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Solidification Microstructure of Ingots and Continuously
Cast Slabs Treated with Rare Earth Metal

Yoshio NURI, Tetsuro OHASHI,

T akeshi HiIrRoOMOTO, and Osamu KITAMURA

Synopsis:

In order to evaluate theoretically and prove the effect of REM and Ca-sulphides on heterogeneous
nucleation, investigations have been made to find how REM addition influences the solidication micro-

structure of ingots and continuously cast slabs.

Some characteristics of REM-added steel compared with ordinary steel are as follows:

1) Primary dendrite arm spacing is narrower.

2) Primary dendrite arms are shorter, and they exist more in number.

3) The growth direction of dendrite arms is less oriented.

4) The micro-segregation of C, S, P, Si, and Mn is less.

It is concluded that new primary dendrite arms are generated due to the hetrogeneous nucleation
by REM addition in the region of comparatively small supercooling near liquid-solid interface.
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Fig. 1. The crystallographic relationship at the interface between the (100) of
CaS, CeS and the (100) of §Fe.
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Table 1. Casting conditions of tested materials.

Analysis (%) - Weight or Casting REngc/l?ltlon
Kind Symbol slab si speed |
C | Mn | Si P Al 1ze (m/min) | RH | Mold
A 0.15 0.46 | 0.016 0.018 0
Ingot 1.40 0.003 |——— 20t — —
C 0.16 0.43 | 0.010 0.023 0.37 0.05
H (Thickness) 0 <0.88
C.C. Slab |———| 0.15| 1.40 | 0.43 | 0.014 | 0.015 | 0.040 X (Width) 0.6
I 250 % 2 100 mm 0
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Loose side

Photo. 2. The effect of [REM] additions on the dendrite structure of a continuously cast slab

(Longitudinal section).
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Fig. 3. Effect of REM addition on dendrite arm
spacing (Case of continuously cast steel

slab).
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Fig. 4. Effect of REM addition on the distri-
bution of primary dendrite arm length.
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Fig. 7 (1). Effect of REM addition on microsegregation of carbon and phosphor

in columnar dendrite zone.
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Fig. 7 (2). Effect of REM addition on microsegregatio of sulphur and cerium

in columnar dendrite.
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Table 2. Microsegregation of phorsphor, silicon, and manganese which was
determined by ion microprobe mass analyzer.

3P+ /56Fe+ (x 10-°) 30Sj+ /56Fe+ (X 10-4) 55Mn+ /55Fe+ (x 10-2)
Dendrite ® ® REM
structure . Inter- ® ® . Inter- ® . Inter- ® addition
gz:dnte dendritic | @ Dendrite dendritic 6 Dendrite dendritic | - @
zone arm zone arm zone
Columnar 5.2 11.4 |2.19 1.0 2.2 |2.20 6.0 7.2 1.20 | Without
zone 6.8 7.0 1.03 2.4 2.6 1.08 7.9 9.0 1.05 | With
Fquiaxed 4.8 8.4 1.75 2.6 3.0 1.15 8.6 9.8 1.14 | Without
zone 4.4 6.3 1.43 2.9 2.9 1.00 10.5 9.9 0.94 | With
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Table 3. Value of mc(k;l) used for calculation.

m me(k—1)
Element (°C/%) k ¢ Q)
C 7311 0.2018) 0.15 8.76
Si 1219 0.8318) 0.43 0.44
Mn 31 0.901 1.40 0.28
P 2811 0.1319 0.014 0.34
S 3017 0.0519) 0.015 0.43
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Table 4. Therm’é}i conditions at various portions during solidification of a continuously cast slab.

Distance from Heat transfer .1 . Temperature .
slab surface coefficient He‘?t ﬂu;( SOh(igi_Cf‘ tion ;ate gradir()ent C(};’h%gc rate
D (mm) | & (caljeme-s.°c) | ¢ (cal/em®-s) | fX107% (em/s) | "G "G /em) (°C/s)
10 0.030 25.0 35 126 4.41
20 0.016 17.0 23 91 2.09
30 0.020 15.0 19 89 1.69
40 0.018 13.0 16 80 1.28
50 0.016 12.0 14 79 1.11
60 0.014 10.5 11.8 73 0.86

* On the assumption of the following equation,

Gr=(g—L-f-p)K

Where, L : Latent heat of solidification, p : Density, K : Thermal conductivity of liquid.

800

‘

Primary dendrite arm spacing (um)

600

——em= Observed
~==~ Calculated

400

200
200

A . .
20 30 .40 50 60 70
Distance from slab surface (mm)

Fig. 8. Comparison between observed and cal-
culatde values of primary dendrite arm
spacing.
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Fig. 9. Schema of unit cell.
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Fig. 10. Relation between primary and secondary
dendrite arm spacings of various steels.
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— 25,um
a) Optical microphotograph

s

Iemnas 500 22
b) Dendrite structure
1. Dendrite arm
2. Interdendritic region
3. Interior of austenite grain (ferrite)
4. Diamond trace

c) X-ray image pattern

i 10 12

Photo. 3. Two phase inclusions constituted of rare earth sulphide-Oxysulphide

precipitated in dendrite arm.
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. ® Without (REM] addition
1or . o With  (REM) addition
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Fig. 11. Effects of supercooling on the arrest

time for solidification of steels with REM

and without REM.
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