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Phosphorus Distribution between Liquid Iron and MgO Saturated
Slags of the System CaO-MgO-FeO,-SiO;

Hideaki Sutto, Ryo INOUE, and Minoru TAKADA

Synopsis :

Experiments have been made to study the phosphorus distribution between liquid iron and the CaO-
MgO-FeO,-Si0, slag equilibrated in a magnesia crucible in the temperature range ! 550°—1 650°C.
The phosphorus distribution ratio (P,Oj)/[P] increased with increasing CaO content and decreasing

temperature.

The maximum values of the distribution ratio were found to be present near the slag

composition saturated with the tricalcium silicate and the magnesio wustite phases. The experimentally
determined phosphorus content in metal disagreed with the phosphorus content estimated from the
treatments proposed by Balajiva et al., Turkdogan and Pearson, and Healy over the present range of

slag compositions, except by Flood and Grjotheim.
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- Table 1. Equilibrim slag and metal composition.

1650°C
P [s} CaO SiO; FeO FesO3 MgO P;O5 Total
0.0364 0.117 27.7 31.68 16.5 1.34 21.6 0.586 99.4
0.0152 0.108 36.9 30.08 14.3 1.19 16.0 0.755 99.2
0.0134 0.154 28.0 25.69 27.2 2.59 15.7 0.717 99.9
0.0080 0.195 29.1 17.72 35.7 4.24 12.3 0.777 99.8
0.0164 0.186 22.5 19.13 39.3 3.43 14.1 0.747 99.2
0.0389 0.191 13.2 17.41 43.4 2.67 22.1 0.547 99.3
0.0038 0.138 37.1 14.06 33.3 6.26 8.30 0.852 99.9
0.0058 0.152 29.8 9.54 43.4 8.25 7.73 0.831 99.6
0.0127 0.195 21.0 9.31 51.8 6.61 10.2 0.770 99.7
0.0312 0.198 14.5 11.00 53.0 4.07 16.1 0.606 99.3
0.0101 0.179 23.6 3.49 51.8 11.9 7.67 0.816 99.3
0.0314 0.198 12.5 0.48 68.7 11.5 5.85 0.671 99.7
0.156 0.213 0.59 0.61 81.9 7.30 9.00 0.118 99.5
0.0999 0.201 0.87 16.36 49.9 2.80 29.0 0.283 99.2
0.0082 0.152 32.6 24.95 25.8 2.90 13.0 0.711 100.0
0.0043 0.141 40.8 20.05 23.3 5.58 8.78 0.927 99.4
0.0040 0.136 36.0 11.36 35.3 7.77 7.9t 0.883 99.2
0.0054 0.142 29.6 4.77 45.1 1.1 8.09 0.787 99.4
0.148 0.218 0.90 5.88 70.8 5.51 16.1 0.186 99.4
1600°C
P o CaO SiO; FeO Fe Oz MgO P50, Total
0.0374 0.090 27.7 33.85 15.1 0.90 22.0 0.741 100.3
0.015¢ 0.079 38.0 31.68 12.6 0.86 15.1 0.920 99.2
0.0120 0.118 30.8 27.55 23.6 2.19 14.8 0.971 99.9
0.0225 0.120 20.7 26.50 30.8 2.83 17.5 0.857 99.2
0.0058 0.122 34.7 23.82 25.0 3.20 1.2 1.04 99.0
0.0049 0.124 29.8 18.16 34.3 4.74 12.0 0.910 99.9
0.0120 0.145 20.6 17.54 42.0 4.20 14.7 0.877 99.9
0.0348 0.178 11.5 19.22 48.0 2.93 17.4 0.757 99.8
0.0029 0.102 39.7 15.84 28.5 5.73 8.78 1.14 99.7
0.0039 0.117 32.0 10.73 39.7 7.19 8.56 1.07 99.3
0.008¢ 0.159 21.3 9.43 51.4 6.92 9.50 0.880 99.4
0.0256 0.174 11.7 9.20 60.6 5.64 11.2 0.763 99.1
0.0075 0.138 23.1 1.07 53.9 14.2 6.38 0.952 99.6
0.0298 0.164 12.2 0.51 69.3 9.67 7.34 0.709 99.7
0.157 0.189 0.24 0.63 81.5 9.07 8.10 0.130 99.7
0.105 0.180 0.20 13.41 59.3 4.32 22.0 0.353 99.6
0.0050 0.105 36.9 26.33 21.6 2.72 11.6 0.722 99.9
0.0026 0.120 39.8 19.48 26.8 4.40 8.44 0.828 99.7
0.0113 0.160 18.9 15.34 45.7 4.43 14.3 0.780 99.5
0.0024 0.116 35.7 9.70 38.2 8.23 7.14 0.775 99.7
0.0030 0.104 31.6 4.87 43.8 12.2 6.32 0.741 99.5
0.0049 0.146 28.2 7.59 47.0 8.37 7.31 0.914 99.4
0.107 0.183 0.73 12.59 60.8 3.87 21.4 0.25¢ 99.6
0.0024 0.101 41.8 11.92 30.2 8.09 6.39 0.970 99.4
0.0844 0.166 0.92 21.52 46.3 2.34 27.9 0.399 99.4
0.0950 0.185 1.19 7.90 68.3 4.97 17.1 0.259 99.7
1550°G
P o CaO SiO; FeO Fe,0; MgO P2Os Total
0.0216 0.077 28.9 33.02 16.3 1.24 19.2 0.679 99.3
0.0078 0.103 27.8 26.49 28.1 2.64 13.8 0.774 99.6
0.0038 0.106 36.9 24.39 24.9 3.34 9.11 0.910 99.6
0.0040 0.118 30.3 17.35 36.1 5.80 9.19 0.806 99.5
0.0090 0.114 22.5 18.97 39.4 4.25 13.3 0.798 99.2
0.0240 0.121 14.4 18.45 45.6 3.55 16.7 0-662 99.4
0.0029 0.108 30.2 10.12 44.8 7.50 6.27 0.953 99.8
0.0063 0.130 20.5 9.62 53.0 7.80 7.89 0.839 99.6
0.0175 0.140 14.9 11.45 54.8 5.63 12.2 0.719 99.7
0.165 0.178 0.38 2.21 8.1 7.60 7.99 0.177 99.5
0.0925 0.155 1.36 13.00 59.7 3.91 21.4 0.330 99.7
0.0052 0.100 33.2 27.00 23.7 2.89 11.9 0.813 99.5
0.0025 0.094 34.2 15.36 35.0 6.23 7.69 0.963 99.4
0.0039 0.114 25.2 5.14 52.3 10.6 5.41 0.866 99.5
0.0097 0.128 15.2 0.97 63.4 10.6 8.97 0.860 100.0
0.0314 0.146 8.58 0.48 74.1 8.70 7.20 0.648 99.7
0.0166 0.064 37.8 33.91 10.6 0.60 16.1 0.727 99.7
0.154 0.187 0.47 0.54 83.2 8.31 6.90 0.149 99.6
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Fig. 3. Comparison of the experimentally observed
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Fig. 7. Comparison of the observed phosphorus
content in metal and the calculated phosphorus
content from Eq.(23).
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Fig. 8. The ideal equilibrium constant Kipdog-(on

a logarithm scale) at 1650°, 1600°, and 1 550°C
versus the ionic fraction of (a) calcium (b) ma-
gnesium and (c) iron: O CaO-MgO-SiO,-FeO-
Fe, Oy system, @ MgO-S5i0,-FeO-Fe,O; system.
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Table 3. The values of @caz+, amge+ and arez+.

12t @) CoO-FeQ-P,0,

° 083
10 :%ovgft
® ° 8570 A
s of g T
" 6,55’8 ,/
~ 6t 26 o © ~
5 L N )
~ |F -Fe0-P,0, J1078
& b) CaQ-FeQ-P,0, . /oo/o_m
» -

log Extrapolation |Multiple by
Temp. . ? . |Phosp-jlinear
(°C) oM, K;;j:‘ Thli hate [regres- E:‘(;?D
4 wor slag [sion .
1 650 |acaz+ 7.98 11.1 10.9
omMe2r | 3.23 — — 1.94 —_
arez+ |—3.06 0.36 0.56
1 600 |xcaz+ 9.11 11.9 10.7 11.1 10.2
amgz+ | 4.23 5.47% 5.94| 5.29| 7.16
aFers | —2,24 0.62 1.17 0.92 1.16
—1.31*
1550 |@caz+ | 10.3 13.5 12.4
amg2r | 5.28 — — 5.36 —
apez+ [—1.37 1.26 | — 1.47 —_

* MgO-Si0;-FeO-Fe; O3 slag.

4 LOERBmELC, A5 I 3O A+ vt
BETACERIB. Thbb, »HBOBAF vOF
{fif5 1 A v REEDTHMO_TEDE 1 A+ v OF{H A
F VHROMBIETHDIIELDERE LI DL
Ez bh5. MgO-8i0,-FeO-Fe,O3 A 7 7% Bl i
WA Mg?+, Fe?r A3 vo—fBEOLXTHBM, b,
L N'mgrt (373 N'perr) & ORCERE
TR BH N A. Table 3 wEHON BT I LB LR
ThbofEdinT.

CaO-FeO-Fe,03-P,0; F2~28) i3 T8 MgO-FeO
-Fe,03-P,0:29 %A 5 7 L WD Y A DL BT DE
BafE# 3| LT, 1600°C to logK pés-wRdiz. %
DiERY Fig. 9 wRd. CoBf, A5 732880
A+ v OREFLOT, SHECIY aca?, avg?
ape? DHEERRDBE EMNTES.Fig. 9 @Rl
shicfiio 3 DO ERMERVDNELHIH L TH a OfER R
Wiz, BIALLXE, »7 78REHS XUE LS
a Offiix Table 4 RT X 5K, aca?r LA XL
—Z LT-{EM B SR iohy, apet 13 0.34~5.34 ¥ TF
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Fig. 9. The ideal equilibrium constant K;,dog— (on

a logarithm scale) at 1600°C calculated from the
data of KnUpPPEL, et al.(a)??), (b)24, and TROMEL,
et al. (c)2% versus the cationic fraction.(a dotted
line represents the tie line between log Kp,2* and
log Kca2t or log Kyg?t).

& LT 4.20 LI EDfER B\ 1FHE%E Table 3
© 5% H ol (phosphate slag)iw/”"¥. [Rohiz =3 7
MpEmETHh B, Fig. 9 1Rd X 5 CBERBER @
bhtc ik B RORENE AL LTHILT S Z &
X5, AHROBEBERAZ /rbiAFciviBbh
Fo aca?s amg?t, aper* DHR{BENRH ABERAT FOX
NODEEBIFE LV EIEEROHLFERTHS. &
DZEFEYARTEHEZ LY ARKBD X g1+ v X
IS RIET O A+ v OREIE A & YTl TZR
BI7ed DTLEGEW S Z &R TRRT 520,

B RO FRBUIATFIE D log Kb§3- & N'carz, N mget
B IV N'perr L OBRFREAEREATXTO LR ID
kBB EnTESL, Table3 wEBIFHEHICLHED
iz aca?s amg?, ape?t OFfERX 5% 5. Fig. 10
FRODEXAGTEE Lic A 2 Arho b ARE L EH
fED L% RT3,

Froop t GrjorHeEIM® |3 WINKLER & CHIPMAND

DEELERD 5% 1570~1638°C CcHLA-bDH*H

Table 4. The values of aca2+, @mgz+ and afez- obtained from the data of other
investigators?1) ~28) and the slag compositions.

CaO FeO P,O; MgO SiO, Fe, O, Qa2+ OFe?+ anfg2+
O. PETER, et alzD) 49~57%,  3~239;, 13~279, 2~ 49, 0.1~0.59% 3~112, 10.31 1.08 —
H. KniUpPEL, et al.22  |37~58 0.1~42 10~41 — 4~.5 0~14 10.83 2.15 —_
H. KnUpPEL, et al.20)  137~56 6~33 6~32 — — 4~12 10.78 4.20 —
G. TROMEL, et al.2® — 61~92 0.6~21 3~17 — 4~7 — 0.34 5.94
G. TROMEL, et al.25) 46~.58 1.2~.33 11~42 — —_ 0.5~15 10.57 5.34 —
G. TROMEL, et al.2®) 53~56 5~18 19~.35 — 0.8~7 3~11 11123  1.11 —
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Fig. 10. Comparison of the observed phosphorus
content in metal and calculated phosphorus
content.
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