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Dephosphorization Kinetics of Hot Metal by Lime Injection
with Oxygen Gas

Hitoshi ONO, Tamenori MAsuL, and Hisashi MORI

Synopsis:

To improve the dephosphorization of hot metal by lime injection process, it is necessary to clarify
the dissolution mechanism of blown-in CaO in hot metal and the mechanism of dephosphorization
reaction. For the purpose, a single-crystal lime immersion test and a lime powder injection testare
conducted. Limes after immersion test and the reaction products adhered to Al;O; tubes submerged
into hot metal are analyzed by EPMA.

In hot metal, CaO starts to dissolve due to penetration of Fe;O and MnyO. Then, dephosphoriza-
tion reaction initiates between {CaO-Fe(Mn),0}, and phosphorus, and it is fixed as(CaO-Si0,-P,0p)
in the reaction layers. Dephosphorization reaction takes place mainly in the vicinity of the oxygen
blowing nozzle.

The slagging rate of solid CaO decreases by increasing distance between the nozzle and the suspension
position of CaO since carbon in the hot metal consumes oxygen. The dephosphorization rate decreases
also by increasing the distance since Fe;O in CaO-Fe,O-MnO is reduced by the carbon.

In order to improve the dephosphorization rate, it is concluded that both of the slagging rate of

solid lime and oxygen potential in the bath have to be increased with the injection of oxygen.
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Fig. 1. Schematic illustration of sampling method
of adhering slag. Two alumina tubes were im-
mersed into the bath, at the points of 45mm and
90mm above the blowing nozzle, respectively.

45

Table 1. Changes in composition of hot metal.
(%)
c Si Mn P .S
Before flux
injection 4.46 0.01 0.30 0.100 0.062
After flux
injection 3.34 0.01 0.21 0.039 0.037
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Fig. 2. Experimental apparatus for single
crystal lime immersion test.
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tube.

Adhering slag to AlL,O,
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Table 2. Average composition of adhering slag.

(%)

TFe|MFe[Fe0|Fe203Ca0[5i02Mn0P205] S [MgOJAO3
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Table 3. Composition of each phase in adhering

slag analyzed by EPMA. (%)
Colourof |a0 (5i02 [Mn0|P20s| Cas | Fe O At203{MgO [Total
White [2530.08/0.38/0.09/0.03 5%_6 - | - |97
Grayish

White |/57] 0 |242(123/821|023/0.61]004/1023
Gray [91.8| O |553|1.48/052|066/0.24(0.16/1004

8%; 70.2/2.07|2.30,14.1{14.08|0.38/2.97|050| 966

Table 4. Composition of iron particles in
adhering slag analyzed by EPMA. (%)

Size of iron C si

particle {(u) Mn P S o
50 1.55 0.03 0.18 0.271 0.019 0.646
35 1.97 0.02 0.87 0.667 0.021 0.600
15 1.1 0.03 0.62 0.065 0.028 0.423
0.64 0.02 0.64 0.044 0.023 0.355
7 0.78 0.02 0.71 0.017 0.003 0.444

1.38 0.02 0.68 0.016 0.013 0.437
2.60 0.02 0.65 0.013 0.006 0.988

4 1.78 0.01 0.69 0.010 0.035 1.107
1.43 0.01 0.32 0.010 0.029 0.627
143 0.05 0.62 0.004 0.031 0.698

1.14 0.03 0.61 0.021 0.025 0.242
1.09 0.02 0.60 0.010 0.027 0.957
1.81 0.02 0.42 0.013 0.021 0.421

B0 Ca 1 CaO ¢ L. ¥1-2oflonE oW
TR & Lic. *oKE, Al BgE, K
Bt CaS, KAz CaO-MnO B¥%tk, REKEH
3. CaO-810,-P,0; R L FE I iz,

—F 7 AAE L&D Photo. 2 (¢) Tit. CaO-SiO,-
P,O; E¥#tE L CaO-Fe(Mn),O E¥fkoD 2 # Ttho
. FTihebb, J XEBTIE, B O, ¥ MEEXh 2
RRE&IZH S EF 2 bh, Photo. 2 (b) WREdh3 X5
@ BEITED S s ot

ZD 20084y, T bBREREIAL , AAdbo
FERED I IO THh 2 S YHOBER R 5, Zh
YR BVGRBHBCHD LEbh SO TUTEB# DS

1. Calcium sulphide 2. Metallic iron 3. Calcio mangano oxide 4. CaO-SiO,-P,O; 5. CaO-Fe(Mn),O

(a), (b): sampled at the position of 90mm above the oxygen blowing nozzle
(c): sampled at the position 45mm above the same nozzle

Photo. 2. Microstructure of adhering slag.
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Fig. 3. Concentration contour maps of calcium
and phosphorus in a metallic iron particle.
Concentrations of [Ca] and [P] are 110~250cps
and 70~160 cps, respectively.
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Photo. 3. Microstructure of cross-section of single
crystal lime immersed in hot metal for 60s.

Photo. 4. Electron scanning images of single crystal lime immersed in hot metal for 60s .
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Fig. 4. Concentration profiles in reaction layer
obtained by EPMA.

DEBEHCENTHI DB ARENEL ETFTLTW-L
bDEELbRD.
3-2 CaO HiERRERER

BEH AT VS 72 v T\ B8R 60s
®E L7z CaO M F oW HBEMSEEE S Photo. 3 1
7. CaO OALBEER X UR 7 Y BOAK L IR
D BR5.
DEIZETIhL 30y 3k XU 150 o Tt
Photo. 4 WELBABR IO Eh ek 25 7Bo

COBFOBLHABL O AS I

EPMA & X 5EH LY RT.

i, RIGB LB ER XA 5 7/B) 0EPMA
W IBETROBIVEREY ) ASEE LML TFig.
41t BLEBOSHRBCIIELVEERHYD, =
N IOTRIGEY [~V 04BRAHT5Z E0T
x5,

Tiebht GO foE I Bix Fe X" Mn #ED
BOCELEBRBETHS. HIBTIE Fe, Mn X 0* Si
BENSL, CaO or#fThoBLErbh, P
DRILIRDLID. FEMETIE P, Si X Ca
ENELLEL, ¥ Fe X0 Mn EBEMNMEL oo
Tk b, CaO-8i0,-P,0; ERGOFERBE £ 2 b h
5. BNBT Fe 30" Mn EBENELIEL, »
D%f: Ca LFBEDBIB &2 A5 FeO-Mn0-CaO
BrEzbhb. 2T FeO 3 X0 MniO 12484
B L04 Mn % FeO 108 MnO ¢ LTHERLE
LDTHA.

2T, RIGBACKTPRED L 5 KWEBTHEEL
TV B EI5 D Fig. 4 125573 P OBYHHED b
DADKE— 7 RHIETHMB R HAT>TC Table 5
KRl ThiRX?EDASHMHL CaO-8i0,-P,0;
BEBEETHD, DASHEEOELLBVWENRBOEYH
ZF—%¥rva 3y 24+ (nagelschmidtite 7CaO-2
Si0,-P,05) HFB IO~V 25— x4 + (Silicocarno-
tite 5Ca0-8i0,-P,0;) HHTH % L FAE S hie.

DX KRERE (1350°C) oBghicsWTR G L
D0B 5 RIGBDOREBEYH#ET 50, Fig. 4 0
I~V B 2T thZthoh AaFH CITPHEE
H5) BIOBSEEME UITFHEIES) ofFEA
KEFEHEL Y Table 6 CiRL7. L TCHKHOMEAK »
CaO'- (Si0,+P,0;)'- (FeO+MnO)' £ 3 5t R & & Fr
L, Zhnt CaO0-5i0,-FeO ZREBK I GT 5 H D
ERE LU TEMEORHERIREE (To) 3 XOBEMEGEE
(TsL)#EH LA, ZLTER, 2hbo@lsn PO s
(FeO+ Fe,O3+MnO)'-Ca0’-Si0’, FREER 1o L
TRICKREBE T L2 HENDT.

FOREER, BI1BO CaO filo F-1 4 (Fig. 4 £1)
EHTH L RO F-2 # (Fig. 4 1) 1XEWR#{E
R nicshs, FUNB T PHOBAISVAFHE
IREHRAHCEVIREBTHS b, £ LTy
<o PEMEABHELICREBEBEEIhS., BNET
I PRESEMET, &bERMSO FEREREFRECS
AODT, £fkE LTIIE L 0 PHEHEMN T T CIoBH
LTxb, ZONBEREN DTV I2RBEEL D
%. BNVBE T PHEIERLERET, FHZHHEEH

71 —



1768

g% &

£

% 69 4 (1983) 155

Table 5. Composition of phosphorus containing phases and the determination of their mineral phases.

Composition ratio
Position in No.of Composition (%) in mol % .
reaction layer P-containing - . - Mineral
phase CaO Si0; FeO MnO P20Os CaO Si0 P,Os
1 45.8 2.2 21.5 8.6 1.9
2 44.6 3.5 25.9 7.0 2.4
! 3 52.8 9.1 9.0 5.4 6.9
4 19.9 0.6 20.6 18.8 2.0
5 57.5 15.6 2.4 2.2 7.9 18.5 4.7 1
6 55.1 12.5 3.9 5.4 8.8 159 3.4 1
7 56.3 12.2 2.2 1.9 8.6 16.6 3.4 1
11 8 55.1 14.3 0.9 1.3 12.4 11.3 2.7 1
9 54.0 14.1 1.7 1.0 12.6 10.9 2.6 1
10 56.3 14.0 0.4 0.5 15.2 9.4 2.2 1
11 56.3 13.8 0.9 1.1 152 9.4 2.1 1
12 55.7 11.8 0.2 0.5 19.0 7.4 1.5 1 Nagelschmidtite
13 55.7 i1.1 0.3 0.5 20.0 7.1 1.3 1 Nagelschmidtite
14 50.4 5.5 0.6 0.5 27.9 4.6 0.5 1 Silicocarnotite
15 49.3 5.2 0.4 0.5 28.3 4.4 0.4 1 Silicocarnotite
16 51.6 5.7 0.9 0.5 28.6 4.6 0.5 1 Silicocarnotite
111 17 50.4 5.3 0.4 1.3 27.9 4.6 0.5 1 Silicocarnotite
18 49.3 4.6 1.0 2.2 28.8 4.3 0.6 1 Silicocarnotite
19 43.4 4.8 4.6 3.8 22.1 5.0 0.5 1 Silicocarnotite
20 48.1 7.4 2.4 2.7 26.7 4.6 0.7 1 Silicocarnotite
21 49.3 6.1 1.7 5.3 27.1 4.6 0.5 1 Silicocarnotite
22 49.3 5.3 1.7 2.7 27.6 4.5 0.5 1 Silicocarnotite
23 36.4 9.4 8.2 4.8 12.3
v 24 1.7 3.6 12.8 10.2 1.0
25 5.9 0.6 20.1 16.7 0.5

Table 6. Presumption of the state of reaction layer during dephosphorization.

Temperature calculated

Position in Mineral Composition (%) from phase diagram State of phase
reaction layer phase - (at 1 350°C)
CaO Si0: FeO MnO P,0Os T (°C) T s1 (°C)
I F-1 53.5 4.2 31.1 8.3 2.9 = 1750 = 1570 solid
F-2 32.1 1.0 33.3 30.4 3.2 = 1400 = 1210 solid+liquid
e P 65.6 17.0 1.1 1.5 14.8 = 2080 = 1960 solid
F 20.6 2.0 11.8 34.5 1.1 = 1380 = 1220 solid+liquid
m P 59.1 6.2 0.5 1.5 32.7 = 1810 = 1450 solid
F 50.3 6.1 15.4 8.9 21.0 = 1830 = 1280 solid+liquid
v P 51.2 13.2 11.5 6.8 17.3 = 1820 = 1250 solid+liquid
F 6.0 0.9 48.6 44.5 0 = 1320 = 1200 liquid

* P : Phosphorus oxide containing phase, F : Iron oxide containing phase
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5. Changes in reaction layer thickness formed

on single crystal lime (after immersion for 60s at
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Reaction layer ‘—————l

v m o 1

Hot Metal
S1 + 20510,
)4

Fe + 0—~Fe0
Mo+ 0-~MnO

1: {CaO-Fe(Mn);0};, 2: {CaO-Fe(Mn),;0},,
3 : (Ca0-Si03-P305)¢

Fig. 6. Schematic illustration of lime dissolution
and dephosphorization process.
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Fig. 7. Schematic illustration of dephosphorization
mechanism of hot metal by lime injection.

Zmpibic X v, ERINhB 25 71z CaO-Fe(Mn) O-
Si0, :7cz. CaO BifgEHRB OBLOREL I 5
CEHMCHNS &, Fig. 4 o F-1 Hcabhd Lok
Fe, Mn &{kZF o M—Agic LED Si, P OFELERD
bh, CaO OELBICH A & KIGT 5B Z LEbbn s,
—HpUsMElo F-2 Tk Fe & P o@E{bfrEL T
X b LRI DOTERY, ¥ Table 6 2 HERR
EE (1350°C) s\ T EREFRELE Hiishs ez
Hink, B ARIEEEEA S 7 ORETThh, 0
BOBHBECREE LTRELAELDTHS.

X LAMllo Fig. 4 of @it Fe,Mn,Ca, Si, P
DEALAH Y, HHD € — 7 BECHIET S D1k CaO-
$i0,-P,0; (P#H) & CaO-Fe(Mn),O-5i0,-P,0; (F
H) ThHDH T TEMREL D5 FHEREHERE
fE=1380°C, EMHREE=12000C LHE IR & 2
ALY EAREEAT 72 EL bR,

R ED X 5 el T, WPk EAERICEARE
BEEL TR ARG DT 25 b D EEL DRBENE
DT % Fig. 6 0 X 5 BANRTZ LN TES.

42 BEARCEZIERRBRI D02 a3 VED
B0 ARSI
CaO HERBEERR IOLRKRER & EBROR
BT CaO i XA WSO ARCEELY ¥
DX R L. FoBKXR%Y Fig. 7 wrT.
By A% BGTESGEPIC CaO Lk XRAALEA,
FPMER XRAL ) A D KT Si, Mn, Fe, G

OB Z 5.
TR o MG 1o JPRH PRI (1)
Mn +0O; — Mn,O } cevere e eneeees (2)
Fe+ 0O, — Fe, O
g+02__>(]o ................................. (3)

Pkt LCHC, Si, Mn, Fe /g KITEEOHE T IC
BT POs BEDEMNCEE T\ VO E LI
BTsrbnlELbRA. ¥l CO #AXEECILE
D ARIBCEG- Lisu e (3) R >wTik F B L g
v,
2t CaO 13 FeO X0 Mn O *LORIGE X

n, CaO KT DRBE bR A > TIHR {CaO-
Fe(Mn) O} #HE L e bE(LT 5.

CaO+Fe,O

CaO+MnO
& @ {CaO-Fe(Mn) O} 0 RE~ELHOPAIRL,
FORECE T ARG R Z 5.

{CaO-Fe(Mn) O}, + P —
{CaO-Fe (Mn) {O-P;O;};+Fe(g --ooeveereee (5)

(5)YRDORIEHAHEAT P.Os DBENEL LY, Fe
(Mn) O OBENMETT5 &, AlfkA T 7dcil Si0,
L EERTHHDT, Fig. 4 0oFfMBRSTS X 51
BEtEO VY as—) B FRF—F LY Iy XA}
& (CaO-Si0,-P,05)s 23gHIL, RIGEHCEM
LLTEHEERS.

{CaO-Fe (Mn) ,0-8i0,-P,0;} ,—>
(Ca0-Si0,-P,05) s+ {CaO-Fe(Mn) O}, -+ (6)
F7(5) R CHEBE LT Fe REBESHPOCERIE L THE
ERETLEMT 5.
Fe(gy+ € — [Fe-CJ wreerreersermrmssnsnns (7)

—HEEER XA s A bR ALE TR, 7 AV
FEEETAER LA FeO ¥ X0 MnO 23 EogdCi
RIS I OTHE SRS D, CO o Il ik
Fe(Mn) O 7 e () RO Dic <t
5. X (4)X0(6) RTER L {CaO-Fe(Mn),
Oh PCIRIBBEILHFC 5.

{CaO-Fe(Mn),0};+ C—
(CaO-MnO) ¢+ [Fe-Mn-C]g

} —>{CaO-Fe(Mn) (O} -+ (4)
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[Fe_Mn_C]s+g__, [Fe—Mn—C]l ............ (9 )
CaO HfEHBEERLELIKNER X LB 5, B
FHARCLD CaO [ vy 2w VEEOB Y ARG
ECBMRR XA AVEGTHbh S LR ERLO
X, 7 AN LEERCAE TR (4)ROR AR hic
{<7eh, B (8)RORIGILE H  {CaO-Fe(Mn),
Oh BT B IEL LIS,

5. #& B

CaO HERREERS JOCERKBER & BRI &
WBEF AL LS CaO f vy 27 v s VEEOBIY AR
IR RE L, KoBYBELIT L.

(1) BHHcET2 CaO 0Efhiz Fe,O I
MnO L DRI X b {CaO-Fe(Mn), O}, %451 %
BECTHIS.

(2) By AL {CaO-Fe(Mn) O}, 12 X>THF
bbb, RIGIKEOTHERE L POS- RGBT,
Fe(Mn) O BEMETT5 &, (CaO-Si0,-P,05) kL
THREL, RIGBFCEEI RS,

(3) ThLORIGIMEN AREIAL 7 R AFED
BRoh BRI\ CERBCETT 2. 2o B H
W, 7 ANDOENREB T, AVEETHER L
Fe(Mn);O 28 C e X > TRILEIh 30Dy ARG
Bi5-3 % {CaO-Fe(Mn)O}; MAER ST {5z
&, Enic {CaO-Fe(Mn)O}; »CIC I DOTELIH
THL B0 Th 5.

L7t o, By ARIGERE S5 701t {CaO
-Fe(Mn) O}, % BEICER I B LB ETH D, £
DEREEWTBESN AN VS 220 a VI EBETH
%. Ffc {CaO-Fe(Mn)O}; o FSHEBAYIHEAXE S

e, BIEZEORBR EAZNENTCHL L EL LR
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