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Rate of Rephosphorization from CaO-Fe0O-5Si0,~-P.0s Slag into Liquid Iron

Katsumi MoRI, Toshiyuki KANEKO, and Yasuji Kawar

Synopsis:

The rate of rephosphorization was investigated by measuring the change of phosphorus content of the
metal under CaO-FeO-Si0,-P,0; slag in a magnesia crucible. Experiments were carried out with slags of
basicity from 0.57 to 1.76 in the temperatures range from 1 570 to 1 650 °C.

The results are as follows:

1) The rate of reaction decreased with increase of basicity of slag and with decrease of temperature cor-
responding to the change of the partition ratio of phosphorus.

2) The reaction rate was increased by the addition of silicon or aluminum into iron.

3) The rate of rephosphorization into liquid iron without any deoxidizer was interpreted by the rate
equation derived from the assumption that the reaction was controlled by the diffusion of phosphorus in

the boundary layer of liquid iron.
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Fig. 1. Experimental apparatus.
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Fig. 2. Changes of phosphorus and oxygen contents
during runs at about 1600°C.
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Fig. 3. Changes of phosphorus and oxygen contents
during runs (Slag G).

Table 1. Chemical composition of slags (%).

Slag T.Fe FeO Fe,O, CaO SiO, P,O, CaO/Si0,
A 21.0 20.5 7.2 25.0 43.8 3.6 0.57
B 23.6 27.3 3.4 24.1 41.3 3.9 0.58
C 19.5 22.7 2.9 25.8 43.8 5.1 0.59
D 30.7 34.3 5.8 23.3 29.5 7.1 0.79
E 30.4 35.0 4.5 27.1 26.4 7.0 1.03
F 53.7 61.0 9.0 12.0 11.6 7.4 1.03
G 37.4 43.3 5.4 25.7 18.6 7.0 1.38
H 39.2 42.7 8.6 25.6 17.2 5.9 1.49
1 36.8 40.5 7.6 29.8 16.9 5.3 1.76
J 31.1 32.7 8.1 32.2 27.0 0 1.19
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Table 2. Experimental conditions and final composition of metal and slag.
Slag ' Run Temp ;’ Initial Final [ Final slags (%)
J o i i ]
N CO) TPy | %01 (%Si1 | %) | %01 T.Fe ' CaO | Si0, | P,O; | MgO
! J
A |G 8 1600 0.008 0.082 TL%AI g g7) J 0.145, 23.6| 16.7! 29.2| 1.44 21.9
E20 | 1610 0.007 | 0.046 0.171 1 0.105| 19.2] 17.7] 30.3] 1.44] 25.6
'E 2. 1600! 0.006| 0.086 0.108 { 0.115| 17.8| 19.1) 32.4| 1.58] 23.6
c [E 3} 159 0007 0.016 | 0.03| 0.162| 0.100| 16.5| 20.9| 36.1| 1.33| 20.0
EI0| 1600 | 0.007 | 0.006| 0.35| 0.194 | 0.066| 9.6| 18.5| 36.1| 0.46| 32.3
E19| 1615| 0.009| 0.001 | 0.05| 0.177 | 0.07¢| 15.7| 19.9| 33.7| 1.24| 24.6%¢
E 5| 1595 | 0.006| 0.076 0.09 | 0.162| 2.9| 185| 23.4] 470/ 1831
E17 | 159 | 0.007 & 0.153 0.097 | 0.162| 28.6| 15.1| 21.5| 4.35| 19.8 4
D | E9| 1595/ 0.007| 0.007! 0.24| 0.153| 0.087| 20.1| 240| 206| 2.81| 19.8it
EI3| 1595 0.008| 0.006 5 0.28% 0.164 | 0.124| 20.2 | 17.4| 22.0| 3.71| 30 5%
E15| 1595| 0.007 | 0.003| 0.18% 0.146 | 0.135| 22.5| 17.3| 21.9| 4.17| 27.9%
G 4| 1520/ 0.006| 0.075 0.081 | 0.135, 20.7| 23.5| 27.5| 4.56| 10.2
E [G5| 1600 0.008| 0.097 0.087 | 0.177| = = | 33| =
G 6| 1650 | 0.008| 0.103 0.115| 0.197 | — — — | 3| —
F | E21| 1615] 0.007 | 0.061 0.141[.0174| 50.9| 1.9/ n.5| 362 7.5
c |c 1l 150l 0.007] 0.057 0.049 | 0.148| 34¢7| 23.0| 16.7] 5.52] 9.4
G 8| 164 0.007 | 0.057 0.078 | 0.189| 33.8| 23.7| 17.2| 5.23| 9.7
E 7. 159 | 0.010] 0.072 0.064 | 0.180 | 34.7| 25.2| 16.9| 4.51| 8.1
E 8| 1595 | 0.014| 0.007| 0.3¢| 0.104| 0.131 | 26.4| 26.2| 24.2| 3.44| 11.4
H | EIl| 1600| 0.008| 0.005| 0.68| 0.146| 0.109| 17.6| 21.2| 26.7| 2.52| 249
EI2 | 1600 | 0.007 | 0.004 | 0.25% 0.102 | 0.147 | 925.5| 24.3| 16.3| 4.01 | 22.1%
El4| 1595 | 0.008| 0.001| 0.644 0.131| 0.135| 22.5| 23.9| 16.1| 3.83| 26.7%
[ | G20] 1575| 0.010| 0.034 0.056 | 0.171 | ss.2| — — | 38| —
G19 | 1595 | 0.009 | 0.029 0.062 | 0.171 | 32.6| — — | %o1| —
J | E18]| 1505 0.075 0.13¢| 2.4| 29.3| 2.6 11.5

* [%Al], ** (MgO+Al,03)
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Fig. 4. Changes of phosphorus and oxygen contents
during runs (1595°C, Slag D).
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Fig. 6. Partition ratio of phosphorus.
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Table 3. Distribution ratios and mass transfer
coefficients of phosphorus.

Tem km Ly
Slag Run No. (ocl:;'

(cm/sec) | calc | exp

A G 8 1600 0.0033 10.6 8.8
E 20 1610 0.0060 3.6 3.7

C E 2 1 600 0.0089 10.0 | 6.4
D E 5 1595 0.0096 | 23.6 | 20.7
E 17 1595 0.0109 22.6 | 19.6

G 4 1570 0.0075 29.1 | 24.7

E G 5 1600 0.0068 26.1 | 18.8
G 6 1650 0.0085 18.0 | 14.3

F E 21 1615 0.0058 14.1 { 11.2
G G 1 1570 0.0072 54.1 )| 49.7
G 3 1 640 0.0077 30.7 | 29.5

H E 7 1595 0.0069 32.2 | 31.0
G 20 1575 0.0051 33.6 ) 30.0

I G 19 | 1600 | 0.0075 |31.6 | 28.2
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ik L s e, INXE2H5
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n ¢ ’(PD/]aP)n+ (Wm,n/Ws,n)[%P]n_ (LP+ Wm; n/

‘—:Akm,omzu—tn
WS) n) [%PJ n )

= Ak p LpS by sy —ty) wereereeeeeneieneeenne (11)

(IR D OFHE & FEHRT O R B AR B Frh Ak
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Fig. 11. Relation between 1/(kmpom), and 1/L, at
about 1600°C
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Fig. 12. Relation between 1/(k;p5), and L, at
about 1600°C.
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Fig. 13. Effect of temperature on the mass transfer
coefficient of phosphorus in liquid iron.
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Fig. 14. Relation between([%,0] s-[20]) and 4-¢/V.
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