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ABSTRACT  Studying on the CaO base containing V,05 and TiO, semi-steel slag a model of enrichment degree R, . was built with

i
the help of the ion and molecule coexistence theory the result was compared with the actual enrichment form of phosphate. The results
indicate that with the increasing of basicity the mass action concentration of 3Ca0O*P, 05 gradually decreases and the mass action con—
centration of 4Ca0+P, 05 gradually increases. While the mass action concentration of 2Ca0 *SiO, first increases and then decreases.

The enrichment possibility range of the C;P + C,P is 87% —94% and the C,S that is the essential substance for the formation of the rich
phosphate mineral phase is main calcium silicate compounds. The solid solution 2Ca0—Si0,—3Ca0—P,0,( C,S—C,P) and 2Ca0-Si0,
—4Ca0—P,0,( C,S—C,P) are the primary phosphate enrichment phase in the slag. According to the scanning electron microscopy
( SEM) results X—ay diffraction ( XRD) analysis and hypothesis the containing P, O; solid solution in dark grey area is calculated as
2Ca0+Si0,—3Ca0+P,0; and 2Ca0+Si0,—4Ca0+P,0; which is consistent with the theoretical calculation results.
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1 Ca0—FeO—MgO—Si0,~MnO—Ti0,—V,0,~P, 05

378

Table 1 Chemical reaction formulae of possible formed complex molecules —their standard molar Gibbs free energy change AG® and mass concentration

N; in Ca0—Fe0—MgO—Si0,—MnO—Ti0,—V,0s—P, O slag at elevated temperature > "~

AG®/(Jemol ') N,

(Ca®* +0%7) +(Si0,) =(Ca0+8i0,) -81416 - 10. 498T Ny =Ky*N, *Ns

2(Ca’* +0%7) +(Si0,) =(2Ca0-Si0,) - 160431 +4. 106T Ny =K,o*N, *N?

3(Ca?* +0%7) +(Si0,) =(3Ca0+Si0,) -93366 —23.03T Ny, =K *N, *N}

2(Ca®* +0%7) +(P,0;5) =(2Ca0*P,05) -120427. 13 -290. 52T Ny, =K, *N,*N?

3(Ca®* +0%7) +(P,05) =(3Ca0°P,05) —694563. 13 +49.9T Ny =K3*N, =N}

4( Ca* +0%7) +(P,05) =(4Ca0+P,0;) -822509. 8 +95. 89T Ny =Ko Ny o N

(Ca** +0%7) +(Ti0,) =(Ca0+Ti0,) —-79900 -3.35T Nis =Kj5*Ny*Ns

3(Ca** +0?7) +2(Ti0,) =(3Ca0+2Ti0,) -207100 - 11.51T Ny =K *N3*N3

4( Ca’* +0%7) +3(Ti0,) =(4Ca0°-3Ti0,) -292900 - 17. 573T Ny =K, *N3 +N?

2(Fe’* +0%7) +(Si0,) =(2Fe0-Si0,) 28596 +3.349T Ny =Kyg*N, *N?

3(Fe** +0%7) +(P,05) =(3Fe0+P,05) -430404 +92.71T Ny =K;o*N,*N;

4(Fe?* +0%7) +(P,05) =(4Fe0+P,05) —381831.47 +47.38T Nyp =Koy * N, *Ni

(Fe?* +0%7) +(Ti0,) =(Fe0-Ti0,) 27293.75 -26.25T Ny =Ky *N, *Ng

(Fe** +0%7) +2(Ti0,) =(Fe0+2Ti0,) -27839.2 +3.6T N, =Ky, *N3 Ny

2(Fe** +0%7) +(Ti0,) =(2Fe0-Ti0,) -33913.08 +5.86T Ny =Ky3 o N, * N2

(Fe?* +0*7) +(V,05) =(FeO+V,05) —-45190 +16. 32T Ny =Ky *Ny Ny

3(Mn** +0?7) +(P,0;5) =(3MnO-P,0;) —526421. 41 +102. 05T Ny =Ky5*N, N3

(Mn2* +0?7) +(Si0,) =(MnO-SiO,) -30013 -5. 02T Nys =Kyg*N, *Ng

2(Mn?* +0%7) +(Si0,) =(2Mn0-Si0,) -86670 +16. 81T Ny, =Ky * N, *N?

(Mn** +0%7) +(TiO,) =(MnO-TiO,) —24662 +1.254T Nyg =Kyg *N, *Ng

2(Mn?* +0%7) +(Ti0O,) =(2MnO-Ti0,) -37620 - 1. 672T Ny = Kyg* N, * N2

(Mg?>* +0%7) +(Si0,) =(Mg0-Si0,) -36425 +1.675T Ny =Kz * N, N,

2( Mg?* +0%7) +(Si0,) =(2Mg0+Si0,) —63220 +1. 884T Ny, =Ky, *N, *N?

2(Mg** +0%7) +(P,05) =(2Mg0-P,05) 168369 —339. 35T Ny, =Ky *N, * N2

3(Mg** +0%*7) +(P,05) =(3MgO-P,05) -486715.5 +36. 84T Ny =Kg3*N,*N3

(Mg?* +0%7) +(Ti0,) =(MgO+TiO,) -26400 +3.41T Ny =Kay N3+

(Mg** +0%7) +2(Ti0,) =(Mg0-2Ti0,) -27600 -0. 63T Nys =Kys*N3+N,

2(Mg’>* +0%7) +(Ti0,) =(2Mg0+Ti0,) —-25500 — 1. 26T Ny = Kyg * N, * N2
(Ca®* +0%7) +(Mg?>* +0%7) +(Si0,) =(Ca0*MgO+Si0,) —124766.6 +3.768T N3; =K3;*N, *Ns N,
(Ca®* +0%7) +(Mg>* +0%7) +2(Si0,) =( Ca0+Mg0+2Si0,) -80386 -51.916T Nyg = Kyg *N? *Ns* N,
2(Ca’* +0%7) +(Mg>* +0%7) +2(Si0,) =(2Ca0+Mg0+2Si0,) —73688 —63.639T Ny = Kyg * N2 eNZ N,
3(Ca?* +0%7) +(Mg* +0°7) +2(Si0,) =(3Ca0+Mg0+2Si0,) -315469 +24.786T Ny =Kyg N2 «N3 N,
(Ca®* +0%7) +(Fe?* +0%7) +(8i0,) =( CaO*Fe0+Si0,) —72996. 8 —29.3169T Ny =Ky N, *Ns*Ng
(Ca’* +0%7) +(Si0,) +(Ti0,) =( Ca0+Si0, *Ti0,) 27078.6 -76.3T Ny =Kypp =Ny =N, *Ns

3(Ca** +0%7) +(V,05) =(3Ca0+V,05) -321960 —24. 686T Ny =Ky Ny N3

2(Ca’* +0%7) +(V,05) =(2Ca0+V,05) -262338 —10. 0427 Ny =Ky *Ny*N?

(Ca** +0%7) +(V 05) ( Ca0-V,05) — 143512 -8.368T Nys =Kys*N;*Ns

2( Mg** +0%7) +(V,05) =(2Mg0-V,05) - 82006 —19. 3337T Ny = Kyg* Ny = N3

(Mg?* +0%7) +(V,05) =(MgO*V,0;) -972780 -2. 748T Ny =Kg*Ny o N,

(Mn2* +0%7) +(V,05) =(MnO*V,05) -53356 - 8.368T Nyg =Ky *Ny*Ng
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Table 2 Composition range of substances for the theoretical calculation
Wreo /% Wy /% Wyo / % wrio, /% Wy,05 /% Wp,o5 /%
1~5 15 ~35 3~11 4~12 2~10 2~10 4.8~7.6
3 19. 18 5.85 6.82 5.9 5.7 6.1
IMCT—N, CaO—FeO—  F,P.F,P 107" ~ 10" Mn,P
Mg0O—Si0,—MnO—Ti0,—V,0,—P, 0, 107" ~10"7 Mg,P.Mg,P 10"~
P,0, 8 2Ca0+P,0,.3Ca0 10" 8 N,
P,0,.4Ca0 * P,0,.3FeO * P,0,.4FeO * P,05.3MnO * F,P.F,P.Mn,P.Mg,P Mg,P 5
P,0,.2MgO+P,0,  3MgO+P,0.. 8 1 8
N(‘j —( Wrio, T g (12)
W\‘zos) 1 . 1 Weyo! R,
W0, C,P.F,P.F,P.Mn,P.Mg,P.Mg,P CP + C,P 87% ~
Nep 94% Tto ¥
Ny 2.2 —TiO, +V,0;) 3
3.0 : (V,0, +Ti0,) 3 CS.
C,P.F,P.F,P.Mn,P.Mg,P.Mg,P C,S C;S N, 2. 2
Negp (V,05 +Ti0,) C,S Neos
( V,04 +Ti0,) 2.0
Neas v N Nes
(V,05 +TiO,) .
1 C,P.C,P.C,P 1072 ~10°° . CS Nes
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Fig.1 Relation between binary—( V,05 + TiO,) and the mass action concentration N; of the 8 phosphorous phase structures
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Fig.2 Relation between binary and the calculated mass action con—

centration N ; of the three calcium silicates

Ca0—Si0,~2Ca0 * P,0; Ca0—Si0,—~3Ca0 *
P, 0 Ca0—Si0,— 4Ca0 * P,0, . 2Ca0—Si0,~2Ca0
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P,0,.2Ca0—Si0,—3Ca0 * P,0, . 2Ca0—Si0,—4Ca0 * R, R.; (V05 +
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Fig.3 Relation between the binary—( V,05 + Ti0,) and the degree of enrichment R,
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Fig.4 SEM image of the slag
Fe,0, MgO. MnO 2 5 XRD
: Fig.5 XRD result of the slag sample
Ca.Ti. V.0
; Ca.Si.P MgO  MnO Si0,
0 FeO P,0;
5 TiO,
18
5 V,0, Ca0 Ca0-Si0, + P, 0,
3 4
Table 3 Result of EDS analysis for the points shown in Fig. 4
EDS ( ) 1%
CaO FeO MgO Si0, MnO TiO, V, 05 P,0;
1 51.62 2.56 2.91 21. 80 2.36 1.91 4.03 13. 80
2 54.00 2.27 3.23 21.20 1. 66 0.58 3.29 14.78
3 4.29 46.73 17. 69 2.05 19. 45 1.37 7.36 1. 06
4 4.65 46. 03 18.13 1. 80 19.24 0. 87 7.95 1.34
5 40. 16 4.19 1.14 5.63 1.99 31.80 13.43 1.65
6 39.78 4.07 1. 47 7.07 1.97 30. 65 12. 69 2.31
9 PO, 3.0 :
(10,0, + Wr,) C,P+ F,P. F,P. Mn,P.
P,0, 2Ca0—Si0,—3Ca0 * P,0;, 2Ca0— Mg,P.Mg, P Neap
Si0,—4Ca0+P,0; (wy,0, + Wr0,) C,P+C,P
87% ~94% .
4 (2) G,S Neos  wey /WSioz
2.0
CaO TiO,.V, 0, ; Nes  Wepo/wso,
R, —( V,0, + Nes Wi /Wsmz
TiO,) N, Ry, ; CS N
Weao /wSio2 . GS R
(1) W0 Wsio, C,P. F,P\ F,P, 5.9% ~44% R, 46% ~89% R
Mn, P\ Mg, P+ Mg, P 0.1% ~3.9% C,S
Negp Nep
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