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Distribution of P,0O5 between Solid Dicalcium Silicate and Liquid Phases in CaO-Si0,-Fe,0O; System

Ken-ichi SHIMAUCHL, Shin-ya KITAMURA and Hiroyuki SHIBATA

Synopsis : In most cases, the slag used in hot metal dephosphorization exists in a solid-liquid coexisting state, containing dicalcium silicate as the solid

phase. It is known that dicalcium silicate (C,S) and tricalcium phosphate (C;P) form a solid solution with a wide range of composition. A

large distribution ratio of P,Q, between a solid solution and liquid slag phases has also been reported. To clarify the maximum concentration

of P,O; in this solid solution phase, the measurement of the distribution ratio of P,0s in slag containing a high concentration of P,0js is per-

formed in this research, and the influence of MgO and MnO on the distribution ratio is investigated. CaO-SiO,—Fe, O, slag containing a max-
imum of 18% P,05 is melted at 1373K and cooled to 1673K at a cooling rate of 10K/min. During cooling, the solid solution of dicalcium sil-
icate and tricalcium phosphate precipitates from the liquid slag. A good relation is found between the distribution ratio of P,05 and (T.Fe);
this relation is independent of slag composition and P,05 content. The concentration of P,Oy in the solid solution is strongly influenced by

the mixing ratio of P,Os and the slag composition. It is clarified that if the slag composition is controlled adequately, the concentration of
P,0; in the C,S-C;P solid solution can be increased up to 100% of C,P. The change in the distribution ratio with the addition of MgO and

MnO is not large.
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Table 1. Slag composition (mass%).

Composition based on the mixing ratio (mass%)
SiO, Ca0 | Fe,0; | MgO MnO P,0s
A-1 11.3 30.7 52.6 5.9
A-2 10.6 28.7 49.8 11.9
A-3 10.0 26.7 47.0 17.9
B-1 21.5 44.0 29.0 5.6
B-2 19.0 39.9 29.1 12.0
B-3 17.7 37.1 271 18.0
C-1 31.7 50.1 12.9 5.9
C-2 257 492 13.1 12.0
C-3 23.9 45.8 12.2 18.0
A-1(10MgO) 9.9 27.6 48.5 10.0 6.0
B-1(10MgO) 20.9 37.4 25.8 10.0 6.0
B-3(10MgQO) 15.1 33.0 23.8 10.0 18.0
C-1(10MgQ) 28.9 43.8 11.3 10.0 6.0
C-3(10Mg0O) 19.2 42.0 10.7 10.0 18.0
A-1(10MnO) 9.9 27.4 46.8 9.9 5.9
B-1(10MnQ) 22.6 35.6 25.8 10.0 6.0
B-3(10MnO) 17.2 31.1 23.5 9.7 18.5
C-1(10MnQO) 28.7 44.2 11.2 10.0 6.0
C-3(10MnQO) 20.5 40.7 10.7 10.0 18.0
Cca0 20 40 60 80 Fe, 0,

mass% Fe,0, —>

Fig. 1. Investigated slag composition in CaO-SiO,—Fe,0,
ternary phase diagram.
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Fig. 2. Experimental condition to precipitate C,S-C,P

solid solution.
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Table 2. Composition of liquid and solid phases in slag (mass%).

Composition (mass%) Areal
. L thod
Sample name Phase S0, Ca0 Fe,0, MgO e} B0, | fraction p metho
e C,S-C4P 11.0 57.3 0.9 30.8 0.27
liquid phase 8.8 26.8 62.1 1.9 0.73 16.2 b
A-2 C,S-C,P 4.4 54.2 1.3 402 0.26
liquid phase 14.2 20.2 63.7 1.8 0.74 21.8 b
C,S-CiP 0.4 524 1.8 454 0.36
A-3 iHematite 0.0 03 99.6 0.0 0.18 |
liquid phase 22.4 28.7 36.1 12.8 0.46 3.6 b
B-1 C,S-C3P 248 60.2 | 1.5 13.6 -
liquid phase 20.5 38.2 38.2 3.2 — 4.3 a
B-2 C,S-CsP 10.4 56.2 1.3 32.1 0.36
liquid phase 21.9 34.4 38.1 5.5 0.64 5.5 b
s C,S-C,P 38| 538 13 - 41.3] 032 i
liquid phase 25.6 33.6 31.8 9.0 0.68 4.6 b
C-1 C,8-C4P 26.9 60.9 1.6 10.6 0.18
liquid phase 34.0 46.6 14.5 4.8 0.82 2.2 a
c-2 C,S-C3P 18.7 59.3 1.3 20.6 -
liquid phase 29.7 44.1 18.7 7.5 — 2.7 a
o3 C,S-C,P 8.1 53.1 10 37.8 0.32
liquid phase 29.8 41.1 15.9 13.2 0.68 2.9 b
C,8-C5P 22.5 58.3 1.6 1.2 16.4 0.22
A-1(10MgO) |magnesio wuistite 02 25 78.2 18.8 0.2 0.13
liquid phase 7.6 223 55.2 11.2 3.7 0.65 4.5 c
C,S-C4P 246 56.0 0.8 4.1 14.6 0.07
B-1010MgO) 11 id phase 1o.0| 305| 349 117 37| 093 39| b
C,S-CsP 9.7 51.7 0.6 3.7 34.3 0.30
B-3(10Mg0) liquid phase 15.2 294 28.8 12.0 14.6 0.70 2.3 b
C,S-C,
C-1(10Mg0) | 2 . C,P 280 56.3 0.8 5.0 10.0 0.27
liquid phase 28.5 38.7 16.5 11.2 5.0 0.73 2.0 c
G-3(10MgO) QZS-C3P 145 53.1 0.6 4.4 275 0.43
liguid phase 214 | 31.8 22.1 14.2 10.6 0.57 2.6 b
C,S-CsP 10.9 | 538 1.0 1.3 33.0 0.13
A=1(10Mn0) liquid phase 108 | 258 49.0 10.8 3.7 0.87 9.0 a
C,S-C,P 216 55.9 1.1 3.4 17.9 0.28
—1(1 [¢]
B-1(10Mn0) liquid phase 205 | 326 | 321 115 34| 073 52 b
B-3(10MnO) (?ZS_—CgP 3.6 52.4 11 3.4 395 -
liquid phase 17.3 30.8 26.9 9.5 155 — 2.5 a
- 1(10Mn0y |C25CP 263 | 567 13] 50 107 033
liquid phase 315 39.9 15.3 9.7 3.6 0.67 2.9 a
C,S-CsP 10.1 53.5 0.7 4.0 316 0.36
c-3(1 —
SU1OMNO) T i phase 273 340| 1686 13.0 90| 064 35| a
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Fig. 3. The change in concentration of P,O5 in solid solu-
tion and liquid phases with the holding time.
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Fig. 4. Composition of liquid slag phase for each slag with
various P,O; content in CaO-SiO,~P,O; ternary
phase diagram.
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Fig. 5. Composition of solid solution phase for each slag
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Fig. 6. Influence of slag composition on P,O; content in
solid solution.
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Fig. 7. Relationship of P,0; distribution ratio between
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Fig. 8. Composition of liquid phases in CaO-SiO,—Fe,O, ternary phase diagram (a) and solid solution phases in CaO-Si0,~P,0;

ternary phase diagram (b) of the MgO added slag.
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Fig. 9. Composition of liquid phases in CaO-SiO,—Fe,O, ternary phase diagram (a) and solid solution phases in Ca0-S10,-P,0,

ternary phase diagram (b) of the MnO added slag.
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Fig. 10. Influence of the MgO and MnO addition on the
P,0O; content in solid solution.
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Fig. 11. Influence of the MgO and MnO addition on the
P,0O; distribution ratio between liquid and solid
solution phases.
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Fig. 12. Relation between (T.Fe) content with the activity
cocfficient of P,O; in liquid slag phase, calculated
by the regular solution model.
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&, IEHAERE 7L TH & 7z ok 2 WA PO, FHED
WAE D PO, DI E & W (9)R A & #lKe 2 W 4 P,0 5
HED (C,S-C,P) AR P DO PO, DR KD 51 B
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K BAEADBEDENS, DFD, P,ODEAGEZMINY
% LW O PODE RGBT 5 & &8s, MHE
FHOPODRE S LS -0 EEMRE ML, &R
W42 &R 57 il L i3 Fig. 7D & 5 12 (T.Fe) THIMIZER T %
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Fig. 13. Influence of P,O; content on the activity coeffi-
cient of P,O; in solid solution.
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5. #8

KT 18% D P,0, & & ¥ Ca0-Si0,—Fe,0,-P,0s R 2 T &7
&, T2 10%MgO % 7213 10%MnO & fll 2 72 A 5 7 IZ &
LT, 1873K2 5 1673KICH M4 B &+ 3
(C,S-CP) &l Tk & W 2 7 7 O P,0, O [l 5y Bl bt % 3
BL7, ZOMR, UTOEESHS ML ST,

(1) BEHE & EHOMBISIRRIREIC L > TEE A LA
L83, WHGERM TOREERO N HZFE I IXITFERfR A
DD,

(2) Ca0-8i0,-Fe,0,-P,0R Z 7 7 IZ 5+ % P,0;D [l
WABHE, 29 7R PO, DRI S 3 (TF) & B
WHBEA B D, 72, EEERTDOP,0,DRE E PO M
W25 FMROMELZ T, A7 7/ E BT ug
C,S-C,PEVAERHDCP % 100% IZF TRILTZ 3,

(3) P,O;D[EH 5 Bl D MgO, MnORMIC & 521 tid
&,

KRR O—ERE (#1) H ARk 2 O M 72R FLEI A
RO, (B) geailRIRBIIREHAN TS S 2 &5 OB SR8
IZkoTirbhE L, Z2IZHELIEH AL X T,
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