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Study on the Catalytic Performance of Cu-SSZ-13 Under Exhaust
Conditions of Marine Ammonia-Fueled Engines

Li Zhijun1 , Deng Wenshuo', Li Shilong1 , Zhang Jianhua'*? , Chen Xiaoxuan', Liu Mingshun1
(1. State Key Laboratory of Engines, Tianjin University, Tianjin 300072, China;
2. Wuxi Advanced Internal Combustion Power Technology Innovation Center, Wuxi 214100, China)

Abstract: To investigate the catalytic performance of Cu-SSZ-13 catalyst under conditions involving water vapor
emissions of high volume fraction, a one-dimensional reactor model and a catalytic reaction kinetics model were es-
tablished using GT-SUITE software. The chemical reactions occurring within the SCR system were analyzed through
simulation methods. The influence of water vapor of high volume fraction on the catalytic performance of Cu-SSZ-13
was analyzed under different operating conditions. The model was based on the Eley-Rideal mechanism and, for the
first time, incorporated water vapor adsorption and desorption, as well as a water vapor inhibition function to char-
acterize the promoting effect of water vapor on ammonium nitrate (NH4;NOs) decomposition and its inhibitory effect on
the selective oxidation of ammonia (NH;). In addition, nonselective oxidation of NH; and reduction of nitrous ox-
ide (N,O) were supplemented to further improve the model. The results show that the Cu-SSZ-13 catalyst achieves
high NO, conversion efficiency in a temperature range of 230—450 ‘C. Below 350 'C, water vapor inhibits NO, con-
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version, whereas above 350 ‘C, it promotes conversion. The temperature range where NO, conversion efficiency

exceeds 95% is defined as the efficient temperature window. It was found that a higher ammonia-to-nitrogen ratio and

a lower gas hourly space velocity can broaden this efficient temperature window when the volume fraction of water

vapor increases. However, these conditions also cause increased formation of nitrous oxide (N,O) at all the volume

fractions of water vapor. Based on the simulation results, the optimized operating condition for the catalysts was iden-

tified as 230—450 ‘C, ammonia-to-nitrogen ratio was 1.2, and gas hourly space velocity was 50 000 h™'. Under these

conditions, the detrimental effect of water vapor on NO, conversion was significantly reduced, with the NO, conver-

sion efficiency consistently exceeding 98%. Furthermore, at 550 ‘C, the water vapor with the volume fraction of

25% exhibited the most pronounced promotional effect on NO, conversion efficiency, showing an improvement of

8.6% relative to the base-line condition.

Keywords: marine ammonia-fueled engine; selective catalytic reduction; water vapor; molecular sieve catalyst;

numerical simulation
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Tab.l SCR catalyst surface reactions
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Tab.2 Reaction rates

e S
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Fig.6 Effect of volume fraction of water vapor on NO,
conversion efficiency across different gas hourly
space velocities
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