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Effects of MgO on the mineral structure and softening-melting property of Ti-containing

sinter
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ABSTRACT  Certain requirements regarding the chemical composition of slag have to be satisfied to perform a stable blast furnace op—
eration. Particularly the ratio of MgO to Al, O, in the slag is observed to have a significant influence on the fluidity and desulfurization
ability of the slag along with the the stability of the blast furnace. However the amount of MgO in the ore could not satisfy the smel-
ting requirement of the blast furnace. Thus Mg-containing flux has to be added into the ferrous burden. In the ferrous burden structure
of the blast furnace that is observed in China sinter generally accounts for more than 70% . Therefore the effects of various concentra—
tions of MgO on the quality of sinter are of great significance and must be investigated in further detail. In this study the influence of
MgO on the mineral structure and softening-melting property of Ti-containing sinter were investigated using scanning electronic micros—
copy ( SEM) -energy dispersive spectrometer ( EDS) and drop testing. The results depict that increasing the concentration of MgO from
2.04% 10 3.96% results in a decrease in the contents of hematite and complex calcium ferrite in the sinter whereas there is an in—
crease in the mass of liquid phase magnetite and silicate. Further the pore size also gradually increases. Additionally the hematite
content reduces from 13.57% 10 9.99% and the complex calcium ferrite in sinter reduces from 38.7% to 30. 17% . Therefore the
increase of MgO in sinter is unfavorable for the development of a liquid phase which depicts a negative effect on the tumbler strength
and reduction index of sinter. Mg in sinter is mainly distributed in complex calcium ferrite. Further an increase in the concentration of

MgO causes a gradual increase in the concentration of magnetite. Additionally it also causes a part of Mg to be dissolved in magnetite.
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An olivine solid solution which contains a minor amount of Mg and Ti can be observed in high-Mg sinter. Finally by increasing the

concentration of MgO in the sinter the softening temperature can increase which is observed to be greater than 1120 °C. Further the

softening interval ( Az,) of the sinter is observed to increase gradually with an increasing MgO content.
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Table 1 Chemical compositions of the experimental materials %
TFe Si0, Ca0 MgO Al 0, Tio, V, 05 H,0
A 61.85 1. 47 0. 15 1.06 3.33 6. 61 0.95 8.50 -2.98
B 60. 17 11.31 0.08 0. 41 1.12 0.08 0.02 5.70 0.45
C 63.71 0. 81 0.42 5.90 1.91 1.13 0. 14 1.41 -3.10
D 65.59 5.50 0. 60 0.55 0.31 0.13 0.03 9. 60 -1.89
E 65. 65 5.41 2.04 0. 61 0.95 0.32 0.02 8. 80 -5.05
F 54.78 1.18 6.58 5.20 0.48 0. 04 0.01 0. 60 9.37
41.23 6.37 12. 62 2.85 2.10 1.35 0.23 0 0
55.52 4.92 3.69 3.20 2.07 1. 64 0. 31 0 0
( ) 51.41 6.24 6.24 2.97 2.12 1.86 0.37 0 0
0 2.90 1.32 44. 00 0 0 0 0 51.78
0 4.62 78. 80 0. 69 0 0 0 0 15. 89
0 8.00 48. 00 0.91 0 0 0 0 43.09
0 7.52 0. 67 0.70 0 0 0 14. 60 —
2 ( )
Table 2 Experimental scheme of sintering %
A B C D E F
1 20 12 7.0 5.0 2 2 8 20 0 11.0 2 4
2 20 12 7.0 5.8 2 2 8 20 1.2 9.0 2 4
3 20 12 6.5 5.0 2 2 8 20 2.5 9.0 2 4
4 20 12 7.0 3.8 2 2 8 20 3.4 8.8 2 4
5 20 12 7.0 1.0 2 2 8 20 4.3 10.7 2 4
3 )
Table 3 Chemical compositions and performance of the sinter
w(TFe) /%  w(Si0,) /%  w(Ca0) /%  w(MgO) /%  w(Al,03) /%  w(Ti0,) /%
1 51.39 5.32 12.24 2.04 1.71 1.95 66. 71 84. 68 2.30
2 51.09 5.32 12.23 2.49 1.72 2.05 66. 00 83. 14 2.30
3 50. 59 5.35 12.32 3.08 1.71 2.06 64. 67 81.85 2.31
4 50. 37 5.33 12.21 3.53 1.72 2.07 63.33 80. 25 2.30
5 48. 66 5.32 12.22 3.96 1.70 2.07 61.27 79.57 2.30
4 3 . 1150 ~
Table 4 Process parameters of the softening-melting test under load 1450 °C Factsage 6.4 Equﬂib
MgO
/mm 10~12.5 60 4
/mm 75 MgO
( ) 30% CO +70% N, MgO 1.72%
/( kgeem~2) 1
/( Lemin~") 10 N > > N
MgO
2. 04%
10 2( a) N
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Fig.1 Temperature schedule and atmospheric conditions to perform 31.98%
softening-melting test under load
26.05% ~
26.75%
MgO
MgO
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2(b)  (¢) MgO
2.2
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2 MgO

. (a) 2.04%; (b) 2.49%; (c) 3.08%; (d) 3.53%; (e) 3.96%
Fig.2 Microstructure of sinters with different MgO contents: (a) 2.04%; (b) 2.49%; (c) 3.08%; (d) 3.53%; (e) 3.96%
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3 MgO 4 1150 ~ 1450 C
Fig.3 Mineral composition of sinters with different MgO contents Fig.4 Mass of the liquid phase of sinters at 1150—1450 °C
N 10 MgO
R 1.54~1.76 2.04% MgO
MgO Mg
5(a)  PL.P2 Mg
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MgO Mg* (P4) (P5)
MgO
MgO
R=2.3 MgO (P9)
5 MgO . (a) 2.04%; (b) 3.08%; (c) 3.96%

Fig.5 EDS patterns of sinter with different MgO contents: (a) 2.04%; (b) 3.08%; (c) 3.96%
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Table 5 Standard parameters of the softening-melting test under load MgO 3.96%
(t,,=1169 C)
1! C 10% byo ( 3)
14 !°C 40% MgO
Aty IC (14 = t10)
t,/°C N
ty/°C
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6 MgO to( a) tyo( b)

Fig.6 Comparison of initial softening temperatures ¢,,( a) and the finished softening temperatures t,,( b) of sinter with different MgO contents
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