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Solidification Macrostructure of Ingots and Continuously Cast Slabs

Treated with Rare Earth Metal

Yoshio NURL, Tetsuro OHASHI, Takeshi HiRoMOTO, and Osamu KITAMURA

Synopsis:

Various characteristics were observed in the solidification macrostructure of ingots and continuously

cast slabs treated with REM.
The results are as follows:

1) REM addition brings about diminition of macro-segregation, enlargement of equiaxed zone, and

reduction of loose structure.

2) The starting position of the formation of the inverse V-segregation mcves toward the center of
ingot and the segregated area expands. The length of segregation line and the segregation ratio are

reduced.

3) By autoradiographic observation, large differences in macrosolidification rate are not observed,
however, mushy zone at the bottom of an ingot is formed earlier.

4) REM-oxides, sulphides, and oxysulphides are mainly precipitated in dendrite arms. The consti-
tuents of inclusions are varied by the methods of REM addition.

Non-metallic inclusions formed by REM addition seem to act as nucleation catalyst and thus improve
not only the microstructure but also the macrostructure of the casts.
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Table 1. Experimental conditions of ingots and a continuous casting slab.

Casti . Ladle analysis (%) REM additiom
mzst }:gﬁ Symbol GG Amount Other condition
C |SiMn| P S Al |RH|Mold Mold | (%)
A S -
— —10.15(0.46|1.40/0.016/0.003/0.018
B — @) C.018
Ingots c b 160.4%1.400.010@.003@.023[() O 0.042
(Bottom T 141Ce add.
pour) D O O 0.026 at 60 min. after pouring
141Ce add.
E  0.140.431.4500.0200.0050.031 O | O 0.028 | i end of pouring
u1Ce add.
¥ ol O 0.021 at end of pouring
G [0.140.431.450.0120.004/0.040| — | — — | gFe add.
: : : : : : 9, 36,81, 144 min. after pouring
Cont. mold size 250 x 2 100
casting H 0.15(0.43|1.40/0.014/0.015{0.040) — | — O cast. speed 0.6m/ min
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Photo. 1. The effect of [REM] addition on the macro-solidification structures of ingots.
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Fig. 1. Effect of REM addition on the formation
of equiaxed crystals in continuously cast
steel slabs.
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Fig. 2. Effects of teeming temperature and [REM]
addition on columnar dendrite zone length.
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Fig. ‘3. Segregation area of carbon and sulpher of
ingots
Seg. ratio=Analysis in ingot/Ladle analysis
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Fig. 4. Relationship between the amount of equi-
axed erystal zone and carbon segregation
for continuously cast slabs added REM.
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Fig. 5. The effect of [REM] addition on the
length of “A”-segregation line.

Table 2. Segregation ratio in “A”-segregation with
chemical analysis.

Position C Si Mn P S

D Top* 1.06 | 0.94 | 0.98 | 1.02 | 1.13
Bottom | 1.12 (1.02 | 1.01 | 1.28 | 1.29

E Top 1.11 | 1.02 | 1.04 | 1.03 | 1.16
Bottom | 1.13{1.02}1.05| 1.06 | 1.04

F Top 1.1211.02 | 1.08 | 1.42 | 1.43
Bottom | 1.10 | 1.01 | 1.05 | 1.11 | 1.19

* Negative segregation zone of ‘A’ -segregation
with sulpher print

RL7. [ClORHTCDWTi, A, BTz kERL,
C#lix A, BE#iX vEERShT5%. fif [ST @wow
TIHY X5 RENRED LIS, Tiobb B#TSRBLE
ONEWERBIC (ST OERITILEEL, BERAMN
EWCTACDANED D E IR T B EHER LT
5. CGHEix A, BEICHATRERBICREIRZED bh b
DHRTHB DT\ 5.

HEEHE R OFOREITCOVTEL, R—RECkig 515
SeofER L gt Fig. 4 123 Lich, [REM] dngs
FEB\ T3, TSRO K LMEE>TH
DMEHTEHMER LT\ 5.

3.4 BVREITOBECEXIZITREM]DE

Fig. 512 A~C ot V BRI 0ELEx R L.
[REM] HImc X v, #VEIRE I2EL, 22285
WATHEANROh . —JHRVTBAOCEELEDR

31 —



632 T

# 66 4= (1980) 456 =

Genter

_Without addition}

60 min

With addition

Photo. 2. Effect of REM addition on solidification process observed by
autoradiography for steel ingots.
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l:—Ingot bottom (C] [(B]

Ingot surface

Photo. 3. Solidification structure shown with autoradiography of 141Ce added to ingots.
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Fig. 6. Effect of REM addition on solidified thickness
observed by autoradiography for steel ingots.
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Table 3. Effects of [REM] addition on the composition of inclusions.
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Fig. 7. The types, sizes and precipitation position
of inclusions in dendrite structure.
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Fig. 9. Interdendritic mixing zone,
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Table 4. Diffusion coefficient D, equilibrium
distribution coefficient ko, and slope of
the liquidus m.

Element ko D(x 10-5cm2/s) | m(°C/%)
C 0.2020 5.028) 7339
P 0.1328) 4,729 2830)
S 0.0528) 4.029 3030)
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Fig. 10. Theoretical estimation of max. super-
cooling in c.c. slab.

Table 5. A change of index of heterogeneous nucleation with REM addition.

o Distance from Max. super Index of nucl Amount of equi-
REM addition | ¢, face (mm) cooling (°C) (AT max/dTer;) | axed zone(vol %)
20 15.8 1.14
No 100 13.2 0.95 32~-38
300 10.2 0.73
Ingot
20 14.1 4.70
Yes 100 10.3 3.43 45~.55
300 8.5 2.83
10 16.2 1.17
No 40 9.8 0.71 15~22
c. C. 80 9.7 0.70
10 10.4 3.47
Yes 40 4.8 1.60 30~60
80 4.8 1.60

AT ey, AlO3 13.9°C, RE;O3 3°C

Superheat of molton steel : 10~20°C
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