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FHK #4328 Ho 8 2<1E OMS-2 it fk 5l h, A T
Ho,-OMS-2 ffE {5, Jf-XF H CO 3% & 1 fi 1k 18 )i
NO(CO-SCR)WHEREIEAT T S50 5%, LA SCR-
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1.1 EEFIFHE

K —2 K LA BT Ho,-OMS-2(x &/~ 1
1kF#]rh Ho 5 OMS-2 1 Mn Y EE /K F) AL 5. 78
40 mL £ B TR ANA 4.092 g BYBERREE (254
W1, 53Hrat) Fl— B iASRREK (3AChem, 99.99%),
I TE IR G AL 7E 40 mL £ 551K
FUMA 2.528 ¢ =i dh RET (B 254E 1A, 2 #ral) Hii
BISIE N B T TR VUG 200 N A 19 v e s I 48
HERBA AT, B, IRA WA G %, fEt4
H 120 C KR 4 h B HI B2 =G, 2l A5
FIKFTCAK LB UK SO bR 2 A B i LR
MLZRE, 100 °C TERALFE 12 h. BRIk BIF B 2
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N, R A AT
[NOJ;1e-[NO gu1ee

[NOJiiec

NO conversion= x100%
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Fig.1 Evaluation of Ho,-OMS-2 catalysts activity
(a) NO Conversion; (b) N, Selectivity

(Reaction Conditions: NO=0.05%, CO=0.05%, O,=2%, N,=balance and GHSV=15 000 hfl)
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Fig.2 Influence of SO, on Ho, (s-OMS-2 catalyst

(Reaction Conditions: NO=0.05%, C0O=0.05%, O,=2%, SO, =0.02%, N,=balance and GHSV=15 000 hfl)
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Fig.3 SEM images of Ho,-OMS-2 catalysts
(a) OMS-2; (b) Hog ¢s-OMS-2; (c) Ho, ,-OMS-2
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SEILAAAT. (211) & 1 A 35 58 B 3 AR ) st 136 A 1
Ho 51 AL 285 G B /N, TR Ak 39 I
FRLE SRR A T SCR R RIREATEY, 33 S Ak 1%
PEVEAN T Ho,-OMS-2 ELAT B 47 (A (I T A Ak 1 e 45
J—F XRD s Hr 25 R R W, s Ik AR i 25
i B AT B2 Ho BCMEAE AL A B ar IR i Ak R i
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Pl 5 Ay e A R0 8 280 o -3 B 5 Uk it 2k L &%
FLAR 53 A K. M 38 TUPAC 4325, OMS-2 F1 Hoy s
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Fig.5 The nitrogen adsorption/desorption isotherms and pore size distribution of Ho,-OMS-2 catalysts
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JE Hoyg 5-OMS-2 Ak 71 LA 35 4 JE il 7% P 1 it
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A6 T I R R A I ) L. 45 SEML RV T
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LA /INT OMS-2. R A FLIR RN /N L
Pt T LU A 4 Ho 824 1) OMS-2 4L 1 11y
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Table 1 Specific surface area and pore structure of different catalysts

Ho/Mn mole ratio

Specific surface

Catalyst In the reactant ICP area /(mz-gfl) Volume of pore/ (Cm3'gil) Average pore diameter/nm
OMS-2 - 75 0.37 19.76
Ho, ps-OMS-2 0.05 0.055 282 0.87 11.77
Ho,,-OMS-2 0.2 0.196 303 0.42 4.85
2.6 XPS R SINNL, Oy & i8R, ARG By, B

&l 6 JEALFIEY O 1s. Mn 2p il Ho 4d ) XPS
T, 2 2 MR, SRR XPS BIG
5B WE 6(a) fi, O Ls it EA PN, 1 4 40
529.2~530.0 eV (YU A & T M fAs A (FH 0, #
7R), 531.3~531.9 eV I 5 & T m W i 4 (1 O,
FR0)Y A8 SCR i, O, A R s, 1 O,

A FT CO-SCR Jz 7 Ay kAT ", dhy 2 2 al u, #H 1L
T4l OMS-2 #1 8}, Ho,-OMS-2 1Y i #4617 7 5 H:
WHEZM O, MR A . th T WL B 1 43 14
(Oy) ML BFE7E 525 (37 L, JIF AT LA R R B 420 P 55 2
kR ARG WS AT AR S
2 Ho,-OMS-2 i £k ¥ JE 5 & A= ok A48 19 J R 22—
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Table 2 Atomic concentration on the catalyst surface

Surface atomic ratio /%

Catalyst " " "
Mn"/ Mn Mn” / Mn Mn' /Mn 0, Oy 0,0,
OMS-2 14.2 53.5 323 75.5 25.5 33.8
Hoys-OMS-2 13.0 442 42.8 56.3 43.7 77.6
Hoy,-OMS-2 17.3 50.8 319 69.4 30.6 44.1

Mn 2p 1% &l (K] 6(b) 1E 640.1. 642.0 11 643.1 eV 4t
Sy 3 A, AR HIRERL T Mn™, Mo, Mn* T,
Z20H Mn ZEAEAEF TP 2L Mn™ . Mn® R M IR R
AEAE, FLARXT 5 et 3 i g T AR ) LU ABR TS AHDCA
FE S W A AL B A B R A AR T R
A Mo )RR RO FEAE, M R] LU 3 NO
AN NO,. BEAh, #ARES ) MnO, A B TR
AL BN B HEATEY . NFE 2 AT LA 1, il
Ho 525 ] DAUFR 5 48 Ak 790 2 i M 35 42, 3l fi e
Hoyg,0s-OMS-2 AL EL AT B0 IR A A 15 1 1 i (R
Z—. XPS 3 Hr &5 R W], Ho,-OMS-2 fi# k35| B A
B AR AT T 5 H B B 2 R A A L
KA Mot &
2.7 H,-TPR

OMS-2 Fil Ho,-OMS-2 4k 51 (134 Ji 1 BE R fiE
gE AN 7 frs, OMS-2 i 4L 5 78 200~380 °C &
BBl N B H— N R IR — AR W 206, 054D, 4
1k 5 1 38 I 2 F2 EAR MnO,—Mn,0,—Mn,0,—
MO, fF ki W 14 4 B0 Wi A 390 2 T S ol ok

H, i J5U P 400~520 C ¥ Fil P4 4 04 AT RE J2 8 T
Ho,O, ¥y 118 Jr ™" i 58 2 W 42 SR 4B = ax il 28
OMS-2 #AL I A AL B I8 R | W A T R A i
B, AL AR i R e 1 7 Rl LR
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Fig.7 H,-TPR Profiles of Ho,-OMS-2 catalysts
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Fig.8 NH;-TPD profiles of the Ho,-OMS-2 catalysts
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NO(CO-SCR) HEREZEAT T WA, &5 A iR RARLS R
AT DA R 498

(1) 5 OMS-2 A t, Ho,-OMS-2 fi fb 5 % B i
BEA W5 T AE IS P, Forh Hop 0s-OMS-2 {4k
FIAE 225 °C A SZFH 98.3% (1K) NO FEAL A N, 1+
P, (H 25 & 1Y Ho 874 2 S B A6 7] H 3 A1 R 81
5. Ik, 7E 0.02%S0, 77 7E i}, Hoyes-OMS-2 1 1k
FITE 200~250 °C {uFE N AIRELRFF 80% LA F A NO
Eefb 3, AL A A B 1 .

(2) T SEM. XRD. BET. XPS. H,-TPR
F1 NH,-TPD fRAES5 R, #2111 T Ho,-OMS-2 {1k
FIIIR 5 P G SR AT A T AR R K . B A 45 i
B, R, B M AR E R
A 235 F1 Bronsted BRI A ALEE.

S 30k

[1]  Wittayakun J, Grisdanurak N, Kinger G, ef al. Adsorp-
tion behavior of NO and CO and their reaction over
cobalt on zeolite betalJ]. Korean J Chem Eng, 2004,
21(5): 950-955.

[2] Oton L F, Oliveira A C, de Araujo J C S, et al. Selec-
tive catalytic reduction of NO, by CO (CO-SCR) over
metal-supported nanoparticles dispersed on porous
aluminalJ]. Adv Powder Technol, 2020, 31(1):
464-476.

[3] YunL, Li Y Z, Zhou C Y, et al. The formation of
CuO/OMS-2 nanocomposite leads to a significant
improvement in catalytic performance for NO reduc-
tion by CO[J]. Appl Catal A-Gen, 2017, 530: 1-11.

[4] a Wu Zhuo-min(i, 52 %), Shi Yong(f1 5 ), Li Chun-
yan(Z= & #t), et al. Synthesis of bimetallic MOF-74-
CoMn catalyst and its application in selective catalytic
reduction of NO with CO(X 4 J& MOF-74-CoMnff £,
0 14 1) 6 B HECOBE MR AR S AR B FD[]. Acta
Chim Sin(16224%), 2019, 77(8): 758—764.

b. Wang Zhu-feng(7: /K 14 ), Huang Jia-wei(% 5% Hi),
Luo Bing-bing(# VK¥K), et al. Selective catalytic reduc-
tion of NO by CO over Cu-doped Co;0,/C catalysts
derived from ZIF-67(Cud{ 14 ZIF-674ii £ 11 Co,0,/CHH
AL B CO-SCRIBE 4514 )[T]. J Mol Catal (China)(53



534 T UKvKA:: Ho dietk OMS-2 fifk CO BEHFRIEAE NO IS 271
Fifk), 2023, 37(1): 33—42. [13] Ming S J, Wang P P, Liu P, et al. Promotional effect of

[5]

6]

(7]

[8]

(9]

[10]

[11]

[12]

¢. Xu Guo-qiangu(#% [E5# ), Su Ya-xin(J} I JiX ), Wen
Ni-ni(/i& 8 &), et al. Study on CH,-SCR performance
by Ga-Fe catalysts supported on Ti-pillared interlay-
ered clays (Ti-PILC)(Ti-PILC 1 % Ga-Feft)CH,-SCRJi
TYPERERFSE)[I]. J Mol Catal (China)(/3FHEAL), 2022,
36(4): 347-359.

a. Yao X J, Xiong Y, Zou W X, et al. Correlation
between the physicochemical properties and catalytic
performances of Ce,Sn; ,O(2) mixed oxides for NO
reduction by CO[J]. App! Catal B-Environ, 2014, 144:
152—-165.

b. Xie Wang-wang(HE HE ), Zhou Guang-he(JH)™%%),
Zhang Xiao-hong(#K % HL), et al. Research progress of
attapulgite application in flue gas SCR denitration
catalytic reaction([] /™ # f 7E 4H <. SCR JI A i 1k S5
I H 4 TR 58 35 B[], J Mol Catal(China) (5
k), 2020, 34(6): 546—558.

Abedi S, Niaei A, Namjou N, et al. Experimental and
modeling study of CO-selective catalytic reduction of
NO over perovskite-type nanocatalysts[J]. Period
Polytech-Chem, 2020, 64(1): 46—53.

Wang Y S, Zhang C, Zhang L, et al. Anti-sulfur selec-
tive catalytic reduction of NO, on Sb-doped OMS-2[J].
Appl Catal A-Gen, 2022, 641: 118684.

Zhang L, Wang S, Ni C J, et al. Ozone elimination over
oxygen-deficient MnO, based -catalysts: Effect of
different transition metal dopants[J]. Chem Eng Sci,
2021, 229: 116011.

Lin Jia-wei (#£%%4). Synthesis and characterization of
Cu-OMS-2 and its performance in catalytic ozone
decomposition(Cu-OMS-2 A . FRIE K HAE AL 53
fit WL & 1Y % BE)[D]. Guangzhou (J7 #H ): Guangzhou
University (J 1 K2%), 2018.

Iyer A, Galindo H, Sithambaram S, et al. Nanoscale
manganese oxide octahedral molecular sieves (OMS-2)
as efficient photocatalysts in 2-propanol oxidation[J].
Appl Catal A-Gen, 2010, 375(2): 295-302.

LiY Z,Fan Z Y, Shi ] W, et al. Modified manganese
oxide octahedral molecular sieves M'-OMS-2 (M'= Co,
Ce, Cu) as catalysts in post plasma-catalysis for
acetaldehyde degradation[J]. Catal Today,2015,256(1):
178-185.

Sun H, Chen S, Wang P, et al. Catalytic oxidation of
toluene over manganese oxide octahedral molecular
sieves (OMS-2) synthesized by different methods[J].
Chem Eng J, 2011, 178: 191-196.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

metal cations doping on OMS-2 catalysts for NH;-SCR
reaction[J]. Chem Eng J, 2020, 379: 122287.

Zha K W, Feng C, Han L P, et al. Promotional effects
of Fe on manganese oxide octahedral molecular sieves
for alkali-resistant catalytic reduction of NO,: XAFS
and in situ DRIFTs study[J]. Chem Eng J, 2020, 381:
122764.

Li L C, Wang Y S, Zhang L, et al. Low-temperature
selective catalytic reduction of NO, on MnO, octahe-
dral molecular sieves (OMS-2) doped with Co[J].
Catalysts, 2020, 10(4): 396.

Wu X M, Yu X L, He X Y, et al. Insight into low-
temperature catalytic NO reduction with NH; on Ce-
doped manganese oxide octahedral molecular
sieves[J].J Phys Chem C,2019,123(17): 10981-10990.
Wang X Y, Zhang Z G, Huang Z F, et al. Synergistic
effect of N-Ho on photocatalytic CO, reduction for
N/Ho co-doped TiO, nanorods[J]. Mater Res Bull, 2019,
118: 110502.

Mekhemer G A H. Surface acid-base properties of
holmium oxide catalyst: In situ infrared spectro-
scopy[J]. Appl Catal A-Gen, 2004, 275(1/2): 1-7.

Li Wei(Z= ), Zhang Cheng(ik A%), Li Xin(Z #&), et
al. Influence of doping on the deNO, performance of
Mn-Ce/TiO, low temperature SCR catalyst(Ho 524X}
Mn-Ce/TiO, fiiii SCR AL B9 B HERERZ )], J
Fuel Chem Technol(% ¥} 1k % % 42 ), 2017, 45(12):
1508—-1513.

Duan C P, Guo R T, Liu Y Z, et al. Enhancement of
potassium resistance of Ce-Ti oxide catalyst for NH;-
SCR reaction by modification with holmium[J]. J Rare
Earth, 2022, 40(1): 49-56.

Zhang Y P, Li G B, Wu P, et al. Effect of SO, on the
low-temperature denitrification performance of Ho-
modified Mn/Ti catalyst[J]. Chem Eng J, 2020, 400:
122597.

Yang S, Zhao H J, Dong F, et al. Highly efficient
catalytic combustion of o-dichlorobenzene over lattice-
distorted Ru/OMS-2: The rapidly replenishing effect of
surface adsorbed oxygen on lattice oxygen[J]. Mol
Catal, 2019, 470: 127-137.

Shannon R D. Revised effective ionic radii and system-
atic studies of interatomic distances in halides and
chalcogenides [J]. Acta Crystallogr Sect A Found Adv,
1976, 32(5): 751-767.

Ivanova S, Petit C, Pitchon V. A new preparation



272

g T

e

37 3%

[25]

[27]

[28]

[29]

[30]

[31]

[33]

[34]

method for the formation of gold nanoparticles on an
oxide support[J]. Appl Catal A-Gen, 2004, 267(1/2):
191-201.

Genuino H C, Seraji M S, Meng Y T, et al. Combined
experimental and computational study of CO oxidation
promoted by Nb in manganese oxide octahedral molec-
ular sieves [J]. Appl Catal B-Environ, 2015, 163: 361—
369.

Huang Tian-jiao (¥ KX 1). Research on the preparation
and sulfur-poisoning regeneration of sintering gas
DeNO, catalysts for low-temperature SCR(%% =
SCR AR LA A A5 ) ol 8 Bt b 34 5T [D.
Nanjing (F55%): Southeast University (%< Fd K2%), 2018.
Chang H Z, Chen X Y, Li J H, ef al. Improvement of
activity and SO, tolerance of Sn-modified MnO,-CeO,
catalysts for NH;-SCR at low temperatures[J]. Envi-
ron Sci Technol, 2013, 47(10): 5294-5301.

Wu Z B, Jin R B, Liu Y, et al. Ceria modified
MnO,/Ti0, as a superior catalyst for NO reduction with
NH; at low-temperature [J]. Catal Commun, 2008, 9(13):
2217-2220.

Zhang Juan (5K 1), Wu Peng (3= ), Li Guo-bo (Z=[H
%), et al. Study on the selective reduction of NO by
NH; over silicon-free residue carbon catalysts doped
with Mn-Ce-M(Mn-Ce-M& & i M JoREFR 18 7% A Ak 7]
FINH,ik £ P 8 J5 NOYE: fig #f 53)[J]. J Mol Catal
(China) (53 TH1k), 2022, 36(3): 207-220.

Kim S C, Shim W G. Catalytic combustion of VOCs
over a series of manganese oxide catalysts[J]. Appl
Catal B-Environ, 2010, 98(3/4): 180—185.

Hao Y X, LiL L, Lu Z M, et al. OMS-2 nanorods filled
with Co-ion in the tunnels as efficient electron conduits
and regulatory substance for oxygen reduction[J]. App/
Catal B-Environ, 2020, 279: 119373.

Tao L Y, Bi X R, Zhang L P, ef al. Na-doped OMS-2-
catalzyed highly selective aerobic oxidation of ethyl
lactate to ethyl pyruvate under mild conditions [J]. App!
Catal A-Gen, 2020, 605: 117813.

Liu F D, He H, Ding Y, et al. Effect of manganese
substitution on the structure and activity of iron titanate
catalyst for the selective catalytic reduction of NO with
NH,;[J]. Appl Catal B-Environ, 2009, 93(1/2): 194-204.
Wu S G, Zhang L, Wang X B, et al. Synthesis, charac-
terization and catalytic performance of FeMnTiO,
mixed oxides catalyst prepared by a CTAB-assisted
process for mid-low temperature NH;-SCR[J]. Appl
Catal A-Gen, 2015, 505: 235-242.

[35] Adjimi S, Garcia-Vargas ] M, Diaz ] A, et al. Highly

[36]

[37]

[38]

efficient and stable Ru/K-OMS-2 catalyst for NO
oxidation[J]. 2017, 219:
459-466.

Yang J, Zhou H, Wang L, et al. Cobalt-doped K-OMS-

2 nanofibers: A novel and efficient water-tolerant cata-

Appl Catal B-Environ,

lyst for the oxidation of carbon monoxide[J]. Chem-
CatChem, 2017, 9(7): 1163-1167.

Zhang Y P, Wu P, Li G B, et al. Improved activity of
Ho-modified Mn/Ti catalysts for the selective catalytic
reduction of NO with NH;[J]. Environ Sci Pollut R,
2020, 27(21): 26954—26964.

Zha Kai-wen (22l 3). Structure-activity Relationship
and in situ DRIFTS study of catalysts with novel struc-
tures for NH,-SCR of NOGH &4 Fa i it AL 5] A48
B B 18 B 520 AT 5Y) (D). Shanghai (7 ):
Shanghai University (_[#K2%), 2018.



53 4 B YkvKA:: Ho Bttt OMS-2 fifk CO MR JF NO A5 273

Study on Ho-modified OMS-2 Catalysts for Selective Catalytic
Reduction of NO by CO

LUO Bing-bing, HUANG Jia-wei, WANG Zhu-feng, SU Ya-xin’
(School of Environmental Science and Engineering, Donghua University, Shanghai 201600, China)

Abstract: One-step hydrothermal synthesis method was used to prepare the Ho-doped Manganese oxide
octahedral molecular sieves catalyst (Ho,-OMS-2) and the reactivity for selective catalytic reduction of NO with
CO (CO-SCR) was examined. The outcomes demonstrated that the Ho,,s-OMS-2 catalyst displayed very
attractive CO-SCR activity at 225 °C when the Ho/Mn molar ratio was 0.05, e.g., 98.3% NO conversion and N,
selectivity. Furthermore, even in the presence of 0.02% SO,, the Ho, (s-OMS-2 catalyst can retain more than 80%
NO conversion at 200~250 °C, and the catalyst has good sulfur resistance. SEM, XRD, BET, XPS, H,-TPR, NHj;-
TPD, and other techniques were used to characterize the catalysts and analyze how the presence of Ho species in
Ho,-OMS-2 affected their physicochemical properties and reactivity. The outcomes show that the lattice
expansion, decreased crystallinity, high specific surface area, increased Mn"" concentration, enhanced surface
oxygen vacancies, and Brensted acidic bit can all contribute to the improved low-temperature activity of Ho,-
OMS-2 catalysts.

Key words: OMS-2; Ho doping; CO-SCR; SO, resistance
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