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Thermodynamics and Kinetics of Hot Metal Dephosphorization
by CaO based Slag Containing CaF,

Yoshihiko KawAl, Hideo NAKAMURA, Kiminari KAwArkAwMI

Takeharu Tovopa, Akira IsH1ZAKA, and Tsutomu EBISAWA

Synopsis :

Thermodynamics and kinetics of hot metal dephosphorization reaction have been studied for the slags
containing 10 to 50% CaF; in the quasi-ternary CaO-5i10,-CaF; system.
From the fundamental experiments, an equation with respect to phosphorus partition equilibrium was

derived and the thermodynamic effect of CaF, addition was discussed.

It was indicated that the increase in the

activity of (FeO) was one of the main reasons of achieving high phosphorus partition ratio by CaF,-containing

slag.

The rate controlling step of dephosphorization reaction was determined to be the supply of oxygen, in the

form of (FeO), to the reaction interface.

Based on the result of the fundamental experiments, 250 t scale test has been carried out, and it is considered
that the hot metal dephosphorization treatment with the slag in CaO-Si0,-CaF; system is beneficial for the
production of high quality steel with less phosphorus content.

In terms of the mass production, the process is likely to be more promising, with the improvement of the

acceleration of dephosphorization reaction rate.
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Fig. 1. Experimental apparatus for fundamental
experiment.
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Fig. 2. Apparatus for 250 t scale test.
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Fig. 3. Changes in compositions of hot metal and
slag during dephosphorization treatment.
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Table 1.
ratio during experiment.

Chemical composition of metal and slag at maximum phosphorus partition

c Metal (wt%) T oC Slag (w1%)
h.No. C P emp- ) Ca0 $i0: P20; FeO CaF; CaCl
1 3.65 0.024 13847 50.6 18.0 6.80 4.4 17.7 -
2 3.50 0.002 1849 44.5 10.7 5.39 49 32.9 -
8 4.02 0.059 1365 52.7 16.3 4.55 5.0 12.3 —
4 3.50 0.007 1328 46.8 16.7 6.81 5.8 13.9 -
5 3.61 0.015 1371 42.7 14.0 7.29 15.6 — 14.9
6 3.50 0.004 1339 29.0 8.2 474 17 — 38.9
Table 2. Chemical composition of metal and slag at the end of experiment.
Metal (w1%) Slag (wi%)
Ch.No. D EE—— Temp. (°C)
C P CaO Si0; PO FeO CaF,
1 3.58 0.050 1 459 425 21.2 2.93 2.28 18.3
2 3.47 0.021 1 340 48.3 15.0 6.53 0.71 24.0
3 3.29 0.040 1 368 35.1 12,6 1.64 0.69 30.9
4 3.32 0.019 1360 415 1.6 449 0.59 36.7
5 3.74 0.018 1382 35.8 1 421 0.73 429
6 3.1 0.027 1365 26.4 10.7 2.47 0.43 49.4
7 2.71 0.037 1376 35.9 16.1 2,06 0.86 39.2
8 3.33 0.066 1349 56.1 14.1 7.88 0.48 35.5
FIET5H (P05 & (FeO) Ths., #A Fe,0p 12 20 Si0;
min ¥ CrHR, BILHELR, Lt (FeO)<2% T (Si0:+ P20s + ALO3)
THTFORP L CTv5b, (Ca0), (CaFy), (Si0,),
MgO) 22 hiERE T, BEAYELE S KM 20 80
N
MgO) o, (CaFs) DEIIETHEShL. S .
E 40 60 3
Fhaho [C] & [O] oL EARE>T (1)K IS (PP <300 >300 2
- = © GF:. [ O @ 3
b3¢g CO ,fE, Poo fEXEETHE, 7= vEH ol lcacn|a a w %
I~
log[%C]-[%O1/Peo= —1160/T —2.00 R Lig.
a D1 = o -
+0,16[%C] ....................................... (1) 80 \% .‘% 20
N\
i%ﬁ@@ﬁ%%'ﬂi@ﬁﬁ Peo 11 0.4~0.8atm CTH % o0 1350 Liquidus
AP AP ABICEE 6~T7atm ¥ CLHL, LM% Cal’ 20 10 80 80 CaF.
O VR ACRET HEENMEONE. X5 (Ca0 +MgO) CaF} or CaCl; (mol%)  °(CaCLY

B Ak CO gL ol BUVEBEERT vy + VT
THET L7

O ADGERE L7cREsE (D A BELE (P)/[P1=Lp,max
ET5.) &1 ~5 hFBEROKEBRKRTHDO A 2 1-2 5
7 DEFHE Table 1+ 22537,
32 BOARSTHEBO%ES

755 27AE1LT CaF, ¢ CaCl, B840
Lp,max B D b A HEMEYR (CaO+MgO) — (5i0,+ P,O;
+ALO;) — (CaF, ¥ 7211 CaCly) oEF=TRREN
7wy b LT Fig. 4 R, # 1350°C ©(P)/[P]
>300 OEBY ARENESh-HERE CaO & 3CaO-
Si0, OWHBEETHSD. “hHLOBENDT Sy 2
AELT CaF, 2T 554, 250t SRR COt
DAMBRA~ZS 78K E LT, (Ca0)/(Si0,) =3~4,
(Ca0)/(CaF,) =2~3 # HiE L Lt

Fig. 4. Maximum phosphorus partition ratios
during dephosphorization treatment. Liquidus
line is for CaO-Si0,-CaF, system.

CaO=18kg/t, Fe,0,=40kg/t, 7 5 , 7 A=14kg/
tDRTT 5, 7 AL LT ALO; B0, Na,COp %%
U7 EBRE T, Lp EWESEME ((S)/[SDH%E
BLtc. FOMEER, EREE 1350°C Toli ) ARER,
CaF,=CaCl,> B,0,>Na,COy> ALO; DIETH Y, A
EpBifigels, CaF,>CaCly>Na,COy>B,05, ALO; @
WETH ot ZDRERIL B0y ALOs; 27 5 5 7
AL ULTELES L, NayCOy FELIARE T 2
7= THD. CaF, L CaCl, 0ECOWTIIARERER
OB LTI, KEMARD R-OFH I,
5 CaF, # VW TEBRBRETOIC L L L
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Fig. 5. Changes in hot metal compositions
during 250t scale test.
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Fig. 6. Relation between (CaO)*/(SiO,) and
phosphorus partition ratio.
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FeO EBOHEIEDR CaO-Si0,-CaF, Hcn CaO iE
BEHEROGNLD HAKERR 7 7R COBII%R I tE
Bz, T TEEDIE, BOASETH 1~5h £

— 62 —



BK-HERATF I XDBHH D AR S OB & RIGHE

1759

FLicER»L, CaF, oBHZWNnE i L .
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BHWRL, ROBERT vy AN (3)RTEIIE
BEWIL, Lpeq < (FeO)¥2 DBAfRE 12D, I BHICAHE
BOBERED L 51 (FeO)<4% ¢ (T.Fe) =0.84(FeO)
P +5/4 Oy+3/2 O~ =—2PO}-
(FeO) —2>Fe+ 1/2 Oz ........................ ( 3 )
PO AL Lp,eq < (T.Fe)s2 & 70 5 © T
Fig. 7w Ly & (T.Fe) oBfRamL. RCREh
5X50CEKF v+ — L LEEDOEBREWLL, 2 b
DT — 230 ASECPFECEVIRBC S 5 L Bbh 5.
FicAl—2 5 7B B bW 8450 Ly OREKRE
HrRDIHEE, CaF, & CaCl, DFRMM TR DI D log
Lpc23440/T, log Lpoc30090/T DEIREAEET. = h
Bo Lpoc (FeO)52 nEAR L REREMT (4)RTRL
7oB1E Heary R L igigABETH B (4)RNE
i CaF, JRInoFEERE U1,
log (P) /[P1=22 350/ T —20.54+5.6log (CaO)
+2.5log (FeO) +CF1
(4)RKicE T CFl 1 CaO = FeO D anFDiE
BRBCAL E R AL RA 5 7ABKEETH Y, CaF, %
EERLVGEFREAT 7R T 1.36 L —E & Ly
7o, BTz CFl 2453 2 CaF, oS r#)g
ARS.

CaF, #4125 7Y% Tl¥, Ca%t

DOBBREMA A+ v

1000

500 .
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50 i

01 0.5 1 5
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Fig. 7. Changes in phosphorus partition ratio
with total iron content in slag during rephos-
phorization.
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Fig. 8. Relation between (CaF,) and correction
factor, CFl.
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CF1=5.8-2.6 log (CaF,)
(6)RDKERNL(T)RBB LIS,

) __ 22350
log {7 == 26-34+0.32[C1+ =
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By CFl oIEEREL1T 5 DA 7 70
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4% CaF, DF5ZHREFT5.

B Lic X S CED AZEEFD 2 2 A5HMHDLRES
Pco Ix 0.4~0.8atm ThH by, BEEHE Po,=0.6~2.4
x 10~ atm YT EHERAT VS OBERT v~ D
A AN ERE LTS DHEREN I\ e, BESEELT
10-15~10-12 atm DD FY/nfE% 5% F#+ 5 FeO
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ThZhn(Fetr), (0) 0BEIEMA A vHETHS.
Py, =10 atm OEREFIE L T(9)RmRL o 43,
CaF, DML Greo ZELIMIMI LD Z E2ID
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—log N’0—2.85 ................................. (9)
K LW DGR E—F L.
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R EFRC oo HET IR AHEMERLL.

CaF, HmoBNFHREGFOBETE, A7 /H
FERT VY VORERREY H5XEENED MR
NERULETHDH, CaFy HIMOREIIERR F 7 #K
HHECTIIAZ 72 L LT A BB e (Ca?t) %
WNIe5 & LT AGreo IR IRHZETHD, 2
ELTH Y ABERELCH3 EBbhs,

FEEEBE L O 50129, 250 t EHERERIT I 5 (PLOy)
/[P] fEDFEFEMBEE (7)R X B EMEO LA Fig. 9
g, chbnF—xit Table 1 THRLA L 51,
(T.Fe) 5 4~5% D EEBEidAT 7 RS BARD
LB ARREAETORELLOTED, [Plnin BT
110 ASEICOWCIERE & Bbh s,

52 V—HRNBEDHLE

W I EILBSEFT T v — X R X A S0 ERER A
ToTETHB2 0, AKRBI®Y —FKAS 7FOR
D AFEMI O\ THEE R & A 1300~1350°C D
HCcBIC i E T o7, Fig. 10 iERE, (Ca0)/
(8i0p) Z itk (Na0)/(Si0;) & (P.O5)/[P1 DBiR
it MbommfRiditEgty [(C1=3.5%, A5 7
FEE=20kg/t, (CaO) + (CaF,) + (Si0,) =70%, (CaO)
/(CaFg) =2 & LT(7)REAVTBERT vy,

O 250ton ]
|| © 50ton
® 1lkg ‘
L X 1lkg

at (P)min

at equilibria

obs.

(P,05)
(P)

log
X
x

(P:0;)
(P) cal.

log

Fig. 9. Relation between observed and calculated
phosphorus partition ratios.
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Fig. 10. Comparison of phosphorus partition
ratio between lime- and soda-based slags.
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FIGETARCIEE (7)) R0 O35 ETE 5 L 5 i@\
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[P1*=0 OHBHFTIIRKEERT (10) R TRIh%

(P] 4
ey, T okt

B, KRBT — 2 T Y A RGO £ 72T (10) K,
DEARE IR T 5Bz s, Tods (10)Keh [Py 12%)
o ARE (%], A XAEE (cm?), Wik x 1 EE
[gl, om XA X VEE [g/cm®], ky i3 (P] OHER
FRE [cm/min] #FhFhET

FRE Lp %EBOTEHR L LT FARER LETE
LicBEiAmo (PO * 3 3Ca0-P,O; oo h A
BMBEELUEE BB/ 5B, EFATCHBTE
W = ADE. ThBORENL (L), (2)IgEE
FECi 7o T L 7.

(FeO)ic & 2 RE~OBBHAHEEIBE L LT
Fig. 12 o&@ERiC, » ADBMEEIG ((IDR) 75,
Bt ABFERREERBIC AN~ ~<5 v 2k ((12),
C(13)R) HRALTUHREE 2.

2P +5(FeO) - P05  oovvvevniernniiiinennnn, (11

—ap=—2/5g%= _2/5,7P,',Fe0 ceeeninnnnen (12)
04w P
ip= _a’l———s-lL-]/dt (]3)

d[P] 4
~“$—=ﬂimm—%;hmﬂNmofN?m)'“O®

T Ap LD AEE (mol/min), so FZRE~D
FARPHEHEE (mol/min), jipeo (X (FeO) o RE~D
BEhERE (mol/min), 7p 30 A KGR, 4 LKIG
REE (ecm?), W 1222 LEE (t), kreo (X (FeO)
OREWEB B (mol/cm?min), Npeo 13 (FeO)
DAZ IRENFREY THENET,

Nreo BAFERTOMY A#THRAS 7 D 100g 4
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Fig. 11. Relation between oxygen consumption
and amount of phosphorus removal.
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Fig. 12. Behavior of phosphorus content calcu-

lated by assuming rate controlling step of (FeO)

transport in slag phase. (¢4 : treating time)
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