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Separation and Recovery of Phosphorus from Steelmaking Slags with the Aid of Strong Magnetic Field

Kazuyo YOKOYAMA, Hironari KuBO, Kazuhiro MORI, Hidehiko OKADA, Shuji TAKEUCHI and Tetsuya NAGASAKA

Synopsis

: In order to make sure the great potential of steelmaking slag as a new phosphorus resource, domestic phosphorus material flow in Japan in-

cluding iron and steel industry has been investigated based on the statistical data on 2002. It has been demonstrated that phosphorus in the

steelmaking slag is almost equivalent with that in the imported phosphate rock in the view points of the amount and the concentration. Phos-

phorus exists mainly in the form of calcium-phosphate or its solid solution with calcium-silicate rather than the Fe O rich liquid phase in the

slag and exhibits remarkable segregation in the solidified slag. If the strong magnetic field is applied to the crushed slag, precipitated calci-

um-phosphate solution phase can be separated from Fe,O matrix phase due to the large difference of each magnetic property. It has also been

indicated by the Waste Input-Output model that the phosphorus recovery from steelmaking slag by the new process proposed in the present

work has great environmental and economical benefits.
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Fig. 1. Trend of the amount and the price of phosphorous resources imported to Japan.
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Table 1. Sectors for phosphorus material flow analysis.

Farm/Ranch Soil ) C.hemlcal Mlscel_laneous
accumulation industry drainage
Food&Feed Fertilizer Stfeelmaklng River/coast
industry area
R Products/by- .
Livestock products Other industry Sludge
Human Phosphate ore Steel Waste
Other mineral Steelmaking
Nature resources Slag

Table 2. Classification of steelmaking slags.

Total 93.4 kt-P
BOF slag EAF slag Hot metal pretreatment slag
Slag A Slag B Slag C Slag D Slag E
without HM de- | with HM de- de-Si/de-S de-P slag
P P slag
24.9 kt-P 29.0 kt-P 2.9 kt-P 2.7 kt-P 33.9 kt-P
(ave P,0,=3.0%) (ave P,0.=5.0%)
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Table 3. Calculated condition for phosphorus material flow.

products industry

coal/coke Iron ore Lime
consumption | 62210 kt °°"sﬂ“p“° 113858 kt | consumption | 22419 kt
%P in mass 0.05 %P in mass 0.06 %P in mass 0.01
steel scrap EAF slag crude steel
input 38000 kt emission 3467 kt production 107745 kt
%P in mass 0.01 %P in mass 0.17 %P in mass 0.004
173.4 4 42.6 Trade/ Fishery
Food & Feed Livestock River/ Crop Waste Fertilizer
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Fig. 2. Domestic material flow of phosphorus in Japan (2002).
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Fig. 3. The magnetization curves of Fe,O based matrix

phase (Phases D), calcium-phosphate (Phase A)
and calcium-silicate (Phase B).
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Fig. 5. The results of the magnetic separation for the mix-
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Table 4. Composition of slag supplied for the magnetic
separation (in mass%).

T.Fe | Ca0 | si0, | ALO, | MnO | P,0,
234 | 256 [ 135 | 41 | 83 | 143

Fig. 6. Phosphorus mapping image of the slag used for the
magnetic separation.
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Fig. 7. The results of the magnetic separation for the de-
phosphorization slag.
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Table 5. The environmental and economic effects of phosphorus recovery from steelmaking slag estimated by the Waste Input—

Output model.
Output Output

Industrial Sector (unit:one million yen) (without P recovery) | (with P recovery) {Change rate (%)

Materials for ceramics 215,699 179,282 -16.883
Fertilizer 421,542 418,560 -0.707
Chemical products 25,396,046 25,342,342 -0.211
Coal products 856,933 855,529 —-0.164
Steel making 20,138,980 20,116,761 ~0.110
General machinary and equipment 28,735,191 28,641,034 -0.328
Electricity 16,847,969 16,823,987 -0.142
Water supply 2,894,636 2,888,204 -0.222

Emissions and others

Emissions and
others

Environmental effects and others (without P recovery) |(with P recovery) |Change rate (%)
Carbon dioxide emissions (t-C) 345,123,313 335,929,461 -2.664
Landfill consumption _(m®) 190,313,886 184,583,080 -3.011
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