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Abstract  Soot particles and NO_, as the main pollutants in diesel engine exhaust, have caused a serious threat

to people’s health and the surrounding environment. Therefore, the catalytic purification of soot and NO, is of wide

ISR H 1 : 2024-10-08. 4% 15 % H 91 : 2024-12-07.
BRNFA B 5%, W, W, B2, FLNF AL RE D Ak 5 TH 5T . E-mail: zhenzhao@cup.edu.cn

Fepte, B, 2Pz, EENFHLE RS T BIFSE . E-mail: yuxuehual 986@163.com
FEATH  E R AR RIS (e S 22402129, 22072095, 22372107), [ 5 & 5 AF & 1050 H (3 fE S - 2022YFB3506200,
2022YFB3504100), 1L 74 U 700 S5 4B AR BP0 H (7S L1202410166024) 31748 55 A= 208 #0 Ok 9 6 Wiowi H (At e
7+ LNYJG2023280, LNYJG2022400). iT 7 4 1 75 15 4 Fh 2 2 & (HE 50 2022-YQ-20), i 7 4 2% 30 S A4 3 4] 551 [ (4 14 5
XLY(C2203007, XLYC 2203138)F1 4 BHITE KA 1l J5 2 3 4 (HEHE 5 BS202416)9% 1) .
Supported by the National Natural Science Foundation of China(Nos.22402129, 22072095, 22372107), the National Key R&D Program of China
(Nos.2022YFB3506200, 2022YFB3504100), the Fundamental Research Funds for the Liaoning Universities, China(No.1.J202410166024), the
Postgraduate Education Reform Project of Liaoning Province, China(Nos.LNYJG2023280, LNYJG2022400), the Excellent Youth Science Founda-
tion of Liaoning Province, China(No.2022-YQ-20), the Liaoning Xingliao Talented Youth Top Talent Program, China(Nos.XLY (2203007, XLYC
2203138) and the Doctoral Initiation Fund of Shenyang Normal University, China(No.BS202416).

Chem. J. Chinese Universities, 2025, 46(2), 20240455 20240455(1/16)



Jd EF 2w g R
:u CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

concern. In this work, the three-dimensionally ordered macroporous (3DOM ) ZSM-5 zeolite catalyst with unique pore

structures was prepared and taken as a carrier. The 3DOM ZSM-5 supported MO,(M=Mn, Fe, Co, Ce, Pr, W) cata-
lysts were also prepared. The prepared catalysts have a unique hierarchical pore structure,, which is conducive to the
capture and mass transfer of soot and small molecules such as NO_, thereby enhancing the catalytic performance of
the catalysts. Among the prepared catalysts, MnO,/3DOM ZSM-5 catalyst exhibits the best catalytic performance for
the simultaneous removal of soot and NO_, and its peak temperature for soot combustion is the lowest (453 °C) , the
initial temperature for NO conversion above 80% is the lowest (184 “C) and the temperature window (184—362 C)
over 80% NO conversion is wider. The excellent catalytic performance of MnO/3DOM ZSM-5 is related to the good
redox ability, abundant acid sites, sufficient reactive oxygen species, and rich hierarchical pore structures.
Meanwhile, MnO,/3DOM ZSM-5 catalyst also has the highest intrinsic activity according to the kinetic test results.
In addition, based on the results of the activity test and in situ diffuse reflectance infrared spectroscopy (in situ
DRIFTS) , the reaction mechanisms of the catalyst at different temperatures were proposed. At low temperatures
(<300 ‘C ), the reaction mainly belongs to denitrification, following the Eley-Rideal (E-R) mechanism. Soot
combustion mainly occurs at high temperatures (>300 °C) , including activated oxygen mechanism and NO, assisted
mechanism.

Keywords MO,/3DOM ZSM-5 catalyst; Soot combustion; NO_ removal ; Reaction mechanism
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Scheme 1 Schematic diagram for the preparation of MnO,/3DOM ZSM-5 catalysts
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Fig. 2 TEM images of MO,/3DOM ZSM-5 catalysts
(A, B) 3DOM ZSM-5; (C) MnO,/3DOM ZSM-5; (D) FeO,/3DOM ZSM-5; (E) CoO,/3DOM ZSM-5; (F) CeO//3DOM ZSM-5;
(G) PrO/3DOM ZSM-5; (H) WO,/3DOM ZSM-5.
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Fig. 3 Nitrogen adsorption-desorption isotherms(A), mesoporous(B) and microporous(C) distribution

curves of MO,/3DOM ZSM-5 catalysts
Curves a—g: 3DOM ZSM-5; MnOy/3DOM ZSM-5; FeOy/3DOM ZSM-5; CoOy/3DOM ZSM-5; CeO,/3DOM ZSM-5;
PrOy/3DOM ZSM-5; WO,/3DOM ZSM-5.
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Table 1 Textural properties of MO,/3DOM ZSM-5 catalysts

Catalyst Sper/(m-g™) S e/ (m*-g ™) V. !(em®g™) Vool(em®g™) D f/nm

3DOM ZSM-5 641.3 177.7 0.784 0.091 4.5
MnOy/3DOM ZSM-5 435.4 121.4 0.624 0.062 5.7
FeOy/3DOM ZSM-5 426.9 142.0 0.632 0.073 59
CoO4/3DOM ZSM-5 432.1 116.5 0.685 0.059 6.3
CeO4/3DOM ZSM-5 354.1 109.9 0.505 0.056 5.7
PrO,/3DOM ZSM-5 255.8 57.3 0.449 0.029 7.0
WO,/3DOM ZSM-5 292.5 57.9 0.466 0.030 6.4

a. BET surface area; b. t-plot micropore area; ¢ total pore volume; d t-plot micropore volume; e average pore diameter.
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Fig. 4 XPS spectra of MO,/3DOM ZSM-5 catalysts
(A)—(G) an,,’ Fezp, Cozp, Ce,,, Pry,, WAf’ 0, Different metal elements; (G) a. 3DOM ZSM-5; b. MnO,/3DOM ZSM-5;
c. FeO,/3DOM ZSM-5; d. CoOy/3DOM ZSM-5; e. CeO/3DOM ZSM-5; f. PrO,/3DOM ZSM-5; g. WO,/3DOM ZSM-5.

MnO,/3DOM ZSM-5 AL 55 ) Min, 3% €153 24 Min,,  F1 Min,, PS>, 43042 F 659. 2~650. 1 eV A1 649. 5~
637.9 V. Hirr, F AR Y % (37 B0 1T 49 7 M (653. 6 il 642. 2 eV) Fl Mu* (655. 5 il 644. 8 eV).
1 4(B) /K T FeO,/3DOM ZSM-5 AL FIRH RGN ZS . 7T LAWEE S, Fe, I 5309 Fe,, (711.8 eV)
i Fe,, (725.0 eV)PIFR4Y, MEHGIE OB DEFT /006, 2T 711. 8 eV AL B A XS FRIE (Fe,, ) Al 734 Fe™
(714.7 V)R Fe* (T11. 4 V), [WREHD, Fe, ALALE Fe f+3 MAI+2 4. E14(C) 5% T Co0/3DOM
ZSM-5 AL Co,, PRI 5 4 AN TETZ 1, For, Co,, i Coy, (SN BT 781. 9 HI797. 4 eV Ak, F
EREIAHZE 15,5 eV, X5 ZHTAIE A . 55 A T Co,, I Co,, HITLEIE. Co,, HCo,,
APORAG Co HY+3 RI+2 4. AT, (EAHERIMIE, Cey WEEILE917. 1~900. 1 eVIEEINIHIE T Ce,,,,,
898. 7~882. 7 eV 45 & BE VL IH B T Ce,,. 1 i 4306 1T ) 52 i p 007 F 916. 9, 907.7, 901. 2, 898. 6,
888. 8 1 882. 3 eV MY & J& T Ce™ ¥y il , 1 W& v .0 57 TF 904. 0 F1 883. 9 eV Ab (1) I | J& F Ce™ ¥y Fih
[FE14(D) J. 34T Pr, K, PrO/3DOM ZSM-5 AL XPS 3 [l 7] 534 Pry, F Pry, [E4(E) ). BAPry,,,
o], AT 53 2L P F P Rl A I T 954. 3 eV F1949. 2 eV AL . G0 4(F) s, WO,/3DOM
ZSM-SHEALFRI W S W, FIW,, 39018 T WOpIRl, FI LRI 34. 0~30. 0 eV 3L I A ] 62 1
g, T W AAET WO/3DOM ZSM-5 fiE AL 0.

[ 4(G) & MO/3DOM ZSM-5 fEALFAI Y O, 5 & . Al A1, O, AT LAST i 3 4> =i, o, 7 533. 0
eV AT IR B T ZSM-5 BRI A% 4 (0,,) , TE 531, 1~530. 9 eV 3t [l A i I T2 I fH4R. 0,
530. 5~529. 9 eV il FEl N (Y I I T <52 Sl AL (1 AR 40 (0,). 3R 291 Y T AT AR 67 8k 1) MO,/3DOM
ZSM-5HEAEFAIY O,/0 8, FHorfr, MnOy/3DOM ZSM-5 fiEAL51 O,/0, IR K , S AL HAT 5K HL A
AL A I B4R T AL~ IR A R RS Sh P, RERETE I 1 B 22 BOTE PEARL, Tt Y S A AL ) [] IR T
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Table 2 Ionic ratios and acid content of MO,/3DOM ZSM-5 catalysts

NH, desorption

Catalyst O0;/0 content ratio ) - ) ) -
Weak acid content/( wmol-g™") Medium acid content/(pmol-g™)
3DOM ZSM-5 — 37.5 —
MnO/3DOM ZSM-5 0.9 19.5 8.0
FeO4/3DOM ZSM-5 0.8 19.9 6.8
CoO4/3DOM ZSM-5 0.8 23.0 7.8
CeO4/3DOM ZSM-5 0.7 21.5 6.6
PrOy/3DOM ZSM-5 0.8 20.4 4.3
WO,/3DOM ZSM-5 0.7 322 9.1

BrAcHE 5 NO MERE Y B BLR 2529

Bl 5 AL B H-TPR #1415 (A) 34 o S 3DOM ZSM-5 ZR AR 1) H,-TPR #£& . 7] L 3DOM
ZSM-5 HEALFITE 50~900 “CIH-Be AT BH I 14 1 Dt s, 138 BH 28 AR M B2 DX ] N TG Dt . il 5(A) 154k
b~g Wi, M54 71285 3DOM ZSM-5 Ak At ARMETE /R TR RN EE R i . & 5(A) 1%
2k b & MnO,/3DOM ZSM-5 1 Ak 57 () 18 I il 2%, 7F 306 Fll 423 “CAb A3 JR 4 43 551 U1 & T AL Mn*—
Mn*—Mn* i JFRTFE . FeOy/3DOM ZSM-5 {4k 7] (134 JEUIR B2 4051175 368, 467 #1629 °C, R4 JFIg
A AEIHIE T Fe,0,—Fe,0,~FeO L FE, 17 629 CAb i ) AT 58 I J& T 458 Ak Bk I ok 4 J& 4k A9 38 )5 i
. Co0,/3DOM ZSM-5 #i4b 5 i i Ji g )& T Co,0, ik Jiad #2 . CeOy/3DOM ZSM-5 F1 PrO,/3DOM ZSM-5
PR A T EE 155 500 “CH 357 55 BT P/ Fc 3 10 30 D, 5 T B 114 0 i 2 T S Al A AL A L B 1138
JE, T A2 e TR P D0 DU U Ja8 - R AR SR AR A . 78 H-TPR R H AR 5] %) 38 DL A AT i B
AR A B AL A B RE S kR .l S (A) AT IR H, MnOy/3DOM ZSM-5 {4k 577 HL AT Fe AR A4 34 5 I i
(306 °C), i5H MnO,/3DOM ZSM-5 fi#fk 351 i S ALk R B g e 21

A B O, . )
A) 3 M ( )Actlve oxygen species
g 509 °C R 7 g
_;ﬂ_,j»m—/m£~f B
— e
Y 3530°C 691 °C — e — ¢
le — T )
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L T C ]
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30 :
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Fig. 5 H,-TPR (A), NH,-TPD(B) and O,-TPD(C) curves of MO,/3DOM ZSM-5 catalysts
Curves a—g: 3DOM ZSM-5, MnOy/3DOM ZSM-5, FeO,/3DOM ZSM-5, CoO4/3DOM ZSM-5, CeOy/3DOM ZSM-5,
PrOy/3DOM ZSM-5, WO,/3DOM ZSM-5.

AL A R M2 R AL 77 SCR I RE Y — N2 2 . & S(B) AL 1) NH,-TPD 25 5 . i3
TEOLT L 200 CLAP A NH, IR IR E NH, i 55 B A2 1, T8 BRI 55 RR A58 . 200~400 “CIRLEE Y
il A P T BT 08 D0 U1 Ay P 45 BETRR . O T A AR R B9 NHL-TPD 2 arIg 44, #6250 Tk A )
RS, mFE 2T IE T, B WO0,/3DOM ZSM-5 AL FI4k , HIE B MO/3DOM ZSM-5 {4k 57 it 55 112
B ZE AN K. H PS5 B R #0F HE 5 S WO/3DOM ZSM-5>Mn0,/3DOM ZSM-5>Co0,/3DOM
ZSM-5>Fe0,/3DOM ZSM-5>Ce0,/3DOM ZSM-5>Pr0,/3DOM ZSM-5. W55 3, i &t (1) h &80 e A 1) T
NH,-SCR R W i iEAy . PRI, HAT 3= 5 v S B R A7 i AR 7] T BB LA 841 NO T BR AR 7.

TP ST (R B T B R 55 NO R HR -4y TS . 0 2 T R 40 R o MR R R A8 A B NO T B Bisf
PR AR TE AL . B 5(C) ALY O,-TPD 25 5 . MR Je i A A 57 15 48 0 42 B AR SEPRIB I
150~550 “CHLEE T PN 9 S8 0 R o] A28 BBk d5E RO s A A LI S (CO Ry sk |, iR S (GOl LA
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WA B[R AR 08 1 AL B AT PR [R], S BB FAH L, MnOy/3DOM ZSM-5 Ak 7043 €2 X 3,
(AU T R A S8 AR A, A I AR AR RITE 150~550 “CIRBEVE IR O, M i 2, BRI HA SR Z M TEEA, X
AT REA TR AR ) AL 5 AL SCR S R HEA 78,

NO ALk NO, (R BE I 7E R B bR o K0 5 NO S b A B BE . X F A B 16, NO, AT L O,
SR AAYE, BRI, NO, IS AR A B T i AR RAGE 5 [RIFEHD , NO,J& NH,-SCR Hr e SCR (1 s w4,
I, NO, AR A B T SCR W iR T . JEF LA BRI, 7] NO S Akl NO, U RE 1 0T L Sk 17]
PATAS AL B RE . 1 6 AL FI 9 NO-TPO 25 5, HIEl 6 AT 1, ALY NO M B 2 520
Jri 3 Z AR Ra Y, T NO, A A (LA IE A I . e Tl 2k 5, 3DOM ZSM-5 2 /A HAT Fe 55 Y
NO EALRE J7 5 XTI P A AL H] , MnO/3DOM ZSM-5 Ak 77 AR [ 45440 R 242 R 2219 NO,,
B[4 NO, 1] B2 S 3 MnO,/3DOM ZSM-5 {137 EL AT o e s

600

_ 3DOM ZSM-5
_ 1000 (A:)S _g—omomomemd T IR0 0N, ~ (B) A0, 3DOM Z8M-5
& =2=3=9=3=3" %, 7 L ~~FeOy/3DOM ZSM-5
= €;§=V9;3,a=;:’-§§3 P ,;% g 00 o ==CoDy3DOM 7SMLS
& 900 p-og>%, . 0o — 3= & /C . ~-CeOs3DOM ZSM-5
= o o, o, iN\g—o— = £ 400 L /Y =-PrOy3DOM ZSM-3
T 800 Y \°\ o, =1 /TN \\7 ~WOJ/3DOM ZSM-3
5] AN RS} 7 - AW
k O\ /7 £ 300 F Vi N
E 7001 \ \ S £ /. D
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Fig. 6 NO-TPO curves of MO,/3DOM ZSM-S5 catalysts

(A) NO concentrations; (B) NO, concentrations.

2.2 MO,/3DOM ZSM-5 f& 4k 551 B [E) B 58 B 2% M8 5 NO, B9 {1 i e

F3FE T HIH T MO/3DOM ZSM-5 i Ak 551 5 4l e K B[R] s T B o 4 55 NO, BTG PP 45 51 . Hh
FIATLIER, iR I IABETRLE A 641 °C, T BT il 4 AOAHE AL 0 38 AR T AR 500 ) i RAR e R B
Ul B T 2 AR R L B AR RV E T, b, 3DOM ZSM-5 4 Sk 2 At 5 A — i 1 e Al 4 A
RE T, OB o MR AL EE DL 641 “CREHI 601 “C. FHZRTE 14 A1 /M A 550 () At AL T 1 Sk — 2547, X
T MO,/3DOM ZSM-5 i £k 70 S 156, o A 49K e 1) 06 {0 3k B vl 1K 31 &5 9 HE )T A MnO,/3DOM ZSM-5<
C00,/3DOM ZSM-5<Fe0,/3DOM ZSM-5<Ce0,/3DOM ZSM-5<WO0,/3DOM ZSM-5<Pr0,/3DOM ZSM-5. H: 1,

Table 3 Peak temperature of maximum CO, concentration(7,), temperature window with over 80%
conversion(Ty,, .5) and maximum NO conversion(Xy, ) of MO,/3ADOM ZSM-5 catalysts

Catalyst T /C Tyo.55/ C Xyo.m(%)
Soot 641 —
3DOM ZSM-5 601 — 31.4
MnO,/3DOM ZSM-5 453 184—362 96.3
FeOy/3DOM ZSM-5 494 319—411 87.8
Co04/3DOM ZSM-5 462 — 66.1
CeOy/3DOM ZSM-5 538 257—448 96.0
PrOy/3DOM ZSM-5 573 — 30.3
WO,/3DOM ZSM-5 563 — 30.7
MnO/3DOM ZSM-5-cyclel 457 180—352 95.0
MnO,/3DOM ZSM-5-cycle2 465 187—356 96.3
MnO,/3DOM ZSM-5-cycle3 462 185—361 96.2
MnO,/ZSM-5 470 199—380 96.0
MnOg-powder 451 — 51.5
MnO,/3DOM ZSM-5-100 mg/m® SO,+10%H,0 498 — 67.3
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Fig.7 NO conversion curves(A) and CO, concentration cures(B) for the simultaneous removal of soot and
NO, over MO,/3DOM ZSM-5 catalysts, NO conversion curves(C) and CO, concentration cures(D)
of MnO,/3DOM ZSM-5 catalysts with three cycle testing, NO conversion curves(E) and CO, con-
centration cures(F) of MnO,/3DOM ZSM-5 catalysts with 100 mg/m* SO, and 10%H,0

MnO,/3DOM ZSM-5 i1k 551 i 1 MERR eI A I B e 1A 453 °C. Ak, AEEAR TR 80%NO e Ak i B 7
Hpl s T 7 5330, 4558 875, MnO,/3DOM ZSM-5 44k BA i A I SCR 1Efig, FLNO %1k
KT 80% I AT B 1 #556 (184~362 °C), HIH NO H ALk 5] 80% I () IR T E B Ik (184 °C). 45
I, MnO,/3DOM 3DOM ZSM-5 # AL 35 HLA fie A3 i [R] BSH 31 B 5 0 5 NO, O AEAL PR BE . A7) B fi A Pk B
SHYAPERARKIEER, HT HATPR 455, MnO,/3DOM ZSM-5 44k 7 ELA B 1 S AL R S5 Ve RE . ML
P A AL %) 0,-TPD F1 XPS Z5 R AT A1, 5 e LA LE , MnO,/3DOM ZSM-5 fiit 4k 57| B AT 5 22 1415 14
S, XA FIF AR A AL B SCR sy B B [l = W 3L T Al . [l , =F & i i At e F T NO 78
Ak 30 2 18 B U B D4R, 1B MnOy/3DOM ZSM-5 AL I E AR 1 85 22 i NO,, HLA B3R 19 NO A4k BE
71, X 5 NOTPO 25 5 —F. HA R A AL PER NOZERARTRE A SOt AL dE B R , thml IS 51k
T SCR Sz HE T 42 5 SCR B IR . A, i NH,-TPD 25 5 RT 41, MnO,/3DOM ZSM-5 4k 7 7778 76 1
P H S5 B R 67 A, AT BT NH, W R S50 4k, BE Mg 5% NH,-SCRAEfb 4 RE . [t , MnO,/3DOM ZSM-5
HEAL R R A BE -5 LA 5 A SRR SR BB L 3 68 9 1 A A B e J 1) v S5 B TR 7 A O
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AT BHEAEAL TR R 25 R AR SR BE 52, 22 3 81 H T MnO,/ZSM-5 il MnO,-powder #4751 A3
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T LA B R VR . (B A2, MnO,-powder A 16 7 B BEILEE L MnO,/ZSM-5 fEALFIAIK,
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fil, P& TS TEOL R, B, REAEBARIEBRI ELG 0. b, oF AL LA
TN RSN R T o3 FTE AR, S0 T /NG RO 0 S5 AR R 2 ) R 42l TR, X6/ N Ak
SRR PEFR AR S T EZEN . B, 5 KA - 1AL 2 AL 58 7E R B bR 5 0 5 NO, v
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B3 () MnOy/3DOM ZSM-5 4k 55 e IR A TR &, 3R Il fb Rl o Rs e k. il 7(C) Fn
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Fig. 8 CO, concentrations at 350 °C as a function of time over catalysts before and after O, removed
from the reactant feed
(A) MnO/3DOM ZSM-5; (B) FeO,/3DOM ZSM-5; (C) CoO/3DOM ZSM-5; (D) CeO,/3DOM ZSM-5; (E) PrO,/3DOM ZSM-5;
(F) WO,/3DOM ZSM-5. Reaction conditions: 1000 mg/m* NO, 1000 mg/m’ NH,, 5% O,, balance N,, flow rate=150 mL/min
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Table 4 Reaction rate(r) for NH,-SCR/soot combustion and the amount of active oxygen

Fig. 9 NO conversion(A) and soot conversion(B) of the catalysts
Reaction conditions: (A) 1000 mg/m3 NO, 1000 mg/m3 NH,, 5% O, and balance with N,, flow rate=300 mL/min
(B) 1000 mg/m® NO, 1000 mg/m* NH,, 5% O, and balance with N,, flow rate=100 mL/min.
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species(m,) for soot combustion and the TOF and E, values of catalysts
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Fig. 10 In situ DRIFT spectra of MO,/3DOM ZSM-5 catalyst
(A) The reaction pre-adsorbed NH;, a—f: MnO,/3DOM ZSM-5, FeO,/3DOM ZSM-5, CoO,/3DOM ZSM-5, CeO,/3DOM ZSM-5,
PrOy/3DOM ZSM-5, WO,/3DOM ZSM-5; (B) the reaction pre-adsorbed NH, and NO+0, of the MnO/3DOM ZSM-5 catalyst at
150 °C;; (C) the reaction pre-adsorbed NO+0, and NH, of the MnO,/3DOM ZSM-5 catalyst at 150 °‘C; (D) the co-adsorption of
NH,+NO+0, over MnOy/3DOM ZSM-5 catalyst.

S NH, W2 SR A kR0 22 TR A R 57 s AR B . L r R B 7E Bronsted FRA £ UL T 1478 em™, 17 1618 F1
3380 cm' AbAYZLAMEI & T Lewis BRAO AT . AFMEAL ] 7R B0 B AR AR R, (H5REEARE], W
7~ AR S AN E . FHIE 10CA) AT IE H, MnO,/3DOM ZSM-5 F1 WO,/3DOM ZSM-5 1L 751 i)
Brgnsted FR1V L 522, T CeOy/3DOM ZSM-5 F1 WO,/3DOM ZSM-5 4L Y Lewis BRAO L4 /D . 45515
PEMRZE AT %1, MnO,/3DOM ZSM-5 4L 511 Bronsted BRI IR AN 5 0 B 22 A 3G M 5

F ARG AR Y in situ DRIFTS 45 5 REAEHERT H MnO,/3DOM ZSM-5 4 {6 71 i S i AILER .
10(B) F7, HEARTRISE i B NH,, R IR 2 NH IR 2EAMR 305, 1464 em™ ZEPLTAMIR g
J& T B} 7E Bronsted BRIV 15, A0 NH; , 1228, 1610 P4 & 3000~3400 cm' i [Fl PN AR sh 06 ) 4 Lewis BRE A7
W% BRF A NHL 8. [RLG, 78 150 “CHY, A4k 551 322 10 BE A7 7E Bronsted BR 5 WAFTE Lewis BV 55 . Bl
NO+0, 51 A, 10 min /5 1464 cm™ b PRSI 25, 1610 em™ &b (Y 21 1 2 06 W) 28 17 0k 55, 2238 A
NO+0, 1 20 min J5{H 2% , 1228 em™ &b i 4 20 04 W 75 38 A\ NO+O, UM J5 1A W i s ka3 . BB
NO+O, B A, AN O AEERE e HH B . Ak 70 3 1T 2 J ARG B S R R O 2T AMIR 0, 4035 1690 em ™ (FF
RS B SR ER B NO;) | 1516 em ™ ORI ASERER ) F 1377 em ' (WEES NO, ). AR$E LA EiHERYZT
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HMIRBIIER AR AL, RTHTRAR NO 54k 25 R B 5 o0 2l & A T R4,

F10(C) &3l A NO+0, Ji5 FHl A NH, 9 in situ DRIFTS 3RZ5 5 . ZEAEAL T B NO+0, i, 44k 7
T B R T 1357 em ' (JE 5 NO; ) L 1516 em ™ (BUAASERER ) A S 1687 em™ (M =X FIES & WU fiff R 5%
Ui NO AL LT MR Shide . Bl NHL I8, A0 2 1 0 B S PR AR T 2%, U B iR Eh JC i B AR
(1357 #1687 em™ ), AR Y NH, PRz o BLAE A LRI 10, 1472 811607 em™ A AILLAMIR SIS 53
SV JE T B 7E Bronsted BR A7 5 1 Lewis BR O 55, 7 NH A0 . BT 10(B) FI(C) S5 AR FIZRA
PR 25 0T 1, NO SR -5 B A 1 Ak 79 3 1 AR 57 b 9 N 0 R & 28 T RO 70 ply kg ] DA H I
MnO,/3DOM ZSM-5 fEAbFIZEARIE T 257G E-R ALFE.

1 10(D) 4 MnOy/3DOM ZSM-5 ffE AL 2L B 452, £ T 1614 F1 1469 cm™ Ab L1 AR Bl 53771 J&
NH, ZE AL Lewis B2V 5 F1 Bronsted FR A7 s AW B, 17 1303 em™ &b (2T 4 MR sl D] U1 & 1 XL g R
. BEEIRE TS, Lewis FR F Bronsted RS Y2 W8 55, H Bronsted BRIGIHSR . Z5& K 10(A) FliG
PEMRSE JE AT 1, MnO,/3DOM ZSM-5 #6114 Bronsted M2 HAT #sm iy RO, 3 2k 7 SR Ui
SCRIGMEME R . A, A2 1 AR SRR 7 300 “CF A R I ARk, BiE RE I
Tb, GHERER B WIS/, IR e RA B T 82 DX R] - Pl b w9 T s e v YL RR A+ 1) NOL f2 3 T
A 4 A

F5TF MnO,/3DOM ZSM-5 HEAL I I ASZRAE | in sitw DRIFTS ZEAEFIH PEMRZE 5, 32 H T k7))
BFIF B AR A NO, B SO AILER . pl 81 7 s PR SR AT AT, IR T 300 “CH, AR NO B bR
W, AH H TR LR TR BN A SRR D S , R MIE AR T iR . Rt AR ZEARIR T
(<300 °C) F & AEBEAN SN, FEEAE E-R R HLER [ 0= (7)~2(10) s 1.

NH,(g) —> NH,(ad) / NH;(ad) (7)

NH,(ad) + O(ad) —> NH,(ad) + OH(ad) (8)
NH:(ad) —> NH,(ad) + 2H + & )
NH,(ad) + NO(g) —> NH,NO(ad) —> N, + H,0 (10)

WA 1R, S35 NH, W B EAE AL 77 1Y Bronsted BRI Lewis BROLS ., DL FF Y NH, A1 NH: )
T RXAEAE . B, WA NH, PP 5 55 v b
AR T NH RGBTk, 578 BT A S0 i)
SErp AN (NH,). R, R NH AT LA i
S NH, PP RS, AR R NH R 58S
NO 5z 1% O it 4 NHLNO #1# , )5, NH,NO 43
i R N, AT HL0. B A7 R A, NHLPIFP ) A2 il
E-RAJUH Y T 8 g aef A=,

M R I LR R T 300 “CISE, ik Y A AL RE

R, NOBEHLRINEEHT I (1817), B NH, ik MO nanoprticls:* Soot:} 3DOM 255
. R ARAE AL AE N JF MR AR ML, 4B Fig. 11  Mechanism diagram of MO,/3DOM ZSM-5
CO,. il J3& 30 Bl PN o AR B8 02 5 A ) 32 B B catalysts

WP 1L, AAAGE R BN AILEE AT 23S B . 5 4 LB NO, A B LR an=X(11)~3X(14) . 54k
AECHIL PR A SR B A 0] 8 A2 T TR 46, B 2R RS 5 AR B4 R A SO . T NO, Sl )
AU PR A 700 R T A A T HAT 98 SR AP ) NO, 55 B AR Mk S 7, T BE 7 SRR . A A
NOLIE T LT NO Y SO LR A A 551 3 i il R 6 1) i

C + O(ad) —> CO/CO, (11)
NO(ad) + O(ad) —> NO,(ad) (12)
NO, (ad) —> NO,(ad) + O (ad) (13)
NO,(ad) + C —> N,/NO+CO/CO, (14)
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K FHZE T Bh sk AR BRI 45 T — 241 MO,/3DOM ZSM-5 Ak 5] . 25 R0, Firifil 45 il fi
A =4 T RAL . B2 F AL R, ZSM-5 SR B AL 4t ke . R 48 AL R0 R4 T 1 [ s 34
BR M 55 NO MEAL I RE A5 , 25 R, FEPT & A LRI, MnO,/3DOM ZSM-5 4 55 AT F A1
() ¢ KRR e A AR B2 (453 °C) | #BE Y 80%NO F Ak 22 ) FE 7 11 (184~362 °C) Al i AR NO 4k [ 9]
LRI (184 °C). MnOy/3DOM ZSM-5 Ak 551 [R] B T B o Al -5 NO, B4 i 17 14 5 A Ak 7R D0 S5 A AR A s D ek
T PR A . KR BTEPE DL R IR ) Z R ALES B VMO . ol J12f S0 B85 R B, Fe Tl 4% 1) i
B, MnO,/3DOM ZSM-5 AL 75 HAT fi i AN AE TG . S F oG PR A in situ DRIFTS 2528, #2417
FEALRI AT RERY SN HLER, ZEMRIR AT, NO, FTH bR 328876 E-R WLER, 7E MR S50 B SRR B 15
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