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Thermodynamics of FetO“MxOy (MxOy:CaO, SiOz, TiOZ, and Alea)

Binary Melts in equilibrium with Solid Iron

Shiro BAN-vA, Akira CHiBA, and Akihide HIKOSAKA

Synopsis:

As a fundamental study of physical chemistry of steelmaking slags, equilibria between hydrogen-water
gas mixture and liquid slags contained in solid iron crucibles have been measured for four binary slags of
Fe;O-CaO, Fe,O-Si0,, Fe;O-TiO, and Fe;O-Al,O, systems at 1400 °C. From the data, the activity of
iron oxide and the ratio of ferrous and ferric iron ( 4/=Fe?+/Fe?*) were calculated for the composition of slags.
In view of ionic theory, a regular solution model for cations was applied to evaluate the thermodynamic pro-

perties of complex slags from those of the binary slags.

Three binary slags of Fe;O-5i0O,, Fe,O-CaO and

Fe;O-TiO, systems conformed to the regular solution model within the experimental error except for the
extremely FeO rich region. It was confirmed that the oxygen distribution between slag and metal was
quantitatively expressed with this model over the wide range of slag composition.
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B~ 5 71k FeyO-Si0,-CaO 3 JLAMLY A TS
ET A EMRLTCRBW TH D, 2D XS5 RRDYEL
ZREE Y H b T AL, T Es 2T
RICET BT — 2B ETH D, AFFRII DL 5 #E
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* gEAn 53 4 10 A ASHEEAREITTRE WM 5 £1H7 A% (Received Jan. 7, 1980)
% gobk T 2% T (Faculty of Engineering, Tohoku University, Aza-Aoba Aramaki Sendai 980)

®k%k (PGB TS (Sakai Works, Tetsugen)

sk () i RUSR T Je %8 T (Central Research Laboratory, Kobe Steel, Ltd.)

— 926 —

i g

s




Elikgk e FH5 5 FctO‘Mxoy (MzOy=GCaO, SiO,, TiO,, ALO;) 2R AZ S OBMN%E

1485

FEIE T, U7 21 x 15x 24 mm Offighs 2 A L
7o, 1 ElOEEREEIL 3.5~4.0g Th b, EBRE CfF
BWLew R x4 P CHEYBEORINEB L ERE L TH
Fo. WRINEE(EH & 1LC, CaO, TiO,, ALO,; itk
Fikdky, SO, WAEEBERERPELCER L.
2.2 ERHRIF
EERECFOREYHEL, RIEREZ7 L2 T
TOBR LB, KIGETE L ) At Ahicghs ol
BT FEEELOIFCANTEY 7T VBILDOS L
TEATD. FOK, TAZUERERLUCRETHREEK
JERENTED (1B E T 20 BF 5. B oh BITERE
th, U 10min 137 0= vEKEL, 0%k He-
H,O-Ar B&#* (H, & 230~240 ml/min, Ar
£ 200ml/min) g h#z, % 25 min THEGFOIE
OB ERE T 5. PRI ERBEITFMERC X7
~8hThhHZLih, 9 h—EBRECHF L. P
HEEBIRR L 2 T oam AAKGREERCT
Fa. RENLT7 L2 vERSCE IR REE T
s xhs, AP DERIC B ROEAR LT
Uy, Fert, &8k % X OWRINER L > S LEn e T
Ofe. ERSHEL FeO, Fe,0;, MOy BWHEL
<, SHEAEAHCLTRE DL DL 100£1% DHIH
whby, SPEOHREIREFTHOL.

3. FROFERF

BEfEsk L FHTHEM2ITRA S 7L H/H,O BaE
% A OLERGE X OSEFERIR (1) R& (2)RTR
Ihb.

FeO(in liquid slag) +H,(g) =Fe (8) + H,O(g)
e D)
(K1= (Pu,o/Pu,) /@Fe 0 -+ wwvrreeremereeneeen (2))

()RDOFEHER E LTEEB LY o— AL X b kKD
HHIh TS, Thibb AGreO=1 ORETIIKRD X
5TH5H.

log K, = log (Py,0/Pu,) =1588/T—1.007
4G0=—7265+4.607T }
ceenerene (1392°~1 536°C ) ovv e (3)

chb b, EEkEkE P 5MBERRR L aka 2
#ie Lo sk DI Bare,0 XKL I OTHELRS.
log @re,0= log (Pu,0/Pu,) —1588/T+1 .007
AP CHE LTu BRI, Bl (1)RTh
50, BRI Feir 14 v BEEL,
Fed+/Fer+ B IXOA 5 /-2 2 AR, KkOFHEBG
PRI LT\ 5.
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H A=A 5 ZTRG
2FeO (in slag) + H,O (g) =Fe,0; (in slag)

AT 7-2 2 ARG
3FeO (in slag) =Fe(d) +Fe,O4(in slag) -+ (6)
(3Fe2+ = Fe (5) +2Fe3+) ( 6 ')
Tk, EESE TR L BB kL ER
7t FeO Tixin<, FeO t Fe,0, OiRE Licl—8fk
Ths. Fesr/Fert+ ORI () RB IO(6)R TR
L7 PEBaGRA B v, A4=Fed+/Fe2+ DfENRMEBILY
WXy EDLSRBTHLHEEKODZMBETHS.
ARITEFE L FeO-Fe,03-MiOy 3 JTLHRAT 7/ TH
5h, Fe,0p 04 HEE1T FeO-CaO ZHEKRIFTIE 10
wt% LAFThD, D> TNFe,0=Npeo+Nre0, & LT
Fe;O-M;Oy # 2R E LT OS> 2 L TES.

4. X B B B
4.1 Fe,0-CaO %

Fe,O-CaO ADERRGE RS Table 1 1T, 7-2(4)5K
TR TRD 1Lk DIE & are,0 &K OBAF % Fig.
1R L. 2k, FeO-CaO RIZEIT HAFe,0 D
EREARK L )2t h REACRBK TS 2 Lavbn
%. FetO-CaO RIIEARICOERR THDHZ & LD,
Zh ¥ C FETTERS £ CHIPMAND BH% I & LT L D
SERNED ~ 1O R EFEY T WHRRH IR TCE . ZhbD

Table 1. Experimental results of Fe,O-CaO
system at 1400°C.

Heat Pu,o/ wt percent g Fei+/
PH Fe,O Fez2+
No. 2| FeO |Fe,0O4 | CaO
CB-10.862| 85.66| 10.18, 4.33] 0.985 | 0.107
CB-2 | 0.841] 83.73| 10.28/ 6.21] 0.961 | 0.110
CB-4|0.809 82.17) 10.47| 7.82| 0.924 | 0.115
CB-3 | 0.794] 82.33] 9.99| 8.08 0.907 | 0.109
CB-6(9.761| 78.98] 10.54| 10.04 0.869 | 0.120
CB-5|0.752| 81.18 9.80| 8.65 0.859 | 0.109
C B-8|0.708 78.00, 10.01| 12.00{ 0.809 | 0.115
CB-7{0.705/ 76.61| 10.86| 12.04| 0.805 | 0.128
CB-9 | 0.671] 75.24| 10.75| 13.73] 0.767 | 0.129
C B-10] 0.662| 71.24| 14.14| 14.68) 0.756 | 0.179
C B-12| 0.622| 70.80 13.01} 16.27| 0.711 | 0.165
C B-11| 0.617| 70.70| 11.87| 16.98) 0.705 | 0.151
C B-14] 0.573| 65.63| 14.94 19.32| 0.655 | 0.205
C B-13| 0.570| 66.49) 12.92| 20.79| 0.651 | 0.175
C B-15| 0.531| 64.92; 12.91| 21.82] 0.607 | 0.179
C B-16| 0.507| 62.53| 14.80| 22.45| 0.579 | 0.213
C B-17| 0.493| 61.39| 15.22| 23.64{ 0.563 | 0.223
C B-18| 0.451| 56.14| 16.33) 27.57, 0.515 | 0.262
C B-19 0.410| 53.96| 17.02| 29.03| 0.468 | 0.284
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Fig. 1.

%A T -2 2 VHIOBROSECEHE X bR D7 B
DT, FHB2EFEDOFHER L5 MgO % SiO, piE A=
AZT-2 2 NVORERE I X ORERD 5. AWE
TREMGEE L OEEHEH L, BRIEHINBWE 2 BT
50T, TROLOMBERIZEECHBE IR WS, 2h
ECOERMBEOREN LD OX B D9 Fig. 1 duyz
N UTehy, ARPFseoiERI: Tavior  k CHIPMAN® 5o
EICR SIS, Floare,0 OEEEITAE Y RE e
W EHERI R RS,

Fe;O-CaO %2 5 7t CaO iF B 2 TEYNGE
LT, Gibbs-Duhem oz &L v, %ZRic LoD S
na.

log@cao=— NC&O.;:NCEOTNFEvtO
J Neao=N"620 Ncao
. dlogaFeto—Hog a'c.o (7)

T 2T @'cao 1% Neao=N'cao IEFIT 5 CaO D58
ThH5D.
B L g Lc Fe,O-CaO RREFIT VA D
BB D5, JOHNSON & Muan® 512 L B D
kB & 1400°C CclEff CaO A EOEILEZ EiE
L, Ncao=0.9 (889 CaO, 129, FeO) ok CaO r
Nca0=0.51(40% CaO, 40.3%FeO, 19.7%Fe,0;) o
%fh Fe,O-CaO R 5 703F T 5. chivdED
B btz FEE T 2 EE CaO o T BB R & RE

Table 2. Experimental results of Fe,O-SiO,
system at 1400°C.

Heat Piso/ wt percent Fes+ /
PH aFetO Fez+
No. 2 | FeO [Fe,O, | SiO,
CA-10.876| 87.42| 11.29/ 1.37] 1.001 0.116
CA-2|0.854 82.23| 9.00 7.94 0.976 | 0.098
CA-310.838 81.88 8.42| 8.26] 0.957 | 0.093
CA-6)0.787 77.73] 5.52 16.30] 0.899 | 0.064
CA-7|0.717} 74.55| 6.15| 18.36] 0.819 | 0.074
CA-11) 0.669 74.67] 4.61] 20.36] 0.764 | 0.056
C A-10} 0.664] 74.69| 4.87| 18.61] 0.759 | 0.059
CA-12) 0.611] 72.54] 3.22| 23.08] 0.698 | 0.040
C A-13] 0.569| 71.64] 2.56| 25.25] 0.650 | 0.032
C A-14] 0.518] 69.91| 1.35| 28.54] 0.592 | 0.017
C A-16 0.469 66.25 2.90/ 30.69] 0.536 | 0.039
G A-18 0.387| 63.02| 0.99 35.09 0.442 | 0.014
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Fig. 2. Activities of Fe;O-SiO, system in contact
with metallic iron.

L, N'cao=0.51D0 @'cao=0.9 L LC(7)RIc X v
2 LT Gcaos) TR, Fig. 1 s L.
4.2 Fe,0-§i0, %

Fe,O-8i0, ZOMERE% Table 2 12, B4 L
BT 2B OIER areo LR DOBIE AR Fig. 2 ©
A L7z, FeO-SiO, RiTHIT 5 aFe,0 Ol Nsio,=
0.25 BE ¥ ClEMBK L » EfET 505 F0Bix
ACFEET 5. ARCE L3 i CO/CO, BAE»
AW X% Scmunmann Lt Ensio® ¥ 1ot Hy/H,O B
BH AW X% BoDsworTH®) 1T % 2 AR O HIEEI D
BH%, AWIRE ED 1 3 H OHEMEIIARD T X w—3k
ALT%., FZhbOFERX O are0 OEEZLIT
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BB TN NT Epvhomn s,
Fe,0-SiO, A DREERMC X % &, 1400°C Tz Nyjo,

=0.446 (40%Si0,, 59%FeO, 1%Fe,0;) » Fe;0-Si0,

RA 7 7ifliEk SiO, L¥#T52 ek b, Nisio,

=0.446 DFf @'sjo,=1 L LT(7)RX v Si0, DIEE

sio, ZkD Fig. 2 hicXpR L.

4.3 Fe,O-TiO, T

Fe,O-TiO, ZOBIEML LA Table 3 1, B(bfko
IGE are0 LU OBIEE Fig. 3 wWRL7. FeO-
TiO, Z®D are,0 DL, Nrio,=0.25fF ¥ CHIER
WEE BB AR L, oBIIERBK X v ACRET
%. ARBE Lk CO-Hy-Ar BEH A & OFHIC
X% SmitH } BELLY LOBIEND D, APFgRER L
I —FH LT %,

ZhbofER I Fe,O-TiO, Rt kT2 TiO, »
{EEA KD B odiciy, Gibbs-Duhem DR DM
12 EENMECH D, MACCHESNEY & MUan® BT %
LEGE O L, £B#kE ML FeiO-TiO,
ZIREEXIZi: Ulvospinel (2FeO, TiO,),

Table 3. Experimental results of Fe;O-TiO,
system at 1400°C.

Ilmenite

Heat Payo/ wt percent Gre0 F§3: {
No. | PH: | FeO |Fe,0, | TiO, €
CC-1|0.868 86.77/ 8.55 | 4.90, 0.992 | 0.089
HC-1|0.858 84.15/ 8.85 | 6.48) 0.980 | 0.095
CC-2 | 0.793| 79.89/10.20 | 10.35 0.906 | 0.115
CC-310.751 78.03| 7.87 | 14.02[ 0.858 | 0.091
HC-3 | 0.733] 76.00| 6.83 | 15.46/| 0.838 | 0.105
CC-4|0.699 73.06| 7.46 | 19.45 0.799 | 0.092
HC-4 | 0.698 75.19| 6.57 | 18.00, 0.797 | 0.079
HC-5|0.680] 69.73| 4.13 | 25.45] 0.777 | 0.053
CC-50.672| 70.44| 6.38 | 23.27| 0.768 | 0.081
HC-6 | 0.659| 65.26| 6.65 | 27.69| 0.753 | 0.092
CC-6|0.649 66.81| 5,92 | 27.23] 0.741 | 0.080
HC-8 | 0.567) 62.42| 1.75 | 34.61] 0.647 | 0.025
CC-80.562 62.68 3.63 | 34.03] 0.642 | 0.052
HC-9 | 0.536 62.77| 0. 34.63 0.612 | O.
CC-9]0.526| 62.88| 1.12 | 36.50, 0.601 | 0.016
C C-10; 0.487) 60.90; 0.53 | 38.81/ 0.556 | 0.008
HGC-10 0.459] 58.31} 0. 42.41| 0.524 | 0.
C C-11] 0.451] 59.23! 0. 40.93| 0.515 | O.
C CG-12| 0.440, 57.94| 0. 42.14| 0.503 | O.
HC-11j 0.430] 57.96| 0. 42.52| 0.491 | O.
C C-13| 0.425| 56.45| 0. 43.74| 0.485 | O.
C C-14{ 0.416| 56.41| 0.02 | 43.55 0.475 | 0.000
HC-12| 0.404] 55.93| 0. 44 .66/ 0.462 | O.
C C-16| 0.403| 55.21| 0.13 | 44.50| 0.460 | 0.002
C C-15} 0.402| 55.35| 0. 44.65] 0.459 | O.
HC-13| 0.393] 55.32 0. 44.47| 0.448 | 0.
G C-17, 0.389 55.13] 0. 44,97 0.444 | 0.

lo)
o8k N
PN

osf

© Present work, 1400°C
A Smith and Bell,1475°C

04t

AFe;0, ATi0y(s)

ideal solution \_

0 1 1 1 1 ]
1.0 09 08 0.7 08 05
N Fe4O

Fig. 3. Activities of Fe;O-TiO, system in contact
with metallic iron.

(FeO, TiO,), Pseudobrookite (FeO, 2TiO,) ® 3>
{b&¥n3 % v, Ilmenite B3 % BFER 2 R b L
THBHDT 1400°C RITHEZDOEREE= 2L F%
HEHBEZ Lz, T7abhb R0 BIIFERED @ XX
Ilmenite OFEIT 1367°C THbh, 1377°C~1527°C
O T AL llmenite DAERBH =X V¥ & LTEAR
NHE IR 5.
FeO (1) + TiO, (s) =FeTiO, (1)
AG°=6519—6.27T+ veveeveesrenesennnn (8)

(8)iz 1400°C 12T Nrio,=0.5 DK, Greriom)
=1 L EA{EAFe,0=0.32 % KA TIIL Grio,e =0.946
B 5. Thbb(7)Xo Gibbs-Duhem oz u»
T N'1i0,=0.5 DR, @'1i0,()=0.946 & LTHEN%
ToriER% Fig. 3 PcKR L. LianLl, Fig.3 o
FERIC XX 1400°C T Npio,=0.52 2E T Ario,6)
=1 &igh, Fihich OBBEGEHANE OV, Th
L0 (8)RofEixd 54 LEWENIAG XS B O
DLETHS.
4.4 Fe,0-ALO, %

Fe,O-AlL,O, A k1T 2 ISk R4 Table 4 &, [
Lk DiER are0 LB OBIR%E Fig. 4 WiRd. <
hX v FeO-ALO; RIEKIT S Are,0 DIEHD ZhET

DR RARCEAREK X v ARBERTZ LB,

BB L P 35 FeyO-ALO, RIREER® X5 &
1400°C T Na1,0,=0.086(11%Al1,0;, 77.9% FeO,
11.1%Fe,0;) ¥Rl FeiO-ALO; HRA S ZIHEME
Hercynite (FeAl,O,(s)) &F#53%. Hercynite D4R
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Table 4. Experimental results of Fe;O-ALO;
system at 1400°C.

Heat Puso/ wt percent Greo Fes+/
° t Fe2+
No. i FeO [Fe, O, |Al,O,
HD-2 0.8687 85.82| 11.72| 3.49 0.992 | 0.123
HD-1|( 0.858 | 83.91| 11.37| 4.12 | 0.980 | 0.122
CD-3| 0.854 | 84.71/ 11.80/ 3.88 | 0.975| 0.125
CD-4 0.852 | 84.35| 11.76] 4.11 0.973 | 0.125
CD-1| 0.844 | 82.35| 12.96| 4.58 | 0.964 | 0.142
HD-3 | 0.831 | 83.09 12.05{ 4.91 | 0.949 | 0.130
HD-4| 0.811 | 81.73/ 11.20, 6.72 | 0.926 | 0.123
CD-5 0.805 | 81.78| 11.42| 7.24 0.919 | 0.126
CD-6| 0.786 | 80.15| 11.67| 8.37 | 0.897 | 0.131
HD-5| 0.784 | 78.42| 10.89]10.24 | 0.896 | 0.125
CD-7| 0.759 | 76.40 10.86/12.24 | 0.867 | 0.128
10 . 03
° !
o f
% 3
o ) 2
a ]
095 - Fet0 Eg {02 E
Q \\ Qo3 ® | &
§ | YN | §
]
030 igeal o\ o &1
solution :E
i
0585 ! . 00
10 095 Q90

NFetO

Fig. 4. Activities of Fe;O-Al,O; system in contact
with metallic iron.

H = 3 A F L OB RO LXK D X5
ThHB.
FeO (1) + AlL,O, (a) =FeAlL,O,(s)
AG® = —14 1504+5.34T +eoveveeeenernnnns (9)

1 400°C 12T Np1,0,=0.086 DI, Gpeat,04t) =138 X
DVEEBIE are,0=0.879 % (9)NIRA LT, @ano;&
=0.237 pMELhB. Tihbb, (7)RCT Nano,=
0.086 DB} @'p1,0,(0=0.237 & LT T IUEAa1,040
OENEBRS. “h# Fig. 4 hroELic. ARKE
LTEAT -2 2 VEOBEOHE L D HED & X%
1560°C DRIEMEN D b, HEBREICLCELZH/TED
A OFER L3R T 5.

4.5 Fes+ /Fe?t RIDTHEMR
BB X 5 s KRBT 5 A 5 ZIXBE 3 FeO-

~-0- - Fey0-Ca0
0.3} —0— Fey0 ~Ti0p p
1400° 4
—-2m- Fe0-5i0, Present work, 1400°C o
—X— Fe{0-Al03
—-— Fe{0-P;05, Banya and Watanabe, 1400°C ,/
A Darken and Gurry , 1400°C L& (Ca0)

02r g,

2N

.,

Fes‘/ Fe2 *
>
~
o
w
A}
AY

S g ©
0.1 \\Otje& ® o

[°]
~
\AQQ )

or —A-—
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Fig. 5. Fe3+ /Fe2t-equilibrium in Fe,O-MxOy
melts in contact with metallic iron at
1400°C.

Fe,03-M;Oy; 3TTHRAS5 7 ThHY, FeO & Fe,0p D
B (5) Rk L0V (6) RO LAEERRY D 5. &
DBE, Fest/Fer+ OfEIIBMIRE, FHEKOBERRT
vy R I ORFRE o X b E(kT 5. Fig
5 & A=Fes+/Fer+ L ZREHRIMMBLRE ODBR KR
L. ¥ARECizEE b3S 2T 21cFeiO-P0;
ZOFERY L HBODR L. BIEECITELOEDL
DD HH, HEMBEYTHS (CaO) DEIMC X

D ADEITKEL I HOK LT, BB oI
X b ADfEIL (PyO5) > (Si0,) > (TiO,) DIETHA L,
IR &\ oD (ALO:) ¥R Cik 4 DB S
MmoERE % R8T OB EFED TR, 2D X5
T DEEEE & ADBALEN X RS 5 & LIk
BHTHBREY.. Fh Fig. 5 KRBT %5 MM0,—0 ~D
IER 3o bR I AR LS BT B AD(EIL A=
0.12(11.7wt% Fe,O3) & 75, BoweN & SCHAIRER®
kb (11.6wt%Fe,04) LR T L —FT %A Dar-
KEN & GaArrY?2) OfH L b %A,

A5 S Fedt/Fer+ [HOFE#HIL (5) RB IO
(6)RDXdITENSED, SliOgO—HixA T 7'i
TEEA F vETEH LT\ 5. oA+ voRREs LT
3fE4 DL ONREIR TV 5SS, Caipman t CHANG
%) LI L5 Fe,O5t 1 vER{RETHIE, Fet+r 1
vE Fe,0.4- A 4 vt 10)5X, (11) RoFEf#Es
B LTwWbEELBRS.

2Fe2+ + H,0 (g) =2Fe3+ + 02~ + Hy(g) «++- (10)

2Fe3++502‘2F620§‘ ........................... (11
— R MR LR I Fe,Ot  f 4 VAVE
BRI DT, HHHEEL LTD Fesr o&HEL R K
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Table 5. Activity of iron oxide in 'Fe;O-M;Oy
melts in contact with metallic iron,

1400°C.
AaFe,0
NMXOV . .~ |Fe,O-
Fe;O-CaO|Fe;O-Si0,|Fe,;O-TiO, ;\1203*
0.05 0.970 0.980 0.954 0.995
0.10 0.920 0.950 0.902 0.988
0.15 0.828 0.913 0.848 0.976
0.20 0.742 0.848 0.792 0.948
0.25 0.666 0.755 0.736 0.929
0.30 0.580 0.650 0.674 0.912
0.35 0.512 0.540 0.590 0.898
0.40 0.438 0.430 0.499 0.886
0.45 0.374 0.408
0.50 0.312 0.320

*The concentration of NMm,0, in Fe;O-MyXy
is NMm,0, X (2/10).

1.0 T T T T
NG
N NS i
08} .0
0} \D
EY
\
\
o6} \
.
(@] \
hy N
g— --G-- Fet0-Ca0 B\
oul —b— Fe-Si0p v \%\ _
" A NN
~—0@-— Fey0 - Ti0p RN
~—-— Fe0 - P)05 o}
ceeXeeree FyO - AlpOg
\
02k 1600°C ]
0 1 A1 1 1
1.0 09 08 07 06 05
N Fe{O

Fig. 6. Activity of iron oxide in Fe;O-MyOy
binary melts in contact with metallic
iron at 1600°C.

D ADEIXERT 20, BB I OBEEND 4
DNEFFEAIT 5.
4.6 Fe,O-M;Oy, 2 STRODELHFEDLLE
ThETCHE LT 420 2 CAREIT S 1400°C
D Are,0 D% ¥ LT Table 5 R L. LR
KI5 Qre,0 OEITFRC L ZEEBEBRECITS < #
xRS, FOIREBBUIMRD T/ X { EBREEOH
FCALBETHD LELDIRD. Lnl, IRWEREH
B CHIE LcEE b §iR FeO-P,0; DfEHED Xk
e, HEEBIVEERERECT ORE © 223 RT In
7Fe,0=a (1 —NFc,0)2 CELPTE L. Thpz = nEE

DIELWE LTHERERT S 1600°C @ Are,0 %R
Fig. 6 & Lo TRLL. Fig. 6 R L vThoz
W8T S IR LA DU O 5\ B TiE, dFe,0 O
EEEARK L0 ARFEZT L Cn 5. BEgkoIE R
Are0XAre o TR, [EMEELE BT 54L&MT Tk
Ape T THDHD D, AFe,0 DEITEEMA 5 /RO
ROYBLFIBERNCRE S EAIh D EEL DR S.
L L, #ik7e FetO X5g&inA + IR i<,
FEER B R b OB EThy, Zhic Si0, it &
DALY H TN T UL LIS WIS A o+ vk e T M7 I
HThy, thorxIHEHETsz LR THS.

5. & =

WA 7 704 F VI BER R Tod, Zhits
K DEFABREINTH. 22Tk, Tlko X 57
2TEAT V7 OEBET — 2 %2H W LT, LILEAT 7D
BB Y R T 5L L, LumspEn2 i L )
RMEINCERBK € 7V OBRCSERF LA,
ZTLRIERBRIC BT 55 1 OB EREr 12k
CLoTUREhS.

RT In 7i=%’ain§—l—j2%' (asjtaix—aje) XX
ceereeren e (12)
ST, X; BRI O F A VAR, aiihF AV
, JEOMEEH=3ALF (cal), KHolEIL i, j,
k, ...... VC%%
5-1 FeO-Fe,0,-M;0, ZDIGH

LumspEN O IEHAIKE £ 7 1202 Tl s B &85 1
A VIRERT, rFF v EY I ROZE 2 H D
T, FeO-Fe,0,-M;O0y ZoOmHF-Fo1fHE L T
FeO-Fe,03-5i0, R (O-@-® HHFR) TkiF % Fedt/
Fe2t SEHIIZOWTRBIEARD L 5 TH 5.

FeO, ;(liq) =FeO (liq) + 1/40,(gas) -+-----+- (13 a)
4G°=30310—12.67T (LUMSDEN)22) -..... (13b)
oy, (Fe2z+ ~Fe3+) = —4 460 (LuMsDEN)22 -.-(13c)
RT In K=RT In Xpeo0/Xre01.5+0.25

RT In Po, + RT In reo/Treor.s-+ -+ (13d)

RT In ypeo= 15X ?pe01.5+ 13X %si0,

i

+ (arz+ @13 — @23) Xreo1.5Xsi0, oo (13 €)
RT In 7pe01.5= ay, X 2pe0 + @23 X %si0,
+ (ctra+ tas— @15) XpeoXsio, -+ereereeemeees (13 1)
ERER T, REOEY EDCTEMELYGLCHE LT
RuBHTIERAREE 5.
(23— ay3) Xs50,=4 460 (Xpeo— XFe01.5)
+RT In Xpeo/Xpeor.s+0.25 RT In Po,
4$30810—12.67T=YA eererneeeereceennnns (14)
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: . i . . -2000 —— —_—
O Present work, 1400°C (] gr:sent work, 1400°C
. [ ® Schuhmann and Ensio, 1258%1407°C 4
® Schuhmann and Ensio, . e
10000+ 1258°~1407°C saturated with solid iron i o B odsworth, 12570~ 1368°C OD ,
& Bodsworth, 1257°~ 1368°C -1600F & Taylor and Chipman, 1556°~ 1642 °C . .
A Taylor and Chipman, 1556°~1642°C a EI..
saturated with liquid iron L% L o ]
a %
80001
.Eé- A -1200} 4 ]
2 EKA o/ 8
o] 7
NP | m A 5
o > fa°
6000} Ep/m b -800} Goe  Ap a ]
dﬂgm al A
d . a
< e L A% A 4
> ol A $ o
%/ ¢ o 3
4000} 2 eB0 A . -4009 oe
o o (o} [ .%1 A E
[ ] ° A -. ° @ :
LI L [}
A ° o° é/ (slope = -10000 )
2000 . ° b 0 T © F I L L . L .
4 A 0 0.04 0.08 012 016
© 2
o Xsio,
(slope =17800) . .
0 . . . . \ Fig. 8. Relation between YB and X20, in FeO-
0 01 0.2 % 03 0.4 0.5 FeO, s-Si0O, system in contact with iron.
Si02

Fig. 7. Relation between YA and Xg;o, in FeO-
FeO, ;-SiO, system in contact with iron.

ERBROBRNARICERTE % L3+hiE, 1HR
T HIEME YA 1L Xsio, X UCESL E 5 EER
TRIhEE biswv.  Zo#RY Fig. 7 iR,
TAYLOR & CHIPMAN® [Z X A A5 /-2 & L OBE
ORI 1T 5 FeO-Fe,0,-Si0, AT 2,
SDEXBLOERRTE, RKELED 4 EZOWO O
EMEIE L —BR R L, 1257~1642°C AR R
TIVERBEFREIELRTEY, ZoF/E LTKROHE
NELRS.

(Ctyg—ty3) =17 8002000  (cal) -weeaevveernes (15)

RCX5K, &K (r, 6-Fe) <TffilLiz FeO-
Fe,03-510; R (D-@-@OWHHR) A7 7 V#1558
EEOEREIARNTRINS.

Fe (solid) +1/20,(gas) =FeO (liq) «--«---- (16a)

4GY(oFe) = —54 501+ 10.73T ----+-+---+---- (16 b)

A4G°(0Fe) = —54761+10.897 (LUMSDEN)?2?
e (16 )

RTInK=RTIn Xre0—0.5RT InPy,
FRT 1N Jpgore-reeresrseeesesesensinnenenennn (16 d)
RT In ypeo =012 X 2pe01.5+ @13 X %sio,
+ (aga+ Q13— ®23) XFe01.5X810, =+ (16 €)
ERTBCREAIE & RAEYBRET I R R &
5.
13X %510,— — RT In Xpeo+0.5RT In P,
4 460 X 2po0; 5+ 22 260X pe0;.5Xsi0,— 4GO=YB
creeveneenen e (17)

-1600 T T T T T
@ Present work,1400°C A
140001 (saturated with solid iron) |
O Fetters and Chipman, 1545~1680°C A
(saturated with liquid iron) A
-12000F X Fujita,Iritani and Maruhashi, 1560°C 1
(saturated with liquid iron)
-10000- ¢ PC02=1'} Gurry and Darken, B
A Po,=1, | 1570~1620°C a8
-8000- 1
A .:o/
a A
< -6000- A,F/ .
> s
Pt
A LD7XO
-4000F X & g 1
A QJEI@Q
-2000F Pragiy.- -t
gog
m,” ©
o
0 - o
crioadal
o o
2000 e “X B
” X ( slope=-15400 )
4000 L L L L L
(o] 01 02 03 04 05
Xcao

Fig. 9. Relation between YA and X0 in FeO-
FeO, ;-CaO system in contact with iron.

()R> CHE LK R% Fig. 8 wR$. YB
& X%sio, OMICIX X WERBIRSH Y, FOFR LD
KAE1ED.

a5 (Fe2+~Sit+) = —10000+2000 (cal) --- (18)

(IB)RE (IR I ay OfEL LTRDOE N E B h

%.
gy (Fe3+~8it+) =7800£4000 (cal) -+ (19)

FeO-Fe,0;-CaO Ao\ C & DB 21T o7k
H% Fig. 9 & Fig. 10 i3, Fig. 9 13 (13) X &R
BICHTA 7 7tk Fesr /Ferr OPHERARA AR Lich O
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~200 T T T T T

o Present work, 1400°C
(sat. with solid iron)

3 Fetters and Chipman, 1545 1680°C
(sat. with liquid iron )

X Fujita, Iritani and Maruhashi, 1560°C
(sat. with liquid iron)

-1500 . 9 .
o fo} o
o ® 'E/
(o]
[11] o} th EJE' ’/’ X
-1000 a o/ o] .
| [} ] 98// X
4
g X mxpf X
[ &o «x
0 ° X
50 o & 1
o]

(slope= -12000 )

L 1 1 !

1 1 L
0 002 004 006 008 010 012 014 016
2
Xca0
Fig. 10. Relation between YB and X ¢&,, in FeO-

FeO,; 5-CaO system in contact with iron.

THD. ThHIXDBHIC FeO DEGERH  (Xreo>
0.75) ZERTIXAMEERBWEOBIRE AR LTI b, 4
Z GURRY } DARKEN® X% Peo,=1 OFERIT I
ERBRER LTS, CoGEIIARRD L > Ch 2.
(XFes*~Ca2+— AFe2+mCaz+) = — 1540043 000
(cal) P (200)
BERR D X 512 FeO-Fe,04-Si0, Z TiX Xpoo> 90,
¥ 7z FeO-Fe,03-CaO Z Tl Xpeo>0.75 DEiFHTIL
ERBEROBIR X 0fRE LTk b, FHBREFLOE
AEACIHROL S 2 L0905, 2Dk 5 1IEFeO
BRE O CERBKOBR L v RET 2B B3,
FeO D EBHEHMEE b OB Cou el U € e
WS ERFERTEDEEL RS, Lhl, BEoRS
7% 810, ®° CaO 7 X D&y &4, FeO ofgs
CRWEEED B b L a#E L 5 &, IE
BB ET VOBERE T BN DB LEL b2,
Fig. 10 1% FeO-Fe,0,-CaO Rz o\ (16)K & LU
FEC LD, BoOMILCBE T 5 FHEHR A 51 Ui B
ThHY, Fig. 9 BT 2 EHBKOBGEEZER L T
LAEBMER ORI Y, 0AR L LTCRRERE L.

aFer*~Ca?+=—12000+£3000 (cal) - (@1
2O)R & CHR L ;kofEn B bhs.
aFed*~Ca?t= —27400+5000 (cal) «:-o-oe (22)

FeO-Fe,0;-TiO, R 0#EFIT4KA OBIER CEHIET 2
%%, Xpe0<<0.85 OFIH T X FHBE OBEL L L,
ZOMEFA =% 1¥ DfE% Table 6 TR L.

Table 6. Interaction energy between ions.

] Interaction energy, a; j(cal)
Jon~ion
Present work | Other investigators
Fe2+~ Fes+ —4 460 (Lumsden, 1961)
Fe2+~Sit+ -—10000j;2000“IOOOO(L“““deﬁbGI)
Fezt~Ca2+ |—12000+3 000
T _ —10 000 (Smith and
Fez+~Ti¢+ 900042 000 Bell, 1970)
Fez+ ~Ps+ —7 500+ 1000
Fes+ ~Sit+ +7mmi4mm*32m“Lmnm“ﬁ9m)
Fed+~Caz+ |—2740045 000
Fes+~Tit+ +300--4 000
Fes+~Ps+ +3 50041 600
Caz+~Sit+ | —65000+2 000

FeO-Fe,0;-A1,0, RofERIL ALO, B3R (Xa101.5
=0.15) CTHIEHHAE bh, FHEROBAMEL 4
B cE oo,

ARRER LN ETRO SN CEMEEH =51
FOMELX—IFEL T Table 6 RJ. o Bz x 3
L, Fes+~Sjt+, Fe3+~P5+, Fes+~Tijs+ ﬁ'a‘i@*ﬁf{_{’?
=2V FOMERETH DI CFINMEA LT v %
2, MORIATHTIAWMER L CR D, HEFEH= 31
FOEEZMLOEEBILH DERE B =% L ¥ 2K
B ORICIIIERC L VHBIO B 5 2 & ipm 5.

52 RFV-ALNEOBEOAEFEECET 388

Wk LT % FeO-Fey0,-Si0,-Ca0 % (D-@-
@-@ WMHR) A7 7 L FEBEEOBGRIIAR TR X
nb.

Fe(lig.) +1/20, (gas) =FeO (liq.) -+---e--- (23a)
AGO= —58 391 4+ 12.90T eeveeerrreeeerrrenrenn. (23b)
RT In K=RT In Xpe0—0.5RT In Py,

R L T T X D)

RT In rpeo= 12X 2pe0y.5+ a13X %550, + a1a X %ca0
+ (@ra+ aga— ayg) XFe01.5X5i0,
+ (@ + 0’14—0124)XFe01.5XCaO
+ (a13+a14—-a34)X5102XCa0 (23 d)
BRI TR g D2 TH b, BRI B
FTHIERAEE 5.
@34X5i0,Xca0=RT In Xg,o—0.5RT In Py,
—4 460 X 2p40,.5— 10 000 X 2,0, — 12 000 X 2¢,
—22260XFe01.5Xs5i0, 1 10 940X 5004 5 Xca0
- 22 000X8102XC8.0+AG°:XC ttteeseencenaas (24)

FeO-Fe,03-510,-Ca0 R 5 S B OBED 4
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-10000 T T v T T T T

Toiliér and Chipman / -
1660% 1650°C o

-8000}

L ' o] o @ .
a /
-6000} -7t |
o] o]

(8] X Ao
> A /
a
OA
-4000} /
3 Qo ,OE]
o] P
L 2%
&o
-2000L ©0© o (wtMg0)<2 ]
A A (Wt Mg0)=2~6
_&;2 o (wt%Mg0)=6~22
slope -65000
0 L A 1 1 1 L 1
0 002 004 006 008 010 012 014 016
—» XsiozXCa0
Fig. 11. Relation between YC and Xsio, Xcao in

FeO-FeO, 5-5i0,-CaO system in equilib-
rium with liquid iron.
g a %E Ui TAYLOR L CHIPMAN® OEXEICL
T@HR L VB LERY Fig. 11 WRT . HEOH
st MgO BEOEVSOR 2,3 §EhTEY, K
s cir MgO o ErmE L T\%. Fig. 11 off
B kst MgO o\ 2,3 ORI LMD T
WEEBENME DR, FOREE LTKRAEES.
Aty (Sit+ ~Ca2+) = —65000-£2000 (cal)

D EORER X v, FREWET T, BREEHEYGE
Ep BRI b7 5 WS s X O A BEFEHIC O
<, FeO-Fe,0;-Si0,-Ca0 HA 5 7 LS DR D
SETEE Y EROCERTE S &2Vbn 5. FEXREH
THCETAT ST 5 F ATk Ca0/8i0,>2
ALY ER LCE LD e hEThE, KeT v
BEWOBHRTLEZ EIHLATHS. BLORTIF
5 x99 L (23b ) R HAadbE, BLIhEITO
sEEBES T, AT 7~ 2 2 VI OBRR O BT
KABC I OTEBCRRITES.

FeO(liq.) =Fe (lig.) + O  ceoreeverennenenee (26 2)
A4G°=30615—-13.86T cerreeeeeeeneene (26 b))
log K (@o/@re0) = —6692/T+3.030 ----- (26¢)
RT In K=RTInao—RT In Xreo

 RT In ppgp-ermerreseesersessesseseneenes (26 d)

RT In 7peo= —4 460X ?pc01.5— 10 000 X 2g;0,
— 12000 X 2c,0— 22 260X5601.5X510;
+10 940X 5001.5Xcao+ 43 000Xs;0,Xca0

0 T
(a)
-0.2} o °© .
[}
=3 @ 1
& o] P o
< -0.4 A o 4
\o e °on°° 0B g n o
o 2. @ g ° \e\\
o -0.6 ~ o] I -
o 5]
S e
A Fetters and Chipman
-0.8 (wt% Ca0) = 20~33
(Wt Si02)<3
(wt®sMg0)=3~6
0
N (b) a Taylor and Chipman
o (wtMg0)<2
__ o2y ) & (Wi%Mg0)= 2~6
) o (wt%Mg0)=6~22
K3 a
O -04 o & 4
N [0}
8 A g)o%) EEE 2N ° o
~ » 4 a 0Q T A ]
g‘ -06fm o0 @ ) it
3
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Fig. 12. Effect of slag compositions on the distri-
bution of oxygen between slag and metal
at 1600°C.

cverrenennene (26 €)

(26)Ric Lo CHE B &, TAavLor & CHIPMAN®
I B EENE X OlgE 1600°C o Fig. 1210
U7, Fig. 12 @wXhid, REFOFHEER log do/
Xpeo OfEIL 2Ca0-Si0, AR AEL R T2, (26)
&I pEE L log o/@reo  EHBUCERIRIC—ENA
wid. %7 MgO @& ORE#H LT\ 525, MgO
DB O\ TLRB CTHMCHRET 2 TETH 5.
(26) ROBIR & » Al A 5 7 LT B HPRREY
REREEICOWT £10% ORETTMT L LA
cx 3. hE26)RKTFH FeO oifFEoOEEZ, 1k
2eEaeh @ s OYSAL FeO TH Y, (4)RDOELhEXE
%, ¥72(16b)RK, (23b)RK, (26b)Rix&ix Lom-
SDEN DIRE(HE? & Bl OBIIHET — 219200 Ziflh G
PR TRDIHDTHS.

6. &

i

EfAgk 5o % AL, 1400°C T kL FTT5
Fe,O-M;Oy 2 TR A 5 7 & Hy/H,O BE W ARD
FEEERAHIE L TROBRY B .

1) Fe;O-CaO, Fe,0-8i0,, Fe;O-TiO,, FeiO-
ALO; ZD 42D 2TLEA T VITET B AFe,0 BRD
Table 5 ik L. Ficoh bofEriic LT Gibbs-
Duhem D3R X » s OEELR KD .

2) EhgfaFmc kit 5 Fest/Fer+ FHgofExFig.
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6 IR LY. WEERS THSD CaO 13 Fed+ 2E5EI
L, ERfERS Cik P,05>8i0,>TiO, oJI§T Fez+ %
HECT S, ALO; © Fes+/Fert P~ D&/ X
L,

3) thb4o0E2TEAS Y ~OEEBK T L
DHEEHC>EBRF L, Wiic FeO @< i\ W EH T
RAMBEETE LN D. HEEA=FAFOE
% Table 6 TR L.
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