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Effect of Sulfur on Solidification of Rimming Steel

Masayoshi KuBA, Ko TASARA, Yukiyoshi IToH, and Hirobumi MAEDE

Synopsis:

With intent to make clear the effect of sulfur on the solidification of rimming steel, the properties of low
sulfur rimming steel ingots were examined and were compared with that of standard rimming steel ingots.
The characteristics of low sulfur rimming steel ingots were summarized as follows:

(1) The number of the elongated blowholes diminishs and the thick solid—skins develope, but some

skin holes are formed.

(2) Plenty of MnO(FeO) inclusions are precipitated on the inner surface of blowholes.

(3) Carbon contents of ingots are low in comparision with that of liquid steel in ladle. Sulfur contents
of ingots are very low as was expected, but the segregation ratios are rather high.

(4) Sulfide inclusions decrease and oxide inclusions slightly increase, while gross inclusions exceedingly

decrease.

These characteristics of low sulfur rimming steel ingots are attributed to the C-O reaction, the fluid
motion and the surface tention of liquid steel in mold.

(Received March 18, 1971)
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Table 1. Data of low S rimming steel ingots.

Ingot Al inl adle Ladle analysis (%) Mold addition(g/1) Weight of Condition of
(g/®) C Mn E P S Al NaF ingot (t) sample
A 167 0-06: 0-31 0:-007 | 0-005 40 13 15-1 Ingot
B 0 0-10 0-38 0-012 | 0-004 42 69 14-4 Ingot
C 200 0-07 0-30 0-010 | 0-005 33 40 15-1 Slab
D 150 0-08 0-27 0-00%- | 0-007 47 0 15-1 Slab
E 50 0-09 0-38 0-019 | 0-005 50 63 80 Corner sample
Ingot A Ingot B
(Sectiona) (Sectionb) (Sectiona) (Sectionb )

Photo. 1. Macrostructures of ingot A and B.
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Fig. 1. Correlation between teeming rate and
thickness of solid skin.
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Table 2. Data of rimming steel ingots for blowhole observation.

Ladle analysis (.%) Mold addition (g/t) :
Ingot - T N We:ght of Remark
¢ |Mn| P S Al [NaF | S Mn | got (O
F 16 81 — — 12-3 Low C rimming steel
0-11 |0-3¢| 0011 0-017

G 16 81 — — 12-3 Soft cooling rimming steel
H 0-19|0-38| 0007 | 0016 ) 0 — — 67 Medium C rimming steel
I 0-16 | 0-49 ) 0-012| 0-010 0 0 |[4,810 |2,230 74 S free cutting steel

(a)
(d)

Secondary electron images of inner surface of blowholes in rimming steel ingots.

tigot A,

Ingot G, x 1000

x 151)

(b) lngot E, x500

(e)

(c) Ingot F, x500

Ingot H, X 1000

(f) Ingot 1, x 1000 (7/9)

(a) leha

Photo. 5. X-ray images of inner

(b) Mubg
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(¢) Ohka
surface of blowholes in ingot A.
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Table 3. Constitution of non-metallic inclusions
in blowhole.

Ingot Constitution

A MnO-FeO

E MnO-FeO

F MnO-FeQO, (MnS), (Mn-silicate)
G MnO-FeQO, (MnS)

H MnO-FeO

I MnS
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Photo. 6. S-prints of ingot A. and B.
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Fig. 3. C and S distribution in center of ingot A.
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Fig. 13. Position of specimen in ingots.

Table 4.Data of standard rimming steel ingots for test of non-metallic inclusions.

I Ladle analysis (25) Mold addition (g/t) Weight of
ngot .
C Mn P s Al NaF ingot. (t)
J 0-10 0-35 0-013 0-017 16 81 12-3
K 0-08 0-32 0-0L5 0-019 51 79 13-4
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Photo. 9. Microstructures of non-metallic inclusions near surface of ingot J.

Table 5. X-ray microanalysis of non-metallic inclu-
sions in core of ingot B and J.

Ingot Point of Composition (%)
analysis | At | FeO | MnS | Fes
B A 7422 | 19-61 — —
B 67-54 | 3139 — —
C | 648 |31°00] — —
] D — — 1 8395/| 21-39
E 67-44 | 22-98 = —
. F — — 8410 16-04,
ATEMIEHERS S5 MnO (FeO) -MnS (FeS) @ Oxy-

sulfide TH DD L, EE Y & FEEEB TR R
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Photo. 11. X-ray images of non-metallic inclusions of ingot J.
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