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Research on interaction of charge gangue phases based on
thermodynamic calculation
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Abstract: The droplet test and single—particle charge test show that there is interaction between gangue phases of different
charges and an initial slag with uniform composition is formed finally. The melting of gangue phases with different
properties and their interaction mechanism are analyzed by using FactSage thermodynamic calculation software and the
influence of interaction on smelting under different technological conditions is expounded. The results show that the liquid
phase ratio of gangue phase of pellets is higher than that of sinter due to its different mineral phase composition. The liquid
phase ratio of mixed primary slag composed of pellets and sinter gangue phase is higher than that of single sinter gangue
phase and the weighted average of liquid phase ratio of pellets and sinter gangue phase which shows that the interaction can
promote the melting of refractory sinter gangue phase; and the liquid fraction of gangue phase increases with the increase of
FeO mass fraction. Under current process conditions high alkalinity sinter with acid charge is more reasonable than flux type
charge. In the future high reducing potential blast furnaces such as oxygen blast furnace and hydrogen—rich blast furnace can
use a large number of acid charge and flux charge.
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Ca0-8i0,FeO 1.1
Ca0-8i0,-AlL, 0, - MgOFeO
Ca0-5i0,+FeO 1 o .
ALO,  MgO . 2 .
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Table 1 Main chemical components and alkalinity of the
5 sinter and pellet referenced in the experiment
/%
TFe FeO CaO Si0, ALO, MgO o
Ca0-Si0,FeO Ca0-Si0,— 57.91 8.44 8.76 4.92 1.39 1.83 1.78
AL O, MgOFeO FeO 61.40 0.87 1.16 6.63 1.27 1.97 0.17
'R, o
2 )
Table 2 Main chemical composition and alkalinity of in sinter pellet and mixed gangue phase
1% R,
Ca0 Sio, MgO Al, 0, FeO
P, 10. 51 60. 11 17. 86 11.52 0 0.17
S, 51.90 29.05 10. 86 8.19 0 1.78 3
P, 9.46 54.10 16. 07 10. 37 10 0.17
S, 46.71 26. 15 9.77 7.37 10 1.78 b3
P, 8.93 51.09 15.18 9.79 15 0.17
S, 44.11 24. 69 9.23 6.96 15 1.78 3
M, 44.74 34.42 8.77 12.07 0 1.30 —
M, 40. 27 30.98 7.89 10. 86 10 1.30 —
M, 38.03 29.25 7.45 10. 26 15 1.30 —
:P,\P,.\P, AN AR y MM, M, P,~P, S ~§,
2
CaO. Si0,. ALO, MgO . . .
FeO 0% 10% 15% N N
3 o7,
) 1.3 FactSage
FeO
1.2 / / / / N
FactSage o -pH .

FactSage . o



80

48 2

FToxid ( The FACT Oxide Database
) o
Ca0-8i0, MgO-AL 0, Fe0.
( Base-Phase)
) .+ FT-oxid-MeO A(
) . FToxid-OlivA

FT-oxid-SLAGA(
) « FToxida-C,SA (
( ) o
1 000 ~1 450 C 50
Co N N

3
Table 3 Basic parameter settings for thermodynamic

calculation

FT-oxid-SLAGA A-Alagiq all oxids + S

FT-oxid-MeO A A-Monoxide
FToxida-C,SA A-a-Ca,Si0,
FToxid-OlivA A-Olivine
L= Mﬁ % 100% (1
. L %, M kg, M
kgo
Ly~ Ly Ly, FeO 0 N
v Lpys Ly
Ly, FeO 10% N
v Ly L Lys
FeO 15% N
Ly*M, +Ls*M,
Lo=———"—x1 2
PS MP + MS X OO% ( )
Ly
%; L, % ; Ly
%, M,

g My go
Lgi~ Ly Lpg FeO
0. 10% . 15%

o

2
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P, 1
CaMgSi,0,+ CaAlLSi,0,  SiO,

CaMgSi, O, + CaAl,Si, 0, + Si0,—L( )
T=1200 C
(1209 «C)

Si0,. CaAlLSi,0, CaMgSi,0,-

1—CaMgSi, O4; 2—CaMgSi, O¢; 3—Si0,; 4—L; -
1 P,
Fig. 1 Changes of phase composition during

melting of P,

p, P,
2 o 2 P,
p, P, FeO
Olivine ( )
4 o P, P, P,
FeO
o P, P,
FeO Fe,Si0,
CaFeSiO, Ca0-510,—-
FeO 1 093
c .

CaMgSi, 0, + CaALSi,0, L T=1274 C (4)
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(a) Py (b) Py
1— ; 2—CaMgSi, O4; 3—CaAl,Si,0y; 4—Si0,; 5—L,,; 6—L.
2 P,. P
Fig.2 Changes of phase composition during melting of P, and P,
CaMgSi, O, + CaAl,Si, 04 + Mg, SiO,—L o 3(a)
T=1270 C (3) FeO 0
4 P, P, ( ) Ca;Si0, . + aa,Si0,
Table 4 Main phase composition of olivine phase of Ca2 Al2 SiO7 o
P, and P, % MgO( 99.5%) - S,
Mg, SiO, Fe,Si0, MgFeSiO,  CaFeSiO,
P, 43. 14 10. 51 45.00 1.35 Ca;Si, 0, + Ca, Al SiO,—L + Ca,SiO,
P, 30. 02 20. 58 49. 40 — T=1361 C (6)
2.2
FeO S, 1 450 C
3 0
5 . 3(a) 3(b) .(c¢) FeO 10% 15%
(a) Si; (b) S,; (b) S
1—Ca,;Si,0,; 2— ; 3—Ca,Si0,; 4—=Ca, Al Si0;; 5—Lg; 6—a-Ca,Si0,; 7—Lg; 8—Ca;MgSi,Of; 9—Lg, o
3 S,-85,. 8,
Fig.3 Changes of phase composition during melting of S, S, and S;
5 S -~S; ( )
Table S The main phase composition of the solid solution of S, ~ S, %
a-Ca, Si0,
FeO MgO Al, O, CaO Mg, SiO, Fe,SiO, Ca, Si0,
S, 99. 50 0.50 — 4.25 — 95.75
S, 52.29 47.53 0.02 0.16 3.39 1.32 95.29

S, 63. 60 36.13 0.02 0.25 3.72 1.61 94. 67
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0 3(b) . (¢) o FeO Olivine
FeO 6 o 6
FeO FeO FeO CaFeSiO,. Fe,SiO,
; a-Ca,Si0, Fe,Si0, MgFeSiO, Mg,SiO,
FeO Ca0-Si0,F¥e0O FeO
FeO (7) o
Ca,MgSi, 0, + Ca, Al,SiO,—L + Ca;MgSi, O,
° T=1240 C (7)
2.3
FeO Ca0-5i0,FeO
4 o 4 M, ~ M, FeO
v Ca,ALSIO, .
Ca;MgSi,0,  Ca,MgSi,0,. Olivine
(a) M;; (b) My (c) M,

1— ; 2—CayMgSi, 0y; 3—Ca, Al S1,0,; 4—Ca,MgSi,0;; 5—Ly,; 6Ly, 7—Ly-
4
Fig. 4 Phase change rules during the melting process of mixed primary slag
6 Olivine ( )
Table 6 Phase composition of Olivine phase in different gangue phases %
Ca, SiO, Mg, SiO, CaMgSiO, CaFeSiO, Fe,Si0, MgFeSiO,
M, 2.08 7. 64 90. 28 — — —
M, 7.87 — 56. 63 33.93 1.27 1.97
M, 11.55 — 48.75 37.01 0.73 1. 96

o FeO 15%
1325

1289 C
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5

Fig. 5 Variation of liquid phase ratios of different gangue phases with increasing temperature
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