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Influencing factors and parameters optimization of direct reduction of

zinc-containing dust pellets

LI Shenghui, REN Yu, ZHANG Jiangming
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Abstract: In order to solve the problem of low metallization rate of pelletization in the rotary bottom furnace in industrial
production, and explore the influencing factors and optimal parameters of direct reduction of zinc-containing dust pellets,
the effects of different empty coal ratios,n(C)/n(0) (ratio of substances) , reduction temperature and furnace bottom
speed on pelletization rate are analyzed by designing a five-factor five-level orthogonal test, the optimal reduction process
parameters are obtained ,and comparative verification tests of different amount of fresh pellets in the oven are proposed. The
results show that the temperature of the second reduction zone and n( C)/n(0) of the rotary bottom furnace are significant
factors affecting the direct reduction,and the influence on the reduction process is much greater than that of the empty coal
ratio, the temperature of the first reduction zone and the speed of the rotary bottom furnace. In addition, the pellet
metallization rate is closely related to the amount of fresh pellets in the furnace,and with the increase of the amount of fresh
pellets in the furnace,the metallization rate of pellets gradually decreases. The production practice is carried out under the
optimal reduction parameters of 2.2 empty coal ratio,1.4 n(C)/n(0),1 250 °C in the first zone,1 260 “C in the second
zone ,and 25 min in the rotary bottom speed of the furnace. Under the premise of meeting the design indicators, that is,
when the amount of pellets entering the furnace is =26 t/h,the metallization rate of pellets is increased significantly, from
67.10% in 2023 to 72. 16% in 2024. Under the premise of meeting the design indicators , that is,when the amount of fresh
pellets in the furnace is =26 t/h, the metallization rate of pellets is increased significantly, from 67.10% in 2023 to
72.16% in 2024. The research results can provide a technical reference for improving the metallization rate of zinc-

containing dust pellets in the production of rotary bottom furnaces.
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Fig. 1 Process flow chart of rotary hearth furnace
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Table 1 Ratio and main chemical composition analysis of raw materials %
Ok 4 ERICERIT il
TFe Ca0 MgO Sio, AL O, Zn

SRR 8 56. 40 11.07 2.51 4.81 1.36 4.93 3.80 50
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Table 2 Design scheme of orthogonal test

F2 EXHKEAREIT

YESEY s w(C)/a(0) WX IR X W
= N Y
B WIE/C WE/C (min-r ")
1* 2.0 1.0 1 050 1230 21
2% 2.0 1.2 1 100 1 240 23
3 2.0 1.4 1150 1250 25
4* 2.0 1.6 1 200 1 260 27
5* 2.0 1.8 1 250 1270 29
6* 2.2 1.0 1 100 1 250 29
7* 2.2 1.2 1 150 1 260 21
8" 2.2 1.4 1200 1270 23
9* 2.2 1.6 1 250 1 230 25
109 2.2 1.8 1 050 1240 27
11¥ 2.4 1.0 1150 1270 27
12 2.4 1.2 1 200 1 230 29
13% 2.4 1.4 1 250 1 240 21
14% 2.4 1.6 1 050 1 250 23
15 2.4 1.8 1 100 1 260 25
16" 2.6 1.0 1 200 1 240 25
17 2.6 1.2 1250 1 250 27
18% 2.6 1.4 1050 1260 29
19 2.6 1.6 1 100 1270 21
20" 2.6 1.8 1150 1230 23
21* 2.8 1.0 1 250 1 260 23
2% 2.8 1.2 1 050 1270 25
23% 2.8 1.4 1 100 1230 27
24* 2.8 1.6 1 150 1 240 29
25% 2.8 1.8 1 200 1 250 21

Fig.2 Structure diagram of rotary hearth furnace

B2 HRPPEEND

B11 5(5 W, 648, BB 11 & (5 M.
648 . =B 11 B(5 N, 64h); FEEE
BB S B (2 N, 3 4h); TIIESEE N
420 ~480 C, ISR N 300 ~350 C,

3 RBARSITE

3.1 EXRWERSH

IEACIRIGEE T WE AR 22 /AT 2 3, 4 fr
TN MRPEHE 4 MR TR AR, ALK
BN, FTLUE 52 ) L e 0A J el i 1) PR 3R 32 it
FE . R TIXKIREE > n(C)/n(0) > 2B > if i
— X IR > PR,
3.1.1 SRt A 2 B R ey h

WK 2, 3, ATLOFE R 2By 2.0,
2.2.2.4.2.6, 2.8 B, Bk 4 JE bR 1 H 4
W1k 58.314% . 71.784% . 65.974% . 67.406% .
63.194% , AILLE Y, BEEZ BN 2.0 Z# T+
mE 2.8, BREIMERMRE LTHE TR, kT
WO R B TR R B G T Y s
2.0 B, BhRZs P AR 2 U CO 2 iR be,
T3 TR 2 5 110 A 2 R 5 I P 4% DXL B O 4%
FLEEA R N PR AT s T ) 2.2
BF, R BTk HAL A 2, AR (A 19 <
R RN R, BRI P CO ARk B Pk 7
L R RBOE K, EREEE R AR DI T
kSR m s I L, BRI A B LR 2 TG,
X B I JF R AT, BRI A
Wik, IR R EmiE A L, BRI A
HORZWE T AR R SRERE 0 48R
TR
3.1.2 n(C)/n(0) 3R H 2 BALFEN A

WREER 2, 3, ATLIFEE Y 2 (C)/n(0)H
1.0, 1.2, 1.4, 1.6, 1.8 B, ¥kMI4 @Ry
H435M 61.780% . 63. 104% . 76.658% . 73.126% .
52.004% , FILAEH, BEE n(C)/n(0) M 1.0 &
$EFE LS, BRAM SRR TG F %, &
n(C)/n(0)H 1. 4 B} 4@ AL AR B i = {H 76. 658%
VHTE n(C)/n(O) KT 1.4 B, BREAEL 6K 2 A
R, BRIGFEALRCR A CO B EEAS L LU FeO—
Fe 13 J5 i B2 7543 64T, BRI 4 & fR A =



118 e A Bk ] F50E FHa4H

®3 EXHBEER(RESH)

Table 3 Orthogonal test results %
W5 1* 2F 3* 4* 5% 6* 7* 8* 9* 10* 11* 12" 13*
4@k ®E  24.47 43.71 80.85 79.81 62.73 73.26 83.33 86.11 75.55 40.67 75.80 37.38 72.14
IRV E R 14* 15* 16* 17* 18* 19% 20* 21% 22* 23" 24* 25"

LlEfb%  77.80 66.75 55.45 74.55 86.72

84.93 35.38 79.92 76.55 57.47 47.54 54.49
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Table 4 Mean and range of orthogonal tests
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K,/% 58.314 61. 780 61.242 46.050 63.872
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K,/% 65.974 76. 658 64. 580 72.190 71.030
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Table 5 Analysis of variance for orthogonal test
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Table 6 Verify test results

% w(TFe)/ w(MFe)/ &8 AP/
Hir % % &/ %  (t-h™")
A 70. 13 48.32 68. 90 28
B 69. 05 51.92 75.19 26
C 70. 69 54.77 77. 48 24
D 68. 11 53.19 78. 09 22
E 67.09 55. 41 82. 59 20
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Fig. 3 XRD analysis of reduced pellets under different
raw pellet quantity
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Fig. 4 Analysis of micromorphology of reduced pellets under different raw pellet quantity
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