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Research on reduction and dezincization of zinc-containing double-Jayer

pellets with internal coke powder
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Abstract: As an important solid waste generated in the process of steel manufacturing, zinc-containing solid waste is
defined as a secondary resource because it is rich in such valuable metals as iron and zinc. In order to decrease
environmental pollution and reduce resource consumption, it is necessary to optimize the treatment process of zinc—
containing solid waste,and the doubledayer pellet structure ( the coke powder and a certain amount of raw materials are
made into the core,and then the remaining converter dust ash, acid leaching slag and blast furnace gas mud are used to
coat the outer layer) is adopted under the protection of nitrogen atmosphere, the effects of 1 030 ~1 150 °C temperature
range and 5 ~ 35 min roasting time on pellet metallization rate and dezincification efficiency are systematically investigated;

XRD,SEM and EDS are used to characterize the samples, and the dezincification process is analyzed using kinetics. The
results show that, when the coke powder ratio is 12% , the metallization rate of the zinc-containing double-ayer pellets

reaches 98. 6% and the dezincization rate is as high as 96. 4% when they are roasted at 1 150 °C for 35 min, achieving
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efficient separation of iron and zinc and resource recovery. Kinetic analysis shows that the dezincification process is in line

with the Avrami-Erofeev stochastic nucleation-growth model ( regression coefficient of 0. 98) , and the reaction activation

energy is 188. 6 kJ/mol. This research provides a new method for the low-carbon short-process resource utilization of zinc—

containing solid waste, and its structural design and process optimization are of great significance for the efficient utilization

of metallurgical solid waste.
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Tabel 1 Main chemical composition and losses on ignition of zinc-containing solid waste %
gF =3 TFe  Fe,0; FeO Ca0 ZnO MgO Si0, K,0 MnO  AlLO; S Bednt
=P Rl 2Ny 48.71 51.50 2.03 11.78 4.73 3.44  2.34  0.47 0.46 0.33 — 5.53
iR 14.27 16.11 1.22 14.01 8.51 — 1.48  0.39 — 0.90 15.31 21.52
= R 14.89 22.03 0.81 7.92  0.99 .24 7.25 1.73 2.72 3.17 — 52.44
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Table 2 Industrial analysis of blast furnace dust

and coke powder %
A WlEm Koy RS K S
EPEETE  42.83  47.56  8.64 0.97 —
R 64.55 32.10 3.35 0.52 0.75
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Fig. 1 Particle size distribution of test raw materials
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Table 3 Particle size distribution of coke powder %
[0,0.075) mm [0.075,0.15) mm  [0.15,0.355) mm [0.355,0.6) mm [0.6,0.9) mm =0.9 mm
4.87 7.65 34.18 35.42 15.20 2.68
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Fig. 2 Schematic of pelletizing test
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Table 4 Carbthermic reduction reaction ofzinc-containing doubledayer pellets and its Gibbs free energy

v SRR AG"/(Jemol™") T,/C
(1 Fe,0,(s) +CO(g) =3Fe0(s) +CO,(g) 14 578.49 —21.75T 670
(2) Fe,0,(s) +C(s) =3Fe0(s) +CO(g) 138 264. 67 — 197. 50T 700
(3) 3Fe,0,(s) +CO(g) ==2Fe,0,(s) +CO,(g) ~55 186.04 —58.33T —
(4) 3Fe,0,(s) +C(s) =2Fe,0,(s) +CO(g) 68 500. 14 —234. 08T 293
(5) FeO(s) +CO(g) =Fe(s) +CO,( g ~12 182.94 +21.09T 578
(6) FeO(s) +C(s) =Fe(s) +CO(g) 111 503.24 - 154. 66T 721
(7) ZnFe,0,( s) =ZnO( s) +Fe,0,(s) 13 468. 56 + 14. 65T —
(8) 3ZnFe,0,(s) +4C(s) =3Zn(g) +2Fe,0,(s) +4CO( g) 958 272. 14 — 1 083. 97T 884
(9) ZnFe,0,(s) +C(s) =ZnO(s) +2Fe0(s) +CO( g 128 478.39 - 195. 05T 659
(10) Zn0('s) +C(s) =Zn(g) +CO(g) 283 122. 11 =297.95T 950
(11) Zn0('s) +CO(g) =Zn( g) +CO,( g 159 435.93 - 122. 19T 1 304
(12) C(s) +CO,(g) =2CO( g 123 686. 18 — 175. 75T 704
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Fig. 3 Gibbs free energy as a function of temperature for
carbothermal reduction of zinc-containing

double-ayer pellets
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Fig. 4 Effects of the content of coke powder on properties of zinc-containing doubleJayer pellets
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Fig.5 Effect of roasting conditions on metallization rateof zinc-containing double-ayer pellets
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Fig. 6 Effect of the roasting conditions on the dezincification rate of zinc-containing double-ayer pellets
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Fig. 7 Kinetics fitting curve of zinc-removal of zinc-containing double-dayer pellets
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Table 5 Kinetic parameters of zinc-removal of zinc-containing double-ayer pellets

N 1 030 °C 1 070 C 1110 °C 1 150 C
LR 8 - - - :
R k R k R k R k
—In(1-a) 0.987 6 0.024 1 0.987 6 0.051 5 0.981 1 0.081 7 0.963 7 0.104 7
(1 -(1-0) 17372 0.975 4 0.001 9 0.941 5 0. 005 8 0.943 5 0.0130 0.962 2 0.015 3
1-23a-(1-a) 23 0.983 7 0.001 6 0.957 7 0.004 3 0.972 4 0.007 9 0.945 8 0.008 6
1-(1-a) 13 0.978 8 0. 006 9 0.988 3 0.013 2 0.988 1 0.019 7 0.928 0 0.020 6
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Fig. 8 The linear relationship between Ink and 1/T of

the Avrami-Erofeev equation
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Fig. 9 XRD pattern of zinc-containing doubleJayer

pellets at different reduction temperatures
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Fig. 10 Microstructure and element distribution of zinc-containing double-layer pellet roasting products
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