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ABSTRACT This study undertook a thorough examination of three different morphologies (rod-shaped, cubic, and spherical) of CeO,
and La-doped catalysts on CeO,. The focus was on understanding the impact of alkaline site quantity and intensity on catalytic activity.
Additionally, it explored how introducing oxygen vacancies affects H,O activation and dissociation, which leads to the formation of
hydroxyl groups, ultimately boosting COS hydrolysis activity. The deactivation mechanism of the catalyst was also discussed. Initially,
the rod-shaped morphology (CeO,—R) displayed more oxygen vacancies on the (110) crystal plane. This unique characteristic
contributed to enhanced catalytic efficiency in COS hydrolysis. When 10% La was doped onto CeO,—R, it resulted in the formation of a
solid solution. This synergistic effect of La with CeO, led to the creation of more asymmetric oxygen vacancies on the catalyst surface,
which further stimulated H,O activation and dissociation, thereby advancing COS hydrolysis activity. Several techniques, such as
CO,—TPD and EPR, were employed to investigate the influence of alkaline sites and oxygen vacancies on COS removal. The results

suggested that alkaline sites were advantageous for low-temperature COS hydrolysis, whereas oxygen vacancies served as surface
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defects, promoting the formation of —OH functional groups. The combined effect of oxygen vacancies and alkaline sites facilitated COS
and water adsorption, thereby enhancing the catalytic hydrolysis efficiency. Further characterization using XPS revealed variations in the
Ces+ species content on the catalyst surface during the catalytic reaction, which are closely linked to the generation and consumption of
oxygen vacancies. Simultaneously, the O 1s spectra suggested that oxygen vacancies on the catalyst surface played a pivotal role during
the reaction. In addition, XPS and S 2p spectra analyses revealed the generation of sulfate salts during the reaction, likely arising from
by-products of COS hydrolysis. This development led to pore blockage and active center coverage, resulting in sulfur poisoning of the
catalyst. This was identified as a major cause of catalyst deactivation. The study also underscored the importance of an appropriate
oxygen content in enhancing the removal efficiency of the catalyst. Excessive oxygen content could lead to catalyst deactivation,
highlighting the need for balance. Further investigations through in-situ diffuse reflectance infrared spectroscopy (in situ DRIFTS)
experiments provided insights into the surface functional group changes and gas products during the heterogeneous hydrolysis reaction
on the 10La—CeO, catalyst. The experimental results indicated that HSCO, was the main intermediate product, with surface —OH
groups and oxygen vacancies actively participating in the hydrolysis reaction. In summary, this study systematically elucidated the

performance and mechanisms of CeO, catalysts in different morphologies and doping conditions for COS removal. These findings

provide valuable information for catalyst design and optimization for low-temperature catalytic COS hydrolysis.

KEY WORDS COS; alkaline sites; catalyzed hydrolysis; oxygen vacancies; CeO,
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Fig.1 Experimental evaluation device diagram
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Fig.2 SEM, TEM, and lattice fringe analysis of CeO,—R, CeO,—C, and CeO,—S: (a) SEM image of CeO,—R; (b) TEM image of CeO,—R; (c) lattice
fringe analysis of CeO,—R; (d) SEM image of CeO,—C; (¢) TEM image of CeO,—C; (f) lattice fringe analysis of CeO,—C; (g) SEM image of CeO,—S;

(h) TEM image of CeO,—S; (i) lattice fringe analysis of CeO,—S
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Fig.3 Characterization spectra of CeO,—R, CeO,—C, and CeO,—S: (a) XRD spectrum; (b) XPS spectrum of Ce 3d; (c) nitrogen adsorption-desorption

isotherms; (d) pore size distribution curve
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Table 1 Specific surface area, pore volume, and average pore size of
CeO, with different morphologies

Samples BET/(m*g ") Pore volume/(cm®-g") Average pore size/nm

Ce0,—S 160.95 0.29 7.38
CeO,—R 79.47 0.20 10.23
CeO,—C 13.67 0.05 15.21

M EZH| CeOy—S M- FLAERTE 10 nm 2247, LRI
BUR 160.95 m* g™, CeO,—R - F- 3 FL4E K 7.38 nm,
LR BN 79.47 m*>g !, 1] CeO,—C FyFLLE M # /b
Hor A5, BARSECH 504 1521 nm, b
KM N 13.67m>g ", fLAH 0.05 cm’ g . CeO,-S
Fl CeO,—R 1Y Lt 3R T AR S AL 25 #K LE CeO,~C R A5%
2, FIFLAR AR D, I b 3% T RURS- 2 FL AR
ZRIEEAE SAAH DG OGRS b iy /N FLIE 4l T
W20 LR AR, T EOM OB L 2R AR K, BRI
L 2 T R R T 2 5% T 22 110 3 1T W BRI P
17 45,2200,
212 4J8 LafBZhy CeO,—R AL B FAE /34t
CeO,~R # 4% LaWiij J5 () TEM &5 5 i [ 4 iy
/N, B4R La i, CeO,—R K IH 52 PRGN K AR 25
¥, ZE & 4(b) TR T WS E] CeO,(110) & I Y A%
B8] B (0.192 nm) b, i 75 La,05(200) 1 (110) & 1
JE s 97 ) 1] B (0.169 nm A1 0.198 nm) P, Mu

100 nm 100 nm

S0l

{CcO, (110

&

12.0.(200)

P FE Cos0,4 FF B Cu e 8 15 41 1k 7 1Y 48 25 L
Tk, BF9E R B Cu 87411 Cos04 1 (311) i (400) 15
W ) 20 A /N IR, KW Cu B &85+ 3
Co304 ', XRD Kl i %47 CuO U, 48 MR W] Cu
TER A ALY b 4L [R)#E, xLa—CeO, FJ XRD [&
AN 4(e) BiR, BAHT G 1A W3 25 5, B R
M3 CeO, #, {H15 La 1Y CeO, 7£ 28.5°(111) F1 47.4°
(200) 4k (1) U ) A7 (R B8, E— 25U &2 )R La B i@ ad
B2 F Btk A B CeO, fhHE N, T T8 118 1 A 25
1. 1 4(£) A48 La $B24E A CeO, A& ) XPS
SRS R, WL E BB IR A La U R k4 H
PR, K, 38 3 TEM, XRD K XPS =Fh F Ak T B3t
I I BH B T A5 8 1 il 3 3 A 0,
22 fEHFIBEER COS HTERE

TER IR EE 75 °C, COS HIA L HEFEHy 1600 ~
1700 mg-m*, ) Ji; %5 3# (GHCV) A 10000 mL-g "-h™!
W) RN ST , ANRIJES CeO, X COS M BR AL
HAE 5(a) s, CeO,—R it 4 COS 14 %05 fe 1,
100% K COS Mt B 2% % fig 4k ¥ 240 min, CeO,—S
AL 100% B COS B %R fE 4E +F 150 min, 5
CeO,—R AL FI A9 A HE, 1009 it 5 5505 4k 5 1 1]
T T 37.5%, CeO,—C X} COS Ay M 5 550 i 22,
TE 60 min N MR R T % % 85% LA T . B4 ANA La
&1 CeO,—R it 4 COS MY R H: 4n & 5(b) /R,

v CeO,
b » CeO,—R
»
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Fig.4 Characterization spectra of CeO,—R doped with different amounts of metal La: (a) TEM image of 10La—CeO,; (b) lattice fringe analysis of
10La—CeO,; (c) TEM image of CeO,—R; (d) lattice fringe analysis of CeO,—R; (¢) XRD spectra of CeO,—R doped with different amounts of metal La;

(f) XPS spectra of CeO,—R doped with 10% metal La
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Fig.5 Different morphologies of CeO, and CeO,—R doped with different La contents on COS removal efficiency and characterization analysis: (a) COS
removal efficiency of CeO, catalysts with different morphologies; (b) COS removal efficiency of CeO,—R catalysts doped with different La contents;
(c) CO,—TPD spectra of CeO, catalysts with different morphologies; (d) CO,—TPD spectra of CeO,—R catalysts doped with different La contents; (¢) EPR
analysis of CeO, catalysts with different morphologies; (f) EPR analysis of CeO,—R catalysts doped with different La contents
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VAN R e 1 DS VAT Al A S e €
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Fig.6  Effect of oxygen with different volume fraction on the removal
rate of COS
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Fig.7 XPS Spectra of 10La—CeO, catalyst before and after reaction and in situ DRIFTS analysis: (a) Ce 3d XPS spectra before and after reaction for
10La—CeO, catalyst; (b) O 1s XPS spectra before and after reaction; (c) S 2p XPS spectra before and after reaction; (d) In situ DRIFTS spectra
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