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Mathematical Expression of Slag-Metal Equilibria in Steelmaking Process

by Quadratic Formalism Based on Regular Solution Model
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Fig. 1. Relation between YA or YB and X_.,/
Xpo,, in FeO-FeQ, 5-Ca0-PO, 5 slags equilibrated

with iron.
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Table 1. Interaction energies between cations.
Interaction energy. qycal)
fon-lon
Ban va Refer Other investigators ( Ref.)
et al. ence
Fel® Fe't —4460 1.UMSDEN(20)
0 Funra et al. (40)
Fe?'-Na* +4 600 (34)
Fe*t -Mg?* +8000  (23)
Fe?t -Ca®t —7500  (23)  — 11500 SOMMERVILLE ef al. (46)
3500 Fuwita et al. (39)
Fe?!-Mn?* +1700 (31) 0 Fuataet al. (40),
BELL et al. (42 43)
—800 MARTIN et al. (45)
Fe? - AR =420 SOMMERVILLE et al. (43)
Fe?t-Tit? —9000  (29) - 10000 SMITH et al. (41),
MARTIN et al. (45)
Fe?t-gitt -~ 10000 (29) —10000 [.UMSDEN(20),
SOMMERVILLE et al. (43)
=6 700 FUJTA et al. (40)
=5200 Fusita et al. (40)
Fe? F-pS? —7500  130)
Fe'-Na' 17900 (34)
Fedt Mgt —700  (23)
Fe3t-Ca?? =22900  (23)  —24500 FUJITA et al. (39)
Fed*-Mn®* —13500  (31) —3000 SUITO et al. (47)
Fedt-Ti't +300  (29) +4200 SMITH et al. (41,42)
Fedt-sitt +7 800 (29) +3200 LUMSDEN(20)
+5800 FuliTA et al. (40)
Felt Pt +3500  (30)
Na®-Mn®" +19200  172)
Na'-sitt —26600  (34)
Nat-p5* 12000 (35)
Mg?*-Ca®t  —24000 (23)
Mg?t-Mn?* 414800 (33) —5700  SUITO ef al. (47)
+9300 SUITO et al. 147)
Mg?t-sitt 16000 {23)
Mg?t-pS* —9000  (36)
Cat-Titt —40 000 SOMMERVILLE ef al. (46)
Ca®"-Si*t - 32000 (23)  —33100 FunTa et al. (40)
Ca?*-p5* —60000  (36)
Mn2* -Ca®* —22.000 (38) —4000 SOMMERVILLE et al. (46)
Mn?T-APT —5000 SOMMERVILLE et al. (43)
Mn®*-Ti** 16000 SOMMERVILLE et al. (43)
Mn2* -Gt —18000  (31) - 15600 FUJITA et al. (40)
—18 350 SOMMERVILLE et al. (43)
—~ 24000 SOMMERVILLE et al. (46)
n®t-pot =20300  (72)  —26000 SUITO et al. (47)
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Fig. 3. Estimated values for oxygen contents by
regular solution model and the measured values in
liquid iron equilibrated with Fe,0-(CaO +
MgO)-Si0, slags.
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Fig. 4. Estimated values for N, by regular
solution model and the measured values in
Fe0-CaO slags equilibrated with Pi.;,=1 atm and
in Fe, 0-Ca0-Si0, slags equilibrated with iron.
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Fig. 6. Relation between log [amnofR.S.)/
(areo(R-S.)* amn)l and Ns;o, in (Fe,0 + MnO)-(CaO
+ MgO)-Si0, slags equilibrated with liquid iron at
1550°C.
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1%

22 + 59 + 3(02*) = 2(P03— ) ..................... (42)
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Ker = Qpo,; / ( Qp- QE3) erereerieeee (44)
P+ 25(Fe0)=25Fe + (POys) «--ooeeeeeeees (45)
Ke: = (GFe * @GP0y, )/ (Q@p* QFag) woreeeeesssseeees (46)
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5.
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Fig. 7. Relation between log Kp; and (Xc.o +
XMgO +  Xreo)/ (XSio2 + XPOZ_s) in (FeO +
FeO;5)-(PO;,5 + Si0,)-(CaO + MgO) slags equili-
brated with liquid iron at 1 600°C.

%Y, Kpi, Kpz DR & L CRA %1575
log Kei = 17060/ T — 8510 (0 =0.4) - 47)
log Kp: =328/ T —0.936 (g =0.4) <eeeee (48)
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Fig. 9. Comparison of the estimated values for
7Si02(/9—cr) and 7Yc.o(s) by regular solution model
and by ErL1oTT in Fe,0-Si10,-Ca0 slag equilibrated
with liquid iron at 1 600°C.
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Fig. 10. Comparison of @q-reo(l) in ‘FeO’-
Si0,-Ca0 slag equilibrated with liquid iron at
1600°C.
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Table 2. Conversion factors of activities.

Reactions Free energy change (cal) Reference
FeO(1)+(1—t)Fe(s or 1) =FeO(R. S.) AG=— 2040+ 1.707T (31)
Si0z(B8-tr)=Si02(R. S.) AG'=  6490— 0.491T (31)
Si0s(g-cr)=Si0(R. S.) AG = 6460— 0.474T (31)
Si0,(1)=Si02(R. S.) AG'= 4170+ 0.674T (31)
MnO(s)=MnO(R. S.) AG= 10000— 5.025T (31)
MnO(1)=MnO(R. S.) AG =— 3000+ 1.292T (31)
NayO(1)=2NaOgs(R. S.) AG =—44 230+ 5.465T (34)
Ca0(s)=CaO(R. S.) AG = 4340— 5.,571T (23)
CaO(1)=CaO(R. S.) AG=— 9770— 1.124T (23)

gO(s):MgO(R. S.) AG = 8210— 4.000T (23)
MgO(1) =MgO(R. S.) AG =— 5570+ 0.438T7 (23)
P205(1)=2P025(R. S.) AG'= 12600—55.14 T (59)
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