.20 0.01 0.50 <0.005 0.005 0.5 0.03
6 0.20 0.10 0.50 <0.005 0.005 0.5 0.03
1000~1350°C x 10min
g i
5 ¢
A .
g £ =5/sec
5 Displacement = 5mm
= 1min
Time

Fig. 1. Experimental conditions of Greeble test.
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Fig. 2. Appearance of the samples with 1.09%Cu
deformed at 1200°C in air (a) and in Ar
atomosphere (b).
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Fig. 3. Temperature dependence of crack depth and
width.
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Fig. 4. Interface between steel and scale in 1.5%Cu
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Fig. 5. Microstructure of scale in the sample (1.5%
Cu) heated at 1300°C without deformation.
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Fig. 6. SEM and X-ray images (Si, Cu) of the scale
in the sample (1.5%Cu) heated at 1300°C
without deformation.
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Fig. 7. Influence of Si content on temperature
dependence of crack formation in steels with
0.5%Cu.
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Fig. 8. Change of crack depth and width by dis-
placement in steels with 1.095Cu.
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Fig. 9. Change of liquid Cu penetration and crack morphology by displacemént:
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Fig. 12. Influence of interfacial energy on copper
precipitation during oxidization of steel.
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