. 222

=

affl

%4

$% & @ Tetsuto-Hagané Vol 95 (2009) No. 3

CaO-P,0.~Si0,—Fe O % & & U CaO-P,0.~CaF,—Fe O
FREREFRI—ZZ T DO#HE

eeadlll

EU AN

1EHI*

Thermochemistry of Heterogeneous CaO-P,0,-Si0,—Fe O and CaO-P,0,—CaF,-Fe O Slags

Masakatsu HASEGAWA and Masanori IWASE

Synopsis : In steelmaking processes, because of environmental requirements and health considerations, there is a strong incentive to reduce slag volume.

The key to meet this requirement is the better understanding of phosphorus removal, which relies on the knowledge of the thermodynamic

properties of slags and fluxes used for dephosphorization. In this study, the liquidus compositions of the four-phase assemblages in the qua-

ternary systems of CaO—-P,05—Si0,—Fe O and CaO-P,0,—CaF,—Fe O were determined by employing electron probe microanalysis. Measure-

ments were also made on the Fe O activities by employing an electrochemical technique involving stabilized zirconia electrolyte.

Key words : heterogeneous slag; phosphorus removal; slag volume; fluorspar.
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Fig. 1. A schematic illustration showing the variations of
the activities of FeO and P,0, within slag phase
during the removal of phosphorous from molten
iron. (a) With homogeneous liquid slags; (b) with
heterogeneous slags of unit freedom degree.
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Table 1. Abbreviations of compounds.

Abbreviation Compound

Cy.P <4Ca0-P,0s5> = <Ca4P,09>, Tetra-calcium phosphate
Cs3P <3Ca0-P,0s5> = <Ca3P,0s>, Tri-calcium phosphate
Cs3S <3Ca0-Si0,> = <Ca3Si0s>, Tri-calcium silicate
CyS <2Ca0-Si0> = <CayS8i04>, Di-calcium silicate
CsPS <5Ca0-P,05-810,> = <CasP,Si0,>
C;PS; <7Ca0-P,05-28i0,> = <Ca;P,8i,0,¢>

<(C,8-C3P>ss solid solutions between <Ca;SiO4> and <Ca3P,05>

Api <9Ca0-3P,0s5-CaF,> = <Ca;oPsO,4F,>, Apatite
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Fig. 2. Iso-thermal section of phase diagram of the pseudo
ternary system Ca;P,0,~Ca0O—Ca,SiO, at 1573K,
including phase diagram of the pseudo binary sys-
tem Ca,P,04—Ca,SiO,.
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Fig. 3. Iso-thermal section of the ternary system CaO—
P,0.—CaF, at 1573K.
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Fig. 4. Schematic illustration of the iso-thermal tetrahe-
dron showing the phase relations in the pseudo
quaternary system Ca,P,04-CaO—Ca,SiO,~Fe O at
1473K.
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Fig. 5. Schematic illustration of the iso-thermal tetrahe-
dron showing the phase relations in the pseudo
quaternary system Ca,P,0,-Ca0O—-Ca,SiO,~Fe O at
1573K.
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Table 2. Compositions of quaternary liquids within the four-phase assemblages.

Solid phases coexisting

Point T/K XCa0 <XP,0; Xsi0, XCaF, XFe,0
with quaternary liquid
Ca0-P,05-Si0,-Fe,O system
L(1) 1473 0.359  0.001  0.001 0.639 CaO + C.P + Cs5PS
L2) 1473 0.335  0.001  0.001 0.663 C,P+ C;P + CsPS
L(3) 1573 0.499  0.005 0.022 0.474 CaO + C38 + <C,5-C3;P>ss
L4) 1573 0.448 0.013 0.063 0.476 C3;S + C,8 + <C,S-CsP>ss
Ca0-P,05-CaF,-Fe O system
L(5) 1573 0.386  0.002 0.001 0.612 CaO+ C,P+ Apt
L(6) 1573 0.362  0.001 0.001  0.637 C,P+C;P+ Apt
Fe,O T/K
: 16I73 : 15I73 : 14I73 : 13I73 10

Homogeneous
liquid

Fig. 6. Schematic illustration of the iso-thermal tetrahe-
dron showing the phase relations in the pseudo
quaternary system Ca;P,0,—CaO—CaF,—Fe O at
1573K.
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Fig. 7. Relation between the Fe O activity and temperature
with initial compositions of points 1 and 2.

Table 3. Relation between the Fe O activity and tempera-
ture within the four-phase assemblages.

log ape 0 =4+ BT /K)

Four-phase assemblage ~ Temperature range

A B

Ca0-P,05-Si0,-Fe,O system
CaO + C4P + CsPS + L(1) 1376K - 1699K 0.90 £ 0.05 -1,810 + 80
CyP + C3P +CsPS + L(2) 1373K - 1473K 0.76 £ 0.11 -1,550 + 150
Ca0 + C38 + <C,8-C3P>ss

1523K - 1624K -1.57+0.32 1,960 + 500
+L(3)
C3S + CyS + <C,8-C3P>ss

1523K - 1624K -0.77+£0.17 720 £ 300
+L(4)
Ca0 + C,8 + <C3S-C3P>ss

1447K - 1523K 1.36 £0.20 -2,520 + 300
+L(3+4)
Ca0-P,0s5-CaF,-Fe,O system
CaO + C4P + Apt + L(5) 1523K - 1673K 1.20+£0.27 -2,270 + 430
Cy4P + C3P + Apt + L(6) 1523K - 1673K 1.09+0.10 2,050 £ 160

EEFIE UV, e/ T IREEIC K B [BlJRHECER % Table 312

FEO/,

Ca0-P,0,-Si0,~Fe O 47C 5% D 4# 17 & | CaO-P,0--
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Fig. 8. Relation between the Fe O activity and temperature

with initial compositions of points 3 and 4.
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Fig. 9. Relation between the Fe O activity and temperature
with initial compositions of points 5 and 6.
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Table 4. Equilibrium phosphorus contents in molten iron
with the four-phase assemblages.

log [%P] = A + BI(T IK)

Four-phase assemblage

A B
Ca0-P,05-Si0,-Fe,O system
CaO + C4P + CsPS + L(1) 6.99 -21,100
C4P + C3P +CsPS+ L(2) 7.73 -21,200
Ca0-P,0s5-CaF;-Fe,O system
CaO + C4P + Apt + L(5) 6.25 -19,900
CyP + C3P + Apt + L(6) 6.90 -19,900
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Fig. 10. Estimated phosphorus contents in molten iron at-
tainable with the heterogeneous slags. Oval indi-
cates temperature and phosphorous levels in hot
metal obtained through industrial slags listed in

Table 5.

Table 5. Industrial slags of hot metal processing and corre-
sponding hot metal temperature and phosphorus

levels'®.

Sample Slag composition (mole %) Hot metal

Code CaO SiO, FeO  CaF, P,0s Others* T/K [%P]
#1 53.0 322 1.7 6.8 1.1 5.3 1548 0.112
#2 573 283 2.5 5.6 1.8 4.5 1548 0.090
#3 583 208 2.4 10.4 2.6 5.5 1548 0.057
#4 58.9 16.1 2.1 11.1 32 8.6 1548 0.016
#5 58.3 11.1 1.6 21.0 3.4 4.6 1573 0.020
#6 60.0 11.6 1.1 21.5 2.1 3.7 1543 0.030

* “Others” means Ca$S + MgO + MnO + Al;,03

4, 8

(1) CaO-P,04Si0,~Fe O 4JL5% ¥ & U CaO-P,05CaF—
Fe 0 4JCRIZH T, 4MILAFRIRIC Jo 1 2 M-S &2 DL
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