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Effect of CaO-CaF; Powder Injection on Steel Desulfurization in Ladle

Yoshiaki HARA, Hidenari KiTAOKA, Toshikazu SAKURAYA,
Tsutomu NOZAKI and Hireshi NISHIKAWA

Synopsis:

A study was made on the desulfurization rate of steel by CaO-CaF, powder injected into a 150 t ladle.

EPMA analysis of suspending particles taken from an Al-Si killed steel melt during powder injection was
made, and two types of particles contributing to desulfurization were found. The one formed by coalescense
of injected powder with deoxidized Al,O3 particles showed a high sulfur partition ratio of 1 000 to 6 000.
The other type of suspending particles formed by coalescense of injected powder with entrained top slag
and Al,O3 showed a lower sulfur partition ratio. Observed sulfur partition ratios of both types of particles
agree with those estimated from thermodynamic calculation, which indicates that the reaction between sus-
pending particles and sulfur in a steel melt is in equilibrium.

A model was proposed, which took account of resulfurization from top slag. Calculation based on the mod-
el shows that the contribution of transitory reaction to overall amount of desulfurization is approximately

46% under this experimental condition.
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sulfur partition ratio.
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Table 1. Operational condition of powder and gas
injection.
Operating condition
Amount of flux | Treatment time Ar blowing
kg : min rate (Nm%/min)

Gas 700* 8 2.3

injection
Powder 720% * 8 2.3

injection

*  Lumpy (Top addition)

**  Powder (Injection)

} Ca0-30% CaF

Table 2. Comparison of top slag composition be-
tween powder and gas injection. (%)

SiOz | AlbO3 | CaO | CaFz | MnO | FeO

Powder Initial 7.60 | 17.6 | 53.9 9.20 | 0.96 | 1.33
injection Final 6.60 | 23.2 | 45.2 [ 17.40| 0.39 | 0.20
Gas Initial | 6.50 | 15.5 | 58.5 | 13.35| 0.72 | 1.37
injection Final 6.81 | 23.5 | 49.8 | 12.94 | 0.10 | 0.29

—Ar gas (flux)

Fig. 1. Procedure of metal sampling during pow-
der injection.
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Fig. 2. Change in sulfur content of steel melt dur-
.ing 70% Ca0-30% CaF, powder injection and gas
injection.
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Photo. 1. Typical examples of EPMA analysis of
two types of suspending particles in steel melt.

Table 3. Mean composition of top slag and two
types of suspending particles in steel melt.

Chemical composition (% )

SiOy AlpO3 CaO CaF; BaO MgO MnO S

1.8 26.4 48.1 11.1 10.3 1.8 0.4 0.22
1.2 41.4 48,0 2.7 3.1 1.7 0.1 0.38

Top slag —
Slag particle 22
(a)
Slag particle 8

1.8 24. 55.6 15.6 0 1.4
(b) 5

0.1 2.40
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Fig. 3. Change in sulfur content of two types of
suspending particles in steel melt during powder in-
jection.
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Fig. 4. Source of two types of suspending parti-
cles in steel melt.
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Fig. 5. Comparison of sulfur partition ratio be-
tween observed and thermodynamically calculated
values.

Table 4. Comparison of Cs and ap between top
slag, slag particle (a), and slag particle (b).

Top slag Slag (p:)rticle Slag (p;\)rticle
log Cs -1.5 -2.0 —1.4
log ao —3.2 —3.9 —4.0
log L' 2.5 2.7 3.4
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REROREDEEKELLTHIE, KrelT L Ed
by FRAT 7D FeO BERBESHAD Cs 2 KE
{FHZEILEY, Py TR TTOERTIAB L
PUEENZD.

4-3 IR E DOLLE

42 TRDA L H I, REBEEOT TOD Transi-
tory UGN HFS5FTIZH 46% THAH. LarL, Z0oFS
FRWOAGBEORESE, v 725 70WIK, H 5w,
BT TEOBHNEOFMEIIO>TEDLLDTH
. FIT, IhH0EEER LD DR E T MM
FEL BT 5.

Usut 57 13 Ca0-Si0,-A1,03 FA2 F 7% EHEmML T

AlLLO3 %7 7 v 7 2 ¥R EAATZHE OBBESR) « HE
L, BBRICKITTHAVGAADTS /NS ERELT
WwWh, ZOBHEE LT, BEN~NKEAT RBELE
MR ALOs FAEWEWE L, AlLO; IREAT50% &
BB LR SR T 5 72 % Sulfide capacity 25T

LBBEEEAE T T2 LTWwa, ChizBHER
ALO; IBFEAT 25% WINT 5 L v ) FREBROER &L —
T 505, AR TR EA T 7z CaO-CaFy, 27 7 »
7 ZH Al,O3 2RI L 72458 Sulfide capacity O &\
Ca0-CaF,-AlLOs RA S VL DA RE 5. Th
iz &b, WRFZEC Transitory G DF S ICHEIE L
mrEZONS.

S IREEERZ Ny 725 7ORM, IS
Mannesmann slag index & (FeO+MnO) IZHKFF L,
HBOWALEREOEENS /NS \WI &5 b, Transitory
FIBDFESF/NEVEREL TS, HOOFERICIR
2, BHEEEER ko(m/min) (2 RIZT WA A EE m
(kg/t*min) D EEIX k,,=0.21+0.162m TR E N 5.
Bl % 1E, m=0.6kg/t'min BL m=0 2fLATH &,
FhFEN, k,=0.31,0.21m/min & % 5. Thhb,
H 2} ® Transitory LD HG 2 Ko B &, (0.31—
0.21)X100/0.31=32(%) & %1, P IZZDFL I/,
v, LAaL, ZOFSERIXREBRCTHEONLL-AITO



830 % + MW % 74 4E (1988) % 5 &

FEE26% 1THL, 72, RERL Yy TR 7DSy
BLLe A% 350 LUF T & 1) ARZEBRT D fE 400~900 & b K>
2D br v TAT T THEEIFRI DO TWAAREME N H 5.
L7H2T, by 7RI FTOERZER L -AHE L
[ Rk DBENT 4T 5 &, Transitory i & Permanent X
WOFGOEIDS L LN EARE L RABEOEIGII 2%
LEZONS,

Oncuckt 5% i3 3.4~3.8kg D/NRIFEERFER 2 EF N
ErEIC X DT L Transitofy Bt & Permanent S
HFE5IZIFIIFHE LW &, BLY, Transitory LI DX)
EHRELRBE Ly TRAG I TERFIBI IS L %
RL7e. RERTE, BH#EART SHFRBMICEL T
SE#ISE L TB D Transitory B OXE I A 72 ) Hv
EEZONDD, COFKEOTTCHEENPCEy TRAF T
DEFWHFBROON, L E—HLERELEDTHS.

PLE®D X 312, Transitory KD FSRIIHEEIC
LDRLZDOTVDN, ZHEIREAALZHERL Ly 7R
S T DORBEPLHATELZ EPbrb, 72, fBF
FOFME T — I BAHTH B2, T2 TiE, KRz
OB EIT) 2L XTELWD, by TRF ST
DEHREEET SHZ L12X D Transitory U NH 5%
BRI EOEIVEL 2AHEEHLH LN S.

5 & B

Ca0-CaF, 27 5 v 7 A% Bl v 72U ARUGA A 12
LB BEHBRER LT, UTORRERE:

(1) & A T B IEKA A OME (CaO-
CaF,) # ¢ TAMT CHREEEEY CTH 5 ALO; &
B, BEAINS by TRT T LBE, S LIE
RECTELLOBEMRS LRICT 5. BHAKT O
Ly TRAITEFEELVHOORERIZ, KEATN/
BEDP D 79%, AlLOs 25 21% Th b, T4 2.4%
EVIBWSEEERRT.

( 2 )Sulfide capacity # AV 7= S B OFHEE & £
WHED A S, BMAR T FRT, WEETED b v
T2 7 EBBRICE L U FEEIGEL TV I &
e Dk by TR TEEIRVERARS 7

LT 2% 1000~6000 & B SHEILZRT A, hid
Ca0-CaF,-Al,O; 2P Sulfide capacity # 83 55 F
LD TnBhHTHAS.

( 3 ) ERIA A DA D Transitory It DHFSHIL,
HAWAH & DB PG, Ry bk 26% & REAH. L
L, BMART TRFIBRBEL b2 &Ehb by
TAT 7 TOERIPREREN, ChirZRLAKGET

WIZ K D Transitory RGO BEDH SR IIAREREH O
B ETIER46% L b,
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