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Abstract: Against the backdrop of China’s "Dual Carbon", CO emission reduction technologies are
crucial in sintering process. We employed Computational Fluid Dynamics (CFD) to develop separate
models for fuel particles’ combustion and sintering machines. Numerical simulations were conducted to
study the effects of oxygen concentration on fuel particle combustion and the combustion process
within the sintering bed. For fuel particles, increasing oxygen concentration effectively improves
conditions for complete combustion, enhances fuel combustion efficiency, and reduces CO emissions.
Higher oxygen levels promote more thorough oxidation reactions, ensuring a greater proportion of fuel
conversion to carbon dioxide (CO,) rather than carbon monoxide (CO). However, the influence of

oxygen concentration on fuel combustion behavior during sintering is more complex. Internal fuel
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combustion in the sintering bed is simultaneously affected by heat transfer and oxygen concentration
within the material layer. Increasing oxygen concentration leads to a lower fuel ignition point, extending
the high-temperature zone and increasing oxygen consumption due to incomplete combustion. When
the increase in oxygen concentration is small, the proportion of incomplete fuel combustion increases.
This is because the additional oxygen initially promotes faster ignition but does not sufficiently support
complete combustion throughout the sintering bed layer. Consequently, when the oxygen concentration
reaches 23%, the sintering combustion efficiency decreases to 94.4%, the sintering temperature drops,
and the CO concentration in the combustion products increases. This phenomenon highlights the
delicate balance between oxygen availability and combustion dynamics during sintering; insufficient
oxygen results in incomplete combustion and increased CO emissions. Further oxygen concentration
increases, combined with rising layer temperature, optimize the kinetic conditions for CO secondary
combustion. This indicates that excess oxygen supports initial combustion and facilitates further CO
oxidation to CO, in the high-temperature regions of the sintering bed. Consequently, the sintering
combustion efficiency improves, and the CO emission concentration decreases. When the oxygen
concentration is increased to above 27%, the combustion efficiency exceeds 94.9%, significantly
optimizing fuel utilization efficiency during sintering and reducing CO emission concentration in the
sintering flue gas. This indicates a threshold oxygen concentration beyond which the benefits of
enhanced combustion efficiency and reduced emissions became pronounced. These findings highlight
the importance of carefully controlling oxygen levels during sintering to achieve both energy efficiency
and environmental goals. This study provides valuable insights into how oxygen concentration
improves combustion efficiency and reduces emissions during sintering, contributing to energy
efficiency and environmental protection in industrial applications.
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Table 1 Gas phase composition at gas inlet %
415 O N

1 21 79

2 30 70

3 40 60
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Fig.2 Sintering machine model diagram
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Table 2 Chemical composition of raw materials
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Table 3 Gas phase composition at sintering

gas inlet %
2H 5 O,k & N,k B2
1 21 79
2 23 71
3 25 75
4 27 73
5 29 71
6 31 69
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Table 4 Chemical reaction and reaction rate

[24-30]
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Table 5 Model boundary conditions and

initialization conditions

24 L E¥va HuH
BHZ R mm 920
MR K 1373
ERITHIT S K 1100
FAKHE kPa 8
Pk fE kPa 14
PG R kPa 14
Je g Lk m/min 1.8

TRABE YRR mm 3

o WIR A R SR T . BRAS iR
k24 5 v R i C 15 (UDF) F 7 A E X, IF
i F SIMPLE %3k 1 3 fUE S 3 0k & .

2 FHR5i1TR

2.1 O, KEXTARLEAL IR T 0 B9 R5 00

ST HORBUR R S A v 3 S S B M
M(a, b, o)Ak CO K CO, ¥ FE M MM, 73 Hr T A
] O, ¥k BE 25 A T ORHIURL B MR B ATy J2 LA
PR HE R, S5 RN 3~4 FIras o BRRHIURE
PIFAR NI AT a B9 CO e BEH g, I h T
I TH G 1 AR 05 AR O, [R] BT AR Y
CO RAELIS 5 O, KA Z WAL, AT 75
R SRR o Bt e A7 5 1) e 8 JORE 4 77 1) 7
gl), CO 5 O, 9 ZUMRE SV 2 7 1 i, [R] I, 4%
e M S U N SRR IR B D SE A,

CO e g 2B TR HE
10
8.8 21%
30%
8T 40%
S 6 5.6
i
S 4 36 22
2.8
2.0
2 15
04 0.2
0 1 1
a b c
WD

3 O, REX CO HKEHF N
Fig.3 Effect of oxygen concentration on CO

concentration

p
30%
20 + 18.9 |:|40%
17.6 —
e 14.6 154
= — 13.2 13.1
il 138 126
& 11.0
St
0
a b c
M)

B4 0, KEX CO, REHMN
Fig. 4 Effect of oxygen concentration on CO,

concentration

L WS CO, e FE AR Ak 2 B, JHOHk J3E I A il
SNBSS CO RTR . MR A 1) 41,
CO, MR JeE Wl &S b 4b i F CcO 5 0, 74T —
YRR PR B 2 b T, B A W A e BRASOME I B0
S B R AN T A T T R

HE— 25X e B — W S FE R TR O, WRIE T 1Y
SAHALE, 53 Won, B A O, & &g i,
CO 5 H B Wb, i CO, BT, X—H4
FH, EIA IR T A SOGE TR 58 R
4k, S E T BRGE R R A HEAT, TRt R T ok
BN o
2.2 O, iREEITBAFHBURLBA R 5 2 A B2 0T

WE S Frs, BE S O, ¥ B 1 % A0 3
o, BRHISURE () R e 5 N B ) B, R 6 39 5 T
P, BB AR R T B, X — B4
JLWE T O, e B Xof T U R 58 I IV B 7 2 i) 7 2
S, LR B R THIE HE TR O, Z M A 4L
T, DTN T B be S By B AT o FE T AR AR AR
THRE5 R, O, W ML TH S5 IR BRI Tt = Z 18]
SIEASE . XF T BRI R B BR B 0 S, R
AN O, TR TTAL, Uk B I, BRI niy o
Sl HL 56 4, RS 2 B 784 R, 1% S A
T RSEAIREE ) CO WA R, AR TR
BHTURL R
23 O, REMBRENERSRENZIT

Bl AR O, F i MW T, BRI IR A5
B EN TR MR IRA NS T
O, W = 23% W, B2 WY O, Hrapiz T
Th, BRBEHE R, SR, FE B SE R, RRHR be
JN R LT, O, THAE R R, FECRHZ IR
I B S ARG A, AL B AS 58 2 R 66 E 151 B

5



2
100 - [__130% 979 98.5
I 0%
& 83.0
% 79.7
= 80 77.2
Y
= 723
60 - 573

a b c
I R

5 O, REXHIAFIBRLIR B 2R MR

Fig. 5 Effect of oxygen concentration on combustion

efficiency of fuel particles

Z AT, HEMISE 0 et ik B v () s L, ff ke
ORI H 1612 K FEIKE 1603 K.

BlZ O, e FE () E— 2538 K, JRBH I be it 12
BT T, 5B Ho Bz 548 T, 1ok
FEJR b I A v TR A AR R S R o, 3 TG AR fik R
ZIRESERTE, K 6 iR, 24 0, lEHM KR
31% B, bedlibl 2 i S B2 1667 K.

1700 |
1667
e 1683

i 1612 1603 1604
i 1600 |
puis
g
%

1500

1 400 1 1 1 1 1 1

21 2 25 27 29 31
O, WRE/%

6 O, REMIRERARDBEERNZIN
Fig. 6 Effect of oxygen concentration on maximum

temperature of sinter bed

FET LA AT AT R, BRATRLR N B SRR I 7
5 BUBURL R e LA B 22 5, B4 R AL
W RN S 2R R R AT 0, BRRHIR e [R] I 52
FURHEL I O, WIERISENE, O, W E TR TH 22 3L
WAL K AR, T RN 58 2R BEXS T O, 1Y
THFEIR . 75 O, R EZ S THIR BB/ NI, SRR AN5E 2
RS LU T i85 , BEAh i L R AT, Bt ok e ok — 20 G
R, BRRESE A MBE 7 LU o, BRI B AR T
2.4 O, REXTREE RPN R B 7500

HE— P IRTE O, T BB A RE R B2 2803 1Y
SR, AN 7~8 7R o S ReA Rl R B g il B A AL
6

A —2L, 2 O, WREE/NIRFE LTI, R be
R, O, W FEHUREE 2 B, S BUREHY
AN 58 4 IR B L ) 4 T, 2 I A R e A
CO MR EEFETE. 4 O, WRIE K 23% B, BRFEROR
28 ST 94.6% FRIKZE 94.4%.

1.2

I co —v—CO, 1,
1.0 |
9.21 9.22 924 9.53 9.61 9.73 110
A4 A 4 V/V V- v
0.8

CO /%
S
=

o
'
CO, KJE/%

o
o

21 23 25 27 29 31
O, WS /%

7 O, REIRERSH CO.CO, TR/ H M #
Fig. 7 Effect of oxygen concentration on the volume

fraction of CO and CO, in sintering flue gas

98

96.1

MRRERE %

21 23 25 27 29 31
O, IRIE/%

B8 O, REX MR R0

Fig. 8 Effect of oxygen concentration on combustion

efficiency

BE# O, W B 1 — 20 R R, IR IW 3l )
SO BT WA UGS . O YRIE IR T SRHE
IR BT EE R T Co i Ak, #i45 Co,
(VA 2 S T T o TR BSE, R 52 A R 58 i Al
Bl B2 5, RRRCR R T BEH R, 3 0, IR E
PR 31% B, REHAR AR IA 5 96.1% .

3 &

ARS8 2o ST SRR U R AR TR T B 4 L
B, BFFE T O, Wk BE X TR BHBURL A b S e 4 ket
PRARIGE T FE A RE M)

(DX RABHIR R 55 14, O, MR EE 3R TH



Rk TR S8 R BEAR A, e T R be i
(I HEAT, TR AN T CO B — YR E AR BE S,
FETHREMRBERAR, FEAIK CO HFicE .

(2) BEG5FHR N ERELEHR be F] B 52 2k Z A%
e O, W BE RS2, O, MR B4 25 FBUSRRLE K
SIPRRAR, PETTIE KA TE RN O, ITHFER .

(3)7E O, e 23% 1T+ 2 27% B, BEBEAR
5 AR LU0 T 5, B 4 TR R R A, R be e
CO Y BE LT, BRSO R

(4)Y4 O, WL & 27% LA |, O, W EE Ay i
FE LA BORE 2 i T s R R AL CO kB be 4%
1, BRI bR B

2% 3k ( References ) :

(11 FE2E3 WERAT IR RT5 YR BRE R R o 5 e B2 0]
REVRIEE ORI, 2024, 38(3): 65-73.

WANG Lanying. Analysis and prospects of air pollution
control techniques in the iron and steel industry[J]. Energy
Environmental Protection, 2024, 38(3): 65-73.

21  SKEER, EIL, X, 55 BN O PR RE R be4s
FREREIRAISE [J]. 9ERLEL, 2024, 45(5): 123-129.
ZHANG Jianliang, WANG Qi, LIU Chenxin, et al. Effect
of steel slag ratio on the sintering of vanadium-titanium
magnetite ore[J]. Iron Steel Vanadium Titanium, 2024,
45(5): 123-129.

3] MOHAMMAD S, PATRA S, HARICHANDAN B. Reduc-
tants in iron ore sintering: A critical review[J]. Fuel,
2023, 332: 126194.

[4] HSIEH L H, WHITEMAN JA. Sintering conditions for
simulating the formation of mineral phases in industrial iron
ore sinter[J]. ISIJ International, 1989, 29(1): 24-32.

[5] FERNANDEZ GONZALEZ D, RUIZ BUSTINZA 1,
MOCHON J, et al. Iron ore sintering: Process[J]. Mineral
Processing and Extractive Metallurgy Review, 2017,
38(4): 215-227.

[6] LI Zhen, WANG Yaozu, ZHANG Jianliang, et al. Numer-
ical simulation of CO generation and combustion efficiency in
sintering process: Effect of solid fuel particle size[J]. Steel
Research International, 2025, 96(1): 2400094.

[7] LIU Zhengjian, LI Zhen, WANG Yaozu, et al. Numerical
simulation of heat and mass transfer behavior during iron ore
sintering: A review[J]. Metals, 2023, 13(7): 1277.

(8] Je£rBl, Tle, BABE, S MURHPRA TR RAE
CO AR I HERE [J]. 8%k, 2023, 58(8): 1-12+24.
LONG Hongming, DING Long, ZHAO Hexi, et al
Research progress of CO removal in flue gas of typical steel
production process[J]. Iron & Steel, 2023, 58(8): 1-
12+24.

[97 KANGH, CHOIS, YANG W, et al. Influence of oxygen

supply in an iron ore sintering process[J]. ISIJ International,

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

2011, 51(7): 1065-1071.

WANG Yaozu, LIU Zhengjian, ZHANG lJianliang, et al.
Study of stand-support sintering to achieve high oxygen
potential in iron ore sintering to enhance productivity and
reduce CO content in exhaust gas[J]. Journal of Cleaner
Production, 2020, 252: 119855.

ZHANG Jun, GUO Xingmin, HUANG Xuejun. Effects of
temperature and atmosphere on sintering process of iron
ores[J]. Journal of Iron and Steel Research, International,
2012, 19(10): 1-6.

BRA, REER, TR, S RESE T AR IC T
PELSIRTR BUG S HERERYREM [J]. BBk, 2023, 58(1): 22-
30.

SHAN Changdong, ZHANG lJianliang, WANG Yaozu, et
al. Effect of high magnetite concentrates ratio on sintering
index and metallurgical properties under oxygen-enriched
conditions[J]. Iron & Steel, 2023, 58(1): 22-30.

XA, I, X0, 5 @ ERHRBUR B ARl
L ARAHERAT HBTTE [J]. 1R 24 (SRR 0D
2024, 55(3): 851-859.

LIU Jie, ZHOU Mingshun, LIU Huibo, et al. Study of flue
gas emission behavior and oxygen-enriched intensification of
double-layer sintering with ultra-high bed[J]. Journal of
Central South University ( Science and Technology) ,
2024, 55(3): 851-859.

REWE, PR, EIEIL, 4 Sl B SRR
BRE AT [I]. WAtR 4, 2024(10): 71-79.

SHE Xuefeng, ZHONG Tingliang, WANG Yanjiang, et
al. Mechanism and technical analysis of carbon monoxide
emission reduction in sintering peocess[J]. Hebei Metal-
lurgy, 2024(10): 71-79.

SRIEMG, B, skER, . BEXTBRAS S RERBEL
TS [CL//A T = T E AR SR SO ——2. Rk
SEREL mPC: PEGE%S, 2022: 1934197,
ZHANG Yapeng, JI Bin, ZHANG Xiaochen, et al. Effect
of oxygen enrichment on sintering process and quality of
sinter[C]//Proceedings of the 13th China Iron and Steel
Annual Conference—2. Iron making and raw fuel.
Chongging: Chinese Society of Metals, 2022: 193-197.
RES, B, VLI, S B AR SIEFRT bedh
B REAR A CO HERLAYRE IR (], hig KA =i (A S48
SR, 2022, 53(4): 1179-1188.

WU Hongliang, LUO Yunfei, ZHOU Jianghong, et al.
Influence of oxygen enrichment and flue gas circulation on
quality index of sinter and CO emissions[J]. Journal of
Central South University ( Science and Technology) ,
2022, 53(4): 1179-1188.

WSO, ARSRM, 2, S5 HIBRERBESS L2 a4
AN BRI ARAE (7). MRS R @2 4R, 2019,
18(1): 1-6.

NI Wenjie, ZOU Zongshu, LI Haifeng, et al. Process opti-

mization of oxygen enrichment and coke oven gas injection in

7


https://doi.org/10.7513/j.issn.1004-7638.2024.05.016
https://doi.org/10.7513/j.issn.1004-7638.2024.05.016
https://doi.org/10.1016/j.fuel.2022.126194
https://doi.org/10.1002/srin.202400094
https://doi.org/10.1002/srin.202400094
https://doi.org/10.2355/isijinternational.51.1065
https://doi.org/10.1016/j.jclepro.2019.119855
https://doi.org/10.1016/j.jclepro.2019.119855
https://doi.org/10.11817/j.issn.1672-7207.2024.03.001
https://doi.org/10.11817/j.issn.1672-7207.2024.03.001
https://doi.org/10.11817/j.issn.1672-7207.2024.03.001
https://doi.org/10.11817/j.issn.1672-7207.2024.03.001
https://doi.org/10.11817/j.issn.1672-7207.2024.03.001
https://doi.org/10.11817/j.issn.1672-7207.2024.03.001
https://doi.org/10.11817/j.issn.1672-7207.2024.03.001
https://doi.org/10.11817/j.issn.1672-7207.2024.03.001
https://doi.org/10.11817/j.issn.1672-7207.2024.03.001
https://doi.org/10.11817/j.issn.1672-7207.2024.03.001
https://doi.org/10.11817/j.issn.1672-7207.2022.04.003
https://doi.org/10.11817/j.issn.1672-7207.2022.04.003
https://doi.org/10.11817/j.issn.1672-7207.2022.04.003
https://doi.org/10.11817/j.issn.1672-7207.2022.04.003
https://doi.org/10.11817/j.issn.1672-7207.2022.04.003
https://doi.org/10.11817/j.issn.1672-7207.2022.04.003
https://doi.org/10.11817/j.issn.1672-7207.2022.04.003
https://doi.org/10.11817/j.issn.1672-7207.2022.04.003
https://doi.org/10.11817/j.issn.1672-7207.2022.04.003
https://doi.org/10.11817/j.issn.1672-7207.2022.04.003
https://doi.org/10.11817/j.issn.1672-7207.2022.04.003

(18]

[19]

[20]

(21]

[22]

(23]

iron ore sintering with flue gas recirculation[J]. Journal of
Materials and Metallurgy, 2019, 18(1): 1-6.

INVE . INE Ebe sl R i B Y A SR R vt (0], H
Wif4s, 2013, 35(2): 13-16.

SUN Youhong. Principle and design of flow regulation in
oxygen-enriched sintering program[J]. Gansu Metallurgy,
2013, 35(2): 13-16.

ZHOU Hao, ZHOU Mingxi, CHENG Ming, et al. Experi-
mental study and X-ray microtomography based CFD simula-
tion for the characterization of pressure drop in sinter bed[J].
Applied Thermal Engineering, 2017, 112: 811-819.

LI Sida, ZHANG Jianliang, WANG Yaozu, et al. Migra-
tion and reaction mechanism of barium in
BaSO,~CaCO;—Fe,0,
Research International, 2023, 94(10): 2200926.

WANG Yaozu, ZHANG Jianliang, CHENG Qiang, et al.

system during sintering[J]. Steel

Interface interaction between SiO, and magnetite under high
temperature: Particle migration and inhibition mechanism[J].
Journal of Iron and Steel Research International, 2024,
31(3): 561-572.
LIU Zhengjian,
Rapid,

LI Zhen, ZHANG lJianliang, et al.
non-destructive identification of iron ores-based
random forest ( RF) using visible and near-infrared spec-
troscopy[J]. Metallurgical and Materials Transactions B,
2024, 55(4): 2591-2600.

NIU Lele, LIU Zhengjian, ZHANG lJianliang, et al.
Mineralogical properties and co-sintering characteristics of
fluxed iron ore with magnetite concentrates[J]. Journal of Iron

and Steel Research International, 2024, 31(2): 318-328.

[24]

(23]

[26]

(27]

(28]

[29]

(30]

WANG Gan, WEN Zhi, LOU Guofeng, et al. Mathemati-
cal modeling of and parametric studies on flue gas recircula-
tion iron ore sintering[J]. Applied Thermal Engineering,
2016, 102: 648-660.

CAI Jin, KONG Xiangwei, CHENG Liu, et al. Mathemat-
ical modeling and characteristics evaluation of coke replacing
with commercial biochar in iron ore sintering process[J].
Fuel, 2024, 377: 132820.

CHEN Jinchao, KANG Zengxin, WU Zhaoxia. Three-
dimensional transient model analyses the influence of coke
size on the evolution characteristics of iron sintering tempera-
ture field[J]. Ironmaking & Steelmaking: Processes, Prod-
ucts and Applications, 2024: 03019233241275063.

WU Yufeng, GAN Min, JI Zhiyun, et al. New approach to
improve heat energy utilization efficiency in iron ore sinter-
ing: Exploration of surface fuel addition[J]. Process Safety
and Environmental Protection, 2024, 190: 125-137.

LI Chaoqun, QIN Shuai, WANG Xue, et al. Reduction of
carbon emission in iron sintering process based on hot air
sintering technology[J]. Journal of Cleaner Production,
2024, 471: 143403.

ZHOU Hao, ZHAO lJiapei, LOO C E, et al. Numerical
modeling of the iron ore sintering process[J]. ISIJ Interna-
tional, 2012, 52(9): 1550-1558.

DE MORAIS OLIVEIRA V, DE RESENDE V G,
DOMINGUES A L A, et al. Alternative to deal with high
level of fine materials in iron ore sintering process[J]. Journal
of Materials Research and Technology, 2019, 8(5): 4985-
4994.


https://doi.org/10.3969/j.issn.1672-4461.2013.02.005
https://doi.org/10.3969/j.issn.1672-4461.2013.02.005
https://doi.org/10.3969/j.issn.1672-4461.2013.02.005
https://doi.org/10.1016/j.applthermaleng.2016.10.123
https://doi.org/10.1002/srin.202200926
https://doi.org/10.1002/srin.202200926
https://doi.org/10.1007/s42243-023-01078-1
https://doi.org/10.1007/s11663-024-03119-w
https://doi.org/10.1007/s42243-023-01036-x
https://doi.org/10.1007/s42243-023-01036-x
https://doi.org/10.1016/j.fuel.2024.132820
https://doi.org/10.1016/j.psep.2024.07.036
https://doi.org/10.1016/j.psep.2024.07.036
https://doi.org/10.1016/j.jclepro.2024.143403
https://doi.org/10.2355/isijinternational.52.1550
https://doi.org/10.2355/isijinternational.52.1550
https://doi.org/10.2355/isijinternational.52.1550
https://doi.org/10.1016/j.jmrt.2019.07.032
https://doi.org/10.1016/j.jmrt.2019.07.032

	0 引　　言
	1 模型及方法
	1.1 模型结构及特点
	1.2 计算模型
	1.2.1 基本假设条件
	1.2.2 化学反应子模型

	1.3 边界条件
	1.4 求解方法

	2 结果与讨论
	2.1 O2浓度对燃料颗粒燃烧行为的影响
	2.2 O2浓度对燃料颗粒燃烧效率的影响
	2.3 O2浓度对烧结料层最高温度的影响
	2.4 O2浓度对烧结料床燃烧效率的影响

	3 结　　论
	参考文献

