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The mechanical property of unidirectionally solidified Fe-25% Cr-3.5% C
high chromium white cast iron with eutectic microstructure

by
Chungming Liv?, Shoji Gorot, Setsuo Asot and Yoshinari Komarsu?t

Unidirectional solidification of Fe-25% Cr-3.5% C eutectic high chromium
white cast irons was conducted under a solidification rate range from 1.3 X 107°
mm/s to 1.3 X107 mm/s to clarify the deformation behavior of the irons at
elevated temperatures. The alloy specimens were processed in the parallel and
vertical directions to the solidification direction, and a compression test was
done under a strain rate range from 2.5 X107* to 1.7 X107 at various temperatu
res up to 1073 K. The relation between the microstructure and high temperature
strength was studied. The strength depended on the morphology of eutectic
cells and the orientation of primary carbides. The maximum compressive
strength of the parallel direction to the solidification direction was larger than
that of the vertical direction within the whole temperature ranges. The strain
rate sensitivity exponent showed larger value in the vertical direction than in
the parallel direction. These results suggest that the strength of the parallel
direction is mainly supported by the elongated primary carbide phases, while
the strength of vertical direction is supported by the iron matrix and strongly
depend on the deformation behavior of the iron matrix. The rule of mixtures
was used for analysis of the experimental results described above.

Key Worde : chromium white iron, high temperature, deformation, M;Cs Car-
bide, strain sensitivity, composite material
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Table 1 Chemical composition of specimens.
(inass%)
Cr C Fe
Aim value 25 3.5 bal.
Analysisvalue| 24.3 3.21 bal.

g

carbide

N\

Ingot

— solidification section

Vertical direction

Fig. 1 The machining of the spesimens for com-
pression test. The specimens having paral-
lel or virtical direction to solidification
direction were cut out from the unidrrec-
tionally solidified ingot.
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Table 2 Compression test conditions.

3X3X10 mm

RT,473,573,673,773
873,973,1073

Specimen size

Test temperature(T/K)

2.5X10%,8.3x10*

Strain rate( e /s) 2.5%10°,1.7X 10"
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Fig. 2 Microstructures of the longitudinal and transverse sections of the alloy specimens,
in which the values of V show the unidirectional solidification rate.
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Fig. 3 True stress-true strain curves of the alloy specimens parallel to the solidification
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Fig. 4 True stress-true strain curves of the alloy specimens vertical to the solidification
direction at various temperatures under a strain rate of 2.5 X107™s™.
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(b)Vertical direction

Fig. 5 SEM structure of the alloy specimens parallel or vertical to the solidification

direction after compression test at 873K under a strain rate of 2.5 X10™s
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Fig. 6 Temperature dependence of compressive
proof stress (0o:) of the alloy specimens
parallel or vertical to the solidification

direction at various temperatures under a

strain rate of 2.5 X10™*s™",
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Fig. 7 Strain rate dependence of proof stress (.:) of the alloy specimens parallel to
the solidification direction at high temperatures. The values of m show the

strain rate sensitivity exponent at the test temperature.
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Fig. 8 Strain rate dependence of proof stress (G.:) of the alloy specimens vertical to
the solidification direction at high temperatures. The values of m show the
strain rate sensitivity exponent at the test temperature.
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Fig. 9 The relation between the strength and the
fiber volume fraction for fiber reinforced
composite material.
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Fig. 10 Micro photographs of the alloy specimens parallel or vertical to the solidification
direction after compression test under a strain rate of 2.5X10™* s at 1073K. The
specimens were cut from the ingot unidirectionally solidified under a rate of 1.3 X

10""mms™".
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Fig. 11 SEM structure of the alloy specimens vertical to the solidification direction after
compression test at room temperature and 873K under a strain rate of 2.5 X107*s™,
The specimens were cut from the ingots undirectionally solidified under the rates

of 1.3X10"mms™ and 3.0 X 10*mms™".
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