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Performance and Catalytic Mechanism of Cu/TiO, Catalyst for
Removal of N,O from Exhaust Gas of NH,-fuel Engines

GAO Yu, LI Kun”
( China Waterborne Transport Research Institute, Beijing 100088, China)

[ Abstract] The application of green NH;-fuel on board has been widely regarded as a feasible way to realize the green and low-car-
bon transformation of the global shipping industry. However, the N, O emission problem of marine NH;-fuel engines has become one of
the key technical bottlenecks hindering the development of ammonia-powered ships. To solve this problem, a series of TiO,-supported
transition melal oxide catalysts were prepared by impregnation method. The effect of transition metal element types on the N, O removal
performance of the catalysts was investigated, and the N, O removal performance of Cu, /TiO, catalysts was optimized. The results show
that compared with Fe;/TiO,, Mn;/TiO,, Cos/TiO, and Ni;/TiO, catalysts, Cus/TiO, catalyst shows excellent catalytic activity, the
N, O conversion efficiency can reach 100% at 350 “C. In addition, Cu,/TiO, catalyst also has good water resistance. The experimental
results show that 5% is the best Cu loading amount. X-ray diffraction, N, adsorption-desorption, H, temperature programmed reduc-
tion, O, temperature programmed desorption, and in-situ diffuse reflectance infrared Fourier transform spectroscopy were used to char-
acterize the physicochemical properties and surface reaction intermediates of Cus/TiO, catalyst, and the relevant catalytic reaction
mechanisms were discussed in depth from multiple perspectives. The characterization results show that compared with other Cu, /TiO,
catalysts, Cus/TiO, catalyst has higher dispersion of active species, specific surface area, oxygen vacancy content and stronger redox
performance, which is conducive to its better catalytic activity. The main active species on the surface of Cu,/TiO, catalyst are Cu’*

and Cu” species, and the adsorption and deionization of N,O is a key step in the catalytic reaction.
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Fig. 1 Schematic diagram of catalyst activity testing device
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Fig. 2 Changes of N,O conversion performance of

different transition metal catalysts with reaction temperature

A Cu AR Cu /TiO, HEALFIY N, 0 4k
R S R R R ) AR AR AN 3 s, T AE
200 ~ 225 “CIE I, 25 10550 24K Je B0 S B 3 A
N, OfEAL A it . £ 225 ~ 325 C N, &1k
FIE N, O Ak 28 B 2 o kB8 T e i e & 4 e . ot
Ah,BEE Cu gk 1. 25% THE % 20% , Cu,/TiO,
ALY N, O i Ak o3 i 05 P 52 B0 2 1 5 /5 ik 55
FASfE LA, S AL RIAR EE, Cu T3k Eh 5%
) Cus/TiO, fE AL 7R H 4S5 19 N, O Ak 43 ik 1
BE. MM IREE 325 C TR E 450 °C, AL
FIN, O AL 13K 5] 100%

FURbE G 2 K s K RSB & S LR
HEH B X Cug/TiO, AL R I R PR M52 5, DA

PE— AP PPAG A R e shPILR Ak 317 1 A 1
PitE, HOKPESZH PR K78 TR 15% , )2
BN 350 °C, SEBIT ] 10 h, Hofl 286 255
PEREMNASEIAR [F] , SEER AR ANIE 4 Bz, w7k
A TIAXS Cug/TiO, HEALTTI B N, O Fe AL 2
N7 ) T s | R IZ A AL R B AT R BT K
PERE

100

o
=3
T

—#— Cu,,,/TiO,

NOF&ALH/%
(=
=4

—o— Cu,/TiO,
40 —A— Cuy/TiO,
—¥— Cu,/TiO,
20} —4— Cuy/TiO,
0 1 1 1 1
200 250 300 350 400 450
R EE/°C

El 3 Cu/TiO, #EALFI N,O F b3
i 2 I 3 E 1) 22 A A 0
Fig. 3 Changes of N,O conversion performance of
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Fig. 4 Water resistance test results of Cus/TiO, catalyst
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Fig. 5 XRD spectra of Cu, /TiO, catalysts
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Fig. 6 N, adsorption and desorption isotherms of

Cu,/TiO, catalysts
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Fig. 7 Pore size distribution of Cu /TiO, catalysts
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Table 2 Physical adsorption calculation results of
Cu,/TiO, catalyst
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Cu, ,5/Ti0, 102.33 0.30 23.37
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AR EIRAG, 456 XRD i gs B4 #rnl %, Cu

T o S B AL N R Y Cu W R R AR R
I 5 e A R0 A R A /N AL B, DA T 5 B A
A3 L 3% T8 B BEARR, AN T 51 0 43 1 W B R
Wik, B, B BAK Cu gk & 1Y Cu, ,,/TiO, |
Cu, 5/ TiO, F1 Cus/TiO, A6 5] 12715 H AH X452 47 1Y
TEALTE T

Mtk . www. stae. com. cn



B A5 TR

5686 Science Technology and Engineering

2025,25(13)

2.4 H,-TPR
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Fig. 8 H,-TPR curves of Cu /TiO, catalysts
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