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4CaO(s) +2P +5H,0(g) =4Ca0 P05 (s) +5Hz(g) D F FHEHKIT oW 'T
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Equilibrium Study on the Reaction; 4CaO(s) +2P +5H,0=4Ca0-P,0;(s)
+H.(g), and Interaction between Phosphorus and Oxygen in Liquid Iron

Fukuo ARATANI, Yasuo OMORI and Koji SANBONGI

Synopsis:

The activity of oxygen in liquid iron-phosphorus alloy and equilibrium of phosphorus-oxygen in
liquid iron in contact with a mixture of solid tetracalciumphosphate and calcium oxide was studied
in¥a controlled atomosphere of Hy-HO gas mixture.

The results obtained were summarized as follows;

H:(g) +O=H,0(g)

log K =8,180/T—3-83

4G°=—37,400+17-5T (1550~1650°C)

2P +4CaO(s) +5H;0(g) =4Ca0-P;0;(s) +Ha(g)

log K =61,300/T—26"7

4G°=—281,000+122T (1540~1600°C)

2P +4Ca0(s) +50 =4Ca0-P;0;(s)
log K =96,600/7T—42-9

AG° — 442 000+196T (1540~ 1600°C)
—0°03 (0°05~2:0%P), ¢ ©"=0-05

‘P’—+0 01~ —~0-04 (0:05~2'09, P)
(Received 11 Nov. 1967)
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A: Bleeder, B: H;S04-K;,Cr;O7 solution, C: Condense bottle, D: KOH, E: Molecular-sieves Linde
5A, F: CaCly, G: Ca, Mg-furnace, H,I: P,O5, J: Mg(ClO4);z, K: Flow meter, L: Gas holder,

M: H; purifier, N: Sub-saturator,

O: Saturator,

P: Manometer, Q: Gas outlet, R: Recaction

chamber, S: Induction coil, T: to Hg bleeder, U: to rotary pump, a: to b, b: from a,

Fig. 1. The gas system.
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A Mirror K: Insulate tube (Alundum)
B: Glass plate L: Qualtz tube
‘C: Brass bellos M: Induction coil
D: O-ring seals N: CaO crucible
E : Brass tube O: Supporting tube( Alundum)
F : Preheater terminals P: Alumina powder
‘G : Brass top Q : Supporting tube(Alundum)
H': Brass top (water cooled) R: Quenching tube
I: Mo-wire S : Brass bottoms
J : Alundum tube

Fig. 2. The reaction chamber.
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Fig. 3. Experimental values of log K.
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Table 1. Experimental results for liquid iron-oxygen system.

Temperature ((°C) ‘Heat No. pu 0/ pu, % 102 [%0] log X |
1650 F-0O-122 18-50 00693 0-425
125 11-52 0-0424 0-433
132 7°69 0-0299 0-410
121 349 0-0131 - 0-426
1600 F-0-131 17:52 0-0522 0-526
126 11-57 0-0349 0-520
1585 F-0O-101 785 0-0212 0-568
102 7:85 0-0217 0-559
103 7:85 0-0213 0566
104 784 0°0203 0'586
109 7:87 0-0208 0-577
110 7:84 0-0208 0'575
111 791 0-0205 0585
112 7-89 0:0204 0-588
113 3-22 0-0088 0-565
114 18-33 0-049% 0-568
1550 F-O-116 7-89 00166 0677
117 3-18 0-0071 0-651
118 18-42 0-0427 0:635
119 7°91 0-0172 0°663
120 16°65 0-0374 0-648
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Fig. 6. Experimental values for log K.
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Table 2. Experimental results for liquid iron-phosphorus-oxygen system.

Temp. (°C) |Heat No.| pu,0/pu,x10? pu,/pu0 [90] [2% P ] log K| logK; log K5
1540 FPO-16 18-7 732 0:0181 0-048 0-688 7:06 10-39
21 5-82 17-20 0-0120 0-344 0-685 7-11 10-53

22 5-85 17-10 0-0123 0-355 0-678 7-07 10-45

39 4-91] 20°37 0-0102 0637 0-682 6-90 10-35

42 3:06 32472 0-0057 1:992 0-730 6-98 10-65

43 3-86 25-89 0-0077 1.:036 0-700 704 1054

44 3-42 29-24 0-0066 1-445 0-714 7-01 10-58

1580 FPO-15 13-9 722 0-0366 0081 0-579 6-48 9-37
19 7-83 12-77 0-0204 0-390 0-584 6-35 9-27

3 8:03 12-46 0-0202 0°396 0-600 6-28 9-28

33 782 12:79 0-0201 0-366 0589 6-41 9-36

34 4:35 22-98 0-0097 1-794 0-651 6-30 9-56

35 4:89 2044 0:0116 1-352 0-625 629 9-42

36 6-22 16-09 0-0155 0-748 0-603 6°29 9-30

38 552 18:12 00145 1:045 0-580 6°26 9-16
1600 FO-131 17:52 5.70 0-0522 — 0526 — —
126 11:57 8-64 0-0349 — 0-520 — —

FPO-48 6-21 16-09 0:0173 0-986 0-555 6:03 8-82

52 7-88 14-25 0-0200 0-764 0°545 6:01 8-73

56 4-93 20°29 0-0137 1-835 0556 6-01 8-79

57 5-53 18:09 0-0161 1-400 0-537 600 871
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Table 3. Interaction parameter between oxygen and phosphorus in liquid iron.
Researchers ey Remarks
Present work +0-03 Equilibrium between liquid Fe-P alloy and Hy/H,O
gas mixture .
J. PEARsON & —0-032 Equilibrium between liquid Fe-P alloy and Hy/H,O
E. T. TUuRKDOGAN® gas mixture
H. ScHENCK & H. HINZED —0-14 Equilibrium between Fe-P (1) and CO/CO:;
N. P. LEVeNETZ & —0-044 Equilibrium between Fe-P (1) and H,/H,O
A. M. SAMARIN®
S. Ban-va & §. MATOoBAD +0-007 - Equilibrium between Fe-P (1) and CO/CO,
W. A. FiscHER & +0-014 " EMF method using ZrO,-CaO solid electrolyte
W. ACKERMANN®) .
K. Sansonc1 & +0-06 Equilibrium between Fe-P (1) and H;/H,O
H. Korzum®>
D. Dutinroy & +0-07 Equilibrium between Fe-P (1) and Hy/H.O
J- CHIPMAND
J- B. BOOKEY, Negative Reduction of 4CaO-P,O; by H, gas mixture
F. D. RiCHARDSON & inclination -
A. J. E. WELHD (—0-8) (estimated by J. CHIPMAN!®)
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4CaO(s)+2P +5H,O(g

4Ca0-P;0;(s) +5Hqa(g) o FEHIT 2T
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Fig. 9. Effect of temperature on the equilibrium
constant for the reaction:
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Fig. 10. Effect of temperature on the equilibrium
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Table 4. Estimation of experimental error.

Equilibrium Temp. Error from Total Max.
e X
constant cC) pr,0/ br, ratio [%0] [%P] Temp. error deviation
log K'* 1550 +1:09 +1-09 — +20% +4:09% +3:0~—3"39,
g 41 1585 +1:0 +10 — 122 +4:2 +3:2~—1'5
1600 +1-0 +1-0 — +2:2 142 +2:5~—2-5
1650 +1-0 4+1-0 — +2'4 +4-4 +33~—-2-1
log K [** 1540 +10 +10 £1:09% | +2:0 +50 +1°5~—1+4
1 1580 +1-0 *1-0 +1'0 +2:2 152 412~ —4-8
log K 1540 +1-0 — +0°4 +1°3 +2°7 +1d~—1-1
g2 1580 +1-0 L — 404 +1°4 +2-8 +14~—14
log K 1540 (£1-0)%* | 40-5 +0°4 +14 +33 +0:8~—09
g s 1580 (£1-0) +0°5 +0°4 £1°5 134 +16~—-22

* log K, for Fe-O system. *k
*¥¥*[250] depends on pu,o/pu, ratio.
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Fig. 11. Relation between content of oxygen and phosphorus 4Gy=—37,400+17-5T

_ in liquid iron which is in equilibrium with solid CaO.
Table 4 1 3&HFic X% logK,, logK;, logkj,,
log K; DEIEEDERERT LTW5b. ZOEREIEE
> BRI XD TRk e fEie b OB KREETRE AR
MORELDAEL, &LIT log K;, log K; Tix +
2:2% LNz dH 5.
DERIEEDOEMED & DOIREIRFIRESTIB DI
HEIELFHBEIITRAIRETdH 523 DERIIHF OE % (2)
SUEEE, VAREOFES X CRGBEOHEE b D
FECH5dDLELLND. BiFITH L THERERTR
WX BGHTEDRT 2 b HARHRIRIC D &5 B#%%
FRICAND LREGHAE LU TD £4% I B (3)
ErdnH. FCEECOWTRRFHEEDEEL LTI
BEN LOEEROERREZER L £7°C ofFEs

— 10 —

g7z,
i (2) b eP=—001 (at 1540°C)

log K| for Fe-P-O system.

4CaO(s) +2P +5H,0(g)
=4Ca0-P,05(s) +5H:(g)
log K,=61,300/T—26"7
4G;=—281,0004-122T

4Ca0 (s) +2P +50 =4Ca0O-P;05(s)

log K3=96,600/T—42-9
4G3=—442,000+196T
Wk o b A-BFRROMEERDRE & LT

DEDERF..
e =003 (P<29%, at 1540~1580°C)

=005 (at 1540~1580°C)
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Analysis of Oxidizing Reactions in an Oxygen Top Blowing Converter
Takehiko Fujm, TaiJ.'i ARAKI and Katukiyo MARUKAWA

Synopsis:

The authors represented the analysis of oxidizing reactions in an oxygen top blowing converter,
assuming that the carbon-oxygen reaction in the converter is the metal-gas reaction as previously
reported.

The other oxidizing reaction take place in close relation with the decarburization. The decarburi-
zation process in the converter is devided into three blowing periods according to its reaction chara-
cteristics, and the other reactions can be also explained relatively with decarburization in each blowing
period. )

On these basis, the reactions of dephosphorizaion and desulphurization in an oxygen converter were
discussed mainly in terms of oxygen blowing by analyzing results of laboratory work and practical
experiments.

(Received 4 Oct. 1967)
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