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The Distribution of Oxygen between Liquid Iron and Fe,O-SiO,-
Ca0-MgO Slags Saturated with MgO

Synopsis :

Jae-Dong SHIM and Shiro BAN-va

The equilibria of oxygen distribution between liquid iron and the Fe,O-MgO, Fe,O-585i0,-MgO and
Fe,O-810,-CaO-MgO slags saturated with MgO have been measured in the temperature range from
1550° to 1650°C. The results obtained are as follows :

1) The oxygen content of metal in equilibrium with Fe;O-MgO slags saturated with MgO is expressed

by the following equation.
log[wt9,0]= —5520/T+2.276 -

- (5)

2) The iron oxide activity in FetO—SlO2 MgO and l*enO—SlO C'.aO MgO slags was determined at a
temperature of 1 600°C, and the maximum value of the iron oxide activity was found along a line joining
the orthosilicate composition with Fe;O apex. The substitution of CaO with MgO in the slag increases

the iron oxide activity.

3) In view of ionic theory, the approximate validity of regular solution model for cations were exam-—
ined to formulate the thermodynamic properties of complex slag containing MgO. It was confirmed that
the regular solution model was applicable to the wide range of slag composition over basic to acidic slag.
The values of the interaction energy concerning MgO are as follows :

a (Fe2t ~Mg?+)=+3 070
a (Sit+ ~Mg?+) = —30 500

1. #%& =3

AZ 7= 2 2 VR OBETEE DB, BN o K
KitE LT, th¥ETHELOWMENRLINTERL. £0
FzW 7 oot LT, Ferrers and CHipmaND, Tav-
Lor and CuipmManN?, TurkpoGAN and PEARSON® 7¢ )
OYEMNRET NS, CHHLOPIETIL, AT 7-4 &
FOBBROHEEEHOBELY, »2x1rhoBFREEE
w3z LT, Fe,0-5i0,_ (CaO+MgO) # 3 e 2K kic
B gk DIER AFe,0 & FRL TV, ZTOEIEDS
{ILER) MgO BRE oKV TThh T\ 5.

&L AP, RADOIFEREETIIFE AN kHOREY H
BE LT, MgO Rl o BRI 57D, A
S 7o MgO EIXfaFIGIVREBTIRE TR T
W5,

L& L, MgO o#HE b3ap By ARG BT
BRI OWTIE A EN 2L, ZhE¥To HETI
CaO L &ffinfEH L LTI TS DX BB TH 5.

=7, BihA S 7 OBRNFENEHERIF > =T L

a(Fed+ ~Mgz+t) = —5620
a(Cazt~Mgz+) =4+4500 (cal)

LTk, BRRT 70344 v IBEETHD L 5FLT
X v, Herasymenko and SpeEicHT @ % 5%, FLoob,
F¢rLanp, and GroJoTHEIM O € 549, Toorp and
Samis @ F8, MassoN D EFAD e EAREIR
THRiz. LhL, ThALOEFLE BEDAT IR,

HBHGEHEEA Z 7 ORI CHEBHEE T L@ T

T, WA S /DL 5 S TARAT /ETIRRLTHE
AT5z e TERVCRBTH S,

AFFIL, BEA T S OBNFENEEE LT, AT
-4 2 MRARIGIE RiET MgO oE&ERHLMT B T
EEBERE LT, 1550~1650°C oREfiE -, MgO
THIFI L7: Fe,O-MgO %, Fe,O-Si0,-MgO %, KO
Fe;0-5i0,-CaO-MgO %2 5 7 L Bk OME DL
S OWTHEIE L. EhI, ThbofiReERNW
o k> HEE LT, LuMsbEN X pREIhi IE
B 7499 O@EBERAICSDTHS.

2. R B B &
% bz ke, Fe,O-MgO 3%, Fe,0-5i0,-MgO
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%, Fe0-8i0,-CaO-MgO %= 3 7@ MgO SIfI%ER
E L Fer+/Fer FHHm X HEO LI, FREIXH
LHIERELBEONRICOWTEE L 0T, EB
FHECOWTILETER TR L0 T, g it
T DEZOZRF HEICHENS.
2-1 RREE

SRR BB H T v = vERER T35
MEIGER SOBRMIF X 5. InBYE & LTk 8kVA
o KERAMAX EKEGF %, BULEL Degussa U
BEEET L 3 & (42x 53 x 1000 mm) # Fi\to. EEER
1L 25D 20%Rh-Pt-40%Rh-Pt SyEskhiz X o7, &
ARk E LT, ERESETIER Lo gk (G<0.003,
Si<0.007, S<0.005, P<{0.004, O<0.005wt%) 25¢
L, FHEBRLICARAT 7 5.5~7Tg #HR 20mme
DEERE~ 7 F ¥ B0l AN, RIGENEEHCHE
L. BREEKO7 V= viiEk 100ml/min T 5 .
2-2 RBMRE

ARANBIV AT I AL = 73 ¥ 520E%
Mo $#THR o T, REELR X B RICERCHE
AL, BHEECHBET S K TT7 A= vERLUTFR
#RAEBEL, RERETAS 7-2 &2 MEIRIGH FHECE
T5ECT—ERAHFTH. BEREL K 1550~
1650°C ThH v, FHGHIEFEL, A7 7d0oMgO &
BEIGHMECET S T, FeO-MgO RTi25 h,
Fe,0-S10,-MgO H%ks X ¢ Fe,0-5i0,-CaO-MgO %
AZ T3 hE Uik, FHEIERL =73 Y¥ 5D
EERFEACIROBLES LD, AT 7RIV 20
ORI L, FEROC>EEARIHEITH. #ho
BFESWLT V= VEKEREE L HEBRMEYHFH L
B, WHEOSHEIL X —F LT,

3. X B ¥ B

AR TrE, MgO CcfMLACRA S S ROMUEL ISR
LLTED, FREFhROAS 7RickiF 5 MgO BiRE
NEELORFFORCR LY. AT FE 22 AEOR
FEOSETFECET 5 BIEER S Ai#E!Y 0 Table dic
PR LT B,

BkhoBFE L A 5 Fh OBk ORIt kD 2K T
AT EEBAEARIRIC I LT\ 5.

FeO(in liq. slag) =Fe(liq.) + Q---e-veoeeevmevne (1)
2FeO (in liq. slag) + O =Fe;O;3(in liq. slag) --- (2)
L7cdioT, AT /hoBERIBbE, LEERNRM
Beis FeO <cizied, (2)RTRENB I 51K FeO &
Fe,O; 05— RBABETHY, Feo*/Fer+ Hul, RE,
FHKDO BERT v+ V5 XU EFREHO EHIC

XOTHET B, KPWESZMTIE, Fe,0p 2D
ZBCBAETEH Smoly LITThHhBoT, BRIk
Nre, 0=NFeO+ NFe;,0; & LCHME L., ZhTHL,
FeO, Fe,0p 0FERIILELFRIVELD FeO L Fe,O4
YR, FRARREF N, BRSO EALSRY, XX
BAd vEREERRTHIELTS.

B gk oEE ORI L LT, HMEEskEFHT 58
PrIsEBMIRLe s &, BEEDIER GFe0 12 KK
IoRdDBIRS.

afﬂnoz[ao]/[ao]sac. (3)
[Go] 1L WP OMEDOTERETH D, [Golsar. VX RIS
Fe,O LFPETHBSPOMBEDERT, HRONE X
DIRAIL LD>TKRDOIS.

log[%OJgas. = —6320/T+2.734D

logfo=(—1750/T+0.76) [0 }
BUFie SR oBER Y Ee LT, Fe O-MgO %, Fe,O-
S10,-MgO % L Fe,O-8i0,-CaO-MgO %235 7
BT A BEEDOSELE, aFre,n IBIT B REHEIZOWT
w7
3.1 Fe,O-MgO ZR54

HERE 1530~1660°C 123515 FeO-MgO %
s rehp MgO DOEMREL 8~13% ThH, DA F
IR EFETHEGO BRGHEE O BEFLE Fig. 1
wird. logI%O0] RBEELAC I STHEML, £DE

BERAFERRORBR TR S
log[wt%O]=—5520/T +2.276 --veeemene (5)

MRy, #is FeelO =35 ik s TayLor and
CripmaN? DFER&HEE LK, FiERIL FeO-MgO
2 EFRAT LD BIELROTHE LD EX bk {EL.
(5) XXp, 1600°C it [wt%01=0.21% Th5s
7, ThRAHRELF UL, FeO-MgO %A 27 Xkh
HIZE L7z ScHENCK » Prarr® ff & X < —F$%.

AT -2 ZAEOBEEDONELY Lo=Nre,0/[%0O]
ExE, logl, tREOHFEERFR LD Fig. 2 ©
H%5. FAEHROAR LY, HELORERRKE LTKK
nEbLhAS.

logL,(=N¥e,0/[%O]) =6680/T —2.985 ------ (6)
RO s MgO 28 4% LT, @aEiific Fe,O
AZ 7 X% Fiscaer b EnpE'" OFRTHH2, B
BORNEIRAHIEE E—FT5H. FeO-MgO Rz 5
IUBHEARE CHIUE, AFe0=Nre,0 Eich, Co=[%
Ol ¢hroT, L, Wi (1) XTREIh 578G
OFEEFCHYLT S, Lirl, Fig.2 oZ&< LoD
B MR I LS OBE LRI B Z Ld b, FelO-MgO
FA S 7RBEBE TR C Eaibb, EE[%O0]
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MgO gaf1 Fe,O-Si0,-CaO-MgO %2 5 7/ L s OEBE DS E 1747
°C 5 T T T T
1520 15160 16|00 1§40 16§0 - 1600 °C
' /'/ af T Fe0-Si0sMg0 slag |
-0.6f e . \o\c,Q
I, AH 3 - o -
Slo
z‘#i OQ%\rzg
-07} v oor MW\ _

—O—Present work

-----Taylor & Chipman
(for pure Fe,0)

-
_0gl~7° \—log(Wt."loQ)_ §520/T+ 2276 ]

/’ (o]

/

log[wt.® Q]

056 055 054 053 052 051
10¥7

Fig. 1. Solubility of oxygen in liquid iron in equi-
librium with Fe,O-MgO slag saturated with MgO.

°c
520 1560 16-00 1640 1680

Ry

—O— Present work
—+—Fischer & Ende

(for pure FeQ) .
Q\o\‘i +

~ .

o .

o
N

{

Neeo/%0Q)
o
2

lOgLo(

0.51 logLo = 6680/ T—2985

0.4 i} 1 L

056 055 054 . 053 052 051
1077

Fig. 2. Effect of temperature on the distribution
of oxygen between liquid iron and Fe,O-MgO slag
saturated with MgO.

DEFE X H @Fe,0 XE+E 35 L, Raoult’s law L b
KX LIERREETS. Zhik Fe0-CaO 2% R S5 7
D AFe,0 HARET HEEDI® LHBHTH 5.
ChHET, HTLERAT Z7ITEWTIE, MgO % CaO r
LHOEHE LTHS FINE 2, FelO B L TR
FEOEBNIIOE Y RILOTWS. BTRAS kT
% MgO & CaO DZEENCOWTIRETEL 5.
3.2 Fe,0-Si0,-MgO H 5%

MgO fafi> Fe, O-85i0,-MgO R R 5 7 L ¥R D
BRoSE: FeO BEORFSY Fig. 3 wiri.
MgO gafio A 5 78, FeiO offimc & 3 /sy,
MgO/SiO; D& L HA Wiy 1.6 235 3.0 ¢
BRI LT B DT, Ly 1% FelO o X oTixE
EHRMCEmT 5. RERYEEE cHHET 5 &, 1600
°C ofifrtc FelO 25 It X 5408 E LT, Ly=4.5
BE LR, ZhiX(H)RI Y 5 bhs 16000C 0
EARAAFNIE AR, 0.23% osin¥ 4.4 & X —%%T 5.

are,0 LAERD BAfRE BB o, SEEHY
Fe;0-8i0,-MgO 3 5% iz &3 SHE2H 54, MgO
RATRHEROLTIE MgO offE X RTHhiE

1 1
100 80 60 40 20 0
Mol.%% of Fe,Q

Fig. 3. Relation between oxygen distribution and
Fe,O content in Fe,O-Si0,-MgO slag in equilib-
rium with liquid iron.

CHEAT DT, FHEERY 3TRELIRRTHZ LA
REgETHD. thi, FHRL TG, Mgks >y
W, A3 7 HO/H, BE&rALoFEIy, £84E
o FeO-810,-MgO H# A 5 71253 5% are,0 % 1400
°C TilllzE Ucis5R19), X O TavLror & CHIPMAN?) 2
Is®m MgO BEOHEEYMAEHLEC, Fig. 4 1c
Fe,O o &EEH %A Fe0-510,-MgO 3 5% Fic R
Uiz, are,0 ORI X 5EkIL, 1550~1650°C Tix
EEEREOHMB CIRIE—ETHBH DT, Z DEHKEAL 1400
°C VT HRERILTSHELTHE L. ik, &
EEiRO Fe,0-510, 2ER~OAFHL, BAE LD O
EfE%Y BA LTI 2%k, BEAR vy, orthosili-
cate 1% (2MgO-8i0,) T @re,0 DRAMENFHEH
5. Hitk, WHITEWAY, and Masson2 (3% ik
LT, FeO-5i0,-MgO %A T 7D Greo #HEL
Tedy, AFFRIIE L OFERMR & ARLBERERLTE
D, BibT5 FeO-510,-CaO-MgO % Zi & b1
T3,
3.3 Fe,0-5i0,-CaO-MgO %X 54

AETHS AT rRiz, MgO % 5~32% FT&L
MgO gafuo FeO-5i0,-CaO-MgO ZA 5 7 CTH5-
FrtE (CaO+MgO) # 3 R0 —2DL & Ris
L, BEboMROEHNEH i % FeO-510,- (CaO+
MgO) # 3 TRIEFR Lo Fig. 5 TH5, MgO
DOBEMEI KB Z ), (CaO+MgO)/Si0; o
EALEA 1.8 DUF O TR e e\ - Z D
B sVt 5 orE i, ®iabd % FelO OFEFERHR XL v #E
ELICERTHD. BEOHEIT orthosilicate ((Ca,
Mg),Si0,) & FeO THRZ M SERE PLE LTHIR
BB % . BR OSBRI, Si0; 5\ CaO £
Moxs rcix, BE—ET—EEL2RT NI
HhTk b, itk FeErrers ¢ CHIPMANDC X 5430
FAZ IS CTHEBEREIL LT3, FiscHER ¢ ENDE
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cFe‘O
® 0875~10 O 0625~0675
© 0825~0.875 & 0.575~0625
© 0.775~0825 + 0.525~0575
a 0725~0.775 ® 0.450~0525
A 0675~0.725 @ 0.250~0.450

MgO 20 40

Mol.%

60 80 FeO

Fig. 4. Iso-activity lines of Fe,O in Fe,O-5i0,-MgO slags at 1600°C.

Y3 LV

Lo=NFei0
[ 0]
© 375425 & 225~2748
© 325-~3749 0O 175~2249
604 2753249 B 125-1749

M. .
Ca0+MgO 10 20 30 40

Mol-%

Fig. 5. Oxygen distribution between liquid iron and Fe,O-8i0,-CaO-MgO slags

saturated with MgO at 1600°C.

wxnk, SiO, fafno FeO-Si0, 25 /% Lt Cal
fafn Fe,0-CaO =35 itk s L, RA TSR
5.

Si0, fFIR 5 7 : logL,=4 906/T—1.8771")Em (7)

CaO #F1A 5 7 : logL,=5014/T —1.930
EXABEAT 2 E, 1600°C wisiF 5% L, Ofiix, SiO,
FIFITIX Lo=5.5, CaO faficix Lo=5.0 L7a% 2%,
zhut Fig. 5 TRT X5, AR X 5ESEHR
DEME—FT 5.

Fig. 6 13 Fe,O 0&EEHARA—0ES TR ECE
FLic R THS. BEEHEKC BT A FeO-
810, 2 THRVIHE L HEEMBTHB. Fe,O-(CaO+
MgO) #& 2 LRIk} H4HE(EL, dolomite FIFN-TH
%E L1 FiscHER & Sertzer?) OB L\ icvW—FKT

5, are,0=0.6 AT HEwit Fiscuer B oO{EMN
P& B, FeO-Si0,-(CaO+MgO) FHix HEMEIFHRD
BEAS S ChHBID, TOATS FREETB AFe,0 IZ
DT, HLOHEREINTWBY ™Y, FPRER
13, @re,0 »} orthosilicate ks Fe,O HERHLSE
WOABETHRANM L 7c b, orthosilicate R X » SiEHE
ERETE, —E0 FeO e Si0, oM & i
are,0 HWINT B, Thi¥ COHE LR HEHR %
SRLT\5B. L L, orthosilicate i DT B BT 5
are,0 DFEfENL, ARHEDOH DD 4B\, Are,0 KRIEFE
TREOEE oL, 1550~1650°C iR EHIET
iR EAERD Lhigh otk
3.4 Fe, O DFERBICHKIFT MgO OFE
BTLHRAT VI BT H MgO DRMEIRE A%
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MgO fafn Fe,O-5i0,-CaO-MgO %% 7 7 L ik kM OB FE 0 H & 1749
Cl FeyO
o 0.825~0.875 e 0.575~0625
© 0775~0.825 + 0.525~0575
a 0725~0.775 = 0475~ 0525
A 0675~0.725 A 0425~0475
D 0625~0675 ®© 0.325~0375
e 0.275~0325
fcq
Mo,
80
Ca0+MgO
mol. %
Fig. 6. Iso-activity lines of Fe,O in Fe,O-8i0,~-CaO-MgO slags at 1600°C.
¥, FeO-8i0,-MgO %A 3 7 & Fe,0-8i0,-CaO-
1.0 T T T
MgO %A 70D GFe,0 % FeO DAL LT Fig.7 -
B LT, FeO R—EDPWATY, reo RIGHE v ey
v e -, F = : * b, & 25 —al &
4 t . = > Cy osl w\o‘K A\ ]
L OCTRIH DT, Fig. 7 KRR LD (CaO+ o © odvo. B84,
MgO) /Si0, D= A s 1.8~2.2 OFEHIC D 5 JIEE & 9\}§A N
k5. FEILBEBREL 5, —ED FeO T, S oef  TROTSI0p7CaOMAO °%%\K 1
Fe,0-Si0,-MgO % @re,0 #:Ca0 &4 TR LY é%
Fx ERRL, “h iy FeO-5i0,-CaO Hod CaO * ouk N i
. CaO+MgO
% MgO CE#T A Lic X DT, aFe0 /I MT 5 & Molar ratio :%:m-n A
%% Hbha, Bismor 518 13 CaO B 51012Ca0- 810, 0.2 ) . ,
. 08 0.6 04 0.2 o]
fif1D FelO-5i0,-CaO %A 5 70D are,012, MgO £ NFe,0

oo FeO-Si0,-CaO-MgO %A T 7D Gre0 L b 15
~30% EVEBELTW5, AREZRI D, MgO @
IR EY, A5 7F%b D VEBRIE U TERRNICE
T LREEThHD. ZORDIRIE, BRIA S SO%¥E)
EFMELT, FERASEOMEELIER Y EERC BT
HUERH D, THEOWTIETEERTS.

1. = %

AT 7= 2 VEREY BRIV ES =T+ L
Tid, A 7DOAX /FHHINLED b HERASYMENKO &
SeeigHT D F A9, TEMKIN @O % 5,12 FrLoop HO
EFA) M EPREIR TS, L, ZhboxT
MTEERE A A v 51047, PO2- REELTHE L T
50T, WEEEOR LR ARE L@ T &g
Brbn., hiew L, Fincuam & RICHARDSON2Y) |3
silicate HDIESR, TibH (0, (0O°) & (0*7)
OFEEBGEAYRE L Tx b, Toor & Samis®, Kapoor
& FroueerG?W, HJI| & FIR™ o ikt o—f %R
3, A4 VOFERES, Ho0ERYHETSE

Fig. 7. Comparison of Fe O activity between
Fe,O-8i0,-MgO and Fe,O-Si0,-CaO-MgO slags
at 1600°C.

ExRLT. Fio, Masson? 1ZAS v )y — A
* Vv OEFTEHS FEAMER (polymer theory) EA
L, A7 7B CTEEA+ Y2 BEL, vV &y —

FAZ FOBANFRORELYENTWS. LrL, Thb
DEFNIL, A VERAF S RECET A ERS
TR WER T, BEOAT 7Ry BT o2
Tk, ZLFRAZ 7ETCEBHCHACTES ETIIT
BT by,

F v, APgecit LumspEN DO IFRIEBHEK € F A9
EHALT, A7 7-2 2 AMRGEE BT
ZEERRRT. TOEFNL, AT IROTTOEME
YNTBEREES M 4 v &, B A A4 vicdE o B O Ao
vIniy, BA4+ 10 A F vt .y, 7 ATE
MFERELTWS EEL, 2514 v IERIZS%E
BB THENHIBDTHSD. COETFLOEAHE
LTk, BAELW2DHEHAL D, HICHBIR Fe,O-
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510,-Ca0 3 ERECTHELTCHALY, AT 7-22%
N OBEOSBERIEE LVEETHETED Z &R
Lie. LihioT, AR TIE, MgO 254235 7/
DT, £ OFAMERN L TAHL.

SILRIERIBIR K17 5 Bo o ERAEN, BRI
BT XRAD L5 BECRBE LTRTIENTE
%26)‘

RT In ;= )J'a“-X§+ 2' Z' (aij+ ase—aje) XXk
~(8)
A A VEOHEER =3 ¥ (cal)
Xi B A vaR Xi=u(Bad )/ En
B A A )
fefZl, B DIEL i, ), k OIRTHS
ATz, ZoBtR% FeO-Fe,0,;-8i0,-MgO His L O°
FeO-Fe,0;3-510,-Ca0O-MgO R HHEL, A7 7/-2
& N DERR DL BLTF IOV THEET 5.
4.1 FeD-Fe,0;-Si0,-MgO0 % (®-®-0-0 F&) ~
D#EA

Wilfgibgkh o Fel*/Fer+ Pl MBEE OB R,
Ba A v 1ERL) ORIECBEENLTELD &, KA
DESEREND.

FeO, ;(in lig. slag) =FeO (in liq. slag)
1740, (g) -vvveeeemrerereserenmeennenees (9-1)
AG3=30310—12.67T® --reeccrivererc-neena(9-2)
RTInK =RTIn(Xre0/XFeO,.5)
4+ RT 1n(Treo/TFe01.s) +0.25RT In P,
- (9-3)
FeO-Fe,0;-810,-MgO = 5 7RIS Treo, TFe0i.5
R(8)RI WV KKRD X S5KREND.
RT In TF60=alzXf§e01,5+a1aX§i02 + a15X1’VIgO
+ (a1s+ ay3 — 23) XFeO, .5 XSi0,
4 (@12+ 45— ag5) XFeO, 5 XMgO
+ (or3+ a5 — ags) X5i02- XMgO +orvvv et (10-1)
RT InTFe0; s = apXfeo+ anXsio, +ansXmgo
+ (@1z+ @23 — @t13) XFeO - Xsi0;
+ (@13 + ags— @15) XFeO - XMgO
+ (23t azs — aras) X510, - XMgO +++-7- - (10-2)
ay;(Fezt ~Fed+) = —4 460 cal (LumsDEN®)
a3(Fe2+~Sit+) = —10000 cal (LumspEN®),
BEW)
agza(Fed3+~Sit+)=7800 cal (BH) - (11
O-1)p 5 ()R A E&bE, REFER AT, AR
T EACHE LU CEET 3 ERAVBE LS.
Xgo (X5 — &g5) =4 460 (XFeO— XFeO, . 5)
+17 800 Xsi0,—1 .144T log Po,

—4.576T log (XFeO/ XFeO,.5)

_30310+12.67T:Ya (12)
(D RKoBFBE, A7 7ARR LOREBRFELONEE
X OHRAMELETHS. L, ZDAS SRHUEREB
HEEIGRE IR T 5o blE, Xmgo & Yo OBRRREAY
BAHERBERTTEENRS., Zhx BFELicos Fig. 8
ThHB., Xre0+ Xre0,,;<0.5 O TIL, Xmgo & Ya
OMIZ L WESBEBAEII LTk b, REHKORIE» b
(53— azs) OfEE LTERAERES.

(als—a%) =8 690 cal (13)
BB E O S\ AR CIERRERBRA BRI LisZ &
1, Babicks FeO-P,0O; £, Fe,l0-CaO #R!12
EEWTH fEEIhT WaBL, ZhieounwTix, Wl
Wastite 23EBENEELX/FD, TLBH LTI
DONRFERELTET SR 5.

KT, B LFEHTHA7 7R EBREOBRIKRK
TRENS.
Fe(liq.) 4+ 150,(g) =FeO(in liq. slag) ----- (14-1)

4GS, =—58391+12.90T ccvevvrerenreinnnnnnnna (14-2)
RT In K:RTln XFeo-l-RTln TFeO
—0.5RT In P ,-eeveererrnnnnnnen (14-3)

(10-HxX, (M4-)R & (4-3)KX kLG, ZhET
DEEFB e AN TARYERTD LRDO L 50D,
alst;/[gO + (15— @35) X810, XMgO

=4460Xfc0, ,+ 10000X 50,

+22 260X Fe0, .5 X510, —4 230XFc0, s XMgO

+10000Xsi0,XMg0—4.576T log XFeO

+2.2887 log Po,+58 391 —12.907 =Y, (15-1)
IR T, EDRKEE, Hix Fe O-5i0,-MgO
FROBPEBEL Y RDHZENTELHPWAETHS. L

6000, T T T T T T
O(de ) <0.51sat. with liquid iron °
+ ¢ A F.?O15)>05} (7550~ 1650 -C ) /
50007 . satwith solid iron 6° 0 7]
(1400°C) /cs /o
40001 u
O
o
30001 .
o N %o
> ’
+ /s
2000 /I -
A I+H
' A A Wy
+
1000 > . A i
£
\ A +
: 4a + -F,+ kS
1 o Pl
s
+
) L 1 { | ! !
] 0.1 0.2 03 Q.4 a5 06 Q7
i X Mgo

Fig. 8. Application of regular solution model to
the Fe3+/Fez+ equilibrium in Fe,O-510,-MgO
slags.
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® %) ~DiEA
B, FeO-Fe,0;-810,-CaO-MgO % (D-@-®
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FARC kIO L 5 TH5S.
Fe(liq.) + 150, (g) =FeO (in liq. slag) ------ (14-1)

AG?= —58391+12.90T e (14-2)
RT In K=RT In Xye0—0.5RT In Po,
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Fig. 9. Comparison of calculated results by the
least square method with those of experimental
data in Fe,O-Si0,~-MgO-slags.
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Fig. 10. Application of regular solution model to
the oxidation of liquid iron in equilibrium with
Fe,0-5i0,~CaO-MgO slags.

Table 1. Interaction energy between cations, (ea;j;).
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Fig. 11. Distribution of oxygen between slag and
metal at 1600°C.
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Fig. 12. Relationship between measured and cal-
culated oxygen contents in liquid iron.
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Fig. 13. The ratio of Fe3*/Fe?+ measured and
calculated by the regular solution model.
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Table 2. Standard free energy of the reactions

Reactions 4G° (cal) Temperature range | References

H,(g) +1%0,(g) =H,0(g) 4G° = —59986+13.79T 1 500~2 000°K 29, 30)

C(s) + 140, (g) =CO(g) 4G°— —27997+20.17T 1 500~2 000°K 29, 30)

C(s) +0,(g) =CO,(g) 4G° = —94728+0.04T 1 500~2 000° K 29), 30)
FeO, (1) =FeO (1) +1/40,(g) 4G°= 30310—12.67T 8)
Fe(s)+CO,(g) =FeO() +CO(g) | 4G°= 11970— 9.327 8)
Fe(a)=Fe(y) C4G°=  225—-0.19T 1 184°K 31)
Fe(y) =Fe(5) 4G°=  260—0.16T 1665°K 31)
Fe(8) =Fe(l) A4G°= 3630—2.01T 1809°K 31)
O +H,(g) =H,0(g) 4G° = —32210+14.75T 1 823~1923°K 15)
log fo— (—1750/T +0.76)[%0] | 1823~1923°K 15)

(5) IFBIBEETF N, AT F-4 2 VEIOBEDSH
BERGCER LT, BAgoBRiEyr 107 DAOKE
CHETEXLI LY Wbt L. ¥k, ZOEFN
i, BtA T 7EEE CIRELTCCHATE S 2 LD
P Y fall

(6) IERIMWK=EF vE, Febr/Ferr o BRI H
LR, Nre,0<0.5 0TI, FHEfEL EHE
PICEH — T AR E B .

AR OBRTE LI, BV EE T LEEE
FE, ATRE, =HUZ2OEX£LFLE, FIUOHEIEX
FETHMEBELER BFE LLEHRK, RIEE Ml

K, s Bbb ¥ LRI REAS SRR
L AL T

x [

1) K. L. Ferrers and J. Curpman: Trans. AIME,
145 (1941), p. 95
2) C. R. TavLor and J. CHIPMAN:
154 (1943), p. 228
3) E. T. TurkposaN and J. Pearson: JISI,
173 (1953), p. 217
4) P. Herasymenko and G. E. Seeigur: JISI,
166 (1950), p. 169
5) H.Froop, T. FgrLaND, and K. GROJOTHEIM:
JISI, 171 (1952), p. 64
6) G. W. Toor and C. S. Samis:
" Soc. AIME, 224 (1962), p. 878
7) C. R. Masson: JISI, 210 (1972), p. 89
8) J. Lumspen: Physical Chemistry of Process
. Metallurgy, Part 1, (1961), p. 165 [Interscience
Publishers N. Y.]
9) J. Lumspen: Thermodynamics of Molten Salt
Mixture, (1966) [Academic Press London]
10) & #% B, MAEE: g, 67 (1981), p.1735

Trans. AIME,

Met.

Trans.

11) waEm, EHE%: kem, 63(1977), p.1809
12) %@lb‘.&g} :F7F Hﬂ: Zjﬁﬂﬂﬁ' %ﬁ&@ﬁa, 66
(1980), p. 1484

— 98 —

13)
14)

15)

16)
17)
18)

19)

20)

21)
22)
23)
24)
25)
26)
27)
28)
29)
30)

31)

H. Larson and J. Cuipman: Trans. Met. Soc.
AIME, 197 (1953), p. 1089

E. T. TurkpocaN and P. H. Birs: JISI,
186 (1957), p. 329; 187 (1958), p. 143

B GO MR TEME: AARMRBSNHEEHI
EELMHm, ATITHM (1968); HWE F'/u Y
BEd: AALFEESEE, 38 (1960), p.

H. Scuenck and W. Prarr: Arch. Elsenhﬁt—
tenw., 32 (1961), p. 741

W. A. Fiscuer and H. ENpE: Arch. Eisenhiit-
tenw., 23 (1952), p. 21

H. L. Biscuopr, N. J. Grant, and J. CHIPMAN:
Trans. Met. Soc. AIME, 212 (1958), p. 185
BAER, T R RER

B[, S. G. WaiTEwAY and C. R. Masson:
& & 8, 62 (1976), p. 176

W. A. FiscHer and H. Seitzer: Arch. Eisenhiit-
tenw., 29 (1958), p. 611 '

M. TEMKIN: Acta Physicochimica, USSR, 20
(1945), p. 411

C. J. B. FincHAM and F. D. RICHARDSON:
Proc. Roy. Soc., 203 (1954), p. 40

M. L. Kapoor and M, G. FrROHBERG: Arch.
Eisenhiittenw., 41 (1970), p. 1035

T. Yokogawa and K. Niwa: Trans. JIM, 10
(1969), p 3, p. 81

BALE: %42 @ E LS KFHRE, p. 67, A
FEMBE (1976), Hx

T. B. WinkLer and J. CHIPMAN:
AIME, 145 (1941), p. 95 .
E. GorL, F. OteTers, and R. ScHEEL: Arch.
Eisenhattenw., 37 (1966), p. 441

Nat. Bur. Std. (US), Tech. Note No. 270-1,

Trans.

- (1960)

K. K. KeLeey: U. S, Bur.
584, (1960)

J- F. ErLiort and M. Greiser: Thermoche-
mistry for Steelmaking, 1 (1960) [Addison
Weseley Pub. Co. Ltd.,]

Mines, Bull. No.



