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Simulation study on emission control of volatile organic solvents

in decarbonization tail gas of carbon dioxide capture process

Li Yuan'?, Lei Wenhao!, Xue Lei?, Huang Zizhen', Xue angwel4
(1. School of Aeronautical Materials and New Energy, Xihang University, Xi’an 710077, China;
2. School of Chemical Engineering and Technology, Xi’an Jiaotong University, Xi’an 710049, China;
3. Xi’an Thermal Power Research Institute Co., Ltd., Xi'an 710054, China;
4. Beijing Petrochemical Engineering Co., Ltd. Xi’an Branch, Xi’an 710061, China)

Abstract: [Objective] This work focuses on the emission control of volatile organic amine solvents carried in the
decarbonization tail gas of coal-fired power plants. [Methods] A steady-state and dynamic model of Aspen Plus
water washing tower using desalinated water as the washing solvent was developed to control the volatile organic
amines contained in the decarbonization tail gas of chemical absorption carbon dioxide capture process. In the
steady-state process, a thermodynamic model of the water washing tower was established and the internal structure
of the water washing tower was determined. The optimal operating parameters for controlling volatile organic
compounds emissions in the water washing tower were obtained through sensitivity analysis. The dynamic response
process under disturbance was obtained from the dynamic control model. [Results] The simulation results show that
the removal rate of VOCs from the tail gas of the water washing tower is 99.41%. The modeling results show that

W = B H:
£ & m B:
Supported by:
E—EEEBN:
BIEEEEN:

2026-05-22 f& [B] B HA: 2026-07-03 #Ht ¥ H H: 2026-07-09 MLZE A BHER: XXXX-XX-XX
BRPGE48 #CH TR ST RITE  (25JK0517)

Scientific Research Program Funded by Education Department of Shaanxi Provincial Government (25JK0517)

B% (1992) , %, it TR, EBRFFRIT A SRS SFIM, liyuan2017@126.com.

PN

WFE (1996) , L, fdz, JHl, FZHITTRALEERRE RS K 54k, zizhen_huang@163.com.


mailto:liyuan2017@126.com
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when the number of washing tower plates is 16 and the amount of desalinated water is 1.5 t/h, the concentration of
volatile organic compounds can be reduced from 4 377 mg/m? before washing to 25.85 mg/mé, which meets the
national emission standards. The sensitivity analysis results indicate that the theoretical number of trays in the water
washing tower is more sensitive to the concentration of volatile organic compounds emissions than the amount of
desalinated water used. The hydraulic calculation results show that the maximum flooding factor is 55.8%, and the
maximum limit value of the washing tower system is 32.03%, which proves the reliability of the washing tower
equipment design. The equipment design and dynamic control simulation results of the water washing tower indicate
that under disturbances in feed flow rate and composition, the emission concentration of volatile organic compounds
at the gas phase outlet of the water washing tower does not exceed + 5% of the pre disturbance level, and the
emission concentration of volatile organic compounds under all disturbances is less than 30mg/m3, indicating that
the water washing tower can effectively control VOCs under both steady-state and dynamic conditions.
[Conclusion]The effectiveness of the water washing process proposed in this article for controlling volatile organic
compounds in decarbonization tail gas of carbon dioxide capture process has been verified. The research results of
this work can provide technical support for achieving standard emissions of volatile organic compounds in carbon
dioxide capture processes. The control of volatile organic compounds in decarbonized exhaust gas will become an
essential component of advanced carbon capture technology systems.

Key words: chemical absorption; carbon capture; water washing tower; volatile organic compounds; Aspen Plus
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Fig.1 Model of water washing tower
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Tab.2 Binary interaction parameters
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Tab.3 Simulation results
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Tab.4 Results of hydraulic performance calculations
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Tab.6 Controller parameter settings
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Tab.7 Interference summary of dynamic operation of water washing tower

#ah i EH HAE haERAN
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Fig.8 Dynamic responses under D1 and D2 disturbances
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Fig.9 Dynamic responses under D3 and D4 disturbances
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Fig.10 Dynamic responses under D5 and D6 disturbances
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