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Removal of Phosphorus from LD Converter Slag by Floating of
Dicalcium Silicate during Solidification

Hitoshi ONO, Akira INAGAKI, Tamenori MAsul, Hiroshi NARITA,

Toshiharu MITSUO, Shoji NOSAKA, and Susumu GOHDA
Synopsis: :

Mineralogical study of LD converter slag was carried out by means of microscopic and EPMA examina—
tions and phosphorus was found to exist only in dicalcium silicate as solid solution. This led to the study of
separation of dicalcium silicate from LD converter slag in order to remove phosphorus.

When liquid slag was solidified slowly, most dicalcium silicate particles accumulated in the top part of
the melt and fewer in the bottom. The phenomena can be interpreted as follows: on solidification, di—
calcium silicate is crystallized primarily and floats up owing to the difference of density between dicalcium
silicate and residual liquid. Using this phenomena enabled us to separate LD converter slag into two
layers, top and bottom in a vessel. As a result of slow cooling, CaO, SiO, and P,O, were enriched in the
top, and FeO, Fe,O, and MnO, were in the bottom.

Dicalcium silicate was found to be apt to separate more efficiently with higher total iron content in slag,
and at higher start temperature of cooling, close to liquidus temperature.

The efficiency of separation was improved by blowing oxygen into the molten slag before cooling.
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Table 1. Chemical compositions of converter

slag samples. (%)

No. | T.Fe | CaO | SiO, | MnO | MgO P,O4
1 17.0 | 48.3 | 12.2 | 6.8 5.8 2.61
2 16.3 | 50.4 | 13.0| 5.2 5.9 2.41
3 12.3 149.6 | 16.8 | 4.9 5.4 2.32
4 27.6 | 38.7 | 11.6| 5.6 4.0 2.13
5 25.1 |41.1|11.7| 5.6 5.8 1.89
6 15.8 1 46.5 | 16.0| 6.6 5.7 2.60
7 15.7 | 50.8 | 13.9 | 5.5 4.2 2.29
8 18.8 | 45.1 | 12.7 | 6.3 5.7 2.44
9 24.7 1 39.510.2 | 5.7 3.4 1.65
10 | 21.7 141.011.4| 6.7 3.0 2.06
11 21.6 | 41.6 | 15.5| 5.9 3.9 2.18

2T, % 10kg OB A S 7% 3mm LN TFClre
LCHESD Lizob, b 100 2 o v AT ML
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Fig. 1. Relation between converter slag com-
position and fluidity of liquid slag at
about 1550°C in CaO)-Si0O},-FeO’,
quasi-terrary phase diagram. Liquidus
lines in this diagram are for the CaO-
Si0,-Fe,O3 system.
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Fig. 2. Relation between temperature and vis-
cosity of liquid converter slags of various
fluidities. A, B and C slags correspond
to sample numbers 1, 2 and 3 respectively
in table 1.
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Table 2. Compositions of several phases in converter slag determined by EPMA.

Composition  (wt%)
Mineralogical phase IS\I"I:g 6] i
" | CaO | S0, |GGy | MnO| MgO | P,O; | ALO, | TiO, |Cr,O,
4 58.00 | 33.84 | 0.54 —_— 0.01 3.62 0.67 0.50 0.04
Dicalcium silicate 5 60.62 | 28.98 | 1.13 0.06 0.63 4.36 — — —
6 59.59 | 33.15] 0.56 0.10 0.05 5.49 —_ — —
Tricalcium silicate 7 68.20 | 25.70 | 2.15 1.55 0.08 1.10 0.30 0.37 —
Dlcalcium ferrite 4 49.64 1.48 ((48.11) 0.36 4.24 0.02 — — —
Dicalcium ferrite
titanate S.S. 4 52.70 2.55 ((33.31) | 0.88 0.43 0.32 3.25 8.53 0.39
. I 4 2.12 2.08 | 61.80 |17.50 5.68 — — — —
Magnesio wistite 8 | 3.20 | 0.05 |46.80 |12.10 |38.10 — — — —
Lime S.S. (L,) 7 73.0 0.05 | 10.10 | 10.80 2.80 0.35 — — —
Lime S.S. (L)) 4 |100.5 — — — _ _ _ _ _
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Fig. 3. Results of line scanning of slags of typical
composition by EPMA. Phosphorus was
usually observed in the dicalcium silicate
phase.
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Fig. 4. Comparison of calculated and measured
P,O; contents in the solid solution of
dicalcium silicate.
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Macrostructure of slag slowly cooled in
a crucible. Dicalcium silicate is enriched
in the top (light gray region) but not in
the bottom (dark gray region).
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Photo. 2. Microstructure of slag slowly cooled in
a crucible a) top b) bottom
Phases shown in this photo are as fol-
lows; 1: Dicalcium silicate, 2: Dicalci-
um ferrite titanate or magnesis wilstite.

Table 3. Composition of top and bottom layers
of slag. (%)

T.Fe | CaO | SiO, [MnO |MgO | P,O;

Top 14.0 | 47.6 | 18.6 | 3.0 | 4.1} 3.14

Bottom 29.2 1349, 7.1| 59| 5.6 0.96
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Fig. 5. Separation ratio of P,O; in slowly cooled
slag ingot at 300 mm away from the
surface. Ingot size was 1200mm in
diameter and 1800 mm in height.
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Fig. 6. Relation between 4T and the separation
ratio of P,O5 (SR(p).
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Fig. 7. Effect of cooling rate on the size of
dicalcium silicate particle.
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Fig. 8. Effect of average cooling rate on sepa-
ration ratio of P,0O;. The cooling rate
was calculated on the basis of temperature
difference (between teeming temp. and
solidus temp.) and solidification time.
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Fig. 9. Influence of oxygen blowing on slag
temperature. Oxygen was injected into
liquid slag held in a covered slag pan.
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Fig. 10. Effect of oxygen blowing on FeO', content.
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Fig. 11. Influence of slag content (FeO’) and
temperature on good fluidity region.
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Fig. 13. Equilibrium volume ratio of dicalcium

silicate particles crystallized at various
temperatures.
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Fig. 14. Relation between temperature and D'
at cooling rate of 1°C/min. D' is the
diameter of discalcium silicate particle
which was approximated by the ex-
perimental equation.
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ature and floating distance calculated at
various cooling rates.
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