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Recycling Effect of Residual Slag after Magnetic Separation for Phosphorus Recovery from
Hot Metal Dephosphorization Slag

Kazuyo MATSUBAE-YOKOYAMA, Hironari KUuBO and Tetsuya NAGASAKA

Synopsis : The authors have found in their previous work that phosphorus exhibits remarkable segregations in the industrial hot metal pretreatment slag
and it exists as Ca,P,0,Ca,Si0, solid solution together with FeO—CaO-Si0,~MnO-MgO matrix. Since their magnetic property of each
phase is significantly different, it is possible to separate each phase with the aid of superconducting strong magnetic field. By applying strong
magnetic field of 0.5 to 2.5 T to the crushed slag, more than 60% of phosphorus concentrated phase in the slag has been recovered. If the
most of phosphorus can be removed from the slag, the residual slag is basically FeO-CaO-SiO,~MnO-MgO with less P,O; and thus it may
be recycled to iron and steelmaking processes such as the sintering, hot-metal desiliconization, and hot-metal dephosphorization processes.
In the present work, the recycling effect of the residual slag to the dephosphorization process is simulated based on the mass balance calcula-
tion. The significant reduction of total slag generation and CaO input has been demonstrated by the mathematical model considering phos-
phorus recovery and recycling of residual slag as a dephosphorization agent. It has also been indicated by the Waste Input-Output model that
the phosphorus recovery from dephosphorization slag and the recycling of residual slag to hot metal dephosphorization process have great

environmental and economical benefits.

Key words : multi-phase flux; hot metal pretreatment; dephosphorization; slag recycling; waste input—output analysis
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Table 1. Composition of dephosphorization slag used in the present work. The slag consists of phosphorus enriched phase (P-

phase) and matrix phase (M-phase).

| BFsiag | [pesisiag] [De-Psiag] [ De-ssiag| | BOFsiag |

composition (%)
phase ratio
FeO P,0s CaO SiO; MnO MgO (%)
average 18.1 6.6 459 20.3 2.5 5.5
P phase 0.6 11.8 60.5 26.7 0.2 0.3 56.2
M phase 40.5 0.2 27.2 12.0 5.7 12.5 43.8
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Fig. 1. Schematic process flow diagram of the conventional BF-BOF steelmaking process and possible recycling path of residual
slag after the magnetic separation of dephosphorization slag for phosphorus recovery.™’
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Fig. 2. Schematic process flow diagram of (a) conventional hot metal dephosphorization process and (b) proposed process of

residual slag recycling.
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Table 2. Calculation condition of hot metal composition
before and after the dephosphorization process.

[mass%]
C Si Mn P S
before de-P 4.40 0.15 0.25 0.12 0.03
after de-P 4.20 trace 0.18 0.02 0.03
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Table 3. Composition of the recovered and residual slags after the magnetic separation process of dephosphorization slag for phos-

phorus recovery.”

composition (mass®o)
mass ratio against | ratio against initial | ratio against initial
initial slag (%) P phase (%) M phase (%)
FeO | P,Os | CaO | SiO; | MnO | MgO

Recovered slag 37.2 60 8 4.4 10.7 | 573 | 253 | 0.8 1.4
Residual slag 62.8 40 92 26.2 4.4 39.1 | 173 3.7 8.1

B3 : P phase (phosphorus enriched phase):56.2%

De-P slag [J: M phase (matrix phase): 43.8%
34.67kg/THM

unmagnetized
(recovered)

(r

magnetized
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| De-P process |

12.9 kg/THM 21.8 kg/THM
recovered slag residual slag
60 P phase 8
40 M phase 92

Fig. 3. Schematic process flow diagram of the magnetic separation of dephosphorization slag for phosphorus recovery,”” showing
the phase ratio of phosphorus enriched phase (P-phase) and matrix phase (M-phase) in the recovered slag and residual slag.
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Table 4. Calculated results on the recycling effect of residual slag to hot metal dephosphorization process on FeO and CaO inputs
and slag generation.

(a) conventional process | (b) proposed process (b)-(a)
FeO input 65.0 67.7 +2.7
2 charges P
total CaO input 31.8 275 -4.3
slag generation 69.4 45.8 -23.6
FeO input 325 33.9 +1.4
average
per unit CaO input 15.9 13.8 -2.1
charge slag generation 34.7 22.9 -11.8
unit: kg/THM

Table 5. Effect of entrainment ratio of P-phase in the residual slag on the amount of slag generation and flux inputs in the pro-
posed process.
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Fig. 4. Reduction of slag generation by the recycling of
residual slag after the magnetic separation of de-
phosphorization slag for phosphorus recovery.>”

=40% DA S, 10%BITK T B THRER 7 7%
WMEL, INLDORER T VK% Table 512537, Z
NEDERER S 75 VT4 2L LEREORIERIEARL
FUz 5 A EEFROFIETEHE L 2, HHR%E Fig 4
12T, CaORMIER, BREX 5 7/ HIZEE NS CaOED
EIEY b w7 ZHOMRTHRE>TLE I 20, (XF—
ETH B A, FeOARIZY ¥ IBHTHHO R % e 2MET
TR S THD TS, WTNOFHERICHNTEREY
YA 2N ABALEONEHAIZHANTZ T 7 &IOS
Hlwkcx, U VIRMEMEOKEEN10% TiZ, X7 7 RE
EHRREA48% 1B ET S,

i) v 2572600 YEFFROENL, VY OHikk
BEERE VO FEL O EHETH B, THUICMA T, RE
2574 2, BEERUEIH Y 7 v 7 ZRIERRA R
BLUOZ 7 7V RERBOHNEIRE 263282, B8R
2R &z,



BRI K BEHAY v 2T H 6D YIAETERT 2REX T 700 ¥4 7 LR

4.2 XSTHh5OUENREREIYAIIIVICKDIER
R
BRI, Y v X5 72 6HIR LY Vi s Y

VIR S UCIERE - (L RIS L 2R A DR

SR AT >72, —F, RETHEMZLZKSIZ,

) AR DTEE ) 4 2 ILIZEIFRIEARR 2 T 7Kg

HAEHIWL, MBSO T 2T 4 T 4 IS BB

MNEL W2 N PRENS, 22 TANE TR LN

HERIZ, 2572600 YEIREERE Y 44 7 L3R

IDHEAXNBPAEMEEL, ZOREORFEIRMIIF & B

BRI R DV T, FEEY e 3B € 7 %19 & Hlo

Ty F ) A5 EIT 572, SHRISIELTORE R B 7z,

L U VBEHO 0% e Y v 7 ZHO8%EY VER
ELTCREIY 5,

2. WU v 2 psRINEhE ) VBRI, ZTOMKE
KUMHiRE 2 ) VR EFFEE T 5,

3. ) VOO ENEEL, )V EAEAREONIRIC &
ZERRIK T2 RS, H-omRnBAMIET R
WV,

4. V) UBELGETRIL) YEWISEA SR TR L &
W

5. WXOBEREE L EDOHHA v 7 FERMmOERK L UH
I K B EMITEETE S L5,

DED &S BIREDO T, BEEEETH N —Eh T3S

14005512 £ 2 RABEDIEIESE TOREEIIN b7z T

WS % ki U7z,
ETNHEOHKRE, £ O THERREYRERD

WO RED ORIz, ThEDI3 B, FHIKE BIRRDRS

RO 6 NI4T, T BEEERESEM GIKE &

Y via), MERERE co iR, BiALGE

—_ 0 0
§ < 1 T | [

=

) A\ O ST T

= 2k N\ M- 8 _______ ®—> | -0.02
2 “ (it

2 ' [ Lanafit volume |

= \ Landfill volume

w -1 -

. 3 \ .\ : 0.03
| ~—

) 4 3. n - -0.04
£ oW >

£ -5 |~ | Basic inorganic Seell ~ -0.05
E,; chemical products O.. -

= % I L L BN -0.06
o Conventional 40 30 20 10

De-P process
Entrainment ratio of P-phase, € (%)

Fig. 5. Effect of phosphorus recovery from hot metal de-
phosphorization slag and recycling of residual slag
to dephosphorization process on the economic ac-
tivities in Japan calculated by the Waste Input-Out-
put model,>>'? where &£ denotes the entrainment
ratio of P-phase in the residual slag. Units of C022
emission and landfill volume are ton-CO, and m’,

respectively and those of non-metallic ores and

basic inorganic chemical products are both million

Japanese Yen.
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