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Equilibrium between MnO-SiQ,-Al,O,-FeO Slags and Liquid Steel

Synopsis:

Toshiharu Fujisawa and Hiroshi SAkAO

This study is aimed to obtain the data of the activities of MnO and 8i0, in MnO-8i0,~-AL,O;-FeO slags
saturated with Al,Og, and of the equilibrium between manganese, silicon and oxygen in liquid steel at 1 550°C.

The results are summarized as follows:

The FeO content in the slag is less than 3 mol%. Both @yno and s, change linearly against the ratio
of (NMno+Nreo)/Nsio, in the region of the ratio from 0.5 to 1.3. The activity of SiO, in the slag
saturated with mullite (3A1,0,-28i0,) and AlLO, is 0.42, and the activity of MnO in the slag saturated
with galaxite (MnO-ALQOy,) and Al O, is 0.15 at 1 550°C.

The oxygen content in liquid steel in equilibrium with slags saturated with Al,O, is calculated. It is in
good agreement with the results of the previous experimental work of present authours.

The liquidus lines of Al,O,, mullite and galaxite in MnO-Si0,-Al,0, system at 1 550°C are determined,
and the iso-activity lines for MnO and SiO,, which were determined thermochemically in the previous

work, correct and represent in the ternary diagram.
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Fig. 1. Experimental apparatus.
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Fig. 2. Change of manganese, silicon and
oxygen content in liquid iron alloy.
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MnO-8i0,-AlLO, FRIKAERMVE, {9 1300°C LITFT
DBIEFERIVE, ZDIEHFEERT 54 2HEHFTD
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Table 1. Equilibrium composition of metal

specimens.
No. . 9%Mn %Si | ppm O
26-1 ; 1.22 ‘ 0.043 44
19-1 | 1.15 ! 0.041 39
19-2 : 1.09 ] 0.040 ‘ 39
18-1 | 0.88 0.057 | 43
18-2 0.80 | 0.058 ‘ 44
24-2 0.93 ; 0.150 J 35
24-3 0.89 0.145 , 36
20-1 0.73 0.209 35
20-4 0.74 : 0.218 35
21-2 0.88 0.235 29
22-1 0.76 0.415 ) 24
23-1 0.46 i 0.623 ; 22
25-1 0.18 0.269 { 35

T. ZOEREPD, (1), ()R LB TRT il
@ MnO L XU Si0, oiERE kDI,

Mn+ O =MnO (5) -eerrereeeremnaninnrininenns (1)
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Fig. 4. Activities of MnO, relative to solid, in
MnO-8i0,-A1,0;-FeO melts saturated
with ALO, at 1550°C,
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Fig. 5. Activities of SiO,, relative to solid, in

MnO-5i0,-Al,0;,-FeO melts saturated
with Al,O, at 1550°C.
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Fig. 6. Relation between activity of MnO and
(Nmno+Npeo) /Nsio, in MnO-Si0O,-
Al,O3-FeO melt saturated with Al,O,.
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Table 2. Activity of 8iQO; in liquid oxide saturated
with mullite (3A1,0;-28i0,) and Al,O,.

@sio, Tem(;ze(r:a)lture
This work 0.42 1550
Coorer, Kay & Tavior'® 0.419 1550
Rein & CHIPMANS) 0.462 1550
JANAF1) 0.511 1550
SanBonGr & OHMORI®) ~0.3 1630
SAKAGAMI et al.19) 0.26 1600 . )
Kawawa & Okusov 0.29 1600 |Si-deoxi-
Suzukr, Ban-va 0.31 600 d?tlop n
i N . 1 alumina
& Fuwaz crucible
Liwvpskoc & SanDBERGZD 0.33 1600

BEEDEWEDES FooD AT 73, [Mullite-AlOy-ji
AL © 3 MIEHRICHEYE L (4) RTelHESh
% Gsio, DEEFRTIDEE XL LN S, Mullite DR
BT A VF — o0 TiE, WL 2h0MENRSHH, &
NHH o3k 1550°C @ Agio, EAERER L %L
L TH%. Table 2ic Zh bR 7T AKX
NiE, Qsi0,=0.42 TH b, Coorer, Kay & TavLOR!D
DB —FFIT .
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D, BEMLES S SR SI0, ER, 1 LTI
FTCET T35 ENMEIRTVWEMN, T hid, %
DIEMD ALO; L HEEA R E ORI X b, Mullite
DLEFRT B THD LHPENT WS, L L, B
X DEEL Lz Gsio, DIE (Table 2) 13, Mullite o
HARBHR I AN 2 ERDIEX Dl by, Ui
23-2C, Mullite 1 33FF87, Si iRk Kz ALO; i
WHELTC ALOg s.s. L LTHAELTVWBLDEEZS
e, oS LTl sSBoRT*ET 5.
3:5 Galaxite HLY ALO; ML EFTEHRFT/HhD

MnO O;EFE

AiHER & [WER, Galaxite 35 X8 AlLLO; MfFET L 25
Zthad MnO OfE Jaly, KRGO FHBEHRz X D
HEXNS.

MnO(s) + AL O, (5) =MnO: AlOy(s) - (3)
DA, %) 32 ozt b Fig. 3tk
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ALO,-WkthEE bin] o 3 MEFEMRCHYTS. 2hb
DERD L, Grno=0.15 (1550°C) L 5.

Galaxite 04 K B = A 0¥ —cl3T 284S 34D
Febirv. L L, T FeO-MnO-ALO, & x5
TDMFICE T, 1560°C DR 5 Fhofkyiitth

O3 A EEEL REERLTEY, ZOETROMO-
AlyO; 2 1% 7% L@ Galaxite i 38 8 O MRKIT 350
% Gyno BEU Bano, 705, (5) R @ FEeEsss 5t
HTE5. 1020, Bdkdm i iEsorEeRige
EOTED, MEBEEEDFRBHTILERDS.
T TR B BB IUCE AL LT X BIHE,
MnO : 12.7kcal/mol, 1750°C 35X % ALO; : 20kcal/
2030°C %/BvTiaET 5 &, Galaxite X O
ALO; ILFRFEIT 1T D Buno 13, 1560°C © 0.16 &
5. ThE, AEBEED 1550°C 135155 0.15 &
I—HTBL NS LATES.
3.6 ALO, HEXSJ T 3 HMER
AT 35 T% 513, Fe-Mn-Si-Al-O %$k& 4
DIEFIRE I B 5B & A R e L oBRE
$e U7e. jBERIE 1535°C TH D, AL Mn &
Si oiREOMM Wt Tholk. TOHELY, B
FhOEERIREE & L B8 4k B HE L OBIRE TR Lo 5HT
WoOD Fig. 11 TH2. AMEERE, [%Mn]+[%Si]
=1 s L, FRcBMERT % (Fig. 8). AFEEI,
ALO; EDOLKUTFTHIR2TR Y, BRI HYE
FERO, ALO; ML BERILIBE 2~ T HEHLE—
HITRECTH5. Lal, HEETICOMBIDHED
WA L ADicE &AL H Y, [%Mnl/[%Silt

mol,

60 ] T

1§50°C
§ -This work
| —— Calculated values
(Prewous works) )

50— .
g /
: f
a
2, i

40— —/

Liquid oxide
30
A
Mulhte s
20 Lljjl NN N 3 R PO
0.1 1 10 50
I'/aMn]/[. oSI]
Fig. 8. Compositions of liquid iron alloys in

equilibrium with MnO-S8i0,-Al,0,-FeO
meits saturated with ALO, at 1550°C.
([%Mn] + [%Si]=1)
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Fig. 9. Effect of manganese on the silicon-oxygen
equilibrium in liquid iron alloy.

MAE LB LInhy, BEREIHEEDX Sk
WEK A b, L REEgmcEnT 5. 2O
MRS o Fig. 1l T v TdHbh, TOHRKRW
T ESRFE R —HT 5. :

FEME &L FEE, 1560°C Itk HIEMM O Si-Mn-
O EHEHZ DWW THANR, —FED Mn BREDODL LICKIT D
B Si-O O FHEMFRE R Lo, AERBRICOW
T b FEEkRO X % (Fig. 9).

ALO; AETET 5 AT Y OBEITH, HOLORER LM
Bo@Emzd o Ehbhrb. Tihbbh, —ED Sk
BB TbhitF+ s Mn QRBENELLLICO2NT
R ERE IR T 5, St RESELLBICON
T MnDQBhRITAE < b, BEBRBDR RS T 518
MERLTWS. REL, BODFERCILN, 277
iz AlLO; Aotz tick D, MU Mn kXU SR
kW Th Pl 5BEBEREI»ZVELILS. L
T, ZORIT SURESMMEVIEEETH .

3.7 YABEIRSTESOIEOERHEAXCONT

BB A BEIESS, HF AL, HHOBET =4, B
FOEROREZIDY ) r— ME7T =4 ORIk EN
DA T MR TS B 2 LR ED BTN

MassoN 52203, oY b — NET = o OFEE R B
LT HT Lickh, MO-5i0;, B2 T Dk
SER{b MO OEE HKOREEE LTEHHTESZ
LRI L. L, EHOEEBETI SO, oFERERE
EET BT LixTE kv Karpoor & FROHBERG28?T),
Lauri?® 3 F 7z, MO-Si0, BIOFEI R 5 S OfE €
FABE U TEBOWEETE 2TV 5.

BMMERIEME, Y45 — +® Random network
model T HERE TR Z B L, #EHH12Er0 MO-8i0,
FD MO (X SIO, oiFREFE L. Shic, #

S5z oMBR%Y MO-M[0-5i0, 3 4RI % THRE

53¢ 1.48 keal/mol (1 550°C) &,

TV B,

LirL, SiO; &RRICHRIGEDEET = 4 » 2]k
T35 ALO; P#fFT 5 MO-Si,0-AlL0; REE(L¥REL
EOZEENE, WEFBSHIITER T WL

LuMsDEN®E, ZhHDV )y — MET=F o E2F X
FHELVEIRLD, BBEF AL EAFF L EPLILD
s aEx, EREEET LT, FeO-FeO,;-SiO, 3
B ROERSDOERM;ERDbDSIND T LRI,

PR & SLAE2E, Lumspen & [lE%, 1E BIEWGAEAT
FeO-MnO-Si0, kD &G DIEERZ Kb L7

BeLL 5313, Zh 5 Luwmspen, M EFABORRY
Hii, ILLEGOEREREMAT, FeO-MnO-
Si0,-AlO, 5 4 % 4 RiTkF B 1550°C o FeO kX
" MnO OFERFERE TR (6) (7)) ATHEbL/.

logyreo=—1.2N§:6,—0.05N 310, .,
~ +1.0Nymno-Nsio,+0.55Nmno " Naio, .5

+0.25N510,* Na10,.5+0. 11 +ooeee (6)
logrmno=—2.2N¢i0,—0.6Nio,

—1.0Ngeo- Nsio, —0.55NFe0 Vat0,

—1.30Ngi0,-Nato,.5 =w-meee (7))

N SORPOFREEBITHZ LITXD, 7sio, 172
VT HFROREER (8) REEL ZENTES.
logysio,= — 1 .2Nf.0—2.2Ny.0
—1.5N}10,.,—3.4Nreo  NuMno
—2.65Npeo-Na10,. 5
—3.1Npyno-Nato,.s v (8)
KEBRER L INLIR AL THS. /2L,
INSORTRENAER F B FEgERZ L OTH
D, EEOEWEIRED ZERPLETHS. Ber Hi
MnO # X % SiO; DEELE T 4 ¥ — i DWT I
FLTWEWDT, MnO-Si0, FRick!F 5 1550°C @
MnO DMK (Nmno=0.81) 75 (7) N2V T
MnO OEBEHB T AL ¥ — 2B LL 25, 4dGio
—1.43 kcal/mol (1550°C) & 75 9, KUBASCHEWSKI
ScHENCK 53D
1.04 kcal/mol (1550°C) & DrhffjD{f & 727z, SiO,
DBEEAH T 4 v 3 — Lk LT Lumspensd DfE% B
fo. (6)~(8)RD2EFERIC X VEIEShBER L,
SR & Oz by, Fig. 10~Fig. 12 oR¥ X 5 Axtfs
PE LRI, T, Fig. 10ic 13 5 5HE Greo( [ )X
25 DS (6) XX 0o -BFERETHD,
e, TORS Y EFET HEMPOBE, LFHES
N7 ERETHSE. AFFERITXD Greo(l) OFE
W ERIE R E ) 2 AV,
FeO DAy, Jﬁﬁ&ﬁﬂmk@iﬁﬂmbr
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