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On the Activity of Iron Oxide in the Silica-Saturated Slags

Yasushi KojiMA and Kokichi SANO

Synopsis:

The general relationship between oxygen in the liquid iron and iron oxide in the slag is well
understood as the distribution of oxygen.

There are many reports dealing with the equilibrium between ternary slag FeO-CaO-SiO: and
FeO-MnO-SiO; and oxygen in the liquid iron. And also, thermodynamical consideration on the
variation in chemical properties of oxides in the slag has been made by many workers. It is, however
considered that their theories involved in themselves some questions and assumptions. Authors measured
the effects of the following oxides, namely, CaO, Al,O3, MnO, CrO, on the distribution of oxygen
and examined the distribution coefficients of chromium for the quaternary system, FcO—CrO—QaO—S{OZ
saturated with silica and liquid Fe-Cr alloy.

Authors discussed on the questions whether or not the distribution of chromium in this system could
be given as a linear function of iron oxide as shown by K&RBER et al., or activity of iron oxide, the
same as FeO-CrO-MnO-SiO; system reported previously by authors.

The equilibrium between the molten iron and the slag was studied in the silica crucible at 1600°C.
The results obtained are summarized as follows. '

1) The effects of various oxides on the silica content in the silica saturated slag correspond to the
melting point of its silicate,

2) The solubility of oxygen decreases with an increase in the added oxide in FeO-SiO; system. It
is recognized that there exists some relationship between the diminution rate of oxygen and the
strength in terms of the basicity of added oxide.

3) The effects of various oxides on the activity of iron oxide are related with the strength in terms
of the basicity of added oxide. The activity of iron oxide was represented by the following empirical
formula.

areo=0388— (130 Ny2+— 1 14 NE2 ) VT
where I refers to the ion-oxygen attraction.

4) The equilibrium relation between three forms of oxygen in silicate melts as shown by RicHarDsoN
was studied for the ternary slags saturated with silica.

The concentration of (O2-) was abruptly changed with the variation of cation in silica saturated
slag.

5) Distribution of chromium was obtained for the quaternary slag FeO-CaO-CrO-SiO.. The
results show that the distribution coefficient of chromium is affected by CaO. And it can not be
represented by the concentration of iron oxide as shown by KORBER et al., but by the activity of iron
oxide. It showed good agreement with the results reported previously for the system FeO-CrO-MnO-SiO;
by authors.

6) Expedient method of calculating the activity of iron oxide in the quaternary system can be
obtained by using the activity of iron oxide in ternary system. The calculated values showed close

agreement with the experimental results.
(Received 2 Mar. 1966)
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Fig. 1. The effects of various oxides on silica con-

tent in the silica saturated slag.
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Fig. 2. The effects of various oxides in the slag on
the solubility of oxygen in the liquid iron.
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Fig. 3. The relation between the solubility of oxy-
gen and the concentration of iron oxide in
the silica saturated slag.
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Fig. 4. The relation between the solubility of oxygen and the
concentration of iron oxide in the FeO-CaO-CrO-SiO,
system saturated with silica.
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Fig. 5. The activity of iron oxide in the ternary
slag saturated with silica.
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Table 1. Oxides and 1ion-oxygen attraction.

Oxide I=2z/qa% Quality
Si0, 3-16 acidic

Al O, 1:90%, 1-66%* intermediate
Cry0s 1-44 #

FeO 0-87 basic

MnO 0-83 basic

CaO 0-70 basic

]

I ; Metallic ion-oxygen attraction :
a ; Distance of both ions

z ; the value of the electronic charge
*; . Co-ordination number 4, anion
**; Co-ordination number 6, cation

CrO3 IIEEMER T Y BT, B 2 o AjepEs
3%%IFITL T CrsO4 725 CrO ~ (L2 kAT L
THIEHREE L IXT T iHRE®OLA. Table 1013
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Cr:03 X0 I DQEIINEILABHDEELLNE.
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AUBEHIVDOWS THET DI, BEDS £
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slag.

i K 58X No- 22 NThRpDIEHBTED.

Fig. 812 No- 3 XU Noz- ORECHIETHAA
LOEEET L. Nov i34 A4 OFEPZE(LL Th,
FEAE—EDEETL, TOKRKEITIFELAE No-IZ
ZL VWO TR Lhok.

(O ) IBERN»S SO, T & < Fert LIFET
% Car* H5Huik, Mot O E H7a2>THEL <K
LT E. LA oC ahEnoROFEERK, &
Y HEEIR F VS ICEWT (07) 2 (0% DREERX
STRIFEAEFEINT (0°7) DREZ{LITHIGL
T, LT 5. Thabb, Ca?t 2 Mn2t OHEMICE D
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(02) 2B TaIlitkn, 44 0FEHE L
DILKHBETELDDDEZZIDLNS.

43 0LDOFEICDNT |

HicEE 513 FeO-CrO-Si0,D10% ¥ & (' FeO-MnO
-CrO-SiODF% 2 5V & & i HiEHHE 2 0 A5y
BRI DWW THRE #7707, FeO-CrO-SiORITKIT 5
70 A DG EABRBEIOGREDCS OBEKE LTEELH
WEWTHBLESZ 2R L. Thbbyan bk
EOBLETEfEERRIC LD TEDb L.

x(FeO) + [Crle==(CrOx) +x[Fe] «--evevnee 15
K'c:=(Cr) /[Cr]- (FeO)*= L ¢./(FeO)*
N ()]

Z 2T FeO JBEED 17% LT OHEIEx =1 THY
1790\ FCTHEEECIEx =1'33ThH 5. LI >TH
Ror OTE BT L OIRE CHRA LS 556 T,
2 v b D4 EMREIY FeO BEWSU T FeO 0 1R
Bt 1433 koBRich 5.

L% L FeO-MnO-CrO-SiO; RiZE1F 5 2 o &4 D4y
EefR¥E FeO-CrO-SiO; 7 & FRRICETE 21T 5 &,
25V H iz MnO BiEFE+5E MnO BEERLST
BADEAZETD. Tibb MnO OBEICX>THER
BOMBBEEINLOTHMIC I RA LIRS, o
DX S CHEPIERC DI L3O T, BFRS DRl
CEDTHEEER Ker 251HET LB TE R4S,
L LAY S ROE/RG OFEC 2V TIRIE IR
TEOERDE L L TG BECEM TRMREINTES
TEBRANCHHEGRAC kD DO EETH D AHFET
»5.

EFEE DRI RSB 5 FeODME R %2 AV T(16)
ADEHEERDOTE L Kb L.

K'cr=Lcr/ahgg-rmrmerereeroremeeeenennnne (17)

Z 2T x e 1 & {EE L T FeO-CrO-8i0; &
3 T 18 FeO-MnO-CrO-Si0O;, o &icox (17) =
ORGE kb 7c & CAIFWICRIFLHERPEDNIZ. &
72 (17) RAEFATNSERIS IR T Y SR ORER
BafET s+ THH T L ERRLI.



1736 #% & M

W 52 4 (1966) ®w12%

MnO ot b iz CaO % v T FeO-CaO-CrO-5i0;
RRAIVICEKTDH I 0 sOGEERPED X S RER
DO ETAF Ca0 13 MnO LEADTHERLT
P CIERT ALK LB VDO TLOREITAT
VEDHRCEEEDBEEZOLND. L7cpi>T CaO 1
25V S RICER LIBACEMTEBRS 2 HRT 5
EROZRTHNE, 7 o 205 EREKIEFe0-CrO-8i0,
F LR FeO MEOLZOBEMNE LTELINFEICH
WHZ ERTED, LHrL FeO DERICML»DER
EIEFTEHE FeO-MnO-CrO-8i0; DT & <&
BLfR¥id FeO DEEOEHE LTERbEh, STRICH
WiFhER S, ¥ o AOSEMREE FeO jRED
%%%*wr&a&,&oth{M}$m%@%€&
R B 2 1E5 FeO JBEEICEH W T CaO EEOZE{LIT
X0 oo sDGERKEEELTS. Thhbbooz iz
2 v & OSBRI B FeO JBE ORI E by
ZEERLTVS.

FeO OfEREZFE LoEAHKE Offkx Fig. 9R
L. HpodEbrinl s L Z0BKRiE LD 2RI
BIdENLIFEFCLIL—ELL.

FeO-CaO-CrO-58i0; D areo & Nreo & OB%
3 FeO-MnO-CrO-8i0; FFDHE LRI, ERb o0
o ABEBECIOTELTS. WAGNERD T X DTIRE
NI T & K HBBEWIC BT, MEVERGREkE R
BT ET XD BN RORERE» D & 0 EMLFROR
EREROEICX Y, » ) ERCHEETES. LaL
AT TOBE, HEECDOEREZLISERP OB kS

100 T T
©; FeQ-Ca0 -Cr0O -Si0; N
+ 5 FeO-CrO -Si0;
. ® i FeO -MnO -CrO - SiO;
80
. ) +//
0 +V/ .
g A/ )
(&
-l
40 — +
v
+ -
0 A
(e)fe]
20 o
PEC
0 005 010 . 015

OFe0
Fig. 9. The relation between the distribution of
chromium and the activity of iron oxide

in various systems.

OREZILICHE LR CRE Y. Thx, FHigE
WERAPHRATSZ &R TEL.

LTy Y HEM3 TR ATV Shd FeO OFEER
vty ) nflafnd THRA S5 Y 5 H0 areo R EHEATS
EEXoTKDTHLS.

Fig. 6, %X (6) REAVDIZEI>T3IT
T2 7V O L MO 5X00 MO 0OiREL
areo DRABRZHBZETED. ¢ TRAIVIHOD
MO & MO Ox VEEHFhFh Nu, XU Nu,
ETDHE Nu+Ny, DRECRITILHENLHO 3 TTHR
259 ED areo ZRDL. 4TLFRAITIVITHD areo
BRAKXDOTRDBZLBTES.

areo= (areo)m,— { (areo) M, — (are0) m,}

M e
NM2+NM1

FeO-MnO-CrO-Si0O; %R 7V FiCE\WT 1600°C
THRICEE OHBTL DL FHERICESVWTAI Y SHo
SIfERO—FlaRT &

Oxide S10, FeO (Cr) MnO

Weight per cent 49:1 60 11-0 31-8

Mole fraction 0-527 0-048 0-136 0-289

Fig. 6 %> 5 (are0) cr=0'040, 35 X U8(aFe0) Ma=0"010

LEOBRE (18) IR AL are0o ZFTEHTH L

cerreeienien e (18)

- are0=0'019 75%. —F LEERA TV I LT T HIEM

HROEERIRED D areo RFTHET %5 & are0=0"019 L7
DA ORICIERICRIFL—BBRLNS.

%72 FeO-CaO-CrO-Si0; BRIV FILEWTHFE
BRI E #1770 21T @reo 2RODH T EHTES. Fig.
SHLLETESL, (@reo)ca & (areo)cr DR
Vi, HERILC R R LTV B DT, % NreoT dreo
X FeO-MnO-CrO-Si0; #izE k&< CaO &L
Zrisv. 72 FeO-CaO-S8i0; 2 2 F Y 5" C Neso B3
#9 0:37 T areo FE LS. Neat+Ner 5 0°37 LLE
DBE W EZ1T78 5 10, NeaoZ BIXHME L (areo)ca
B E LT (18) XostEELTHIT L.

FeO-CaO-Si0; Rz T CaO DHEHMT & H 75>
TEFN SiO; REEL {#HMmLic. FeO-CaO-CrO-
Si0; FILF VT HAMEP 7 v & BEI /NI FIEEM
Si0; jEE R B L [Cr] 23 49 Tk 60% LI L
7 Bd [Cr] 5 16% iZk\\Tix, CaO L
Thiafn SiO: BEIRITE A FLE{LEFTFeO-CrO-Si0,
FEFEALAKEREZTRT. LB oTRMy Y s
IREDZELBEA F L OREELTRT —D2ORLNTHS
EFTHE, I o nBELFETOIAIVIHOEAF
ik FeO-CaO-Si0; RicPUickEETH Y, E/hEms o
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Y HfafiA S 5 S/ h FeO oFERIZ2WT 1737

APBE TRV T3 FeO-CrO-SiO, 7 & -8 & Rd
LDEEZLID.

5. #

v pEFEEME 2 5V UL E#E O FAERAfRE 1600
°C o EFAK DB R LG/

1) BEOBMERECS XET4ERM O ER
% O&BOHEBIE OB L RS 5.

2) 4BEERRLHBRSYZSCHEnT 5 &, Gikd
OEEEDIBRENRITS. &ERLOBEEkE LT
DIBE L BRFRBREORPE B 2R3 H5 2 L2
By Lic.

3) FeO OERIHIETELEREY O BEIEHE
EE b O RN E L TOMSIT R LK © EHRXEE
7z

o

are0=0"388— (1-30Np2+ — 1 14N 2p2+) V' T

4) RICHARDSON BT XD TREINAIFEOMEDE
SHER OB OFEBRE v U »iafn FeO-CaO-5i0; #
# L O FeO-MnO-Si0; SRic > LI L. LD
GRS A ORI E DT (0F7) DIRENEFL
LT B ENHBRITE DT

5) oy % #F0 FeO-CaO-CrO-SiOs FZ2 IV 5 &
$k- v L O EAHEEIE L.

5 o A D4 EFEE CaO JREIC X > THELY T,
KG6RBER HIZ X2 THEIN/zT & L Bz FeO REDH
el Vi BT EE S FeO-MnO-CrO-5i0; % T
L 7T E L, FeO OFEOREKE LT R Shit
OFERE XL —F L.

6) 3THATVID FeO OiEENLLITHATY
FOER R E L RERE L FTEECREFL D
L b7z,

BODICDEL, KT L THAT S 27chEES
TrELcEle B E Y.
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