5539 55 4 ) g I8 % &R P Vol.39 No.4
2025 4F 8 H Energy Environmental Protection Aug., 2025

PR, XUEAE, sRAE R, S W SR B A R R be S CO HE Y 52 me BB Y (], RE LR
B4, 2025, 39(4): 178-185.
LI Zhen, LIU Zhengjian, ZHANG Jianliang, et al. Numerical Simulation of the Impact of Oxygen Enrichment

i

MhihsbiE

Technology on Fuel Combustion and CO Emissions During Sintering[J]. Energy Environmental Protection,
2025, 39(4): 178-185.

B AABIA e gt i IR S
CO HETBCY 58 M AP BN
R GER, KER', EME

(1 FTHIEKRF A5 EATEFR, LR 100083; 2. W RARK KT FaALE5HKAER,
Jb7% 100083; 3. WA K F ATH R, LK 100083)

WE: AXRBEBFELNE BARGE T T, COBRFERERGFAL SRR AL TF0E L
BRI e, AT H RS A F(CFD)E AR, 5 A ME T RABA R AL A o ke 25 DU A, sl 3T
AL R T O, R E ST BRA B IR B BB 45 A R MR et A2 09 v . 48 R R IR, &F T RH B
=, 33 O, IRE AR B B E WA 09 T A RB S, 3R FHRADR B 2 & 5T 1K CO 2. &
W, FEReLE T, O, R STRAHR AT A 09 w3 B 2% o 45 FH R 30k oRe ) By % 204
BAE B O, R EHh, 5t O, IRE LS FHMH A K EEAK, st m it K 5B % 2, Fi K
RRAMRBEN T O, 894, % O, IREFRI W EEET, AR T ARBEIH 5, S O, RER
F+E 23%, B MRIER R T £ 04.4%, s8R B IEAK, IR Z ¥ COMK AR E M, %
0, REWMH—F G, 0, K E b BB RAERAKAT CO ZRIRBRMF) 54k, it
FZBR e AL FAF AT, COHA R E R E AR, 5 O, R ER G E 27% VA L at, ks F At
94.9%, T3-SR 2E T 5 AR A 2 fo BARBR 25 B A, CO HEAORE BA B 5 694k ALAE A
KEIW: Hek; B4 FAREAK; BARR; BEMA,; COHRE

FESES: X701 XERARIAED: A X EHS: 2097-4183(2025)04—0178—08

Numerical Simulation of the Impact of Oxygen Enrichment Technology

on Fuel Combustion and CO Emissions During Sintering
LI Zhen', LIU Zhengjian"*, ZHANG Jianliang', WANG Yaozu™’

(1. School of Metallurgical and Ecological Engineering, University of Science and Technology Beijing,
Beijing 100083, China; 2. School of Intelligent Science and Technology, University of Science and
Technology Beijing, Beijing 100083, China; 3. Artificial Intelligence Research Institute,
University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Against the backdrop of China’s "Dual Carbon", CO emission reduction technologies are
crucial in the sintering process. We employed Computational Fluid Dynamics (CFD) to develop
separate models for the combustion of fuel particles and for 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
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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 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
become 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.
Keywords: Ironmaking; Sintering; Oxygen enrichment technology; Fuel combustion; Sintering

flue gas; CO emission concentration
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Fig. 1 Schematic diagram of fuel particle model
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Table 2 Chemical composition of raw materials

ey AU %
C 4.0
H,0 8.0
Sio, 5.3
AlLO; 2.7
MgO 2.5
Fe,0, 54.0
Fe,0, 9.0
CaCO, 14.5




FORE

AT B EE  RR R bE & CO HERL AR M B E AU

- 181 -

R3I RESBAOLSHERS

Table 3 Gas phase composition at sintering

gas inlet %
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