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Analysis of zinc residues in rotary hearth furnace process and enhanced
dezincification mechanism

CHEN Tiejun JIN Luheng WAN Junying ZHENG Xihan ZHOU Xianlin LIU Jiawen

( Wuhan University of Science and Technology a. School of Resources and Environmental Engineering; b. Hubei Province

Key Laboratory for Efficient Utilization and Agglomeration of Metallurgic Mineral Resources Wuhan 430081 Hubei China)

Abstract: There is a problem that high zinc raw materials cannot be fully dezincized in the process of rotary hearth
furnace to treat zinc-containing dust so the on-site metallized pellet products is analyzed to discuss the causes of zinc
residue. The effects of applied airflow on the reaction behavior of zinc and iron during the reduction process are studied

and the effects of N, flow rate and CO content on the reduction effect of metallized agglomerates are investigated
specifically. The results show that the ferrocrystals and low-melting compounds generated during the reductive roasting
process block the pores and hinder the volatilization of zinc so that the zinc attaches to the ferrocrystals in the form of Zn
and ZnO. When the nitrogen velocity is increased from 0 to 6 m/s the dezincification rate is increased from 50.83% to
93.19% and the metallization rate is decreased from 74. 69% to 67. 92% . When the CO volume fraction is increased from
0 to 40% the dezincification rate is remained above 90% and the metallization rate is increased from 68.30% to
85.77% indicating that the reducing airflow could promote the volatilization of zinc and improve the metallization rate. The
analysis of the mechanism of airflow-enhanced dezincification show that the formation of liquid phase or the growth of iron

crystals hinders the volatilization channel of zinc under the condition without airflow resulting in the enrichment of zinc in
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the agglomerate while the external reducing airflow could increase the rate of zinc volatilization and promote the

volatilization process of zinc.
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Table 1 Main chemical composition of raw materials %
TFe FeO Sio, Ca0 C Zn S P
51.54 57.74 1.53 9.78 2.37 7.65 0. 09 0.17
52.45 53.60 4.06 6.78 6.18 5.72 0.23 0.20
TRT 35.84 12.25 5.79 3.46 25.24 2.97 0.51 0.12
CDQ 1.48 1. 81 7.22 3.17 85.10 0.03 1.39 0.12
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Table 2 Particle size distribution of raw materials

1/mm 2 /mm ( ) 1%
TRT CDQ
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<0. 045 (0.020 0.038 3.80 11.16 1.59 1. 19
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Table 3 Water moisture and physicochemical properties testing results of raw materials
/% /(geem™) /(g*em ™) 1% /(em*sg™")
6.51 1.20 3.53 0. 66 1 902.51
0.78 1.24 4.53 0.73 5 669. 10
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Fig. 1 Schematic diagram of the vertical furnace
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Fig.2 Macro morphology of the product
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Table 4 Comparison of chemical composition

metallization rate in different parts of the product %

TFe Zn

57. 49 3.80 22.70

65. 61 1.96 48.25
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Fig. 3 Phase composition analysis of XRD
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Fig. 4 SEM image of the yellow enrichment area

of the on-site product

5 EDS

Table 5 Composition of elements at various positions

in the lump through EDS analysis

( ) 1%
0 Mg Si Ca Fe Zn
1 1. 61 0 0.69 1.02 92.42 4.26 Zn0
2 3.24 0 1.59 3.16 84.17 7.85 ZnO Zn
3 29.72 0 17.71 43.88 5.28 3.40 ZnFe,O,
4 2.79 0 1.13 2.89 86.18 7.02 ZnO Zn
Zn0O /n0  7Zn
1 N,
( 907 oC) 18 -20
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Fig. 5 The effect of gas flow rate on the reduction and

de-zincing effect of agglomerates
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Fig. 6 The effect of CO content on the reduction and

de-zincing effect of agglomerates
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Fig. 7 Schematic diagram of the phase of the reduction products changing with time
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Fig.8 Schematic diagram of the cross-section and micro-morphology of the reduction products after roasting for 15 minutes
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2.35% -
Table 6 The average elemental composition and main
phases of each region in the agglomerate
analyzed by EDS %o
e 9 9 . 9
( ) 1%

(0) Mg Si Ca Fe Zn

al 16.58 0.75 12.96 6.05 52.62 11.04 —
a2 14.72 1.16 11.91 9.31 58.48 4.43 —
bl 14.82 1.24 11.28 7.23 59.52 5.92 —
b2 12.51 1.51 9.92 8.31 65.40 2.35 — °

1 12.46 3.80 3.27 5.74 66.30 9.07 ZnO

2 1.6l 0 0.69 1.02 92.31 4.25 ZnO :

3 27.84 0 1532 41.50 11.37 3.97 ZnFe,0, (1) .

4 12.84 4.83 0.21 3.23 75.44 3.44 ZnO
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9

Fig.9 Schematic diagram of the mechanism of reducing airflow



2025 3

139

(2) N, 0 6 m/s
50. 83% 93.19% 74. 69%
67.92%; co 0 40%
90%
68. 30% 85.77%
(3)
J . ( ) 2015

46(3) : 774 -785.

MAO Rui ZHANG Jianliang LIU Zhengjian et al.

Characteristic and resource utilization technique of dust

and sludge containing iron from steel production process
J . Journal of Central South University ( Science and

Technology) 2015 46( 3) : 774 -785.

J. 2015 33(7) :90 -
95.
WU Shengli ZHANG Fengjie ZHANG Jianliang et al.
Basic characteristics and balling performance of zinc—
bearing dust in steel plant J . Environmental Engineering
2015 33(7):90 -9s.
LI X TANG P JIANG ] et al. Control of zinc—containing
dust agglomerates in basic oxygen furnace flue gas
cleaning system J .ISIJ International 2021 61( 3):
763 -772.

C /72020
2020: 371 - 376.
PAN Gang LIU Chuanjun ZHOU Congrui et al. The
influence of scrap steel on zinc in converter dust removal
ash C //Proceedings of the 2020 National Metallurgical
Energy and Environmental Protection Technology
Exchange Conference. Tangshan: Chinese Society for

Metals 2020: 371 —376.

2020.

10

11

12

ZHENG Zihao. Study on the resource utilization of
converter dust containing zinc D . Beijing. Beijing

University of Chemical Technology 2020.

J. 2018 44(4) :36 -38.
WEI Yanyong HAN Lei LIU Lijun et al Status
investigation and solutions for harmful elements of blast

furnace of Baotou steel J . Science & Technology of

Baotou Steel 2018 44(4) :36 —38.

Cc //

2016: 335 -
337.
LI Bo MAO Yanli QU Yuling et al. Rotary hearth
furnace technology and its application in the treatment of
iron containing dust and sludge C //Proceedings of the
8th Youth Academic Conference of the Chinese Society of
Metals. Shenyang: Chinese Society for Metals 2016:
335 -337.
MAO R WANG F XU Y et al. Preparation process of
cold bonded pellets with iron-bearing dust and sludge
from steel production process J . Metallurgical Research

& Technology 2021 118( 6) : 602.

J. 2018 53(6):1-10.
ZHANG Jianliang LI Yang YUAN Xiang et al. Present
situation and prospect of dust treatment in Chinese iron
and steel enterprises J . Tron & Steel 2018 53(6) : 1 —
10.

J. 2022 44(4):32 -35;39.
SHENG Weihu YANG Chunshan ZHENG Lei et al
Process principle and production practice of rotary hearth
furnace J . Shandong Metallurgy 2022 44(4) :32 -35;
39.

J. 2006 41(10):78 -81.
ZHANG Jianliang YAN Yongfang XU Meng et al.
Research on removal of Zn from blast furnace dust J .

Iron & Steel 2006 41( 10) :78 - 81.

J. 2015 37(4) :429 -435.
HU Xiaojun LIU Junbao GUO Peimin et al
Thermodynamic analysis of the reduction of zinc ferrite

with CO-CO, J . Chinese Journal of Engineering 2015



140

50 3

13

14

15

17

18

19

20

37(4) :429 -43s.

WU Y L JIANG Z Y ZHANG X X et al Process
optimization of metallurgical dust recycling by direct
Powder

reduction in furnace J .

Technology 2018 326: 101 —113.

rotary  hearth

J. (
1704 - 1711.
CHEN Ziluo ZHANG Jianliang LIU Zhengjian et al.

) 2017 48(7):

Research on dezincification of zinc-bearing dusts

composite briquettes J . Journal of Central South
University ( Science and Technology) 2017 48 (7):
1704 - 1711.

D .

2018.
ZHAO Shuo. Study on reduction behavior of carbon
containing zinc dust and sludge pellets D . Tangshan:

North China University of Science and Technology 2018.

2024 36(5) : 560 - 567.
ZHENG Xihan CHEN Tiejun WAN Junying et al. An
investigation into causes of degradation of carbon—
containing pellet in production of zinc-containing dust
sludge treated in rotary hearth furnace J . Journal of Iron

and Steel Research 2024 36( 5) : 560 - 567.

J. 2023 58(4) : 157 - 166.

YANG Tao LEI Jie REN Xiaojian et al. Preparation and
production process optimization of carbon-bearing pellets
for rotary bottom furnace J . Iron & Steel 2023 58(4):
157 - 166.

PUG Q DU W T CHENG H M et al. Research on
biomass waste utilization for synergetic reduction of
stainless steel sludge and zinc-containing dust J .

Journal of Sustainable Metallurgy 2024 10( 1) : 83 -95.

J. 2009 44(12) :17 -20.
YANG Xuefeng CHU Mansheng JIANG Tao. Industrial
trial on direct reduction iron production by rotary hearth

furnace J . Iron & Steel 2009 44( 12) : 17 -20.

I 2022(7) :51 -54.
LUO Baolong LI Kejian GUO Xiujian. Research on high

21

22

23

24

25

26

27

28

efficiency recycling technology of zinc containing iron
dust in steel plant J . Resource Recycling 2022(7) :
51 -54.

D . : 2012.
WANG Xianjun. Theoretical analysis and experimental
study on the treatment of metallurgical zinc-containing
dust furnace. Chongqing:

sludge by rotary hearth

Chongging University 2012.

I 2024( 10) : 40 -
43;63.
LI Weiguo ZHAO Zhijian LIN Peifang et al. The
strength variation of metallized pellets during the

reduction process in a rotary hearth furnace J . Hebei
Metallurgy 2024( 10) : 40 —43; 63.

OMRAN M FABRITIUS T. Utilization of blast furnace
sludge for the removal of zinc from steelmaking dusts
using microwave heating J . Separation and Purification
Technology 2019 210: 867 - 884.

WANG D Z ZHU D Q PAN ] et al. A high-efficiency
separation process of Fe and Zn from zinc-bearing dust by
direct reduction J . Journal of Iron and Steel Research

International 2022 29( 10) : 1559 - 1572.

J. 2022( 1) : 14 -21.
PENG Yahuan MIAO Zhuang LIN Peifang et al.
Optimization of process parameters for direct reduction of
zinc containing dust and mud in rotary hearth furnace

J . Hebei Metallurgy 2022( 1) : 14 -21.

LI'Y LIU L. WANG J S et al. Preparation of active zinc
oxide from zinc-containing dust and synergistic recovery
valuable elements ] .

process  of Separation  and

Purification Technology 2025 354:128820.

D . : 2020.
ZHANG Gaopeng. Basic research on the treatment of
converter steelmaking dust by rotary hearth furnace
process D . Chongqing: Chongqing University 2020.
MISHRA S ROY G G. Effect of amount of carbon on the

reduction efficiency of iron ore-coal composite pellets in

multidayer bed rotary hearth furnace (RHF) J .
Metallurgical and Materials Transactions B 2016
47(4) 12347 -2356. ( 148 )



WANG Qiong. Research on zinc removal from metallurgy

148 50 3

7 KIM Y WORRELL E. International comparison of CO, 12 XU R S ZHANG Y C ZHANG ] L et al. Research on
emission trends in the iron and steel industry J . Energy the leaching of calcium ions from de-vanadiumized steel
Policy 2002 30( 10) : 827 —838. slag for indirect CO, mineral sequestration:

8 CO, Thermodynamics kinetics and parameter optimization

I 2023 35(7): J . Metallurgical and Materials Transactions B 2024
779 -789. 55(2) : 877 -890.
XU Runsheng ZHANG Yuchen ZHANG Jianliang et al. 13 DE WINDT L. CHAURAND P ROSE J. Kinetics of steel
Status and trends of steel metallurgical solid waste slag leaching: Batch tests and modeling J . Waste
solidification CO, research J . Journal of Iron and Steel Management 2011 31(2) :225 -235.
Research 2023 35(7) : 779 —789. 14 J.

9 PANSY CHENYH FANLS et al. CO, mineralization ( ) 1995 16( 1) : 62 - 66.
and utilization by alkaline solid wastes for potential HUANG Xiaowei. Statistical thermodynamic analysis of
carbon reduction ] . Nature Sustainability 2020 3(5) : Arrhenius  activation energy J . Journal of Capital
399 -405. Normal University ( Natural Science Edition) 1995

10 LIUW Z TENG L M ROHANI S et al. CO, mineral 16( 1) : 62 - 66.
carbonation using industrial solid wastes: A review of 15
recent developments J . Chemical Engineering Journal J. 2011 33(9):
2021 416:129093. 1071 - 1078.

11 PARK A A FAN L S.CO, mineral sequestration: JIN Huixin LI Junqi WU Fuzhong. Acidolysis kinetics
Physically activated dissolution of serpentine and pH and RE leaching mechanisms of RE-bearing phosphorite
swing process J . Chemical Engineering Science 2004 ores J . Journal of University of Science and Technology
59(22/23) :5241 - 5247. Beijing 2011 33(9) : 1071 —1078.

140 ) University 2014.
29 D . 30 WANG W A QIU G X WANG J L et al. Effect of CaO
2014. on zinc migration mechanism and kinetics during zinc

ferrite reduction J . Transactions of Nonferrous Metals

dust containing iron D . Tangshan: Hebei United Society of China 2023 33(9) :2832 -2842.
2 s 1 N 26
160 “863” N N
56 600 ; 1200 SCI. EI
460 18




