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Research on collaborative reduction of zinc-containing dust and its
dezincification Kinetics
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Abstract: A large amount of iron-containing and zinc-containing dust is produced in China every year and the direct
reduction technology can make the Fe and Zn elements in the dust be separated efficiently. In this study the converter dust
removal ash gas mud and zinc sulfuric acid residue are mixed and pressed into agglomerates and then 25% coke powder is
mixed and directly reduced in the temperature range of 1 000 ~ 1 150 “C  which reveals the reduction process and
mechanism of zinc-containing agglomerates and establishes a dezincification kinetics model. The results show that
increasing the reduction temperature or prolonging the reduction time can promote the aggregation and growth of iron
grains which is conducive to iron reduction and zinc removal. After 30 min of reduction at 1 150 °C metallized aggregates
with a metallization rate of 98.74% and a dezincification rate of 98.83% are obtained and the interfacial chemical
reaction limits the reduction and removal rate of zinc oxides during the reduction process with a fitting confidence of 0. 993
6 and an apparent activation energy of 152.37 kJ/mol. This research provides a theoretical basis for the collaborative
reduction and dezincification kinetics of zinc-containing dusts.
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Table 1 Main chemical composition of zinc-containing dust %
TFe CaO Zn0O Si0, MgO K,0 MnO AL O, SO,
45.05 13.43 11.83 1. 67 1. 61 0.51 0.52 0.45 0.28
21. 67 12. 54 4.80 6. 86 1.32 2.72 2.78 5.06 3.78
15.02 17.72 15.79 1. 17 0.19 0.40 0.30 1.08 27.03
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1
Fig.1 Particle size distribution of test raw materials
2 ( )
Table 2 Industrial analysis of coke powder %
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Table 3 EDS analysis of reduction products
/%
Fe (0] Ca Si Zn C Mg Al S
1 95.16 — — — 0. 85 3.81 0.19 — —
2 68. 26 13. 65 2.90 — 5.69 4.10 5.17 0.23 —
3 1. 38 24.72 49. 16 18. 44 1.01 4.53 — 0.76 —
4 9.99 8.24 6.19 0.99 22. 65 34. 46 — 0. 63 16. 86
5 99. 50 — 0.20 — — 0.30 — — —
6 11.57 13.12 22.33 — — 47.17 0.12 0. 30 5.39
7 2.99 1. 88 46. 34 30. 20 — 9.18 0.18 — 9.24
8 46. 21 12. 89 22.36 9.90 0.78 5.43 2.30 0.14 —
30 min
o 3 5~8
30 min N
5 min
15
10 o 10( a)
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2.4 Fig. 10 Effect of different reduction time on
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Fig. 11 Linear relationship between the mechanism function corresponding to the limiting link and time

at different temperatures

4
Table 4 Linear fitting data of mechanism function and time
1 000 C 1 050 C 1 100 C 1150 C
R k R k R k R k
-In(1-a) 0.964 6 0.0309 0.971 8 0.0715 0.9739 0.587 7 0.984 0 0. 196 8
1-(1-a)'* 7 0. 800 7 0.002 5 0.897 6 0. 008 6 0.9250 0.0156 0.941 2 0.025 2

1-2/3a-(1-a)”" 0.837 8 0.002 0 0.9316 0.005 4 0.940 1 0.009 0 0.971 6 0.014 0
1-(1-a)'” 0.984 6 0. 008 6 0.988 9 0.016 4 0.9777 0.026 0 0.991 3 0.040 1
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Table 5 The apparent activation energy of zinc oxide
reduction removal reaction
Ink  1/T B/ 5
(kJemol ™)
Ink=-184 05.5/T +
. 152.
9.746 1 0.993 6 52.37
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(R 0.9936
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