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Abstract: Since 10 million tons of steelmaking slag, which contains a few percent of phosphorus, are annually
produced, the phosphorus amount in the slag is equivalent to the annual import volume of phosphorus
rock in Japan. Therefore, the steelmaking slag is attracting attention as a potential phosphorus resources.
Phosphorus-concentrated slag obtained by the dephosphorization reaction between high phosphorus hot
metal and oxidizing slag at high temperature contains phosphorous comparable to that of phosphorus
rock. However, because of high FeO concentration, it is difficult to use for phosphorus resources directly.
In this work, the effects of pH, acid type and leaching method on the dissolution behavior of phosphorus
from P-concentrated slag were investigated. As a result, phosphorus dissolution progressed at lower pH,
and was promoted by the addition of citric acid, which is known as a chelate former. When nylon mill pot
stirring with citric acid and alumina mill pot stirring with nitric acid were compared to impeller stirring,
respectively. By combining nylon mill pot stirring and citrate leachate, phosphorus dissolution was ac-
celerated, because the slag was pulverized during stirring and a formation of insoluble metal-phosphate
was inhibited by the formation of complex ion between leached metal cation and citrate. When the slag
was leached with alumina mill pot while controlling pH by nitric acid, the phosphorus dissolution ratio
lowered since phosphorus ion and aluminum ion, which is supplied by the dissolution of pot and crushing
ball during leaching, constructed secondary products with low solubility along with other dissolved ions.
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Fig. 1. Schematic diagram of experimental apparatus for leaching test with impeller stirring. (Online version in color.)
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Table 1. Analyzed chemical composition of P-concentrated slag
(mass%).

CaO SiO» P,0Os FeO AlLOs MgO MnO
39.7 6.1 28.0 17.1 0.7 22 1.4

Sampling syringe with filter

pH electrode

Fig. 2. Schematic diagram of experimental apparatus for leaching test with mill pot and ball. (Online version in color.)
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Fig. 3. X-ray diffraction peaks obtained by XRD analysis of P-concentrated slag before leaching test.
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Fig. 4. Elemental mapping diagrams on the cross section of P-concentrated slag obtained by EPMA. (Online version in color.)
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Fig. 5. Comparison of pH and dissolution behavior of slag
elements between impeller stirring and alumina mill pot
rotating under controlling pH with HNO;.
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Fig. 6. Dissolution ratios of the elements contained in
P-concentrated slag plotted against pH value: open
marks: this study, closed marks: water quenched slag
reported by Du et al',

DY VX C,PTH B, T DIBMH-Hr BOn AL AR
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Ca; (PO, ), +6H" =3Ca® +2H,PO," v (5)
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b, EEBE, SR X)) Y OBEHFEIZ100% 123 LT
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T VIEHAHIR X B Z &, @CPDIARIEHENZ
EDTONEZLNS, ZThHIZODWTLUFICRKRETT 5.

pH=2"T D & 1 ik Bk % o 5% i O SEM 1% # Fig.712, X
HF DK EZEPMAIC & D BRI L 7285 % Table 21278
T T THBALMIRE L, Ho NSRS %E Z
DEZFHONTROZEDTH %2, iRERE DMK %
WZ &6, BIEIIIEE OAEHE 100 mass% 2 5 fRfa L
TV, RICH A 72BALWIRE XD, Si%H1~313= M
FRBRRT 2 & 2 T 7 HISIFAE L T 2 85, SEiiia~7
R FISH 2 1A U 22 S (kA AR & A
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Fig. 7. SEM image of the residue after leaching at pH = 2.
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FAKFIE AR TH B Zen b, AL 72Fet 4
* v EAEA L T Ca0-Si0,-P,05-FeO-H,0 ML [ T & % No.
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MW L5 R T, MK T IREIA LG IC b7 5Tk
D, XHIZXRDAMICTB W THRESDRIITE — 27 2580 6
Nighro7lehs, IEMEEELONT, DD, Th
5 O " RAEBKFYNE Z OBEE - BB B &K ORI
DM EBEANTH B, L L, “RERKMIOY
v M, (H,PO,),(OH), D E R IE 28K (6) TRE NS
LEZDE, BT OBMRERMK, (=cMiOm .
c(HPO,C )N 13k (7) TEIN S,

M, (H,PO,) (OH) +[/(k-m)+j]H"

= nMUE L pO,C 4 H,0

logK,'=n log c(M[l(%m)*j]/'”)-i—l log C(HkPOf*k)*)

- (7)
=logK,, —[Z(k—m)+j]pH

ZZTC, c)iZiDTENIRE, MIFEBBEA LV, 0, 1k
KV RERBDOIEDR, kB L UmiZo~3DEKTH 5, X
(7) DK, FIEBIIER (6) OFHrEkThd b, E) L g
MO T TERTH 3. X (1) &0, K, iEpH K
WIEERE WML BB, LA, FpHIZHBWT, Vv
GO KERYIM,(H,PO,),(OH), DT GEIS 4 4 v
WIS A H,PO,C T T DRI A RIS 5 Z 1Sk B
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FRALIIDKER 595, 7L 2 IERPIC B A 4 v AT
27 Z L TR HET LT &Ko T, BIGEOIAMR
I RRWNE L7270 b VIREICIRES5 2812k,
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Table 2. Chemical compositions at points 1 to 7 in Fig. 7 (mass%).

CaO P,0Os SiO» FeO Mineral phase

1 76.6 27.8 0.9 4.0 C:8-CsP

2 1.8 23 0.7 66.9 FeO

3 8.5 1.2 30.6 29.9 Matrix

4 22.5 12.9 0.7 48.7 Secondary product
5 6.1 6.6 41.4 17.7 Secondary product
6 5.6 30.4 53 38.7 Secondary product
7 3.7 18.6 10.5 34.7 Secondary product

V>V iE AT HD) Y D5y

3:3 REBOE

Ry b RHEERD S OEFA + v OEH BN AW F 4 v
VAR bEF A a U HEERE RO, R, R E 2
NaOH (7 T YR INEDYA) 12k > TR Z pH=4
IR L 2 2 S I HGRBR 2 1T - 72 & 2 A, RBRPA%G A 5
120 min DAREI32 R O K ITCRIRE BRIE—F 2k 5 72,
HROR (1) 12k pH=412F1F 3 K TLEDOEH L% F
BU, ThZThoRBBAENRICE XIETRELRD -
FESR A Fig 812§, U v OBEHIREIZ Yy vV RIRINEK %
FHWYT NaOH T pH#IEH L 72545 A & & <, I 0.61
Tdh b, ZHI, R %W TpH =2 TIT - 72 i ik ERS
B (Fig.e) LAHDETH 5. ZHUTK L THlE & 15k %
AWz i, )V v iEhEREZh THh030, 0358 7 T
VIERINEE WA X DKW, ) VIBEZ T 60
D v ORIERIZE KITTRNBRORED, 7 V>R
=ML 22D, Dub M ICK B MHORMA /15D Y
VOB JIETHBOPE L FERROIERTH - 72,
ZOMMOITLHRIZDONTE 7 L VRN AE 235512
REBHRAEN, ) Y eI H LY Y A XU AN
RECIHZ L FIZERT 5,
DIUBEANT I LA TV EFRIZEEA K v L ORI
KSR TR ENS ™,

Ca’ +CH,0," =Ca(CH0,)
log K, =4.87

Ca™ +C4H,0,” +H" = CaH(CH,0, )’

log K, =9.26
12
10 - EHCI
M Citric acid + NaOH
E 08 0.770.7
3 0.69
c 0.61
2 0.5
= 0.51
?
§2 0.41
[a)
0.240.1
P Ca Si Fe

Fig. 8. Effect of acid type on the dissolution ratios of elements
contained in P-concentrated slag after leaching test
using nylon mill pot and nylon coated balls.
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.......................... (10)
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logK,, =10.2

Fe” +C5H50737 = Fe(C6H507 )0 (13)
log ]('13 = 131

Fe* + C,H,0,* + H' = FeH (C,H,0,)’ (14)

logK,, =14.4
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Fig. 9. Comparison of pH and dissolution behavior of slag
elements between nylon mill pot rotating and impeller
stirring under controlling pH with citric acid and NaOH.
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Fig. 10. Comparison of the dissolution ratios of slag elements
between nylon mill pot rotating and impeller stirring
under controlling pH with citric acid and NaOH.
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Fig. 11. SEM image of P-concentrated slag after leaching test using (a) nylon mill pot rotating and (b) impeller stirring under

controlling pH=4 with citric acid and NaOH.
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Fig. 12. Comparison of the dissolution ratios of slag elements
between impeller stirring and alumina mill pot rotating
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Fig. 13. X-ray diffraction peaks obtained by XRD analysis of P-concentrated slag after leaching test using alumina mill pot

controlling pH=4 with HNOs.
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Table 3. Chemical compositions at points 1 to 6 in Fig. 14 (mass%).

CaO P,0s SiO; FeO ALO;
1 10.3 17.0 2.4 11.8 43.4
2 153 20.5 1.8 10.6 37.5
3 7.4 18.1 1.9 11.5 48.8
4 8.9 12.6 1.4 12.1 36.3
5 11.2 12.6 1.6 9.4 32.7
6 10.1 14.4 1.5 13.7 38.4
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9 I
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Fig. 15. Phosphorus concentration in solution (line) and
P-controlling solid phases simulated by PHREEQC,
and experimental results (open marks) during (a)
impeller stirring and (b) alumina mill pot rotating.

100um
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Fig. 14. SEM image of P-concentrated slag after leaching test using alumina mill pot controlling pH=4 with HNO; at (a) 250 and (b)

800 magnification.
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