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Mechanism of Hot Metal Dephosphorization by Injecting Lime
Base Fluxes into Bottom Blown Converter

Osamu HAA, Shuji TAKEUCHI, Tsutomu NOZAKI,

Toshihiko Em1, and Fumio SupO

Synopsis :

Hot metal dephosphorization in Q-BOP was shown in the previous work to be very quick and efficient.
Experiments have been made to determine the contribution to the dephosphorization of top slag (per—
manent reactor reaction) and of lime powders injected from bottom tuyeres with O, gas and ascending

in the bath(transitory reaction).

The ratio of dephosphorization, 100{[P)initia1—[Pltina1}/[Pliniciaireached 90-95% when fluorspar is
added either to injected lime or to resulting top slag, whereas it decreased to 50-70% without the fluor—
spar addition. Detailed analysis has shown that 50-709%, of the above ratio of dephosphorization is shared
by the transitory reaction, the rest of 09, (without fluorspar) to 25-409%, (with fluorspar) by the permanent
reactor reaction. Slag particles ascending in the bath have been sampled and found to contain 10-
30%P,0;, confirming the considerable contribution of the transitory reaction.

With the aid of additional laboratory experiments, the following sequence is found operative for the de—
phosphorization: Lime particle injected with O, gas is transformed to calcium ferrite. During ascending
in the bath, calcium ferrite oxidizes [P] to P,O;, itself being reduced to CaO which combines with P,Og

to form 3CaO-P,O; particles.
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2.1 230t Q-BOP 2 H(\3EE

2-1:1 BELAT 7OE~DFL

BEHEEAS 7 ORFE~NOFERETANB DI, £4
BIRED 80% % MEBBHIATNCE Eo bER T—5E#®
AL, BY O 20% 1T ABEBIRERCFETR AL bR
AL, COERTE, BAIFEROILLERKE
ek ERAK.

ABigEE TR, BUSERA EOLDEEAORMBLET
HAHMY, BEH transitory & permanent DWFThO
RIEERELTWBhEHLLR T H D, KRET
HZEBAORYEX HER, HEOERE¥{THT, AR
BREA AT IE 0h BIRIN (ERKIAESEINCHIC ) K
mE) THERLTOL.

P EDOERCIE 0 S LclRAERRK S X UEH
1, BROEK X LB LB S B LT B
B, TEREGHEVMIPGRE (0~15mm) OboxfH
AL, AEOFNBZ T ELRBCHEEDOEILR
BN DOT, BRERKE XOEAYAVICE
TN I EF L e

EHI, BHEi.LAS 7OBIIEN IR I% M5 10D
Z, £RK - BARERCAERLICHC) ERE T 5HE
HOBRGHBENBEOBE LA S 7% 20 v — b ERR
LTRSS MR T ok, ¥k, ohathshgky
BEL, HEA5 I 2REY — FABLTRELCHE,
fgkehoo P & CR O LI

2-1-2 BHAEPELROAS 7 OREREFE

WX AT AERIKIC X B transitory reaction |
B rmRu¥ B 5, BEUHEPOBRSGCBEEL T
BAZ SRR Bl LeBE OBSN B B
W, BEHEARAD v —35 vARRWT £ 2 ARER
BERLE v 7Y v7oBYSHEF 500mm L L,
e iEEHE (O WEiBIAS 1 min LIR) & B 8% 3
(O, kEHBALAEE 1 min D) WHEX T2k, 2z
REEGM L, 72— +BL7 v A THHER, HE
RXhA7 7eERIEL, £o—ifico& EPMA 487
Z{72%k. CORER, BEEAF S r—y—&L
T BaCO; %Lz e — MW T 727,

2-2 5t Q-BOP % M(\f-£E

FEIL D kxAThi- ERKH X 5 transitory i
Bigs R Is D 2 le bR BT T B e e, BB
ZEZTC3HEOBET v — T W T 75 v AR
RO 2 2 VIBRICEREL (B Fig. 10 £#), FEH

Sintered
CaO0+CaF,

Hot Metal :

Fig. 1. Schematic view of laboratory scale ex-
periments for dephosphorization of hot metal by
lime.

Table 1. Hot metal composition subjected to la-
boratory scale experiments for dephosphorization
by lime.

C Si P S
Series-1 3.3 0. 008 0.21 0. 035
Series-2 3.2 0.032 0.29 0.035
Series-3 3.8 0. 021 0.18 0. 022

150, 250, 350 mm & X (LB OBEREE Y JIE L.
F VAL, BHEL SUBEND FHER X2oT RO
B TRy (O, REBIAE 3~4min) 1T 2 X VBIZRE
Ut 7o, BIEICEHB LA 7 R ORIRERIL, F
A A Y 7R EES HET 5t-BOP s\~ CHE
L.
2-3 NERBRBRIFERO-ER

FENL O A LFIKREAThHERKHC LS
BRI a2 2 L AL DI RDOERY Tk, <7
F vy BOIEFI 8~10kg OBGYEE B HE L,
Fig. 1 R+ X 512 (CaO+2~5%CaF,) 505k
5vAFH 7 (30mme¢ x30mmH) %% lcm Z Dt
CBEL, FRONED 2~51/min © O, # A% 10~
30s Bk XAAL. Fi, (25~45%)CaO-(50~70%)
Fe,0:-5%CaF, KOS vAF o T O FAD
kAL LI 10~30s BghrhicBET5ERITO
fz. CaO-CaF, 5 v A+ , FICOWTEHED Si EEY
Zxter ) —A 1Lk 2% L CaO-Fe,04-CaF, 5 v A
Fo, 7 DY —x 3 EE O BHAREY Table 1 ik
T, Hv Y —XELEREE IR 1370 £ 10°C TH 5.
KB, FVAFy TEREBEEDALZL, TAra—+
Bt 7 » AHEREFEBERE L, S0 EPMA
ORIk,
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3. REGRBIUEE

3.1 BEERSFCKDBH

ERRO—FEERE L, kMo IFE LRI L KR
DOERY, BHCHESTHERKIE B3 OFRIH A
5 o CaO/SiO, FHEEN 1.5 Ll ORIk 54
ATCERKE) L BBROBGRE LTEE LT Fig. 2
Y. RERARERKED 7kg/t LI CHREERIE
TFL, Okg/t ~OifEEIX 25~40% ThHH. =D 25
~40% OBRERIY, REAZERRKOE AR T O
f# (transitory reaction) R\~ TH b, HE LA
5 OB~ DFELEL bhb, LichioT, HKithk
HEoLBEER 90~95% © 5% 25~409% 11 permanent
reactor reaction OHETHH, FhH oD 50~70% »S
transitory reaction OFELETHE, FTihib, WEA
Fh, BERoEFIMNC XA HRENEELBRHY 2R
7oA, BHEA T ST X BB ER LB
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Fig. 2. Decrease of dephosphorization degree with
decreasing injected lime during dephosphorization
period keeping total(injection-top addition) lime
consumption constant.
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Fig. 3. Observed compared with calculated slagf
metal phosphorus partition (the latter after HeaLy’s
equation).

JRBEMBK T OLEER S 77/ 2 2 LOBSE O
SEHIE L Heay RO W X 5550 Hiks Fig. 3
R, BguERE -z, Heay oRic X s EE
RRIMECHERTETEL L vbhTW5DTY, R
fED I OFMRIL Z = TizfTdi\v. LivL, A5 7
WHE LTRSS 4205025 2 EREEAVE
Fzx bhdRgTx oot (Fig. 3 & o B3)
Bz 2 aa0Frh (Fig. 3 hoEmn) X okt
CEREBREHRATHS. Thiy, BEL R 5 sH
(% T -Fe)=~4 LIEMLSBETY A2 £ 2 M5 L
BAFENC T BRBENEH OB o ERRLTED,
Wil b2 7 7R E5T5 & & 0BT LB,
3-2 BRFMEXDIBELRS TORBORE

BARERAREFCFEPF O LR ER tr & 90~95
LBOWBERTHBMNY, LERKEFEI LR X ALEL
IFEAABEIMLTYS 93% & EBVCBEERNE bR,
UL, BAXEENUR & RESRI 69% & #25
BIET Lic. = OBROETFEIL, Hiffi Tl per-
manent reactor reaction i X % iR 25~409% 133
FLV. CThoOEBRMERID, HAOFINT transito-
ry reaction “T|¥7z{, permanent reactor reaction =
XDBEBERET DL, SIUREREM L s\ &
permanent reactor reaction IZ X AT E A SRS
bLiswZ &b,

BAVRGHE EA S 7 X5 BB T 2R,
AT V) A& AR OPEBESEL (Kpt) HED LR
NNE AT S OREEY TV BB RIS b 5 580 E 2
bLha, BiEDOEE% TURKDOGAN LT L 2 &K% B
W CEHES 5.

log yp,0,=—1.123 4;N; — 42000/ T 4 23.58

.............................. (1)
SAiNi=22NCaO+ lsNMg0+ 13NMn0+ IQNFQO
+31Np —2Nsj0, -wvrrvreerenee (2)

TP0s 1 AT 7D PO DFEHRE
Np: AFoEA45R
ST, AERY THLHRELL L5, BEOGME, H
MTBEONAT ZORUMNMET L, BINULLESED
BIEAMRET D720 (% T-Fe) A T5. 1flLL
T, (%F)=3 & (%F)=6 oHs& (UEiiEr=s
ra, BEEA57 8 35) O (BT -Fe) %, ¥
DEXIFEIC KEGDEIEY © Fig. 16 hHRw s b
ThZin (BT -Fe)a=9 L (4T -Fe)g=3 Th5s.

T HBC RS FHRELINTIEMH LTS ERXT 5D (%P,05)
HEN I DRBOEMRIADT £ 5. Fig. 3 AL BR oK
INBBERSHEE U 2 B AR (ED 5 DI DI D ELZA B,
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DEHIEOVTHRER a & f DBAR O FHREY
sk, ohw (1R fRATHIE,
75205/7g205=33.5.................................(3)

Licn, BAOHMC L1 PO oF&EGRRIZZEL </
x<kDH. L, Z 0HETIRLER (¥T-Fe) ¥4
I (%FeO) B UGEBIL. ¥k, A5 7a LB
CHEEREERE (1325~1375°C) @ UMD, (1)
s OBREOCH I HEE L.

TURKDOGAN 58 MHWE-EHEHR O (4) X % B v
C, A 7alBOBENEOLEYEL ARALEL L

7?205' (%PZOS)
e, — 1 2 i eiieiseniasasiesiecen
K a%.0-[%PT2 (4)

{g%ons)} /{(%ons)} _ (K3%)p
B P

[%P]2 [%P12 [« (K3°)a
(ageo)s 78,0
(af00)® Tn’gzos (3)

YER7) OFERGT, F2 areo XEDHEEYERM
Licth, A5 7akp OFBHERD D afeo/efeo HRD
&, 0.40 L5, KiY BEEOCLOBRHE /LD T
(K9 )a=(Kp9)p B ENTESD., Zhb¥(3)
L (5)RIRAT B &

2, P,O %P,05

{({%P]:)}ﬂ/{({%P]z)}a —0.86:c0ereeeee(6)
T, MEXHEMTSE rros WELIETT5
», R B (%FeO) KT X5 areo DWW D
BB OFMN I DK E VT, AT FOBNFHI D
B UAETTA. thedhrrbbTEGHRMC LD
Bigimaim T a0, BHEEAT SOBERET S
¥, BERESEEYEAT oD EELDRD.

DX AR, BELAT I/ A s MHIORIGE
Tz e Xy, BERomECHELEL TS, &
DRI X, EH OBERE OK & 1L LI,
(%T-Fe) & & b BiRyE B35 & 5 A%
BORBEY % IBBETHZ L TES.

3.3 RSUHOBRENETT

BigE B A « vy — 5 v A CTEE Lz 230 1Q-BOP
DEGRFI» S LIcERRD A 5 7k 1 §]% Photo.
lgspid. A5 ZpoEmE, Table 2 WiRT X5
CHEEERAIE CaO-SiO,, Bilkilix CaO-Si0,-P,05 TH
Y, P,O, i3 Photo. 1(Table 2 chifHon B L& & Xt
B CRT LS rEE—oM LT\ 5, BEEH - B
BHARE LT (BT -Fe) 13 1~2% & BH O BFRE
IR S 7R OBSHREA 7 79 CHNTEWIZ D
Db bT, B0 (%P:0:) »IFEI &S O
ThH5.

Photo. 1. Example of EPMA images of slag par-
ticles suspending in metal bath during dephosphori-
zation treatment.

Table 2. Typical chemical composition of slag

particles.
lime CaQ SiO, P03 T-Fe MnO MgQO S F
467 38.2 44.2 tr. 1.4 1.2 2.4 0.8 tr.
De-Si 477  40.7 40.8 tr. 0.5 7.3 0.6 0.50 tr.
period 46"  40.7 43.1 tr. 1.1 1.3 2.4 0.44 tr.
46” 38.9 44.5 tr. 1.9 1.3 2.6 0.59 tr.
338" 48.4 1009 29.6 1.0 0.3 2.8 0.68 tr.
De-P 225" 66.3 14.7 10. 4 0.9 0.6 0.3 0.44 2.75
period 225’ 658.6 13.3 19.3 0.9 0.3 0.8 1.19 2.00
225 60.4 148 17.3 0.9 0.5 0.4 0.831.05

25 7o (%P.0s) i, Fig. 4 &iRd X HwigEk
EEpS 1.5 Ry 5 &AM, £RKC X5 HREX
SR E LTHREEIRTWS 4Ca0-P,0. 3 L< ik
3Ca0-P,0," rhod P,O; PWECHE L T\W5. EEE
3~ 6 QPERMEATIZ, (%P0s) #» 10~30% L EHfR
BEThb. 3.1 EiTHiB L7 X 51C transitory reaction
B 50~70% oORiERE LTHEETHON, DL
(%P,05) DEAT FHROBE~DE ESHEIC X oT
BB T T 57D EE L BRS.

25 7o (%510, 13, Fig. 5 wiRd X 5 W Btk
HIE 50% ThHHH, REHERE S L EECEST
5. chiL, A5 7HEORENEE LTRERTRICAE
LR EMERGERG DO~ Y #THAHZ L ERLTH
%. %7, Fig. 4 L5% /bR THELD L, KHEMNH
BT LAT VR OEREED ER Uy & BB #ET L
W EREKRL TR, Zhid, BEAERO [%S)
DA e B OR BRI RAMET T 5 &\ 5 RRY OF
HHREY X {BHT S,

Fig. 5 @\ C, BMEMBETL (%5i0;) »%
i bt WDk D 2 ODEHIC IS EEFEL LIS, ¥
¥, A5 RNy, RESEE OREEERSCHENTRE
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Fig. 4. Increase of (%P,0;) of the slag particles
with increasing basicity of the particles.
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wn

time
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Fig. 5. Decrease of (%SiO,) of the slag particles
with increasing blowing time.

{, BORBLMLOCOTEBMICEEDBINE TH
AHH0, —HRBFICER L, HitewEAThi-4R
K EBETS. i, BEEAT ZBAR L7 AHS
W E2THEEATh, WEATHI-ERKRE L EET 2
CEbBY LD BREOWEMEALLD, BEE
AZ 7 BaO T 1.86% &7chizd BaCO; % Ein
L, A7 ZRih®D BaO BEHRE LI, £ DR, 44
g1 2 i BaO 2% 0.69% & 0.72% (B b 2 iz 0 %)
BRI EDDHELEAS 7yOEX ALY A5 7
B OBBIC—MEALS 5 & L dlidonDie,

—7, A7 7L, Fig. 6 WiRTX5%KEA A 7
7y 7 ADVHER L VEBETELOEE L X WA
CaF, 3EATVS. Zhi, BEEPCOERKRE E
FONDOREL DI HIBERZRI OTWBHI EXRLTW,
5. L>» L, Table 2 0o FBDOA S 7R &
S5 (%F)=0 TH(HP.O) DEWFIRE D Eh b,
BROEHIHHTHRIALL L >CBBELEAS Y2X5

/l

Q02 Ny

| il

32 .

Em_ P o

:3 ’//l g (o) ° °

a~ 7/

G /, L cg) O L

01 Q2 03
WeaR /Wea0

Fig. 6. Relation between Weyr,/Weao for inje—
cted fluxes and (% CaF,)/(%CaO) for slag particles
ascending in the hot metal bath (We¢,p,, Wego:
contents of CaF, and CaO in injected fluxes).

-

<
—— Ca0 powder injected {
o

@©
(<]

I | ———~— Slag particle

» Q
Q o
¥ T

Frequency distribution (%)
(=]

i
—

° 0 !
Log(D/Dgy)

[=]
'
R

Fig. 7. Cumulative distribution of diameter, D,
of the lime powder injected and the slag particles
ascending in the bath (Dg, : average diameter of
the injected lime powder).

Ik Dt & Zic e B,

AZ IR OBERERESAAORELE B4 EESHICHRE
L, RE AR GERE MO E LT Fig. 7 R
T, AZ 2R, ERKRE X 0 INEIEA DI h ek
ELTHLD WZESfE LTws, Zhit, A7 78
2, WMERABERRZEHE L, BRI
D) APEEEAT Y DEZALZSRD B VITES L
THFEFA»ORERATNEBER L &S UTER
Sh, MERSOHENETT5 & LCHBETE 5.

LA EAE UL, B csh OB SICRE LT\ % PO,
BEOFFEEAZ 7RO Lic o &, ¥1-
CDAZ ZRPRERAENICAERK Y M4 E UTER
EhanZ &aKEAIC/R L, transitory reaction DKL
BRENT EXENTI
3-4 R FPRERKBMICK 3 HBORNPHRS

WEREH 1370°C L{ERT, A7 Z7OB(LikisE
B, (BT -Fe)=1~2 LEMBADRAT 7/ 22 1 o
FEHESELY 52 AL DT, Fig. 4 oERo
FRISBOFRETHB. Tk, Fig. 4 oEBRO
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FEPR O 3RS AET PONC & 2% B RIG © BT i S
PRI 5.
HRIKE X5 RS
4Ca0 (C) +2[P]+5[0]—4Ca0-P,0; (C)
(C) : /EfmikiE
DEd = v F—T{E 4G° 12, Bookey b1, HE B,
AL L O RDHRTV B2, 3FHITHBAIR S —
BHLTWB, 22T, (8)RTELLhBRELOME
V5.
AG° = —442 000+ 196T (cal/mol)
RERFSEC VT B HEERBRE £=0.1989 %
By, [%C1=3.7 oBEgHeOWT(7)ROFEHERHFRE
HELickEy Fig. 8 wiid. —7F, CIHEOTH
BIfR% FIRHERE OPHEER® & EEL o BE LR
1550°C, 1600°C, [%C]=0~faFio & MARLHETT

2000 4Ca0 » 2P + 50 = 4Ca0‘R0s
0.100} " eg= 0198
%C)= 3.7
sol (€)= 37
Temp. = 1370°C
g
T 20
2
< 0010}
sl 0004
2»
0.001 L .
Q0005 0001 0.002 0005
Qo

Fig. 8. Equilibrium relationship between [%P]
and oxygen activity, a,, in hot metal dephospho-
rized by lime.

— Uenaetal.
5.0k
)
2,00 =
E 101 o
1.0 0.2 >
B ). [
d' N
QO Qs )
S os z
S 1o 5
s T
“ o2 cro=co 20g
0.2 30 ©
Terp. = 1370°C 40 @
0.1} 50 W
Peo = 1 Ll
0.0k logk = 189 + 2003
0.02! s L L L L . N
00001 2 5 0001 2 s 001 2

Qo
Fig. 9. Equilibrium relationship among [%C],
(%T.Fe) and oxygen activity, ao, in the metal
bath.

LEAEEE UL TRDIME L AVT, 1370°C, Peo=
latm O&HETEHE LLEREY Fig. 9 ©WrRd. Kb
oo E ThS [(%Cl=4 L FET HHFEEE
ap 1%, #j 0.0001 7eo>T (Fig. 9), Wik D £ 2
ABD a0 N DEEETHB L Fig. 8 L b (7)o
HERRE#ER GRS b 8.

Teds, ERKC IBBBRIGE LT(XNSFE 2 b
R, (10REe35 46° L LTU)XnE5Ez bR T
510, HER L (9)RD 4G° X, RELGFHET
T [%P] & a0 DFEEERDIH, HRK(7)XTO
HBLRAUTHY, BBEFLET D gL

3Ca0 (S) +2[P] +5[0]—»3Ca0-P,05(S) - (9)
3Ca0 (S) + Py (g) +5/20, (g) —»3Ca0- P04 (S)
A4G°=—553000+133.07 (cal/mol) ----- (1)

LEROBIIFEMBRFHERIL, YV AEEELTVDL
DICHMAERIR L 0 BENMECZ T DR 5 SR, POs
YEBRECE sV ERER (Fig. 4) LFETS.
= DEREYFENS DI, 51Q-BOP [k \ TRl (22
) OEBEEBENEYT ok, MEMEELNE K RE
Fig. 10 wRd. BEER e OWEELT~T 0.004
Lk, bbb REED 40 S PR ETHS. K
W EEEEIL, BRDEET XD 2 2 VBRI ORG OB —
Mz B EE2 bha, BRCOWTMHEEESFE
BTk X\ e, PR BBLEATELEELD
5. Fig. 8 IWiR7T X 51, 20=0.004 DL ¥ [%Pleq.
=0.002 L{ELDT, &0 X5 IBBEETIR(7)XS
Bunt(9)Ric L A ERKBEEITOERE L TRID
B5.

24 Q-BOP TRIBEDIHHET ao HMET 5 OILHEE
D TRbVICA S FROBRERLHE L, Fig. 1
w, Wgko [%Cl ErhieRETsBHEEA7 70(%

E I B

E § ]

o H ©c oceo ©

ol —JF—— a. A

¢ o

£l e

8 —4— b.

<l 8

s 34U o

.8 € A B
2 A a. | 0029|0012

0.019 | 0008

= I
%M%%?%% c. | 0033 | 0004
7

Fig. 10. Observed oxygen activity, ao, in the
metal bath during the oxygen blowing of 5t test
Q-BOP.
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droplet size
ey [
CRF: O a 1.65mm - - S -
~ o ® < 1.65mm s 1
g1 A - o M~ -t
v bulk metal C . . - ! B S
- af © o W S ~ SO
° é OB 10sec OB 1Ssec OB 30sec 08 10sec
§ o w 5 CaF;2% Oz2Ll/min Cak 2% O25U/min
5 o Z
S A gl e TES e —
e °° cbo ] i A } ‘ $ i
»® e 5
3% B 2 ’ .
0 ' I . L . e e e
0.01 002 005 010 020 050 10 20 5.0 08 10sec OB 20sec OB 30sec OB 10sec
carbon content of metat droplet (%) )
e . CaF, 5% 0O,5Umin CaF; 5% O, 2uUmin
Fig. 11. Relation between (%T.Fe) of the top

slag and [%C] of metal droplets suspending in
the slag.

T-Fe) oBfR%RT. RekD [%CI M2 25200
TR HANTEN DI, RN R I 7L OFEITIFS
TnBeHEEL bR, WMBIIVNEWER [%C] 2E
WZ ES ZDRETREL WS, FoT, BER 1.65
mm PR ORIEEOFIE MO TR 5.4 lhimn (% T-Fe)
& [%C) OFUGRERTEHEL, (%C) & aw o
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Photo. 2. Vertical sections cut along the center
of lance tips after oxygen blowing experiments.

Photo. 3. EPMA images of the reacted layer on
the surface of lance tip consisting of 95CaQO-
5CaF,.
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Fig. 12. Relation between (%P,0;) and (%T.Fe)

in the reacted layer on the surface of lance tip
consisting of (95-98)Ca0O-(2-5) Cal,.
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Photo. 4. EPMA images and analyses of the
reacted layer on the surface of lance tip consis-
ting of 45Ca0-50Fe,0;-5CaF,.
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Fig. 13. Relation between (%P,0;) and (% T.Fe)
in the reacted layer on the surface of lance tip
consisting of Ca0O-Fe,O;-CakF,.
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3CaO+2PO +3/20,——3Ca0 - P,O; -+« (16)

ZDEF AL, Q-BOP o X DB ELH DY BaL-
AJIVA OFFAC X HEHEMEL D KREWZ EEFHTS
TeHTRE S hic P EBR BT ov. Bz (14) (15)
RORIEHRE 5 & LTH (1) RBELEIL D TRIG
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Fig. 14. Mechanism of hot metal dephosphoriza—
tion in a Q-BOP.
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