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Thermodynamics of Phosphorus in CaO-K,0O-CaF,-SiO, Melts

Hisao Kimura and Fumitaka Tsukinasui

Synopsis

: The effect of K,O addition to the CaO-CaF,-SiO, flux on the phosphorus partition ratio between CaO-CaF,-SiO, flux

doubly saturated with CaO and 3Ca0-SiO, and carbon saturated iron melts has been investigated at 1473, 1523 and

1573K by a chemical equilibration technique.

The partition ratio increases with increasing the K,O content. The

phosphate capacity of CaO-K,0-CaF,-SiO, flux was compared with various basic fluxes. The activity of K,O in the
Ca0-CaF,-Si0, system doubly saturated with CaO and 3CaQ-SiO, has been determined at 1573K which rangs from

107" to 1072
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AG°=354,400+328.47 J/mol

K = aKz0° Qe __ ax.0* dc
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2K () +%Oz (@) =K O(Q) wrrrrerrererereeereemnneenenns (3)

PR 94 A21ARM TR IE 6 A27THRE (Received on Apr. 21, 1997 ; Accepted on June 27, 1997)
*  BRKREREIRTERMAF (Graduate School of Engineering, The University of Tokyo, 7-3-1 Hongo Bunkyo-ku Tokyo 113)



MG 5%k $RVol. 83(1997)No.l i

Table 1. Experimental results of the phosphorus partiton ratio.

Temperature Po, (K,0) P) P (mass%P)
Number (K) (Pa) (mass%) (mass%) (mass%)  Lmass%P] Croy T ro,s
101 1473 8.59x 10" 0.00 0.0706 0.0858 0.823 2.68 < 10% 3.96<10"
102 1473 8.59x 101 0.625 0.386 0.0554 6.97 2.28 < 10% 4.66x 1012
103 1473 8.59x 107" 1.13 0.734 0.0614 12.0 3.91 x 10¥ 27241012
104 1473 8.59x 10713 1.36 0.830 0.0605 13.7 4.49 < 107 1.92< 1072
105 1473 8.59x 10713 3.03 1.88 0.0561 33.5 1.10x10% 9.93- 10"
106 1473 8.59x 10 3.16 2.60 0.0564 46.1 1.51 < 10% 7.29x10"
201 1523 1.58:x 10712 0.00 0.0523 0.105 0.498 4,64 % 107 2.87 210"
202 1523 1.58x 1012 0.0626 0.115 0.101 1.14 1.06 x 10%® 1.26 « o
203 1523 1.58 x 102 0.174 0.0866 0.0997 0.869 8.07 X 10% 1.66 < 10!
204 1523 1.58 % 1072 0.201 0.147 0.0813 1.81 1.68 x 10%8 7.89 41072
205 1523 1.58x 1072 0.259 0.317 0.109 2.91 2.70 X 10 4.91 410"
206 1523 1.58 x 1072 0.602 0.307 0.0716 4.29 3.98 4 10% 3.31 X101
207 1523 1.58_>< 10712 0.785 0.401 0.0751 5.34 4,96 x 10% 2.68 <1072
208 1523 1.58x 10! 1.18 0.503 0.0686 7.33 6.81 < 10% 1.93 210"
209 1523 1.58x10'2 1.80 0.808 0.0666 12.1 1.13x 10% 1.18 <1012
210 1523 1.58x 1072 2.02 0.814 0.0736 11.1 1.03 < 107 1.29 <102
301 1573 2.80< 102 0.00 0.0245 0.112 0.219 6.90 < 10* 4004101
302 1573 2.80x101? 0.00 0.0352 0.141 0.250 7.66 % 10%* 2.62x10"
303 1573 2.80x 102 0.153 0.0520 0.0901 0.577 1.82 < 10%® 1.52x 10"
304 1573 2.80 <1072 0.212 0.119 0.111 1.07 3.37.410% 8.19x10
305 1573 2.80x 102 0.223 0.119 0.0906 1.31 4.13x10% 6.68 X 10712
306 1573 2.80x 10712 0.361 0.274 0.118 2.32 7.31 x10%® 3.38x10"?
307 1573 2.80x 102 0.478 0.296 0.0968 3.06 9.64 % 10%® 2.87x101"?
308 1573 2.80x 1072 0.552 0.538 0.165 3.26 1.03x10% 2.10x 1017
309 1573 2.80x1071? 1.00 0.800 0.136 5.88 1.80410% 1.13x10"2
310 1573 2.80x 1012 1.41 0.225 0.0499 4.51 1.38 <107 1.47x101?
311 1573 2.80x 1012 2.78 1.13 0.0986 11.5 3.50 < 10% 5.82<10"
401 1623 4.81x107'2 0.00 0.0184 0.151 0.122 1.32210% 2442101
50
o— 10)
4 468,800+242.6 7 J/mol *:1473K *
1 .
CO(g) =C(s) +2%)2(g) ................................. (4) __ 40 @®:1523K
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~ w N ~. ~~
ETH2DT(2)Rd GETKIEE (X)) £ W K,ODER® §
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0.0065'2, % EAAREEL 2 FHw» T157T3K it L TRk
7 =0.066% F 72, | , \ ‘ 1
0.0 1.0 2.0 3.0

KZO content of flux (mass%)

3. BRRERBLUEE

1. Dependence of phosphorus partition ratio
between CaO-K,0-CaF,-SiO, flux doubly
saturated with 3Ca0-SiO, and CaO and
carbon saturated iron on K,O content of flux
at 1473, 1523, and 1573K.
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Fig. 2. Activity coefficient of PO,; in CaO-K,0O-
CaF,- SiO, flux doubly saturated with
3Ca0-Si0, and CaO at 1473, 1523 and 1573K.
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Fig. 3. Enhancement of phosphorus partition ratio
by K,O, Na,O and BaO addition for CaO-
CaF,-Si0, flux saturated with 3CaO - SiO,
and CaO at 1573K with FP,,-=2.80X10"'?Pa.
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Fig. 4. Phosphate capacity in Ca0-K,0-CaF,-SiO;
flux doubly saturated with 3CaO + SiO, and
CaO at 1473, 1523 and 1573K.
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Fig. 5. Phosphate capcities of various flux systems.
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Fig. 6.-(a) Relationship between the addition of
Na,O and K,O to CaO-CaF,-Si0O, flux
at 1573K.
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Fig. 6.- (b) Relationship between the addition of
i%a(?)) Iélnd K,O to CaO-CaF,-SiO; flux at
573K.

KT1026~1028, 1523K T 10%~10%, 1573KT104~102°T &
b, Na,0-Si0, %, BaO-BaF, R lt~< 3 £ /3 w25 K,0
DFRIMIBIKRT F v 2 ADBLY AkER LT 2 DCHMT
HBrI ENbH» B,

YE MRt T H 5K,0, Na,0% & ' BaODBHMD Y A
AR CRIETHEVHL» E LD THRMOREZD
WTHE LT, Bk & 52, K0, Na,O, BaO##@mL
1ERT, oML ut 30y ASERE—KL
Tl eDT, BmLIHALRML 2 CHEDOTEIED
Hew toiid 2 2 b CYREVERRIC RS OTRIMAR FRET L
120 WRMUIBAL LECHEED 7+ A7 x4 bXys¥y
5 4 —DHHFE U s K,OFMNE & Na, O InE, K08
e £ BaOWmEORR # Fig. 6 (a), (b)iimbLic, Kb
2L, 0.2mass%K,O%EMn LIcH4A, BaOT20mass?%,
Na,OT1.0mass%Z @MU L ED Y ASECHORIMFEL
FMT 5,202 L KON & 2B ) AREI_EDR)



Temperature (K)

1673 1623 1573 1523 1473
| | T i |
1k
&
% Muraki et al. (2]
©
E 0 Sano et al. [2"]
>~ L 2
5
>
]
Eal
[@)]
o
-2 | | | | |
58 60 6.2 64 66 6.8 7.0
10%/T(1/K)

Fig. 7. Temperature dependence of phosphorus par-
tition ratio.

Table 2. Experimental results of the activity of K,O.

Temperature (KO (K]

Number (1O (mass%) (mass%) aK0
303 1573 0.153 0.115 6.63x10° 13
301 1573 0.212 0.217 6.52X10°
312 1573 0.396 0.215 2.30X10 2
313 1573 0.407 0.202 2.03xX10 2
308 1573 0.552 0.270 3.60X 102

4
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Fig. 8. Activity of K,O in CaO-K,O-CaF,-Si0, flux
saturated with 3CaO + Si0, and CaO at

1573K.
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