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Method of low-carbon sintering with uniform heat and basic
experimental research based on layered heating
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(1. Zhongye Changtian International Engineering Co. Ltd. Changsha 410205 Hunan China;

2. School of Minerals Processing Bioengineering Central South University Changsha 410083 Hunan China)

Abstract: By studying the laws and influencing factors of heat generation consumption transfer and accumulation in the
sinter bed the relations among energy phase temperature range change gradient microscopic atmosphere and sintering
mineralization( production and quality) are revealed a mathematical model of sinter bed with uniform heat and a
mathematical algorithm for solving layered heat supplementation are established a method to achieve low-carbon hydrogen—
rich sintering with uniform heat based on benchmark carbon distribution plus layered heat supplementation is developed
and a small-scale test experiment based on the raw material conditions of Zhongtian Iron and Steel is carried out. The
results show that after applying the layered heating sintering method such indicators as sintering speed sintering yield
tumbler strength and utilization coefficient increase slightly compared with the benchmark working conditions and the total
carbon formulation decreases from 4. 00% to 3.25%.
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Fig. 4 Calculation flow of accumulation heat

and addition heat

Fig.5 Variation curve of theoretical dimensionless storage/
heating capacity with the dimensionless
height of the sintering layer
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Fig. 6 Model of low - carbon sintering with uniform

heat based on layered heating
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1 ( )
Table 1 Main chemical composition and burning loss rate of iron ore %
TFe FeO Sio, Ca0 MgO Al O, P S
63.20 0.59 2.82 0.14 0. 06 1.71 0. 087 0. 024 5.05
57.76 0.21 5.55 0.09 0.07 1.12 0. 058 0.015 9.53
66. 98 0.25 3.62 0.09 0.03 0.63 0.030 0. 005 0.76
64. 38 23.37 4. 46 0.70 1.26 1.18 0. 048 0. 560 2.17
A 64.33 26. 50 8.50 0.15 0.49 0.30 0.021 0.010 0. 67
57.08 0.44 12. 84 0.20 0.09 0.82 0. 100 0. 007 3.61
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/ / / Q =a1'ef (0.75-by) /ey 2 +a2'e7 (0.75-by) /ey 2
/min % /% (mmemin~") (t*m*+h™") (16)
0 73.25 59.71 23.19 1.41 . b b
A~ Ay~ R v Ci~ Gy
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Table 3 Laboratory data of the minimum coke consumption by low carbon hydrogen rich sintering on layered heating

1% 1% /( mmemin~") 1% 1% /(tem2+h7")
8.75 4.00 25.97 71.05 60. 79 1.56
8.75 4.00 22.37 65.12 56.92 1.41
8.75 3.80 23.79 67.35 57.73 1. 48
8.75 3.60 24. 68 69. 41 58. 46 1.52
8.75 3.40 25.75 71.29 59.77 1. 56
8.75 3.30 26.73 72.38 61.35 1.63
8.75 3.25 26. 15 71.53 60. 87 1.58
8.75 3.20 25.45 70. 66 58. 98 1.51
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o 25 mm 1172 C
28.1 MJ/m*; @ 25 ~75 mm
3 2
396 C 66.3 MJ/m’;
(1) ® 75 ~690 mm
0.83%~0.08% 9
; 257.2 MJ/m’.
) 20%~25% ( ) (3) 550 m’
;@ \

18.75%



48 5

20% o

Co, J . 2022
47(1) 124 -28;57.
DU Xuegiang ZHOU Jicheng SHANGGUAN Fanggin
et al. CO, emission and reduction measures of pre-iron
system based on carbon flow analysis ] . Sintering and
Pelletizing 2022 47( 1) :24 -28;57.

co,
I 2010 20(5) :37 -42.

SHANGGUAN Fangqin ZHANG Chunxia HU Chan-
gqing et al. Estimation of CO, emission in Chinese steel
industy J . China Metallurgy 2010 20(5) : 37 —42.

” j .
15 -20.
SHANGGUAN Fangqin LIU Zhengdong YIN Ruiyu.

2021 31(9):

Study on implementation path of “carbon peak ” and
“carbon neutrality” in steel industy in China J . China

Metallurgy 2021 31(9) : 15 -20.

J. 2022 217(4):18 -22.
CHENG Moli. The analysis and expectation of carbon
reduction path in iron and steel enterprise J . Metallur—

gical Economy and Management 2022 217(4):18 -22.

C 7/

2019:7.

NA Hongming HE Jianfei YUAN Yuxing et al. Analysis
of carbon emissions from different production processes in
iron and steel enterprise C //China Academic Journal
Electronic Publishing House Northeast University. 2019:
7.

10

11

12

J. 2023 58(3):1-10.
ZHU Rong REN Xin XUE Botao. Research progress of
ultimate carbon emission in BOF steelmaking J . Iron &

Steel 2023 58(3) 11 - 10.

2021(33) :89 -91.
WANG Zhiquan. Analysis of energy saving and carbon
reduction technology in sintering process J . Chemical

Enterprise Management 2021( 33) : 89 -91.

J. 2021 46(6):1-17,26.
LIU Chen YE Hengdi WEI Jinchao et al. An analysis
on green low carbon technology of ironmaking process in
the steel industry J . Sintering and Pelletizing 2021
46(6) :1-17;26.

J. 2022 47(5):95-101.
LI Jianjun SHAO Yan XIONG Jin et al. Research re—
view on energy saving and emission reduction technology
in sintering process J . Sintering and Pelletizing 2022

47(5) 195 - 10L.

2021.
LI Fupeng. Energy efficiency analysis and energy con—
sumption prediction of sintering process D . Tangshan:

North China University of Science and Technology 2021.

J. 2022 47(3):32-37.
LI Qiankun PEI Yuandong ZHOU Xiaodong et al. Pro—
duction practice of natural gas injection on sintering ma—
terial surface of ultra-thick layer J . Sintering and

Pelletizing 2022 47(3) :32 -37.

J. 2023 33(3):94 —-102.
CHEN Shaoguo ZHANG Xiaochen LIANG Jie et al.
Experimental analysis on ultra-deep bed sintering in
Shougang Jingtang J . China Metallurgy 2023 33( 3):
94 - 102.

. 2021 56( 12) : 134 — 141.
YE Hengdi ZHOU Haoyu WANG Yefeng et al. Explora—
tion and research on key technologies of multidayer heat
supplying and H,ich sintering J . Iron & Steel 2021
56(12) : 134 — 141. ( 58 )



58

48 5

15

16

18

15

fur dioxide during iron ore sintering J . Sintering and
Pelletizing 2007 32(4) : 13 -17.

ZONG Y B E L L. ZHANG L et al. Emission of SO,
from iron ore and fuel used in sintering process C //
Proceedings of the 5th International Congress on the Sci—
ence and Technology of Ironmaking. Shanghai: Chinese
Society of Metals 2009: 533 - 536.

YAN Z Q WANG Z A WANG X F et al. Kinetic model
for calcium sulfate decomposition at high temperature
J . Transactions of Nonferrous Metals Society of China

2015(25) 3490 -3497.
M .
1992.
TANG Xianrong WANG Duyang ZHANG Qingcen.
Sintering theory and technology M . Changsha: Central
South University of Technology Press 1992.

J. 2002 37(5): 1 -4.

50 )

J. 2020 45(5):1-17.
YE Hengdi ZHOU Haoyu WANG Zhaocai et al. Re—
search and prospect of high proportion hydrogen—ich fuel

sintering technology. Sintering and Pelletizing 2020
45(5):1-17.

2012.
XU Bin. Research on fundamental and technology of heat—
homogenizing sintering of iron ores D . Changsha: Cen—
tral South University 2012.
PAHLEVANINEZHAD M EMAMI MD PANJEPOUR

19

20

17

18

ZANG Jiangwen ZHANG Qun LIU Xindi et al

Research on using limonite as sintering bedding J . Iron

and Steel 2002 37(5):1 -4.

Co, 7.
2005 36( 6) : 944 -948.
ZHU Deqing PAN Jian HE Aoping et al. Emission law
of greenhouse gas CO, in iron ore sintering process J .
Journal of Central South University: Natural Science Edi-
tion 2005 36( 6) : 944 —948.
SO,

J. ( ) 2011 42(6):
1495 -1500.
PAN Jian ZHU Deqing CUI Yu et al. Emission law of
SO, in iron ore sintering flue gas J . Journal of Central
South University ( Natural Science Edition) 2011

42(6) : 1495 - 1500.

M. The effects of kinetic parameters on combustion char—
. Energy 2014 73:

acteristics in a sintering bed ]

160 —176.

J. 2020 39(3):33 -37;42.

ZHOU Le ZHANG Weijun LIU Xin et al. Design and
application of energy efficiency evaluation software for
sintering process J . Energy For Metallurgical Industy
2020 39(3) :33 -37;42.

HUANG X X FAN X H CHEN X L et al. Optimisation
model of fuel distribution in materials bed of iron ore sin—
. Ironmaking & Steelmaking 2018

tering process J

46(2):1-17.



