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Calculation of Activities of the Constituents in Fe,0-(CaO+ MgO)-(SiO,+

P20s5) Slags by Regular Solution Model

Synopsis:

Shiro BAN-YA and Mitsutaka HINO

The chemical equilibria of gas-slag-metal reactions have been discussed to clarify the applicability of
LUMSDEN'S regular solution model to oxygen distribution in steelmaking process. The slage studied are
Fe,0-Ca0, Fe,0-Ca0-Si0;, Fe,0-Mg0O-SiO,, Fe, 0-(CaO + Mg0)-SiO, and Fe,0-(CaO + MgO)-P,05
systems. The influence of slag composition on the activity of iron oxide and the Fe®*/ Fe2™ ratio has been

discussed.

It has been confirmed that the regular solution model is satisfied over wide composition range in
above-mentioned steelmaking slags except for SiO, saturation and FeO rich region. In has been possible
by the use of the model to calculate activities of the constituents in Fe,0-(CaO + MgO)-(SiO, + P,05),
iso-activity lines for each component in Fe,0-CaO-SiO, slags and contours of @p.o in FeO-MgO-SiO,

slags.
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Fig. 1. Estimated values for @, (1) by many investiga-
tors and the measured ‘values by GORL et al in
Fe,0-Ca0-Si0, slags equilibrated with 2Ca0-SiO, and li-
quid iron in the vicinity of 1 600°C.
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Fig. 2. Coordination number of cation in binary silicate
melts.
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(Xteor. s/ Xreo) — 4 460 (Xreo — Xreo, s) — 0.25
X 4.576 T log Po, |/ Xsw0, + 17 800 cal®™®

# 1600°C T Fe,0-Ca0 %2 5 7 (0.12< Xeo <
0.48, 0.45< Xpeo, ,<0.55) & #h CO, & DEOFH %
BI5E L7: GURRY 529 OfE, % 7 Fe,0-Ca0-Si0, %
25 7L BHHOBRESR %% L7 FETTERS 5%,



478 g & M FT3HE (1987) B3I F

~ 200 T T T T T T T T T T
T .
= Fe,0- Ca0l e
T X L t o~ 1
: o m Gurry and Darken o6
i T
% l\, 100 L] 3.’/. B
L') (3 . ..c o})
Sh ~/
o ! Dw' a
w o
5¢ o 0 FetO-Si0z-Ca0 .
: 5 A Fetters and Chipman o Bodsworth
> - | o Taylor and Chipman e Gorl,Oeters and Scheel |
o O (Fe2*- Ca?*)~ X (F&¥'- ca?t) = 15400 (cal)
_100 a1 " L L 1 s 1 . 1
0 2 4 6 8 10

Xcao for FeyO-Cal
Xcao/Xsio, for Fe0-Si02-Cal

Fig. 3. Relation between YA and Xeuo in

FeO-FeO, ;-CaO slags under Py, =1 atm, and re-
lation  between YB and X,/ X, in
FeO-FeO, ,-Ca0O-Si0, slags equilibrated with iron.
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Fig. 4. Relation between YC and 1 + X. /X, in
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FeO-FeO, ;-Ca0-Si0, slags equilibrated with iron.
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Fig. 5. Relation between YE and X, *X,, in
FeO-FeO, ;-CaO-MgO-SiO, slags equilibrated

with liquid iron. :
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WD TAERLILARR T THOD gy o IR TRENS.

RT In gr.o(1) = RT In Xpoo — 4 460 XZeo, .
— 10 000X 2,0, — 7 500X 2,0 + 8 000 X 0
— 7500X %0, s — 22 260 Xreo,.s X510,
+ 10 940 Xreo, s Xcoo + 4 240 Xreo, s Xuso
— 15 460 Xreo, . Xpo,.s + 14 500 Xs,0, Xca0
+ 14 000 Xs,0, Xmeo — 37 500 X510, Xpo, 5
+ 24 500 Xca0 Xuzo + 45 000 Xcao Xeo, s
+ 9 500 X0 Xpo, ; — 2 040 + 1.707T cal .-+ (32)
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Table 1. Conversion factors of activities.

Reactions Free energy change (cal) Reference
FeO(1)+(1—dFe(sorl) AG=— 2040+1.707T 13)
=FeO(R.S.)
Si0z (B-tr) =Si05(R. S.) AG'= 6490—0.491T 13)
Si02(B-cr) =Si03(R. S.) AG'= 6460—0.474T 13)
Si02(1) =Si03(R. S.) AG'= 4170+0.674T 13)
MnO (s) =MnO (R. S.) AG°= 10000—5.025T 13)
MnO (1) =MnO(R. S.) AG =— 3000+1.292T 13)
NayO (1) =2NaOg5(R. S.) AGT=—44230+5.465T 14)

CaO(s)=CaO(R.S.)

Ca0(1)=CaO(R.S.)
MgO (s) =MgO(R. S.)
MgO (1) =MgO(R. S.)

AG’=  4340—5.571T
AG=— 9770—1.124T
AG°=  8210—4.000T
AG'=— 5570+0.438T

Present work
Present work
Present work
Present work

Table 2. Interaction energies between cations.

Interaction energy, @;;(cal)

ion-ion

BAN-YA et al.  Reference Ot}'ner Reference
investigators
Fe?t-Felt —4 460 19)
0 31)
Fe?t-Na® +4 600 14)
Fe?t-Mg?t +8000  Present work
Fe?t-Ca2t —7500  Present work  —11500 37)
—3500 30)
Fe?T-Mn2* +1 700 13) 0 31)32)34)
—800 36)
Fe?T-ARt —420 34)
Fe?t-Ti*t —9000 8) —10 000 32)36)
Fe?t-gitt —10 000 8) —10 000 19) 34)
—6700 31)
—5 200 31)
Fe?*-p5+ —7500 11)
Fe?*~Na™ —17 900 14)
Fed3t ~Mg*t —700 Present work
Felt~Ca?t  —22900  Present work  —24 500 30)
Fel*~Mn®*t  —13500 13) —3000 38)
Fe3t-Titt +300 8) +4 200 32)33)
Fe?t-sitt +7 800 8) +3200 19)
+5 800 31)
Fe3*~-pS* +3500 11)
Nat-si¢t —26 600 14)
Na*-ps+ —12 000 15)
Mg?t-ca?*t —24000  Present work
Mg?t-Mn?t  +14800 18) —5700 38)
+9 300 38)
Mg2+ -sitt —16 000 Present work
Mg?t-pst —9 000 Present work
Ca?t-Ti** —40 000 37)
Ca?t-sitt —32000  Present work  —33100 31)
Ca*-p5* —60 000 Present work
Mn?T-Ca?t  —22000 17) © —4000 37)
Mn? ARt —5000 34)
Mn?*-Tit —16 000 34)
Mn2t-sitt  —18000 13) —15600 31)
~18 350 34)
—24 000 37)
Mn?*-p5* —26 000 38)
ABT-gitt —12 500 34)
Tidt-sit* +25 000 36)
gj¢T-pst +20 000 - 15)
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AHY 2DV TOEMREN W Eh s, —FHED
2 A EBI DI T > ¥ V¥ — AH & ay
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MOREENEEES I, 14 9483 %0 LoNnpoN H
HZERXXOFEAENRL EEZ SN BH®, 3 RIGZEH
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5.

4. FERIBRETIVICLIBZBAZ TR EREOEH

4-1 Ca0-Si0, 2 TTRATITNDEE

Fe,0-Ca0-SiO, 3TCRTEARL L LK 2 TR* EE
$5&, FeO-SiO, R ERHIERETFT NV L 0BESHD
BWZ L 2BITR L2229, S5 Fe,0-Ca0 %
BETFIVEDESHEIA TS TH DY,

Ca0-Si0, R D SiO, DiFE L, SiO, 254 + > HBFHK
FICHTE L, Z OEIATERIEHE 7 Ve ) BA, (1)
RICL DR TRENRALIDT,

RT In as,,(R. S.))= RT In Xs,,,
— 32000X%,0cal -eeeeereeniiiiiiiiin, (33)
& 25 THE SiO, Rk ILAERE G HRKACTH B 2 & 2H
LN TVAHDT, FEEWBERTTO Si0, DiFEE
Asiolls cov.) & FEREDIHEM agi0,R. S.) L DB THERED
ERPWLEL %0, ThBRY DLk cEHr
Sz,
RT In as,(], cov.) = RT In as,0,(R- S.)
+ 4170 + 0.674T cal sereeriiiiiiiiiieciiiinan, (34)
o T Si0, DERED AG, EEFIH T, Bl 2
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