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Segregation of Cr and Ni in the Initial Solidification Layer of Steel Ingots

Hideo MizukaMi, Yutaka NAGAKURA, Susumu 1ZUMI and Takaji KUSAKAWA

Synopsis :

18-8 stainless steel ingots were made with water cooled copper mold under four Reynolds number
conditions. The existence of the initial solidification layer near surface of the ingot was verified. In the
initial solidification -layer, primary structure consisted of austenitic cells. In the initial cell region,
concentration of Cr was high and that of Ni was low. Contrary to it, in the residual &-ferritic intercell
region, concentration of Cr was low and that of Ni was high. Result of segregation measurement of Cr
and Ni in the initial solidification layer was opposite to that at conventional solidification. At the boundary
of the initial solidification layer, transformation of primary structure from austenite to o -ferrite
occurred. At the boundary of the initial solidification layer, the peak value of segregation ratio
(Couax/ Cmin ) appeared. Segregation of Cr and Ni was larger under the low Reynolds number condition and
increased as the distance from surface increased. Segregation ratio of Ni was larger than that of Cr.
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Fig. 1. Schematic diagram of the experimental
apparatus for making ingots of stainless steel.
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Table 1. Chemical composition of steel ingots

(mass% ).

No. (Re) C Si Mn P S Cr Ni

1(44108) 0.07 0.52 0.84 0.032 0.006 17.67 8.92

2(22054) 0.08 0.55 0.72 0.032 0.007 17.91 8.56
3( 1575) 0.06 0.53 0.78 0.033 0.007 18.14 8.88

4( 540) 0.06 0.56 0.74 0.033 0.007 17.99 8.98

surface

< \

- _"'\-_

g >

[

— £ _________‘1/

PRI = S

28 >

T L —

[ =4

<
L 'l 1 1 1 1 " - L {4 1 1 e
0 50 1500

Distance from the surface (pm)

Fig. 2. Schematic representation of the method
for solute analysis with XMA.
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Table 2. Chemical composition of the reference material (mass% ).
C Si Mn P S Cr Ni Cu Mo Al N (0]
0.080 0.43 0.83 0.026 0.026 18.11 8.50 0.15 0.22 0.005 0.044 0.041
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Photo. 1. Initial solidification structures. a) is XMA image from surface and b) c),
d) are transverse microstructures at 50, 400, 700 um from surface respectively.
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Photo. 2. Concentration profile of Cr and Ni at
50 um from surface (Re = 1575).
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Fig. 3. Relation between concentration of Cr and
Ni and distance from surface.
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Fig. 4. Relation between segregation ratio and
distance from surface.
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Fig. 5. Schematic pseudoubinary phase diagram
of the Fe-Cr-Ni system.
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(a) Primary & -ferritic solidification

(b) Primary austenitic solidification
Fig. 6. Schematic diagram of primary solidifica-
tion mode.
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