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Reoxidation Behaviour of Ultra-low Carbon Steel in the Process of Refining and Casting
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Synopsis :

The influence of steel reoxidation was quantitatively evaluated on the behavior of total
oxygen content in the refining and casting processes for ultra-low carbon steel.
Decreases in the amounts of FeO and MnO in the ladle and tundish slag, a decrease in
the silica content in the ladle refractory, and the prevention of air penetration into the
tundish were effective for manufacturing steel with high cleanliness. The ladle slag had
the most deteriorative effect on the cleanliness of steel among several reoxidation
sources. The change of oxygen content was expressed quantitatively by a couple of
reoxidation and deoxidation phenomena. Oxygen content at tundish was decreased from
54ppm to 20ppm by the application of improved methods for prevention of steel

reoxidation.
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Synopsis:

The influence of steel reoxidation was quantitatively evaluated
on the behavior of total oxygen content in the refining and cast-
ing processes for ultra-low carbon steel. Decreases in the amounts
of FeO and MnO in the ladle and tundish slag, a decrease in the
silica content in the ladle refractory, and the prevention of air
penetration into the tundish were effective for manufacturing steel
with high cleanliness. The ladle slag had the most deteriorative
effect on the cleanliness of steel among several reoxidation sources.
The change of oxygen content was expressed quantitatively by a
couple of reoxidation and deoxidation phenomena. Oxygen content
at tnndish was decreased from 54 ppm to 20 ppm by the appli-

cation of improved methods for prevention of steel reoxidation.
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Table 1 Comparison of experimental and conventional condi-
tions for suppressing steel reoxidation in ladle and

tundish
Factor Conventional Experimental
Ladle slag (FeQ) + (MnrO) {FeQ) + (MnO)
=15~309 =2-159
Ladle refractories Zircon, High alumina

Roseki (bottom)

TD slag Low basicity High basicity
(Cl5=1.2) (C/S=6)

Reoxidation by air | Non-sealed TD Sealed TD

Packing sands of | Silica Non-silica

ladle
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Table 2 Change in [N], [Al] and [Olz in TD start charge

withjwithout sealed TD (ppm)
4 | 41Ay | 40k
Conventional TD 2.0 ‘A —132 6.1
Sealed TD ~ 0 \ —100 0.6

Table 3 Influence of packing sand on 4 [Al] and 4 [O]y

- _ _(ppm)
1 4 {Al] \ 4 {0
Conventioni —132 6.1
Tmproved —108 4.0
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Table 4 Influence of steel reoxidation factors on [Al] oxida-

tion rate (ppm/min)
From RH end
In RH treatment io TD
Ladle Zircon 8 0.9
refractories Alumina 5 0.3
0.83((%Fe0) | 0.12{(%FeO)
L: |2
adle slag + (%MnO}} F (%Mn0))
High basicity — 0.0
TD slag
Low basicity — 0.4
Oxidation by air — 43 10%. 4 [9%N]
Packing sands of ladle - ¢.1

ks =a+6{% FeO+ 9 MnQ)
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Table 5

Influence of circulation gas rate on circulation rate, d[Allfdt, [Olgye, k:, and a in RH treatment

Flow rate of circulation gas ({-norm./min)
1700 3400
Circulation rate of molton steel  {t/min} 126 158
—d[Alldt {ppm/min} 8.0+0.83({(%Fe0) + (%MnO)} 8.0+1.18{{%Fe0) + (%MnQ))
[Olake {ppm) 16.54-0.98 {(%FeO) + (2%6Mn0)} 13.5+1.56 {{%FeO) + (36MnO)}
k: {min~t) 0.27 0.33
« 0.40 0.51
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Fig. 8 Dependence of k, on
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Processes ] Ref.
RH 0.33—0.40 This work, 6)
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HEEDMAKIC Lz - THINT 2. LicdiaT, RHATHD
Ol o ERICIBRREEOHAATHTHES,

4.5 RH¥THs TD FTOMEPRERE OEL

RH MEHETHE TD 2 TOMBRIFC TS hh X a ik
Table 4 kR L7 Al OFERHEE k' i THRBHA D, =40
min, (FeO}+Mn0)=8.3% s ET 5 &, Fig. 3 OENfEL
(27 b k=002 min™! I W a=0.28 k¥ D, 2 THEL
N ko BBE LR Co BRI ERY L —BLTED, ki &
LCRY A Th S, Fig. 3inm L HEERLE, (2) R0f
& a 0BTt b [0 Mo FIF T K H B O BE L THE
mEIhTWE,

Fig. 3w L7 & 5, RH & THO O #@V8B&1i TD
OO RHATI b {E < Dd, Fi, RHETED [0 25
EVBET TD o O A RHBT L 0§ & asEmtH 5,
o (Ol ¥R, ATEHOEEAEEEE B ERETELD S

—_ 11 —

(8) o Al ik Table 4 IR L7 Al OB{EEENGIHET
&5,

TD ¢ Ol W BETEHRILEEH O B E Y H RLERY
Fig. Y eF7, #£EEOHE, TD ©o [0 1 58ppm L HE S
R, BURR 5 rEFA0 BRI K I L BB HD V5, —F,
Table l KELABRBEH LE L TN THBLERE, O 12
Yppm FTCETFT5, Lal, HRLLT, O o LI~ 7
Ft AEBEAEVEERED TS, Zh B0 E#IIEAE
LEL—HLTW5,

(Ol
96 ppm {34 ppm obs.)

]

Packed sand
Air O X
TD slag 3 \\“\\
Refractory 6 o
. 1 P aw
Ladle slag [ 21 % [0l
J4 19 ppm {20 ppm ohs.)
LRy
R -
Tl 6
Ol | 18
11

Conventional method
{Fe0) +{MnO)=26%
A[N]=2 ppm

Improved method
[ ] [:Fe01+<Mn0)=7.sﬂ

A[N]=0ppm
Fig. 9 Influence of reoxidation of steel on [O};p calculated
by using the equation [Q]pp=0.174[Al] +0.45[0)aue

I BREHE8 Vol. 25 No. 1 1993



12 CEERFAOBEE®ILED

5 8 =

BEREMEUEOFREER C RETERNE LT, BHERT
7, gty Y, s v 7 1 v (TD) 237, R}
UTD 2z~ FROESBECHEIL, ERABRLCRETEE
EFROHEODRELEEINTERM LA, B LR SRe U TrEY
T35,

(1) KB~ 5 reoERREYER B AP0~ 285
BOEE vV 2y EBELTVRBEDOER TD A7 7o
BHEEE L IUERY TDi L 2 &2 & — + BEORSEE{R
BB S THD. BRbcRET ththo B
BRI L 2,

(2) RH* FARGCR, BIGEEOHXC L - THEE
K3 X OBRLEE E - kT 5% R L BiBkie

#EEhr, HBEERE LT, BN HoEE L LEEA
7 RO ERRICHROBE KE L,

(3) RH#TH 6 TD 3 colitl, HBEELIFREEEOX
NCEBERE (O 0EF2RE L, O #8NT 28454
BT 5BEY S B, ERERLERIIGER 7 7S LU
it XKBHEATHD,

(4) TD =7 romEiE, TD & 5 ~ + BpOEHL & TG
FABRE, BRIV E2ERELAVEAZNORACL-
T, TD kit 5 FR{LAHFIE R,

(5) FT_TOBFREHEMNELRETSHLL LT, TDRE
% [Olr A3 S6ppm #nés 9ppm ¥ TP T 5 ERHEEL
foo ZHURERIEE L X —HKL, SHHELEERRHOR
EHBIREIZ L » oo

ok, Ao, EE 62 75 th Steelmaking Cont 12 #85% L
fABEC—H%, ISSoBTERTHBLL,

¥ E X &

1} R %W, bFE B, HfERE— BE — WLXK: HMEFe
+ =, 2 (1989 1, 232

2) ks, BB, FEERE, By 5%, HEER—:
+ =, 2 (1989 1, 256

3 Y. Hara, A. [dogawa, T. Sakuraya, 3. Hiwasa and H. Nishikawa:
“Development of Prevention Method of Steel Reoxidation to Pro-
duce Clean Steel” 75th Steelmaking Conf, Toronto, (1992), 513

4) B0 & B A, BEREF MR OF, O JNEEMA E &M ¥
¥EFowx, 3 (1990) 4, 1213

5) KFFHH, EREL H A gL, 60 (1974) 2, 192

6) HMREE MENER BERKEZ ik B MELTe ez, 4(1991)
1, 266

M 7o

BRI E Vol. 25 No 1. 1993

7)) IBEE DOEE, EHEh, EEACE, RERE: BiM, 6l
(1975), 5543

By EEFfuL hOfEE, SEAE TREE BHEARE: BRLE 68
{1982) 10, 1595

9} H. Sandberg, T. Engh, J, Anderson, and R. Olssen: “Influence
of Specific Stirring Effect on Al-Deoxidation in ASEA-SKF" Ist
Japan-Sweden Joint Symposium on Ferrous Metallurgy, May (1971)
Tokyo, Japan, 87

10y T. Sakuraya, N. Sumida, T. Fujii and Y. Fukui: *“Development
of [ntensively Stirred Ladle Furnace with Rotating Electro-Magnetic
Field” The 6th Int, Iron and Steel Cong. 3 (1990), 575

1 &% & BREA BE B OLF F: L # 53 (19%67) 3, 362

— 12 —



	★j25-007-012
	j25-007-012

