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The Solubility of Magnesia and Ferric-Ferrous Equilibrium in
Liquid Fe:O-Si0,-Ca0-MgO Slags

Synopsis :

Jae-Dong SHIM and Shiro BAN-YA

The solubility limit of magnesia and the ferrous—ferric oxide equilibrium have been measured for the
Fe,O-MgO, Fe,O-Si0,-MgO and Fe O-510,-CaO-MgO slags in equilibrium of liquid iron at the tem-
perature range from 1 550° to 1 650°C. The results obtained are summarized as follows ;

1) The solubility limit of magnesia and the ferric oxide content in Fe,O-MgO slags are represented

by the following empirical formulae.
log (wt?%MgO)=—6000/7T+4.21

(£0.05)
log (wt%Fe,0,) =8 553/T—1.00 (+0.05)

1536° —1660°C - -rveverevenvereene (1)
1536° —1 660°C eevnereernveneenens (5)

2) The solubility limit of magnesia in Fe,O-8i0,—~MgO slags has been established at the temperatures
of 1550°, 1600° and 1650°C. The value of A=Fe?+/Fe?+ in this slags decreases with increasing silica

content.

3) The solubility limit of magnesia in Fe;O-5i0,~Ca0O-MgO slags decreases with increasing Fe;O
content and slag basicity, and it becomes almost constant, 6.—8. wt%, in the range of basicity higher than

2(=wt% CaO/wt%SiO,).

The value of A=Fe3t/Fe?t in these slags increases with increasing the slag

basicity and with decreasing Fe,O content in basic slags.
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Fig. 1. Arrangement of apparatus.
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Fig. 2. Approach to equilibrium at 1600°C,
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Table 1. MgO content in solidified slag sample.

Initial composition g\%% of MgOl.at
(wt9%) Temp. ifferent sampling
©C) positions
. Center of | Vicinity of
FeO| Si0, | CaO crucible cruciblewall
78 16 6 | 1600 17.23 18.06
78 16 6 | 1650 19.10 20.06
65 25 10 | 1600 26.97 25.52
65 25 10 | 1650 26.38 26.71
50 36 14 | 1600 34.77 35.11
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I RAFNCHE AR L7 Magnesiowustite R FDEA S

ERRER L b FHIh S, 2ARBOBEMGEREZC X
BE, AT 7-BOFOEMEIILI LM\ Magnesio-
wistite DA FAA B Sh 5% BE A 7 7 ARl
FCHH Lic LB DB RBORMBOFLELAD LI
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SEBERFE O 2 T & h FER L ek o & MgO Sk
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MgO TffILcE—REHI V2T BEEFELbR
B. TERAPFETIE, MMMgO 50 % FEH LT3
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E5mb, FeO & BAkA S 7/ L FHET 5 BEfX
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& HZemE w2 OFH L.

3. REERBIUEE

AR O X 0 EB Lick B4 L, FeO-MgO
2 THROEERLERSL Table 2 1, Fe;0-5i0,-MgO 3
SE%% Table 3 i, #7: Fe,0-8i0,-CaO-MgO 4 i
%% Table 4 wrhFhirLi- % Table thitiy,
EREBCRT B A5 7O VE L BT BRFRE
Dz, A5 FFOFERICOVWTHEBALTVS, &
it BRI R L 0. 1% BEOHEELHEMLT,
BBz A S 7~ 2 2 LE OB OSHESFE 2 IR L fo &%
Behsb, A5 72z VEOBELBREOSEY B <
BA % fE B ¥ LU OEZILIRTE OBIR TARBE DR
ELTHETAS L EL, ARETCIRBRICBRT 2
MgO DfIFEBMRE &V Fe,Oy Bt oWTERTS.

Table 2. Experimental Results for the
Fe,O-MgO System.

Heat |[Temp. |In metal (wt%) In slag (wt%)
No. (C) | s 0 | FeO [Fe:03| MgO | S
1
1

KF-28B 1533 | 0.058 | 0.171 | 83.01 7.08 9.66 | 0.17

KF-3 1562 | 0.062 | 0.189 | 81.20 | 7.59 1092 | 0.198
KF-4 1596 | 0.067 | 0.218 | 80.28 7.08 1284 | 0.174
KF-5 1633 | 0.057 | 0.241 | 80.25 6.64 12.30 | 0.157
KF-8 1658 | 0.054 | 0.268 | 80.14 | 6.80 12.80 | 0.146
FMT-2 | 1620 | 0.065 | 0.224 | 80.14 7.97 11.02 | 0.141
FMT-3 | 1600 | 0.052 | 0.212 | 81.10 7.40 1040 | 0.125
TMT-5 | 1580 | 0.044 | 0.217 | 79.44 9.42 10.44 | 0117
FMT-6 | 1560 | 0.053 | 0.187 | 80.90 9.44 8.48 | 0.149
FMT-=7 | 1540 | 0.054 | 0.164 | 80.85 8.96 9.07 | 0.155
1537 | 0.067 | 0.170 | 83.35 7.91 8.17 | 0.211
1573 [ 0.055 | 0.189 | 82.14 8.42 8.87 | 0.157

1600 0.206 | 81.60 8.84 10.41
1600 0.207 | 81.30 9.32 8.43
HT-4D 1600 0.205 | 81.16 8.14 10.01
HT5-B 1555 0.181 | 82.83 811 8.38
HT5-G 1600 0.215 | 79.44 [ 6.55 11.50

Table 3. Experimental Results for the
Fe;O-Si0,-MgO System,

Heat |Temp.|In metal (wt%) In slag (wi%)

No. (c) S O | FeO |Fe20s| Si02 | MgO | S

SMF-1 1600 | 0.092 | 0.206 | 59.74 4.08 14.13 | 19.63 | 0.083
SMF -2 1600 | 0.069 | 0.186 | 42.55 2.76 25.66 | 28.11 | 0.061
SMF-3 1600 | 0.100 | 0.166 | 34.76 2.30 26.68 | 35.69 | 0.039
SMF-5 1600 | 0.095 | 0.187 | 57.47 3.75 15.64 | 22.42 | 0.087
SMEF-6 1600 | 0.090 | 0.196 | 50.10 3.95 21.05 | 25.22 | 0.081
SMEF-7 1600 | 0.087 | 0.192 | 47.85 3.82 21.73 | 26.04 | 0.062
SME-9 1600 | 0.098 | 0.184 { 46.53 3.60 21.09 | 28.67 | 0.056
SME-10 | 1600 [ 0.098 | 0.178 | 44.19 3.59 21.00 | 3L.55 | 0.051
SMF-11 | 1600 | 0.099 | 0.173 | 36.42 2,42 25.05 | 34.84 | 0.036
SMF-12 | 1600 | 0.112 | 0.146 | 23.97 1.25 31.73 | 41.84 | 0.094

SMF-13 | 1600 | 0.085 | 0.199 | 68.26 5.33 6.02 | 20.63 | 0.121
SMF-14 | 1600 | 0.130 | 0.138 | 19.31 1.21 32.99 | 44.50 | 0.033

A

SMF-15 | 1600 | 0.084 | 0.201 | 55.83 | 365 | 16.69 | 2364 | 0.016
SMF-16 | 1600 | 0.089 | 0.125 | 16.47 | 0.88 | 32.07 | 50.61 | 0.017
SMF-17 { 1600 | 0.060 | 0.210 | 77.26 | 6.23 | 527 | 1247 | 0.149
SMF-26 | 1600 | 0.083 | 0.184 | 56.42 | 3.9 | 17.47 | 22.28 | 0.082"
SMF-27 | 1600 | 0.094 | 0173 | 37.85 | 222 | 26.33 | 32.07 | 0.051
SMF-28 | 1600 | 0.071 | 0208 | 68.69 | 576 | 11.64 | 1401 | 0.125
KSM-1 | 1600 | 0.064 | 0.201 | 71.82 | 4.10 | 9.81 | 1347 | 0.109
KSM-2 | 1600 | 0.074 | 0.190 | 55.84 [ 3.04 | 19.59 | 21.85 | 0.075
KSM-3 | 1600 | 0.071 | 0.165 | 35.66 | 1.78 | 28.25 | 33.02 | 0.032
KSM-4 | 1650 | 0.077 | 0.237 | 65.70 | 4.03 | 10.00 | 20.37 | 0.098
KSM-5 | 1650 | 0.076 | 0218 | 53.33 | 2.93 | 1844 | 24.61 | 0.072
KSM-6 | 1650 | 0.107 | 0189 | 33.93 | 2.02 | 26.92 | 3537 | 0.046
KSM-7 | 1550 | 0.081 | 0.159 | 72.36 | 5.05 | 10.01 | 12.35 | 0.146
KSM—8 | 1550 | 0.077 | 0.156 | 53.72 | 2.19 | 20.03 | 22.34 | 0.080
KSM-9 | 1550 | 0.076 | 0.147 | 39.00 | 1.78 | 29.90 | 29.41 | 0.043
KSM-10 | 1600 | 0.092 | 0.195 | 63.33 | 3.78 | 14.25 | 17.23 | 0.127
KSM-11 | 1600 | 0.091 | 0182 | 4599 | 2.79 | 23.52 | 26.97 | 0.066
KSM-12 | 1600 | 0.076 | 0158 | 31.58 | 1.79 | 31.57 | 34.77 | 0.028
KSM—13 | 1650 | 0.079 | 0.235 | 61.02 | 3.81 | 15.62 | 19.10 | 0.101
KSM-14 | 1650 | 0.089 | 0214 | 46.39 | 2.73 | 21.28 | 27.68 | 0.061
KSM-15 | 1650 | 0.091 | 0.185 | 27.30 | 1.57 | 27.94 | 41.20 | 0.021
KSM-16 | 1550 | 0.080 | 0152 | 66.21 | 4.66 | 1417 | 13.18 | 0.137
KSM-17 | 1550 | 0.086 | 0.159 | 46.79 | 2.75 | 24.06 | 26.38 | 0.077
KSM—18 | 1550 | 0.102 | 0.141 | 35.55 | 1.68 | 3L.50 | 30.15 | 0.036
KSM-19 | 1600 | 0.069 | 0205 | 6827 | 4.19 | 1135 | 1561 | 0.129
KSM-20 | 1600 | 0.083 | 0.192 | 61.27 | 4.00 | 16.20 | 1851 | 0.124
KSsM-21 | 1600 | 0097 | 0.172 | 41560 | 241 | 2352 | 31.88 | 0.070
KSM-22 | 1650 | 0.092 | 0.237 | 66.68 | 4.01 | 12.60 | 16.78 | 0.072
KSM—23 | 1650 | 0.083 | 0.231 | 58.99 | 343 | 1549 | 21.64 | 0.100
KSM-22 | 1650 | 0.105 | 0.215 | 4222 | 218 | 24.09 | 33.14 | 0.063
KSM-25 | 1550 | 0.076 | 0.158 | 69.61 | 4.32 | 11.80 { 14.36 | 0.141
KSM-26 | 1550 | 0.0sa | 0153 | 57.83 | 323 | 16.86 | 22.57 | 0.11¢
KSM-27 | 1550 | 0.081 | 0.150' | 4178 | 230 | 25.86 | 30.06 | 0.069

SMF-19 | 1600 0.184 | 43,57 3.00 | 24.8¢ | 29.00
SMF-20 | 1600 | 0.083 | 0.082 | 12.15 1.09 49.43 | 37.34 | 0.018
SMF-21 | 1600 0.147 | 20.84 1.80 | 30.26 | 36.33
SMF-22 | 1600 | 0.096 | 0.050 7.42 1.39 50.98 | 40.22 | 0.030
SMF-23 | 1600 0.139 | 23.75 | 0.89 | 38.53 | 34.84
SMF-24 | 1600 0.168 | 36.32 1.97 | 27.98 | 3327
SMF-29 | 1600 0.205 | 7318 | 6.62 8.62 | 12.87

FIoBEY A X A4 bk Fe-O SRR b bbb
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HLDEE Swity BETHBZ LI, $LFHETS
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Table 4. Experimental Results for the
Fe,O-510,-CaO-MgO System.

Temp. 1Llu metal (wlf’é)p
(C) s 0 |
oo oams 0052 ¢ .
16060 0.093 0127

1600 0eeT 0.5
1600 - O0T7T . 6175

In slag (wt?;)

Si02 ‘3 Ca0) J MgO i S
1720 ]h’T‘I 11859 § 0130
2200 2623 18.08 0.062

az2L ¢ 2516 | 1313 | 0.070
C1670 | w7 | 1127 | ooss

Cleon ool ool s85 11673 | 966 ! 0128
Tom T 0efd "0 16.65 [ 2407 | 1039 T 0151
1600 % 0092 1 0120 26,42 0.102
1600 | 0060 | 0160 0.154
1600 ¢ 0088 | 0.162 0.112

[ 1600 1 0.053 | 0.180 0.128
1600 [ 0052 | 0.193 10.133
1600 1 0.068 | 0.189 0.138
1600 1 0073 | 0167 0.161
1600 1 0090 X

| 2600 ] 0088 72
1600770000 ! 5

1600 0.100
1sah | 0,081
1600 ‘ 0.055
16060 ' 0.051
16060 0.053
1600 0.061
1600 (1L.097
1660 0.096
1600} 0073

1600 1 0065 | .17 0. 0.196
1600 | 0076 | 0,191 519 [ 1160 | 0.176
1600 | 0.074 | 0.182 1278 | 9.00 | 0164
1600 | 0094 | 0.186 686 | 15.73 | 0.132
1600 | 0.088 | 0.168 577} 2137 | 0.085
1600 | 0.087 | 0.117 | 2607 2095 | 2054 | 0.038
1600 | 0.095 | 0.131 | 33.19 10.43 | 24.17 | 0.049
1600 | 0.107 | 0,100 | 20.65 2680 | 18.42 | 0.060
1600 | 0085 | 0.130 | 3110 8.87 | 27.32 | 0.051
1600 | 0053 | 0155 | 52.43 [ 2140 | 7.27 | 0347
1600 | 0.088 { 0,129 | 2895 1465 | 23.14 | 0.038
1600 | 0.081L | 0.158 | 48.14 1807 | 1051 | 0152
1600 | 0.051 | 0.134 | 43.16 2560 1 817 {-0.137
1600 | 0.069 | 0.169 | 45.69 1161 { 14.93 | 0.105
1600 { 0066 | D.157 | 5378 7.30 1 0233 _
1600 + 0.103 | 0.067 | 1244 | 0.026
1600 ' 0.053 . 0.145 ; 5361 | 0.197
1600 0114 § 0083 | 1572 | 0.022
1600 | 009 b oose | 1772 0.021
1600 4 0110 ¢ 0144 | 3892 0.066
FSC-48 | 1600 | 0.080 ¥ 0153 | 41,12 0.075
FSC-48 | 1600 ! 0120 | 0.062 | 9.29 0.021
FSC=50 [ 1600 | 0.056 | 0135 § 43.96 0.197
FSC-51 | 1600 | 0.098 | 0129 { 32.90 0.013
¥S§C-52 | 1600 | 0o | 0051 | 37.05 0.00:
FSC-53 | 1600 | 0062 § 0133 | 44.37 0.203
FSC-54 1600 [ 0089 f 0.105 | 18.59 0.049
FSC-556 | 1600 | 0.088 | 0.188 | 56.69 0.090
FSC-56 | 1600 | 0.076 | 0.187 | 60.83 0.110
FSC—57 | 1600 | 0.080 | 0189 | 6642 0.139
FSC-G8 | 1600 | 0.067 | 0.181 | 77.03 0,190
FSC-50 | 1600 | 0.0Gt ' 0.182 | 70.40 0.199
FSC-60 | 1600 | 0.052 1 ! 0.169
FSC-G1 | 1600 | 0.019 * ! 0.237
| 1600_{ 0.062 | 0.211
1600 1 0.064 1 0.121
1600 0.050 | 0.143
1600 0.070 k . 0.137
1600 0.043 : i 12, 0.112
1600 0101 | 2. 30 | 337 | 20.52 | 0.074
1600 0.051 . .86 . 1008 | 2607 ' 6.25

1600 0.010
1600 0105
1600

1600

BT
1600
1 [.un i

9.79 4.99 I 3035 . 544
22449} 1917 1 1557 | 0.087
')1 10, 26,39 | 10.99 |

17 1 28403

s ¥ . 20,005 X
1635 | 0088 ' 2120 0.089
1650 | 0.090 | 0.089
1550 | 0.082 3

1)

1575 | 0098 | 0.
T I600 5 0088
1635 | ooo7

A()T‘J i
bo20.497
20.73

1650 | 0.088 20.90 L 04191
1550 ! 0.097 26593 0.017
1575 ' 0080 IR55_ (047
1600 | 0106 01 0451

2184 ° 0019
2231 " 0.0

1635 | 0106
1650 0.103
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Fig. 3. Solubility of MgO in Fe,O-MgO slag in
contact with iron, MW : Magnesio-wiistite.
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Table 5. Comparison of MgO solubility in Fe,O-MgO slags with other investigations.

Wte, of MgO
Investigators Remarks
1550°C 1600°C 1650°C
Present work 8.29 10.15 12.30 log (9,MgO)=—6000/T+4.21
Johanson et al.® 8. 10. 12. Fe;O-MgO phase diagram
Fetters et al.® 2.5 3.1 3.9 log (9MgQ) = —6600/T +4.02
Schenck et al.» 4.3 6.0 8.4 from Bild 5 of Ref. (2)
Gokcen®) — 6.65 — from Table 4 of Ref. (8)
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Fig. 4. Solubility of MgO in Fe,O-Si0,-MgO

slag in contact with iron, A, B, C, D, eutectic.
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Fig. 5. Solubility of MgO in Fe,O-Si0,-CaO-MgO slag in contact with iron at 1 600°C.
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Fig. 6. Effect of Fe;O content and basicity on
the solubility of MgO in Fe,O-5i0,-CaO-MgO
slags at 1600°C.
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Fig. 7. Effect of temperature on solubility of MgO.
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Fig. 8. Fe,O, content in Fe,O-MgO slags in

contact with iron.
XU ER{COBE BT L D BT 5. Ko X
51, l&E, MgOG) fifickiT A5 7-2 2 NI
RIETI, BfExs yofiigdesit s, Fe,O 45
MgO #» &< hERLYOREEELHETE, —ER
ERRWTEERRIIEE L, A5 7HlBREBERT v
v VT EEERE S, LI, Magnesiowistite(s)
R IOWHE T+ 5 FeO-MgO R, FeO-Si0,-
MgO %, % X0 Fe,0-5i0,-CaO-MgO R 2 5 7o)
Fe,O3 J & A=Fed*/Fer* Dfico EHITE LickERIC
OIS,

3.2.1 Fe,O-MgO %35/

WL ElT 5 MgO fafio Fe,O-MgO Rz 35 v/
it s Fe,0, 4488% 1533°~1685°C o fiE cHl
E LickR% Fig. 8 1wnd. WEBE2L) DD
DEMNH B, Feb+/Fert LS ORE X EET
I+ BETH, FERRE LT (WwigFe,Oy) &
RERATRIRS.

log (wt%Fe,03) =3 553/T —1.00(+0.05)

T, FeO0 08FRIBREED LA X Y&
TL,1600°C T3 7T~9wt% TH 5. & OfEIL PHILLIPS
L Muan?iz k5 FeO-Fe,03-MgO ZREBRIC X %
W L—F LT\ 5.

Fig. 9 i A=Fed* /Fert i L{BE L OBAKRYNR
Lic. RERGHETCR, BEERCLD, A7 70
MgO DOBBER XUOROMERT v+ MHRRRRIY
KL, “OEEPARCEITh TS, BRIV
MgO(s) #3525 /Fd A=Fed+/Fer+ DL,
BEEFCIYEDT S L%, Fig. 9 it 2,
3 D|EE LB DOID F/R L, Fiscner & ENDE

0.4 T T T T T T T

O Present work(8~13%MgQ)
ot + Fischer et al(2-4°%MgO)
A Fetters et al (2~6%Mg0)

Fe/Fe*
o
(=]
@
L
!
L o
h o
i
[3
Q
> 0
H ’
>3
L/
OI
/
!
/
/
| 0
>
1

~ 3
I —— ——— ~ |
0086} A _AA At :‘A¢,_
a T
004 1
Q.02 ' ! L 1 1 1 )
1540 1580 1620 1680 1700

Fig. 9. Effect of temperature on the ratio of
Fed+ /Fez+ in Fe;O-MgO slag in equilibrium
with liquid iron.
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Fig. 10. Fe,O; content in Fe,O-Si0,-MgO slag
in equilibrium with liquid iron at 1600°C.
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Fig. 11. Relation between the ratio of Fe3+/Fez+
and Fe,O content in Fe,O-Si0,-MgO slags.
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Fig. 12. Fe,O; content in Fe,O-Si0,-CaO-MgO slags in equilibrium with liquid iron at 1 600°C.
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FeyO-8i0,-CaO-MgO slag in equilibrium with
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Fig. 14. Effect of MgO on the ratio of Fe3+/Fe2+
in Fe,O-Si0,-Ca0O-MgO slag at 1 600°C.
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