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Low-silicon and low-alkalinity sintering test and thermodynamic

calculation analysis
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Abstract: Low-silicon and low-alkalinity sintering can improve the iron grade of sinter but it will deteriorate the quality of
sinter. The sintering raw materials from Lianyuan Iron & Steel Co. Ltd. are used as the research object. The feasibility and
lower limit of low-silicon and low-alkalinity sintering are studied from such two aspects as theory and sinter pot test. The
results show that the sintering liquid phase quantity is greatly affected by alkalinity and SiO, mass fraction and the liquid
phase generation of sintering compound is linearly related to the sinter tumbler strength. By optimizing the blending and
changing the mass fraction of the adhesion powder and the liquid phase generation capacity in the compound the total
amount of liquid phase generation in the compound can be unchanged. Theoretical analysis and sinter pot test show that low
SiO, mass fraction sintering can be achieved but low-alkalinity sintering cannot be achieved because low-alkalinity
sintering will reduce the liquid phase generation capacity of adhesion powder. Low silicon sintering can reduce the SiO,
mass fraction from 5. 0% to 4. 6% increase the iron grade of the sinter by 0. 62% reduce flux consumption by 8. 90 kg/
t and the microstructure of the low-silicon sintering product is consistent with the benchmark product and the metallurgical
performance is comparable to the benchmark product.
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Table 1 Main chemical composition and burning loss of test raw materials %
TFe FeO Si0, CaO MgO Al, O, K,0 Na, O P S
A 63. 46 0.07 4.95 0. 08 0.03 1.95 0.27 0.03 0. 06 0.02 0.90
B 65. 94 1.22 1.31 0.05 0. 05 1.38 0.01 0.01 0.05 0.02 2.76
C 57.55 0.03 5.22 0. 08 0.07 2.29 0. 05 0.03 0. 06 0.03 7.70
D 59. 81 0.32 3.90 0.07 0. 06 2.16 0.03 0. 05 0.07 0.03 6.58
E 62.37 25.09 10. 54 0.16 0.30 0.93 0. 04 0.03 0. 04 0. 06 0.97
F 59.91 2.51 7.39 2.23 0.49 0.55 0.09 0.09 0.50 0. 05 1.37
G 68. 24 19.12 3.37 0.31 0.35 0.37 0.02 0. 04 0.01 0. 04 0.41
56. 84 6. 81 4.92 9.36 1.95 1.58 0. 08 0. 04 0.07 0.02 0.61
48. 96 3.64 5.65 11. 68 2.47 2.05 0.42 0.09 0.07 0.20 6. 10
0.39 0.07 2.13 31.90 19.41 0.24 0. 06 0.03 0.01 0.01 44. 64
0.18 0. 05 1. 66 79. 95 3.08 0.10 0.09 0.02 0.01 0. 05 14.7
1 : Si0, 1.2.1
B Si0, E F Sio, 900 mm
Si0, 170 mm A, B. C.
0 2 : D. F. G 13.0% -
0.5 mm 30%; 15.0%+ 6.0% . 37.0%+ 8.0% . 9.0%
0.5 mm 30%; N N 1.0% - 30.0%
0.5 mm 90% 5.3% o 510,
o E
1.2 N o 14
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Table 2 Particle size composition of raw materials %
>8 mm 5 8) mm 3 5) mm 1 3) mm 0.5 1) mm >0.5 mm

A 0.91 10. 84 30.99 35.08 11.93 10. 25

B 5.16 8. 12 18. 44 27.74 14.39 26. 15

C 2.93 12.13 29.62 35.63 11. 64 8.05

D 9.16 19.42 25.12 22.72 8.42 15.16

0 0.58 20. 00 42.09 19.72 17. 61

— 0.05 11.06 36.62 18. 47 33.80

— — 4.35 17. 84 17. 06 60.75

<0.5 mm 92.56%
A ( )« By ( ) . (GB/T 13241—2017) . ¢

B, ~B,( 1.9) . €, ~Cy( 1.8) . D, ~ ) ( GB/T 13242—
D,( 1.7) . 3 . 2017 . ( )

Table 3 Blend scheme of sinter pot tests

Sio, ( ) 1%
1% E
A, 2.0 4.9 10.2 84.4 58 8.8
B, 1.9 5.0 120 849 58 8.3
B, 1.9 4.9 9.4 852 58 8.1
B, 1.9 4.8 6.9 8.5 58 7.7
B, 19 4.7 4.5 8.8 5.8 7.4
B, 19 4.6 2.3 8.1 58 7.2
o 1.8 4.9 9.5 859 58 7.4
C, 1.8 4.8 6.9 8.1 6.1 6.9
C; 1.8 4.7 4.7 86.3 6.1 6.7
C, 1.8 4.6 2.5 8.5 6.2 6.4
D, 1.7 4.9 9.2 8.6 58 6.6
D, 1.7 4.8 6.6 8.7 6.2 6.1
D, 1.7 4.7 4.4 8.9 6.3 59
D, 1.7 4.6 2.2 871 6.3 5.6
. (7.0 +£0.1) %
3 min; 900 mm
(1150 +50) C 2 min
900 ~1 150 C 1 min
5 kPa 10 kPa,

(
: »
(1SO 4700—2019 . ¢ )

( GB/T 13240—2018)

1.2.2 FactSage
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Table 4 Main chemical composition basicity and composition of oxides used in thermodynamic calculation of the adhesive

powder in mixtures

( ) /% ( ) 1%
TFe FeO Si0, CaO MgO  ALO; Fe,0, Fe;0,  SiO, CaO MgO  AlLO,
A, 52.83 9.24 5.58 17.58 1.91 1. 11 3.15 44.40 29.58 5.55 17.47 1.90 1. 10
B, 53.59 9.84 578 16.29 1.84 1. 11 2.82 43.56 31.54 5.75 16.21 1.83 1. 11
B, 53.36 9.12 555 16.70 1.90 1.13 3.01 45.61 29.24 552 16.61 1.89 1.12
B, 53.22 837 532 16.96 1.96 1. 14 3.19 47.91 26.84 529 16.88 1.95 1.14
B, 53.03 7.56 5.07 17.30 2.03 1. 16 3.41  50.33 24.24 504 17.22 2.02 1.15
B, 52.81 6.72 4.81 17.70 2.10 1.17 3.68  52.77 21.56 4.79 17.62 2.09 1.17
G 54.03 9.26 5.60 15.59 1.86 1. 14 2.78  46.14 29.75 5.58 15.53 1.86 1.13
C, 53.92 8.48 536 1575 1.96 1. 15 2.94  48.61 27.24 5.35 15.70 1.96 1.15
C, 53.74 1.73 5.13  16.07 2.04 1.17 313 50.85 24.83 5.11 16.02 2.03 1. 16
C, 53.59  6.90 4.87 16.34 212 1. 19 335 53.38° 22.17 4.8 16.29 2.11 1.18
D, 54.69 9.30 5.62 14.51 1.84 1.15 2.58 47.04 29.89 5.61 14.48 1.83 1. 15
D, 54.61 8.50 5.38 14.57 1.96 1. 17 2.71 49.62 27.34 5.37 14.55 1.96 1. 17
D, 54.46 7.73 5.14 14.85 2.03 1.18 2.89 51.96 24.87 5.13 14.83 2.03 1. 18
D, 54.30 6.88 4.87 15.12 212 1.20 3.10  54.59 22.13 4.87 15.10 2.11 1.20
; Fe,0, FeO
5
Table 5 Sinter pot test results
/ / /
( mmemin~") ( ) /% ( ) 1% (tth™'em™) (kget™)

A, 22.08 74.96 65.51 1.59 59.77 1.05

B, 22.07 75.36 63. 89 1. 68 57. 88 1. 00

B, 19.03 76.79 65.35 1.49 56. 63 0.96

B, 20. 10 75.08 65.50 1.53 57.95 1.01

B, 18.93 74.35 64.71 1.44 58.40 1.04

B, 18. 19 74.05 63.78 1.35 59.03 1.05

G, 19.56 75.85 61.57 1.52 57.20 0.98

G, 20. 41 75.91 60. 05 1.62 57.57 0.98

C, 20. 59 75. 46 61.03 1.61 58.18 0.99

C, 21.24 76.07 62.00 1.61 57.70 0.96

D, 18.27 76.37 58.33 1. 46 56.91 0.96

D, 20. 41 75.96 60. 19 1.63 57.23 0.98

D, 20. 66 74.05 60. 03 1.59 59.32 1.04

D, 19.59 75. 41 58.53 1.55 58.00 1. 00

2.2 1 0 1
(1) . Si0, . Sio,

$i0,
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Fig.2 Effect of basicity and SiO, mass fraction on the tumbler strength and yield of sinter
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Fig.3 Effect of basicity and SiO, mass fraction on iron grade and flux consumption
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Fig. 4 The influencing factors of liquid phase generation and sintering quality
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Table 6 Main chemical composition and basicity of low silicon and base sinter
( ) /%
TFe FeO Si0, Ca0 MgO Al O, K,O0 Na, O P S
B, 57.01 9.60 5.06 9.65 1.70 1.84 0. 09 0.04 0.09 0.01 1.91
B, 57.63 9.82 4.63 8.82 1. 67 1. 80 0. 08 0.05 0.09 0.02 1.90
7
Table 7 Metallurgical properties of low silicon and base sinter
( ) /% /C
( ) 1% >3.15 mm <0.5 mm
0 79. 36 60. 72 10. 25 1184 1338 154 1 445
4 82.32 57.74 11.02 1191 1357 166 1453
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Fig. 5 Effect of the system basicity and SiO, mass fraction on the properties of adhesive powder

and liquid phase generation amount of the system

(a) (500 ); (b) (500 )
6
Fig. 6 The microstructure of the sinter ores
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