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Dephosphorization Rate of High Carbon Iron Melts by CaO-based Slags

Takashi SATO, Kunihiko NAKASHIMA and Katsumi MORI

Synopsis : The oxidation rates of phosphorus in high carbon iron melts were examined at 1400°C by using CaO-based slags such as LD slag and Calci-

um Ferrite (CF) type slag. The results were analyzed with the coupled reaction model.

Although, little phosphorus was initially oxidized by the addition of LD slag alone, the degree of dephosphorization was considerably im-

proved by adding further FeO to LD slag. This improvement can be explained by the increase in oxygen activity at the slag-metal interface

and mass transfer coefficient.

The degree of dephosphorization by CF type slags was higher than that by LD slag. Among them, the degree of the dephosphorization by a
mixture of CaO or CaCO; and Fe,O; was higher than that by CF sintered.

The phosphorus distribution ratio and the CaO efficiency for dephosphorization by CF type slags were compared with those by slags con-
taining CaF, or CaCl,. As a result (or As a conclusion) it was expected for CF type slags to be the effective flux for the dephosphorization in

practical operation.

Key words: LD slag; calcium ferrite; FeO; dephosphorization; distribution ratio; CaO efficiency.
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Table 1. Composition of initial LD slag (mass%).

Slag Fe.0 Ca0 Si0, MgO MnrO P,0s N
A 239 419 143 85 4.03 324 0.015
B 22.1 4.7 134 9.9 4.17 1.96 0.07
C 317 34.2 10.7 7.8 324 1.57 0.056
D 61.1 214 6.7 49 2.08 0.98 0.035
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Table 2. Experimental conditions, initial and final compositions of metals.

Run Slag Initial metal (mass%) Final metal (mass%)
No. ype [%Si] [%P} [%C} [%Si] [%P] [%C]
A-1 NLD 0.3 0.103 4.446 0.04 0.118 4.351
B-1 LD 0.283 0.1 4.328 0.014 0.099 4.092
B-2 LD 0.169 0.1 4.484 trace 0.05 3.971
B-3 LD 0.081 0.102 4.443 trace 0.044 4.011
B-4 LD - 0.098 4.485 0.046 4.004
C-1 LD + 20%FeO 0.252 0.096 3.993 0.006 0.039 3.305
D-1 LD + 50%FeO 0.255 0.157 4.352 0.001 0.064 2.962
CF-1 CaO - Fe,Os - 0.102 4.51 - 0.047 3.73
CF-12 CaCO;,Fe ;03 mix 0.105 451 - 0.037 3.61
CF-13 CaO, Fe1203 mix - 0.103 4.44 - 0.042 3.55
CF-2 CaO * Fe,0; 0.298 0.112 4.49 0.021 0.054 3.98
C,R-1 2Ca0 * Fe,Os 0.105 4.56 0.041 3.77
C,F-12 | 2CaCO; Fe,03 mix - 0.119 4.51 - 0.038 3.62
C,F-2 2Ca0 * Fe 0, 0.301 0.120 4.44 0.048 0.057 3.81
C.F-3 2Ca0 - Fe,0s 0.212 0.105 4.48 0.023 0.04 3.874
C.F-4 2Ca0 * Fe:0; 0.098 0.107 4.45 0.015 0.042 3.787
C,F-1 3Ca0,Fe ;03 mix - 0.108 4.487 0.032 3.788
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Fig. 1. Changes with time in the composition of metal re-
acted with LD slag.

1220%, 50% FeO % RMU B4 (254°C, D), BHER
B XN B LEIFICH D ARIGAEITL TS, Zh
X, REICOBERT V¥ v LBRIBIIHD 6 &L Rzh
TW37=»EELoh, BROBBLHFICHs L, &IF
252K BHODARTBETH D Z LAb2 5,

BEAE % OBRESiOHE L HMIZ T 5729, Fig. 31
VIHSIBEAEL-BAERT. VIHSIREMET T2
2N T, RERIGEHT 2RHRES A0, BKEDS
HDEMCEMT 5, 5612, BOARELEKTSE I LM
bhr b, YIHISIEEL0%ICLE X, XHITHH AR
MEANBZLEHGELRD, 0L1%DBPAREIZLALEED



[%P]

50

4.0

3.0
1400°C
slag 20g

[%Si)
[%C]

2.0

0.1 1.0

0.0
2000

0.0
0 1000
Time(sec.)

Fig. 2. Changes with time in the composition of metal re-
acted with LD slags for various (%6FeO),.
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Fig. 3. Changes with time in the composition of metal re-
acted with LD slags for various [%6Si],.
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Fig. 4. Relationship between [%Si] and [%P], ad during
the reaction.
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Fig. 7. Changes in the composition of metal reacted with
C,F slag for various [%Si],.
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Table 3. Parameters determined by the calculation.

Run kP, Bsi Bp Bg Bmn
No. }(g/em2- )| x10°  xI108 x103 x10*
A-1 0.0010 0.60 11.0 2.0 27
B-1 0.0009 0.80 9.0 3.8 1.2
B-2 0.0010 0.70 12.0 4.0 1.6
B-3 0.0013 0.80 8.0 5.0 1.6
B-4 0.0015 - 6.0 5.0 1.6
C-1 0.0028 0.06 0.5 10.0 0.45
D-1 0.0030 0.20 0.1 8.0 0.50
CF-1 0.015 04 3

cr12 | 0015 - 05 3

CE-13 | 0015 . 05 30

CF-2 0016 | 0012 07 3

CiF-1 0.017 - 05 30
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CF2 | 0017 | 0006 06 20

CF3 | 0017 | 0006 06 20

CFa | 0017 | 0006 06 20

CiF-1 0.017 0.9 20

ZZT, AZKILAREE(em?), WIiTER(@Q), HIPERG
Fl(cmss), pldEE (gem?®), K i3 COBILIRKIED EEE
¥, fi3Henry BETOHEBBRE, a3 X T -2 2K
IERETOBREEETH S, +IIRETOREE, R"FOm
BAEN, sBZAT772BHKT 5, kIR RIBDILFR
ISR (g/em’ s), ky IRIEWEBIRETHD, 24
N XU 7 7hOYBREREE,, L &(5)ROBEFKRT
EEIhb, L,3RIMD R T 5 -4 ZLRERETOF
BEWARETHD, RATOFEERIIRIET 57,57 2 —
#—Bid(6)ATHRENI%,
REOBEERIZ, 277 -2 LREBTIBED~Y
ZN7 v ZAOBRE DX ((9)R) 2HWTkDSh
3,

20, dI%Si] 2.5, d[%P] W, d[%Mn]
My di M, dt My, dr

1

. W, d[%C]
M. at

_ M, di%0] =W, d(%Fe0) W, d%S]
T My dt My, dt Mg dt

BB, A7 7B REEERTIENEL, X7
FHRMZ L 2EEBIOCHROENEEEL TS, &5
ICEPEICPE LTI, S5 X — 2 —KEDPELT B0z,
k,p,=026~0.28, k.=0.05~0.06& L7z, DD/ A —
H—ZDNWTIE, A ZNHPORBEIZDONT, EBRER
CRMERSTER AT —RT S &I ICEEREL 72,
4.2 INTXA—H—D%E

Table 3ISHERNTICL D, Bohi/ 35 X -4 —-Dfl%

22

0.010 T

0.008

0.006

0.004

Interfacial oxygen activity, a *

0.002

0 1000
Time(s)

0.000
2000

Fig. 11. Changes in the interfacial oxygen activity with
time for various runs.

MRLTWB, kp 3EIFA57&D, ANV ILT T4
FMCRHRZXF D/ BRE LA L > T B, /2, 8P
277D TIIFORBDEVAENKRELHELE->TED,
ZhoDZ2I 7OREDMEmE & —FL T35,

B, Byi3CFR2 7 5 DHMEMN/NE L, BEENEHE X
NBIFE@EANEL B5TWE, B2 OEEERERT
85 X — 2 —BOEIX, A DEWHSET— 25005
SHEINBEEHBT I L, BHPDIEED2ENHBHEDD,
IFITRULETH S I EHHETE -,

4.3 FEM%EER

Fig ILSEBERMICKDBONAEZ 55X 2 LRED
BMEGBEORRENEZRT., XD, CFRIXIFIZ7DEH
BRILSKBRELBVDOT, BIF2 5 VIR TRAEBREER
NRESBDILBbNIS, £/, CFRRAIZ7OHRTIX
FeORMBBNCFANBITAKRE LA L >TWB, Ly
L, B ARICEEIZCaOORDEWCF R I 7 H e h
T\ 7z, Fig. 4IZR L RERIF 2 5 7 CORBBTFEREE
B3 5L, REkEEEAH0.0006 L Ed T O A DS
FoTED, CFRAIZTIRWThEIHICARERERS
EN00ll Ly, RKIZHBIA, BKRSETTSZ
ERbh b,

4.4 FEBREOKRE

B ARIGDRICHEE A BT 5720, By OBEER
2B 5 A2 0B KR T SHNOBEHEN A & AR ERE
ERE L7z, RO MORBEWEBRERE L, 3(5)RTEE
kEh3, WEBHRROSEEIIEIIHET 50T,
10OR & D, 2IEHR, T A L RBEIERN O BT RY
(=Ly; ' kp,) & 2 T T RIBENOBEHELTRY (=1/k,p,)DF
LLThHA6h3,




1.0 T 0.0
08 102
06T 104

o
i

70.6

o
(S

Relative resistace in metal for phosphorus, XmP

Relative resistace in slag for phosphorus, XsP

o
=)

1.0
2000

<

1000
Time(s)

Fig. 12. Relative resistances for the transports of phospho-
rus in the metal and slag phases.

Lo T, BRAMIZOWT, x 2 LABBEAL LU
2 5 7 QB EN O Y ERBEHENO S EIEPU XT3 5
XM xMix, ko), 12RTEEhB,

RM Ly

XM=_7 = PP UPPRPRP @an
RM kmmeM
RM 1

XM = o (12)
RM kspsRM

Fig. 12 {ZPOWEBEENR L OFRE{LEZTRL TS,
Ko EBIOMEE S * 2 LABREAOWEREED, GRlD
w2 57 S ABRENOMEBHERERL TS, MK
D, BIFZAT7 7 TiEFOBMDPLEVEYD, X771 5D
BROMEHBERICE->THBELELLNS,

CFRA T ZIZBWTIRBD ARG HED S00 R £
T, AANPOEHIIEIPOSEE LI TIZKRELL L->T
3, T, ZOROBWEY ARIBIZA 2, BXUZ
7 THOMBDOREBHERLELONS,

23

BIKR R T 70 &k B ERFEEHOBY AEE

5 &8

BIFA55, ANV L7254 MCHRATIFIZLS
BRRBEBSGORD ARSEE EFHER, LT
LMo Rz,

(1) BFZ572#HWEBE, BERKA T /KD LE
BFHMBED A RS ZTDERBD AR TS > 7=,

(2) BFZSZICFOFRATAILICKD, RED
BEEELELBRENT, BoAZ{RETZS I L4D
"otz

(3) CFR2AF 7T, BIFZ2 57 K00 AIZHREN
THY, BRELEZE DL S, BILE T8k (Fe,0,) L IRERS
LY L(CaCO,), &K UVAHRIK(Ca0)E DREMDRIE %
{2 X 7=,

(4) CFR2I 7T, BIFZ 7 7IZHRTED A
H&xhi=,

(5) CFi3BinARKSDE, BoADHELOKRELD,
ERETOBRVAFE LTHETE S Z b o7z,

X 73

1) E.Shibata, T.Sato and K.Mori: Tetsu-to-Hagané, 85 (1999), 639.

2) TKaneko, T.Matsuzaki and S.Tabuchi: Tetsu-to-Hagané, 18 (1992),
722.

3) dti{Eth @ B2 5 sE/NMEicEg TOREHmERE, H
M, A, (1999), 43.

4) N.Shinozaki, K.Ishido, K.Mori and Y.Kawai: Tetsu-to-Hagané, 70
(1984), 73.

5) S.Kitamura, N.Sato and K.Okohira: Trans. Iron Steel Inst. Jpn., 28
(1988), 364.

6) Y.Kawai, R.Nakano and K.Mori: Trans. Iron Steel Inst. Jpn., 24
(1984), 315.

7) K.Mori, Y.Fukami and Y.Kawai: Trans. Iron Steel Inst. Jpn., 28
(1988), 315.

8) PWei, M.Sano, M.Hirasawa and K.Mori: Tetsu-to-Hagané, 76
(1990), 552.

9) BSKICOHESEME, HARFHIRASEME 9RBEHE,
B, (1984), 49, 131, 255

10) S.Banya: ISLJ Int., 33 (1993), 2.

11) KygHeE, L 5 MERERIEOWIEEFEL oL 2T

%, BEgMB S, TR, (1985), 59, 82

649 I



