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Critical Conditions for the Formation of A-segregation in 9Cr1Mo Steels

Hitoshi ISHIDA, Koichi SAKAMOTO, Masami NOHARA, Hirokazu Ok1 and Kenichi OHSASA

Synopsis : Laboratory scale casting experiment in 9Cr1Mo steel of 20 kg in mass was carried out and critical conditions for the formation of A-segrega-

tion was investigated. Critical values of cooling and solidification rates of the casing for the formation of A-segregation were evaluated based

on the thermal analysis and metallographic examination. The influence of the addition of Mo, V and W on the formation of A-segregation

was examined and it was shown that A-segregation was reduced in order of V, Mo and W addition. Phase-field simulations were carried out

for the evolution of dendrite in Fe-C—V, Fe~C-Mo and Fe-C-W ternary alloys. It was shown that the effect of the adding elements on the

promotion of the branching of dendrite is in order of V, Mo and W. Based on the simulation results, dendrite morphology becomes finer in V

addition, then interdendritic fluidity decreased and the formation of A-segregation was suppressed.
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Fig. 1. Experimental apparatus for unidirectional solidifi-

cation.
Table 1. Chemical compositions of 9CrlMo steels
(mass%).

No. C Si | Mn | P S Ni | Cr | Mo [ V | Nb | W
1 1009009021 |002]001]|019 (791 0.18 | 0.03 | 1.97
2 |0.09|009]|0.20 002001020 (772|034 0.17 [ 0.03 | 1.29

3-1 | 0.09 007 |0.25} 002001020817 (0.34|0.39 | 0.03 | 1.29

3-2 10.09|0.07|0.16 | 0.02 | 0.01|0.20 | 7.77 | 0.34 | 0.33 | 0.03 | 1.32

3-3 {0.09 005|019 | 0.02 | 0.01 | 0.20 | 7.91 | 0.34 | 0.34 | 0.03 | 1.31
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Table 2. Experimantal conditions.

Ch-1 Ch-2 Ch-3 Ch-4 Ch-5
Material No.1 No.2 No.3-1 No.3-2 No.3-3
Casting 1893 1893 1893 1893 1893
temperature (K)
Flow rate of Ar gas
~ ~ 5~ ~

% 105(m3/sed) 0.5~1.1 0.5~1.1 0.5~1.1 0.33~0.42 0.5
Cooling rate of 0.02~0.05 | 0.02~0.05 | 0.02~0.05 | 0.02~005 | 0.003~0.02
heater (K/sec)
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Fig. 2. Observed A-segregation in 9CrlMo steel casting (Ch-1, No. 1 steel).

Table 3. The starting and ending positions of A-segrega-
tion from cooled chiller surface.

Ch-1 Ch-2 Ch-3 Ched Ch-s
Starting 62 86 None 65 78
position(mm}
Ending 120 120 None 120 120
position(mm)
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Fig. 3. Relationship between time after pouring and solidi-
fication thickness.
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Fig. 6. Relationship between solidification rate, R, and
cooling rate, £, and boundary conditions of the for-
mation of A-segregation.
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Table 4. Values of the constants used for calculation of specific volume of the liquid.

element C Si Mn P S

Ni Cr Mo A% Nb l w

n x103 - 1.60 [ 0.08 | 0.93 | 2.25

-0.1 | 0.18 | -0.29 | 0.80

-1.02 ] -0.17
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(A)Fe-0.09%C-2.0%W  (B)Fe-0.09%C-0.35%Mo

(C)Fe-0.09%C-0.4%V

Fig. 9. Dendrite morphologies simulated by using phase-
field method.
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