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Solidification Microstructures with Carbon Contents
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Abstract The influences of solidification rates and carbon contents on the formation of the &ferrite were
studied by directional solidification in modified 12%Cr-1%Mo steels. Directional solidification experimental
results showed that solidification microstructure depended on solidification rate and carbon content and
chromium equivalent. The length of the mushy zone increased and the dendrite arm spacings decreased as
the solidification rate increased. The volume fraction of the &ferrite decreased with increasing the solidification
rate and carbon content. The volume fraction of the ferrite showed much higher at low solidification rates with
planar and cellular interfaces than that at high solidification rates with dendritic interface. It is expected that
macro-segregation of C causes lower C content at the lower solidification fraction in the directionally solidified
sample, where lower C results in higher volume fraction of the ferrite. In order to estimate solidification
microstructure in modified 12Cr-1%Mo steels, various solidification conditions, such as solidification rate,
cooling rate, segregation, alloy composition, should be considered.

Key words modified 12%Cr-1%Mo steels, directional solidification, &-ferrite, solidification rate, ferritic stainless

steels.
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Table 1. The chemical compositions of modified 12%Cr-1%Mo steels used in this study.
Composition (wt.%)
Alloy - -
Si Mn Ni Mo W \"% Nb B N Al Cr Cre*
C1 0.01 0.02 1.05 0.90 0.09 2.61 0.23 0.05 00119 0.0385 0.076 1126 1274
C2 0.05 0.02 1.04 0.90 0.10 3.51 0.21 005 0.0075 0.0415 0.020 11.12 1225
C3 0.13 0.02 1.03 0.84 0.10 2.56 0.22 005 0.0082 0.0403 0.074 11.03 991

*Cr,, using the proposed equation by Ryu'”
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Fig. 1. Schematic drawing of directional solidification
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Fig. 2. The solid/Liquid interface morphologies with solidification rates in modified 12%Cr-1%Mo steels. a) C1 alloy, b) C2 alloy,
c) C3 alloy at 1 um/sec, d) C1 alloy, e) C2 alloy, f) C3 alloy at 5 um/sec, and g) C1 alloy, h) C2 alloy, C3 alloy at 25 pim/sec.
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Table 2. Solidification microstructures and characteristics with solidification rates.

Sample V (Um/sec) Morphology ofthe S/L interface Mushy zone length (mm) PDAS (um) SDAS (um)

1 Planar 0 - -

5 Cell 0.93 231 -
Cl1 25 Cell + Dendrite 1.93 221 42.7
50 Dendrite 3.42 193 25.9
100 Dendrite 4.67 177 14.7

1 Planar 0 - -

5 Cell 1.61 237 -
2 25 Dendrite 2.98 223 504
50 Dendrite 3.63 209 294
100 Dendrite 5.22 187 23.1

1 Planar 0 - -

5 Cell 2.41 239 -
C3 25 Dendrite 3.58 229 60.2
50 Dendrite 431 211 52.5

100 Dendrite 592 120 42.7
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Fig. 3. Comparison of primary dendrite arms spacings between
12%Cr-1%Mo steels and other steels'” with solidification rates
and temperature gradient.
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Fig. 7. The ferrite volume fractions with solidification rates in
the cross views of directionally solidified samples a) 15 mm
and b) 30 mm below the s/l interface.
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Table 3. The S-ferrite volume fraction with Cr equivalent and cooling rate(GV) in directionally solidified samples.

oS- ferrite volume fraction(%)

Alloy Creq (Wt%) V (um/sec) G-V (K/sec) blow 15 mm olow 30

1 0.038 97.6 92.71

5 0.192 98.2 90.94

C1 12.73 25 0.958 93.12 86.66
50 1.916 96.3 84.03

100 3.832 97.1 88.7

1 0.038 854 81.68

5 0.192 74.47 80.9

Cc2 12.25 25 0.958 71.3 76.22
50 1916 71.64 75.05

100 3.832 60.26 55.58

1 0.038 58.25 43.73

5 0.192 26.82 19.28

C3 9.9 25 0.958 6.47 7.61
50 1916 9.39 13.14

100 3.832 7.64 4.75
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