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Effect of the Compositions of Oxides on the Reaction between
Oxide and Sulphur during Solidification of Steel

Hiroki Goro, Ken-ichi Mivazawa and Tetsuji Kavova

Synopsis

: In order to elucidate the reaction between oxides and sulphur in molten steel during solidification, the effect of

composition of oxides in continuously cast steels has been observed and analyzed. The results obtained are as follows.
Ca0-Si0,-Al,0, and Ca0-Si0, oxides are observed in low Al content steel (Al=0.005mass%) and CaO-Al,O; oxides

are observed in high Al content steel (Al=0.031mass%).

content than CaO-SiO, oxides.

Ca0-Si0,-Al,O; and CaO-Al,O; oxides have higher S

High S content in oxides was obtained with high liquid fraction and high sulphide

capacity of oxides at the solidification temperature of the steel.
Because desulphurization by oxides which have high sulphide capacity and high liquid fraction occurs during
solidification, S segregated in the center of slab is absorbed by the oxides.

Key words :

1. #

T

S ORI E T IO E L TRIHT 2 2 L, o
MEFHET 2828 HFEO—2TH 5, MnSHAFH LT
B 38R OB OB BT H v, MnSOERLH~
DOHTHC BT 2 BFZEHTIT It b, BALIOFESE L & - TMnS
DIFHDRL B LG L o2y,

—77, SAtfrh B AT L e MnSiz Bl g L 1 B
Band by, MnSOERH LMD, FR, 54 284 F
FMTEETH LY, 2DRD, NPT LT VI F— b~
DCaSDéhttids & EME, 270, RIBEMESE DRI
WTEHREIN TV 2397, Ly L, ZDRISEEI2@T 5
ZHich, BILOBEE IS T L LT L COPERT
H 5 EEEARR I B A LIEHEPOSE DRIz D v
T, BILWOMROEE» Ks-bDLHEL2LNE, Z
2T, AR TI, EEELAFEIZ I 2Bt LSO )G K
ETEALOMROBE LA - T L, BFLERRICI Y
ALY E SO Bz D W TRET #4772 - 72,

2. AERNGE

BRAF HERTE, Al Si, MnOBEERIZEMML, 2048 "%
FEHTCaO® TR E LI2 75 v 2 A REMSI-TRI L, 240

solidification ; oxide ; deoxidation ; precipitation ; calcium ; sulphur.

mmfEAD A 5 TR U, 2 DA 2tb L L1,
4&%"5&?.51‘?Tab1e 1R BB LR - BT R D ALE
DB P19, AUBER L - 12HEMC1,

<2 >%Fﬁh~f:o

JE3240mmD 2 5 78l BIEA K] O H LEFH D
et Ulc, BALY OB L REDORE, KR
WEEEE- T, 10005DMHERTIT R - 12, BALHD MK
PIZEPMAZ Hlv TAT e o 12, MR L L CERIE DORIFRIX
5 ~20umT D 5.3 12, RILXER=A 20 7 F 54 F— (L4
#%CMA L BET) % F v TERILW, BRAbH O 45 2 BE L12Y,

B VPRI E O v 25 4T H 5 SOLGASMIX?
PHOT, FEOREIIB Y b BELBR{LHDEAE &
WD, ¥, ThFnOBRWEPFE L, —
U5, BEELEFEC I BIEMR G ORI O T, SEEEIRFD
BT % % & L ICER L fn = 7 v 0% Bl G TIERO RS &3t
HL.%H, INLDFHE T, BIUYOERIXGaye
LDV EF NI L T A —X—% e TRD, BR{b

Table 1. Chemical compositions of specimens cut

from the continuously cast steel slabs.
(mass%)

No. C Si Mn P S Al O Ca

<1> | 0.04 015 1.34 0.004 0.0005 0.004 0.0020 0.0023
<2> | 0.04 026 126 0.006 0.0003 0.031 0.0019 0.0020

PR 6 4F 7 H27H ST

SERE 6 4F11H 4 HZ2# (Received on July 27, 1994 ; Accepted on Nov. 4, 1994)

* ¥ B ASISE (bk) B EBNATZEES (Kimitsu R&D Lab., Nippon Steel Corp., 1 Kimitsu Kimitsu 299-11)

s 2 ¥ B ABISK (BR) B iE8ekAT (Kimitsu Works, Nippon Steel Corp.)

n7 mm
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Table 2. Chemical compositions of oxides in low-

Al steel. (mass%)
No. Cao AlLO, SiO, MnO MgO FeO S
A-1 43.3 12.7 23.8 0.2 6.1 7.8 1.1
A-2 44,7 144 23.1 0.6 4.7 6.0 2.0
A-3 54.1 15.6 21.3 0.1 1.6 2.9 0.2
A-4 49.1 15.1 22.3 0.1 3.4 4.0 0.4
A-5 58.1 2.5 31.3 0.0 0.7 2.2 0.2
A-6 49.3 19.1 23.1 0.2 2.4 7.7 0.4
A-7 60.6 1.6 31.3 0.1 0.8 3.1 0.8
A-8 535 1.2 34.1 0.6 0.3 5.7 0.2
A-9 55.3 12.3 20.5 0.2 1.5 6.3 0.9
B-1 46.1 19.5 22.9 0.1 2.9 35 0.3
B-2 54.5 0.9 34.8 0.1 1.9 2.6 0.0
B-3 57.8 0.9 35.2 0.1 2.2 2.6 0.1
B-4 45.6 135 25.2 0.1 5.1 3.0 1.8
B-5 51.5 0.4 32.6 0.5 2.8 5.7 0.1
B-6 62.2 3.5 22.4 0.2 0.6 7.7 0.1
B-7 64.2 11.2 19.9 0.0 0.2 2.8 0.1
C-1 54.8 1.5 38.5 0.4 1.2 2.4 0.1
C-2 58.2 11 34.8 0.1 2.8 3.8 0.0
C-3 54.4 1.2 36.0 0.1 7.0 2.6 0.3
C-4 52.3 0.6 31.2 0.2 5.5 6.7 0.4
C-5 50.8 0.7 38.2 0.1 2.7 3.0 0.1
C-6 60.3 0.9 32.3 0.1 1.6 3.0 0.0
Cc-7 55.3 13.2 20.6 0.1 1.0 6.1 2.9
C-8 51.0 11.6 21.9 0.3 1.1 7.7 2.1
C-9 57.4 10.7 14.7 0.1 0.3 5.5 6.1
C-10 | 58.3 14.6 17.7 0.1 1.2 4.4 35
C-11 | 50.8 18.9 26.5 0.3 0.7 2.5 42
C-12 | 491 16.9 22.8 0.1 0.9 6.7 3.0
C-13 | 49.7 18.3 22.1 0.1 3.3 2.8 1.8
C-14 | 54.6 16.9 234 0.0 15 2.9 0.4
C-15 | 51.2 6.6 28.6 0.1 3.8 7.8 0.8
A-: 4mm from slab surface

. 60mm from slab surface
C- : 120mm from slab surface (slab center)

(C-T)

—
10#m

(c-1)

Fig. 1. Morphology of an oxide (C-1) mainly com-
posed of CaO and SiO, and an oxide (C-7)
mainly composed of Ca0Q, SiO, and AL,O; in
low-Al steel.

30

B OSE L kAR L, CaSDAD 6 I B MAEWIIBELS
i o 12,

R, B OEAF IR OSEEDORIEFHE L
1o 85 ORI T IS S »TRILT 5 729, BRfL
W BERPORETR EORGVEE LD EFH L
bz, 22T, BHORBITEBOEBRILHDOSIERE &, HITDOR
FEHUNS CEREA K BIORBE (S5 OFE Y 6 4 mmD
friE), 1/4/5E% (EE» 660mmfiE) DIty DSIRE
RRELIC, L, POMEATEICO VT, SFRIEATM
DI (R H 6 120mmiLE) T, MnDiRE » FH)IRE
D1.3fEL_F AR L 72389 2 RATES L 23 L 129, K EHE,
1/4/8 238, HODRITESRC 30 2 B {Lb DOSIRE 2 44T L
1R 2 Fig. 2 R, 0 THOERALIZ W T b, Ca0-Si0,-
ALO, % t CaO-SiO, R Dili ff DB B s iz, KIE
], 1/42 AE T35 £ OBRILYH OSIREE ST 1 mass% LT
ARG S, OB TIESIEEE DT 2 mass % UL E OB L EE
Int,

O R AT OB 12 Ca0-Si0, 5 £ Ca0-Si0,-Al,0: %
OBt SET S, FOFOOMIMZDOwT, Bt
WO ILE DM ERF # Fig. 3 3 &£ UFig. 4 2R, (C-
1) DCaO-SiO. REE LIS EFEREEF LT v b%, (C-7)
D Ca0-Si0,-AlLO, REB/LWIIS# 2 massBREEH LT
BY,WETHBAAMPOSOEHEV RS (RL B I L1
» 5,

RO L3y, MBI & > TSIEE»ELLTVWBZ L
PIAD LIz, BAL b O SIEE G RIE T BALYIAL R D

§10 T T T T T T T T T [ T T
n 9- .
1724
© 8- A
E < .
> I
S 6r ®
S 5- .
c al ° |
s 4 e
c 3r ®
(]
£ 210 o 8 -
Q 1’:8 -
» §
20 5 A 1,@¢4 L1 1 YT
0
(Surface) 60 (Cerger)

Distance from slab surface (mm)

Fig. 2. Change in S content with distance from slab

surface.
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Fig. 3. Chemical compositions of an oxide (C-1)
mainly composed of CaO and SiO, in low-Al
steel.
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Fig. 4. Chemical compositions of an oxide (C-7)
mainly composed of Ca0O, SiO, and Al,O; in
low-Al steel.
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Fig. 5. Relationship between Al,O; and S contents
of oxides in low-Al steel.
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Fig. 6. Relationship between Ca0O/SiO, and S con-
tents of oxides in low-Al steel.
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Table 3. Chemical compositions of oxides in high-

Al steel. (mass%)
No. Ca0 ALO; SiO, MnO MgO FeO S
C-1 56.7 39.0 0.9 0.1 0.6 2.7 1.0
C-2 48.5 40.3 1.1 0.1 0.6 4.2 1.0
C-3 52.3 34.5 0.8 0.1 4.0 3.6 1.6

C- . 120mm from slab surface (slab center)

Si0,

S content in oxide
©| 2 1.0 massX
< 1.0 mass¥

High-Al steel

oL O MV . AV2
0.3 0.4 0.5 0.6 Al,O,
Na1203

Fig. 7. Chemical compositions of oxides in the CaO-
Al,0;-Si0, system.
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N, MHET H 5 CaiFE ([Calows) 23, 20ppm & ILEIE
L7y, CaldFaE I TH % LEFESI B, T b,
BRRCaRERAED TRV D LFEL LS,

L7zhis T, BEELRFRIC o0 TIEMCaBE I3y T <,
(10)R iz & 2 FIBHHEIT L TV 2 AJEEER NS b D EFH
rons,

PEX b, (3)RTTRINBEEUWC & 2 BERIDH SR
BEHIZHE T Y, BCmTORENK S O PO T IR
AL SHIRIL S 1, Bt OSIBRE IXER LR oK &
(ARET 5 2 Lo i,

5. B5

BEE P OB LY RO RICEE £ AT 5 2 L 2 BIY

LT, HSESEESER I 5Ca0% & H LB LM
B % SR L, Bt OSIRE © R TR LUK O E Y
MEf L1z, BONKERIIROLEBOTH 5,

(1)1EAISH (A1=0.005mass%) T &, CaO-SiO, % t CaO
-Si0,-ALO, R DB L 3 EIEZ & 1, Ca0-Si0,-ALO; R D
BRI D J5 55Ca0-Si0, Rt & b L DSIRE DTS
L BBALHIRLR A & - TE LI OSIREYVZLL T3 2
LSy 12, — 77, B A (A1=0.031mass %) T i, CaO-
ALO; ROt HEREE S L, AL SYERFINTL
12, TG OMILBDYF T A VX v o807 4 — LR
HRHETEE, T 774 FXxr %07 4 =&, &
MRV ECEBAO B Y, BAUIFOSBEF &S LA L
piak 2| L MO A

(2)EftneF 774 F¥ 292 7 4 —DE GBI
BT 5 2 sk b, BEEICERLYIC & 2 BBERICHTE
7L, WITOREDY KRS R HRLETI, ®RIT L 2SHER
ALC IR 3 N B 2 LD h o 12,

ERRCATREZRTT 2 0hc b, ERREIEHBAER
fEHEEIR, 7% 6 CNCHT B & (B0 MR RIE=1E 12 6 BE
RTIRERIHS, EOBRHCIILET,
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