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Equilibrium between FeO-MnO-SiO, Slags and Molten Iron

Haruhiko Funta and Shigeaki MARUHASHI

Synopsis

The experimental work on the equilibrium between molten iron and FeO-MnO, FeO-MnO-SiO; slags
at 1560°C was carried out in a rotating crucible furnace, thereby avoiding the slag to contact with
the refractory.

From the molten slag-metal equilibrium data, it is shown that FeO-MnO system behaves ideally in
liquid region, and also shown that it extends to 36 mol% MnO, which is in a fair agreement with
the phase diagram.

When the composition of FeO-MnO slag, which is in equilibrium with molten iron, is in the two-
phase region, the solubility of oxygen in the molten iron substantially remains constant at 0°125 %
regardless of slag composition.

Combining those results on slag-metal equilibria with the data on heat of fusion of FeO, the heat
of fusion of MnO was estimated, by assuming an ideal FeO-MnO solid solution behavior. This was
found to be 12700 cal/mol.

The value of Kl‘én(-_-NMno/Npeo/[% Mn)) is fairly constant at 4°45, when the slag consists of

FeO and MnO, while in the slag of FeO—MnO-SiOZ, Kf‘;,, varies with silica content according to
the equation.
Log K'y,—=1-056 Nsios+Log 4°45

1t is shown that the similar equation can be derived by a simple regular solution equation with
the interaction parameter; FeO-MnO : O, FeO-SiO : -6 700 cal/mol, and MnQ-SiO : 15600 cal/mol.

To check the values of interaction parameters thus obtained, the composition-activity relation for
each end system, or along the silica liquidus are derived also according to the regular solution for-
mula with the same interaction parameter, and are compared with the experimental data.

The agreement with experimetal data is reasonably good, except for the calculated silica activity
referred to solid silica, of which the absolute level is much lower than experimental data.

In order to make the calculated silica activity, referred to solid silica, be fitted to the experimental
result, the free energy for the fusion of silica should be assessed as follows;

AF$i:=8800—2°0T

Iso-activity diagram for the FeO-MnO-SiO; melts and iso-consentration diagram for the molten iron
in equilibrium with those slags are constructed, based on both the calculation according to the reg-
ular solution formula and the experimental data.

(Received Aug. 4, 1969)
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Fig. 1. The solubility of oxygen in a molten iron
under FeO-MnO slags.
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- Table 1.-Composition of two phase region in the FeO-MnO system at 1 560°C.
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Fig. 2. Activity of components for FeO-MnO
slags (1 560°C).
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Table 7. Activities of MnO relative to solid for the
MnO-SiO; binary system.
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Fig. 10. Activities of silica relative to solid in FeO-
Si0O; binary system.
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Fig. 11. Variation of log Kj' with silica contents in
FeO-SiO; system.
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Fig. 12. Relation between (1-31NFeO - NSiO;+ log
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"0
1
BopsworTH & DAVIDSON
08 I~ {ScHumann & Ensio | 315°C)
E‘r—e;imxs work for FeO- p
Si0, slags (1560°C) J
06 |- 7
This investigation /e
8 (1 560°C) ,’/
s} 7
04 ///
,/
o2
O .
0 (0] (0X2) 06 08 10
NFeO

Fig. 13. Activities of stoichiometric FeO for the
FeO-SiO; binary system.

XoT Fig.12 0o X 5% $#RBELN, ZhXIb e=
—5200cal, e3=5800cal L5z L 5.

—7 FeO-MnO-Si0; Ziz k175 Fe,O ixEBR{HED
FHIE T Fed* REDLDTRIRE TH S 70w, (TIFLE
B FeO WL WEHEX LI EMATES. LoD
TZDOFRITB VTR FeO-Si0, o 05—,
52 —4 e jE, kDX 5L T FeO-FeO,.;-Si0; &
oW T s FeO-Si0, |z 0% —85 4 — & L
IFEM LU LD EE XTI,

FeO-FeO,.5-8i0;, 25 XY FeO-MnO-Si0, D4£%
TIRD B/ T 2 — 4 e EFEITLUTEIEEN /AL
iy FeO-SiO; 2 0570 arco ({LIERFANY) & ALK D

Bl A b T4 Fig 13 0o J 2 <7, @F T
LTw5h.
3.6-2 o) #fafn FeO-MnO-SiO, 3 tHmDIERIC
T St

(1) FeO-MnO-SiQ, FHFiZxkiF5o ) HEE
A Y A

91 —



840 g& & @

56 4 (1970) 7 %

SCHENCK & WIESNER
(1 540°C)

4 3 Previous work for FeQ0-SiO; system
O : This investigotion (1 560°C)
v \ V] V)

Calcutoted

o7
o) o'l 02 03 04 05 o6 - 07
NumnQ

Fig. 14. Comparison of data on the solubility of
solid silica for FeO-MnO-SiO; slags.

06 T T T T
@aa This investigation (1 560°C)
——— KoziMa & Sano (1 550 -1 600°C)
OS5 [—-— Screnck & WiesnerR (1 540°C) ]
—— Activities of ferrous oxide on
the calculated silica liquidus ®
(1550°C) FetO - SiO,
o4 t
//FEA si0
L e0-Si0,
Q 03 /A{
jre - 7
AN v s
/ s
4
02 )
///’,;//
s
(o}] 5/f//
A/l’
/A/
0
0 ol 02 03 04 05 06
NFeO

Fig. 15. The activity of ferrous oxide in silica sat-
urated FeO-MnO-5i0; slags.

oY 2 BRIV AR EE R B DHERRIC 5\ T, FeO-MnO-
Si0; FEMAZHE W Btk ) B EEEHL TV B2, Al
P OE Y ) HIEED L ) H OIFEETHAIC b5
THIC asio,(8)=1 T—ETH 5. (8) X& (18) K»
5 asi0,(s) £ A7 FHARDOEKRITSED LS ILE 2 BN
5.
RT In as;0,(s) = (Vreo+ Nmno) (¢2Nreo+€3Nmno)
—e1NreoNuno + RT In Nsjo,+ dF?ioz --------- (24)
e, €y €3 WDWTTTILRDENAE, FIUOEMES
Y AEAFND LM asio () =1 ERATNIEL1560°C iz ks
WTOEDHEGRSKE B,
log Nsio,(s) = (NFeO(s) + Nyno(s))
+ (0-80Ngno(s) 1 "86Npno(s)) +0°612 - ... (24")
722l (MNsio,(s); Nreo(s); Nuno(s) 1E Y HEaf
HMEDERGDENZETHS. 2HRICE VT Nsio,
(s) ZE5 XL Nreo(s) Nmno(s) 2RDLNDH 5,
LR m i SEEAE RS Y hOBMIERES T

04 T T T T

——— Kozima & Sawno (1 550 —1650°C)

—=— TuRKooGAN & Pearson (I 600°C)

O3 |-— This investigation (OMnO on the calcul- —
ated silica liquidus }

©  This investigation (Experimental data

2 02 1 560°C)
8] ; ’/
o = éé’zé(Mno—Sio,y
_,-.OW:’O’J// °
00 ol 02 03 04 o5 06

NMn0

Fig. 16. The activity of manganous oxide in silica
saturated FeO-MnO-SiO; slags.

HBH. TDXHSRLTHKDAFHERE Fig. 14 0xdHiC
FeO-MnO-SiQ; 3 joiEsE iRz, vV H52F%H]
WT BN R S Hivis KorBeErR & OELSEND (1 550~
1 650°C), ScreEnck & WIESNER (1 540°C)D, & 5\ /L
AER THRIEE S OBITE & g L 7.

CH R X HEE FNEEENE, FeO-SiO; H|Tix o
NHDERBRHIC K BTV Y BiRERLREL L, MnO-
SiO; I THEHDTHB. LarLirhs, bhbhoE
ERfii 2 4% T, ScuEnck et al. #H %y iz KORBER et
al. OREOEBREROMITE VT, FEiks ) 5t
BMERIC Fig. 14 WRTTEL, £ 7~8mol% d3
DHoH (MECKFIMETEL) Z LvE g, gt
THE & EREO—FHOBRERNEBITTHD & L
55.

(2) 9 #fafn, FeO-MnO-5i0, 235 7' &1t 5%

2Mno0; 4Fe0

CHAPLE5 2 GNDEKRY Y »EFEEELE, T/
B2 ) h o F RV TERBINCRD FiE i ERIZZ >
7C areo, amno % (6), (7)) RENRT 4 —4 &, ¢ D
HEAWCEHHT 28 TES. Eke ) piafigg e
LTEREZAVIBA L, QORI X a5HEEERH
THGEITDVT ereo;, avno & 2T VK OBGE Fo
THLPEHEOITITIT LA EEED LN D7,

Fig. 15 T iIEt HEafiA A E Y asic,= 1127
TWERTD areo & Nreo DFEE (6)RIT I > Tked
TRERE, v AR S ST A ERE L L <
AL7z. FHEICX D RD BN areo & X T VKO
BIESBEE X< —BLTW5.

Y ABNFT BT T abiio Y hEgfis ko 2
TITHRD areo KT HURDOERIAL, FFE IS
5HHEE{E, HHV EtEE L DHEEEAFIC < Fig. 15 iz
Y. AMRICE T BFEMEEE FeO BER, b

AL i

— 922

—



)

FeO-MnO-SiO, & 5 7 L &gk & O F 841

% MnO-SiO, fliic 35Tk ScHENck et al. (1 550°C)
DEBFERE L —HL, areo KETLIZLALER
BT RV 2E% RT. —F FeO-Si0, fllTizt:L A
B, EEFD (1550, 1600°C 0L DER{EC XL TiE
BHTHEL /.. OERBEC-FETEE k), B
FMENED D OIRAIIE ScHENCK et al. DEBREL D HK
ELLD.

Fig. 16 1213 MR BT ko7 vy #fafn FeO-
MnO-8i0, 27 Z'H®D amno & Nmno PEHRETRL
oo IRHEEERBEEO-HITIZERFTHD. E2l
o DREREZHERDOER(E L L T Fig. 16 WAL T
W5, KOrRBER et al. OES (A FEI | 72 TurkDO-
GAN & PearsoN*D Dhff &, AP IT 2 5HEdhiR
EWEHENIL —BHLTVWES. 2L TAELIE
E2TEz Nz MnO); 35mol % LAF T
TurkDpOGAN et al. & B \WIIANIZEOFE SR E v —
2T, 35 mol% MnO) Lk iz i\ TAMKIZ amno
PN SBMATRTEATH 2 E L RA 5. SEHOH
HICRITSH D amno OB, amao DETED
WRTH W amn 22V ) 2 0 OHFICID2TKREL KL
LI TEEEZERENPRD LW -DTHD LB
AENTw5. Thbb/hELOMATIE figL BEE
TN TV B DICK L C TURKDOGAN et alr 35 X UNEE 5
DEBFERICE VT 3 HAEREATwb L LD
A3 & < MnO-8i0; {flic s\ TiEgkho > Y a s
BRIEBIZONTELLL2TVELDEEPNS.

MnO-Si0; 2 STRIC K 5 & U B fafis OFEFKEED
aymno VX ABRAHAM et al. DEERIC X IE, MnO; 45
mol% 12 3\ T amno=0"15(1 560°C), ScHENcK et al.
DEEE:TrE MnO; 48 mol% 17 35\ T amuo=0"15(1 550
°C)TH%. LA 2 TREIEKEDHER avno V3 MnO;

04 7ay 06

45~48 mol % 1T\ TiFiE 0°11 TH 5. TURKDOGAN
et al. S5 VEEMEICIWTESINE amno ORRE R
MnO-8i0: 2 JTHRE THHEL TESND amno 1 0713
~0°15 THbH, MnO-8i0; 2 ;pR BT 5 KRG
WERBMELND. TR L TUNELDERRER &4
WLTkE S MnO-8i0, 20% () #Eafl) ixd
avno WHHELLEVWXHSICEDNS.

3.7 FeO-MnO-SiO; 2R 5/ (C¥() 5 aFe0, aMno,

asio, IZ2D\T

Pl £ L FeQ MnO Si

HWE 3 TERERICES o & L TEWIz FeO-
Si0;, MnO-Si0, ROFEEAEZERDLT = ANV F —/¥
S A—% e e; DIENX, %7z FeO ({LEEmHY) —SiO,,
MnO-Si0; % 2 LR O MK 51E & OB D K H % o8
THEFTHGEYAETH DN SHLITINLD/NT £ —
2 EFHWTHEL 7 FeO-MnO-Si0, ZOFEEKL Y #
fFEER, HDHWviE FeO-MnO-SiO; sat. x5 &
D areo, amno DEBNTOWT HEEFFEDEER & 1TIT—
L.

LIS OREFHER D SAWRIC BV TRpz 70 ¥
T A ey ey DIEEFINT (6)~(8) Rp b
BXNLHEMSDOERE, v ) HREFMD FeO-MnO-
8i0; T2 F VDT hH, WT27LH, HDWEvY
B BRI D 2 7 7 DRSERICOWTRHE L 72 &
FILREOKE CTERMEE: O—FH LR T 0 LWHEI
Be

DTFTiRG~@REFHAL T Y pEEFfID FeO-
MnO-SiO, ZiBREA 5 & D B iEE & MK OBERA sk
W, TORBREKRERCTELBIEE HDF 2, 3 O
FER DR R & HARET L 7.

3.-7-1 Y 5EpaF FeO-MnO-Si0; 235 7D
dre0>; A4MnOs; 4si0,

(6) K HWAERILMED apeo L AT
U OB R A sked, Fig, 17 1&0E
g s LT L7z Fig. 17 R4
SEh E R & 2 SR FeO-SiO. il
DAFEITIT D areo & Nreo DR
W, Sl d i X9 (LR
o2 FeO-Si0, 25t CHT 24D THS

b, W SRR 72 Fe,O-Si0,
S arc,0 &£ Nre,0 OFRITET—F

N Y

e 9° .
& ~.
< %
005 =
01590
- 02
o303
08 A 040
050
060
070
are0 O8O0
090 \
\ 1 ’ \ AV
F20 02 04 06 o8
NMnO

Fig. 17. Isoactivity lines for liquid FeO fcr FeO-MnO-SiO; slags

(1560°C) .

MAO L. IBgkTiainEh/i 23 Jis
W FeO iiE o 45121E, Fe O
T EE B FeO ILEVWNE %
B3 %05, FeO 2 KiBEH Tld aFe,0

— 923



842 & & #

38 56 &£ (1970) E7 5

04 06
0% 04
<
o
& 1
N . 01703
5020
o8 0,6003503002 ) 02
050
060
o770
Qretd oo
0%  \ .
H L4 1 A N 3
FetO 0.2 04 o6 08 MnQ
NMMnO

Fig. 18. Isoactivity lines of liquid Fe,O for FetO-MnO-SiO; slags.
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Fig. 25. Metal composition in equilibrium with FeO-MnO-S8iO; slags(l 560°C).

0 %
© 0095-0'105
© 0065 -0075
@ 0045-0055
® 0025- 0035
s 0'015-00C5

FeO 02 04

MnO

NMnO

Fig. 26. Oxygen contents of liquid iron at 1560°C in equilibrium with

FeO-MnO-SiO, slags.
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Fig. 27. Manganese contents of liquid iron at 1560°C in equilibrium with

FeO-MnO-SiO; slags.
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Table 3. Comparison of the composition of inclusion with that
calculated from slag-metal equilibrium data.

Composmon of liquid Observed composition of Calculated composition of
iron (wt%)?33> inclusion (wt9;)33% inclusion (wtgp)**
Mn Si Al MnO S10, FeO MnO SiO, FeO
1-17 0-04 0-010 58-3 36-7 4-2 576 38-0 4.3
0-61 0-09 0-008 43-9 511 50 47-4 49-0 4.4

* at 1580°C ** at 1560°C
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Fig. 29. Effect of manganese on the silicon-oxygen equilibrium in liquid iron at 1 560°C.
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