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FR, ERP AR, T AEHR, FREAL FIKNE
L E ANRKERESGE, JEE 1008725 2. o EVR 48 RWF 58 H O A BRA 7 B a5 Yl il H AR B R T
R E, KEE 300300

 FE CuO/ALO, fiEfb 7 M AR SCR A fL 7], 7e H R WA In 4 4, I FH F N M 28 2 1 4 1k 10 )i (C,H,-
SCR) A ALY (NO,) fI 5T . 45 RFEM, Tk Culn AT R B BRI B R N TGP, 7F 350 °C B NO, #% k2R 7]
iEF) 62%, XPS FAFLER BN, R In AT Cu b &M B ME AWM /A, -5 T AL H F£ i Cu*
b 2 W% Bt 440 9 L 46 . HL-TPR Ml NO+O,-TPD 45 SR 2 B, [W] B £ 2% Culn BB 42 = i fb 70 S Ak i Tt , {2k T
NO, AW B, Ak 5 3 1 A2 B R B A WS AR SR/l R 1 . OB ALBERF ST W, C,H-SCR I FEVE %5 L-H &1 i 4% oF
17, [FE 72 Culn BEAE #F CH, e Ak, A B FHAR R PRI OREEWIE . Hit, Cu*Fiib2:m
WA EL AR T, S 3 s A R B SR AL R S R, AT I /2 R 3R BB B, X T B S AR i C,H-SCR I & 7
PEAF DL s 0 E BRI, ARWFGE AT R B T4l 4 BB A i B R B TR SCR AL I T & 3R i 5 % .

KERIA] SRR BT, CH NO; &AL

REY (NO) & FEOLIL AN | FRN . Ho I 5 EUM 400k ) 55 2 Fp 2R 85 (] 2021, NO, i HE
i FEZ R AT EEIREMB IR . ERNFEHERCD, S 4 X NO, HE TR K . 1548 NH, dE#:E
AL I8 JFL (NH,-SCR) 5 AR B85 732 F T NO, Y 2Bk, HIHAF7E RS ih . B R S 8 551 £ )
RO, S h 4 R AT R NO, AhE A Rk L &Y. 504 H & A NH, 3 /R %) NH;-SCR T
M, BEE Y kB LA I NO (HC-SCR) T. 2 o7 IR ML AT AM IR b S50, 3 H. T[] s
EBR R T NO, AR R S /& S, Wi, W&, WREMZ &M MmERE, HC-
SCR & — FhHA 7 FH T 7 11 4 il 42 B2 A4 il 2 R 7,

T CH® . CHL FT C,H0MY, CH, /E A SCR I JF I By 3% PR B e U3 s — /g & 4 | A Ak
Yy Rk AL B 2 Bz e, W S Il Col™ L cul | el AR ik U 4 JE R
1 B 3% R AR AL R B A s O BF S (B . SR, T 489 42 )R A HC-SCR % AR 38 17 78 1 £ ¥k
i, HrP RS MEA AR E R 2 — . Cu JEEAL T HAT BAS (IR AR & B A, HEAE SCR
i HA B BARR AR, Cu i E] ALO, . TijsZr, 0, A EKM G, 75 <300 C &M T REsE M
NO [i] N, Fy5EARE, Cu S AL 0 I TR AL P B8 3 22 e AL 57 R 18 Cu 19 25 R0 2 BOIR AP,
A TR A Cu™f Cu® ¥ i, Cu®" B 3iF B J& SCR (19 3% 1k £ £, 21, SHIMIZU %502 % B Cu-48 ik £
PR L B L Cu-ZSM-5 T840 ) B Al 7 Pk ALK e Pk, X2 i TP R A B Cut s TR F)
TAYEH . P, 382 8 348 A0 500 2 1 Cu 9 5 09 43 A5 LR = 16 M Cu & s 248 T Cu JE 1L K IR
SCR PERE MY St . BhFI4B 2% 2 — Fh AL 9 ok (0 % F T BB, InfE A —Fp d° R B4 B TR,
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Bz FAEEAL R B R, AT R O A A BN fE . KHARAT 2555 %% B8 In (8 78 I % = I8 CuO-
ZnO-ALO, Ak 57 45 48 RN AL RE 7= A2 T R0, 38 i Ak 57 b 2 1 AR08 /N CuO, A R Tl il A
FEFITE 250 °C WIS PEA B IR T . B FRHAERKE T8, B25 T HE T3 Co,0, fiis 4514
I, MRS AL, P SR A R R AT 00 AN, 4B 7% In BB AR BRAKRET i 1 4 R
GERCS AR AL PR REAS LI T . RS Cu FEAEAL F) B — E #Y C,H-SCR 1% ¥, (B HAK
NO, # AL RIE A B TE . 10 In,O, #5255 1Y 2 ALk RE AT 4kl Bk S 1L S W i BE R BE , iR 2R &k &
YT RIS IR, AT A In/AL AR 700 78 e R X [) 26 B HE 468 R 1 NO, 5 BR AR,

T, ARPFFELLy-ALO, AEEMA, R AR BIE Sl & CuO-In,0,/y-ALO, f# L5 I F C;H-SCR Jx
7, 0038 3 8 0 In Sk B AR R R Cu PR B 404, DAIDIAR R Cu ML SR) O (R IR TG P, Ptk —
kX BHOEH Tk (XPS) . SRR F THE S B (H,-TPR) 5 R AF i, W3] In X Cu & T #r
AR BN H ] P sE e, DL 7R CH-SCR Y S W AILEE o ASHHF 53 0l Sk o7 F 46 42 R S A il H R
AR SCR LT & #2115 %

1 RS

1.1 EEFHE

PA y-ALO, R 2R 4K, 38 i 32 5 3% 43 A il £ CuO-In,04/y-ALO,. CuO/y-AlLO, F1 In,04/y-AlO, f# 1k
G2 M Cu-In/Al, Cw/AlFl In/Al), K FHfiF BR 4 (0.228 g, Cu(NO,),-3H,0, P4 fk 2% Tl A R A
A)) FUH AR A (0.081 g, In(NO,);4H,0, Z s kA LB A PR ) K W= 5 yv-ALO, KoK (2.88 g),
il £ CuO-In,04/y-ALO, L . MR A F B WAEZER THFE 2h, RFEEMAZE 80 C, HitkzE
Bk, 5, 7E110°C T, ¥EAES T4 12 h, JFAE 600 °C i B2 F 4842 S hHR# % R 1 C'min™'),
A A A A0 1 R A O A . A BIF ST I Y Cu-In/AL i AR 57 B 7E AT I 2250 He il fe Ak, 2 Cu,
In S AR L THAAS B L 3k 540 5 . CuO k& (BT 50 %0) o 2.5%; In,O, TR it (i 43 50)
1 1.25%.
1.2 #UFIRE

1) XRD, 7E CuKa it (4=1.5418 A). 20 K 10°~90°, FH# %N 8°-min™ &/ F, 4 X 5
2R A7 S (Bruker, D8 ADVANCE X) il 3k 5 19 X 5 28 fi7 55 1% & (XRD), LA & AL 7 40 i . 2)
BET. 777K &, MY B0 (Micromeritics, ASAP2020-M) #E47 N, W B - W2 23 B, DL 52 4
Y 2R AL (BET). 3) ICP. R FH HLBGHE & 45 B 1K & 31 3% X (Agilent ICP-OES 725-ES) X il
HIEATI AT TR S M. 4) Hy-TPR. sl i 4k 700 S8 Ak 38 SR BB, R Ak 2% W B 43 r 4X
(Micromeritics, ChemiSorb 2720 TPx) #F 17 & A2 ¥ FHlLIA Jit (H,-TPR) 5L 50 . A S 7E Ar 1 400 °C i kb
1 h, SRGRHE 30 C IV 2 10%H,/Ar IR NS4, WA 30 mL-min™', L 10 °C-min' /97
T R A 30 °C T+ 2 800 °C . 5) XPS. il i Y6 i 1Y (Thermo Escalab 250-X1) # 17 X Hf £k 6 H T g %
(XPS), HHEAFIRMIICEMS, P AlKe X FE N AL, JFMRHE Cls 1% (284.8 eV) K IE£ 14
TLERINE G HE. 6) NO+O,-TPD. K HI AR5 #14% (Thermo Scientific Antaris 1GS) #17 NO+O, 2 J¥ Ft+
T LB (NO+O,-TPD) 5256, DA 22 i Ak 57 X NO, (W Bt 4 fE . e 100 mg #f 5 7E 180 mL-min™' A9
N, #1400 C WALHE 1 h, RFERAEER, #8ARSGSAE (NO 500x107°+0, 5%) WM 1 h; N, k4
5, BIFTHEZ 600 C #E4T M52 o 7) in situ DRIFTS, TE£LAMGIEAY (Nicolet iS50) b #4772 )% 7+
U C,H, B Ak 52 I3 0 15 25 T A7 78 2 5 21 40 638 (in sitw DRIFTS) S5, DL R BH AR Ak 30 2% T 19 12 107 AL
il o BEELAE 500 C &/ FFRUN, BiALH 1 h, RIEEHMEFTIRE ., B NEE T RET
Tk, JEEA FIRE TR BRSO
1.3 EAFIEMENR

CH,-SCR (14 77 14 380 2ok [0 2 Ay 9% PR 34 2852 e g i (PP AR 6 mm) SRk . P P fif Y 150 mg i
e, HAR#E K 40~60 H, FFLAN, VA A KSR S HARFL 80 : CH, 1000107,
NO 500x10°, O, 2%. i A S & i 537 3 & 200 mL-min™', &% 3 & 38 000 h'. C,H,. NO,
NO,. N,O %S Akt 11 ¥k & 3 1 S AR 2 H74% (Thermo Scientific, Antaris IGS) /il . NO,. C,H, i #%
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AR N, BB S E R ()~3) 47 .
[Nox]in - [Nox]oul

Mo, = —No. X 100% M
[CsHelin — [CsHg Jou

= 100% °

e CHL, @

_ [Nox]in - [Nox]out - 2[NZO]out
Y%= T INOL, — INO I

K o Mlnen 3 53R NO, Fl CH BRI, %; unm N, INIEENE, %; Jri&5 ARk
BUEC, DA ARein”Ffl“out” 43 5l X 43 1AL A4
2 #BR518
2.1 LTI R

K 1 4 Cu-In/Al, Cw/Al Al In/ALf# AL A9 XRD 3825 5 o 3 Ffi 1L 750 2 8 oR H 34K v-ALO, /Y
AT 5 16 (PDF#79-1558), {H K WL H] CuO,, In,0, & AH . X F W Cu. In 24 511 45 i 8 % ol 52 F1
TR, I H 48U y-ALO, 2R b 3 Ak 57 i BET 3l 45 S 5 A AL, He be R i AR
39 s In/Al 154 m*> g™, Cu-In/Al 146 m> g Fl Cw/Al 145 m*>g™'. 5 4l # K y-ALO, (It 2% 1fi F2 >
160 m>-g ™) M F, 45 & B 5 TE 2 T 19 CuO, il InO, 11 23] y-ALO, R M5, IR B 2 ol 2 4 44 1o L
SEAE, NTAEAL R Y T T AR S R ARAS /N, B Cu. In 7E 3T 55 B AN BB AR S R R T £
IR

x 100% A3)

EAL TR X NO, i W B 14 i 2 SCR Ay T 22 0 7-ALO,
o
24, A NO+O,-TPD %% T Cu-In/Al, Cu/Al cotval 9o L% 0

1 In/AL Ak 50 2 0 NO, B9 W B R, AR I
NO, 7E A7 % 1 A W B ik 52, 25 SR k] 2
N o FERT 200 C & AMF T, W R 2 Y
NO, FERH T4 E M LA EL (ad-NO,)
SR s MITER T 300 C &AM, KPR Z -
HNO,, EZARH THHREL (ad-NOy) (M 10 20 30 40 50 60 70 80 90

EARFEERNZ, B4 )5, Cu-lnv/Al L] 20/°)

b NO 3t B U 5 B2 B R A, X B In 145 2 1 Cu-In/Al, Cu/Al 71 In/Al # XRD [& %
A Bl T4 AR N 3R R B 2 09 i R AR Fig. 1 XRD patterns of Cu-In/Al, Cu/Al and In/Al
NO, B (% 1) KW, Cu-In/Al fi Al 70 R 0.

H T f K NO, W BB . [, M T /AL 400 (@ Corto/al S o,

CwAL I Cu-In/Al % i 82 5 1) I M 3.1 4 P
o N AN NN N o, <-" " I e ]
,fE‘EO ﬁmﬁg%ﬂﬂ?cu ,fﬂ‘"ﬁiiﬁgﬁéﬁ&ﬁgﬁéﬁg 0 100 200 300 400 500 600

TR, WES W, 55 CH GG
rRE =Y RN, SET R T SCR B T M

00F ® Ccwal

B (<10°)
=

22 BREX AT G IE R AR R I e s

o 3k — 25 T Tn X4 Al 35 36 T 4 R0 4R g e 00 em
AR AR, CwAL, In/Al Hl Cu-Tn/Al £ 1k 00 © Al
19 XPS 45 H 41 P 3 BT /R . Cu-In/Al fil Cw/Al (1 PN O\
i AL /Y Cu 2p 63 B 2p,,. 2py, T AL U °* 0100 200 300 400 500 600
(943-945 eV)HL il . UG R, 1R = im IRIEC
[ BF A2 7E Cu* Fll Cu 26 i 27412 %8 m In J&5 2 Cu-In/Al. Cu/Al 7 In/Al #) NO+O,-TPD R £ [&]

Cu-In/AL AL 7 F2 1l b Cu®™H8 £ #ED Cu® 1] Fig.2 NO+O,-TPD patterns of Cu-In/Al, Cu/Al and In/Al
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AEJE N 70 1 B0 2 B 5, R 2 Y
CO T C—HEEW A, MIifEk T CH, # 1 Cu-In/Al. Cu/Al 71 In/Al B L5 B NO, IR i &
A6 B A B v, B il 4R C,H.-SCR B M fE Table 1 The NO, adsorption capacity of Cu-In/Al, Cu/Al and

Tt MeAh, AT CwALEALF], Cu-In/Al fi In/Al catalysts

b ) 2 T Cu™ iy U ) B R 45 A e R B8 (iR ] NOWHHE/  NOJKKHRE/  NOWHHE
934.5 eV ¥ F5 % 9353 eV) . X R A7 (wmol-g™) (umol-g™) (umol-g ™)
TEH 588, 330 Cu o s 0y H far 25 B2 A Cu-In/Al 274.00 441.52 715.52
FAER M A Cus X ATREJE 11 T Cu™™ 5 In A7 42 Cu/Al 86.74 528.61 61535
SR EAER, DA R TS N i AR In/Al 108.59 336.88 44547

Ao fEAEFIR OLs i W& 3(b) . 41
WS, 2> FEEE Ols W43 il IH Ja i 1 7 1) 35 T Ak 2 W B 40 (B2 R O,) RS 480 (IC S O™, & 1
AR EY, Co-lWALELT Y 0,/(0,+0y) LL W] i 5 T Cu/Al, X B4 2% In 242 i/ Cu-In/Al
PR L 1) b 2 R R S B T

K 1 Hy-TPR #F — 2 B 58 AL 7 (R S AL IR IRk BE, 25 R WAl 4 fT /s o Cu-In/Al, Cw/Al il In/Al
% B — B L R R, 43 A T 256, 282 1400 °C RLJE T . Cu-In/Al Fil Cu/AUE AL 7] ity i 3=
SR T @ B4 B0 CuP B0 5 0 4 8 Cu'l ) In/AL AR FI B 95 s E B IH B T A B
I’ B JF 1Y 42 J8 In®'4 A Cu/AL A IJALEAR T, Cu-In/AL A A0 50 09 38 Ji e i B2 S ARG . X
BIAZE Culn 7 S EAE T, Co™RIE H g AL . X5 XPSH Cu-In/Al 2 1 77 75 3 = &
Cu KW B 45 FAH— B, 7F CH-SCR Wi R Hp, 550 1) 480 Th 3140 T 1 e A 1 7] e 3 o A S A1
TR R 2 —

Cu—In/Al Cu—In/Al
Cu?"/(Cu**+Cu*)=28.2% Ou/(Ou+Oﬂ):34‘7%
i . Oa OB
Cu/Al
Oa/(O“+OB)=2941% o
Cu/Al « 0,
Cu?*/(Cu*+Cu")=23.4%
. N In/Al
2+ Oa/(O“+OB)=32A3% o,
0O, On

965 960 955 950 945 940 935 930 925 540 538 536 534 532 530 528 526

Cu* Cu”

ZEAREeV EERE/eV
(a) Cu2p (b) Ols

3 Cu-In/Al. Cuw/Al #1 In/Al B9 XPS i &
Fig. 3 XPS spectra of Cu-In/Al, Cu/Al and In/Al

2.3 C,H-SCR BJ5E M 256
Cu-In/Al., Cu/Al Fl /Al #EFIFE 200~600 °C

Cu—In/Al
51 F 9 C,H,-SCR ¥ YE W1 & 5 % o In/Al fi 5e
AL 7E #1450 °C AU IR T B9 NO, L BRRCR & Cul

H T CWAL ARG AE 250 C TT RS, & 200

PR IR SCRIEME . 7F m#B4%)5 . Cu-In/Al 4 /—\
A A E LR A Cu/Al i Ak 57 Y AR I 3 P 3 /Al

H NO, Ffb % i ZF 3L &, 7F 350 C ik 3 62% 100 200 300 400 500 600 700
1 NO, b3 . # W —Jost —oodE i &g A ik TRE/C
Y AL UCA 5 TR SCRIG 1, fE C,H-SCR 1K 4 Cu-In/Al. Cu/Al# In/Al & H,-TPR i [&]

BEIEE A (<400 C) TE AR In203/A12O3[39~46] . Fig. 4 H,-TPR spectra of Cu-In/Al, Cu/Al and In/Al
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100 - [ Co ZCOo, [_JCH,
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=<z 243 T<z T<z 5<%z
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=
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MREC IREEC
(o) Nk (d) AFELEE T 874 5341

5 Cu-In/Al. Cu/Al 7 In/Al B C,H-SCR & 14 M 45 R
Fig. 5 Catalytic performance of Cu-In/Al, Cu/Al and In/Al in C;H-SCR

CuO/ALO,*" . C0,0,/AL0," | Ga,0,-ALO,"* 7£ 350 °C B A NO, % 1k R AU K 2y 30%, H A ALF A&
TR . B4R In )5 A In,0,-Co,0,/ALOSM . In,0,-Sn0,/ALO* | In,0,-Ga,0,-ALO* i 1k 5]
1 350 °C 1Y NO, #AL BRI AT . HHLZ R, Cu-In/AL AL ) B AT 3547 (R IR IS PR J7, 7E 350 C
36 PERIE AT — P WFY, X ATHE S Cu Al In Z 8] A AH AR AT G

EAEENE, B S5 () £ Cu-ln/Al 1 Cw/Al AL L CH, 7 1L P 6E 2 & L T /Al AL,
Il Cw/Al TE#5 4% In YA [ CH, Fe bR IS A $E 5 . 76 350 °C B, ALY CH, 3% Ak R4 i K 2|
INHES, YR R Cu-In/AL(93%)>Cu/Al(62%)>In/Al(6%). 4N, TEE 5(c) Al (d) H, Cu-In/Al Fil Cu/Al
A T 6 TR HS AR ALY N, 3 #1404 o X 3R B CH, 18 It NO J 1 72 ) 3 2202 N, Fl CO,. KAl
I, AR T A CuO, R AE S C,H, 1% Ak Al NO, 38 J A 3 P 47 5, 1 In 76 Herp AR M Bh 4R ot T
C,H, TR Ase AL, JR8E s THEAL I NO, F b als.
24 KIBEWLFTIA C,H-SCR & N HIE

Sy [e8) B 2 07 R ] 44 T C,H-SCR AILER, SR B4 DRIFTS 5 32 0 72 A 7] 5 7 o ] 7= 49 9 9 1
AR TE B . 6 B, FE 350 °C &R, (NO+O,) 1M Ab 7] 2 1 W i 5, 322 LA PRI i R 5k (0%
{8 0 1258 cm™") Fl W4 A R £ (W (B S 1 300 F1 1 554 cm ™) 18 AR 7E B, Fe W A4 U0 #:
(CHgt0,) Jii . Cu-In/Al I Cu/Al i Ak 77) 2 1T A A IR R DRI 2%, JF th I & MR 4R 0,(CO0). v (COO)
041 20 16 4701 587 1 1459 em ") AT R £h o(—CH,) BYHE B4 (1 378 em )25, 33 138 B 152 B 245 7 1
HhAE S A CH, SR ML CHO, PRIE I . AR ER W58 B THAEI . CH W BT 16 5 JE iy
iR 6 F MR ER AL R T WA 2 . (HAE I/ALEALF |, BEE S CH, IR gm A, W26l
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45m  4Sm 30 min

———30mi —  30mi 20 min

20 m 20 mi 10 min

T T0m 10m 5

Sm T 5mi min

——— _____.__g_m 3 min

2 min T mi 2 min

CHFO, 1 min CH7FO, | mi CHTO, 1min

NO+0, 45 min NO+O, 45 min NO+0, 45 min
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W /em™! W/ em™ B/ em™
(a) Cu—In/Al (b) Cu/Al (c) In/Al

VB SO S TR B AR AL, TR B A9 TR B 0 NO IR TR A28 500x107°, O, R ER 438k 2%, Ak S M CiH,
RSB0 1000x10°°, O, FRFR 340 2%.
6 7£350 'C iXZE| NO M tEFIAT, Cu-In/Al. Cu/Al # In/Al B in situ DRIFTS i &
Fig. 6 In situ DRIFTS spectra of Cu-In/Al, Cu/Al and In/Al at NO adsorption saturation at 350 °C

RIS EAAAE, LR AE D>, H AR M B A AL S IR EL , U 2> 2R ER W% Bt
TERTH .

fF Cu-In/Al, Cu/Al FI In/Al i £k 1) 3% 11 56 #F 17 C,H, 19 9 WK BT 36 b, S8 5 B3l A TR & Ak
(NO+0,) , HFEAILLAMERANK 7 fif 7% . 7E Cu-In/Al Bl Cw/AL fEAL ) Fe T8, C,H, W FFF5 Ak I T8 1k
B LRER (1587, 1580 Fil 1459 ecm™) FIF R 4L (1 378 em™). X 16 C,H, 78 fit AL 57 32 i W B, fiE %
Pk AT AL B CH,O, K5 . 5340, 18 Cw/ALMEALT LS B i A 2 235 em ™ B 06 . X N0
HJE T L R CO 3 F 44 30 55, KB T B CuO, £ i 2 53 CHO, #— 2 A A IE 1L
W B CO. X AT B 5 HAR AR AY NO, # b R AH & . M 7E Cu-In/AL AL I 2 235 em™ Ab Y U6 3 55
Al W, WRWEBI In )5, MAAF T ImE CH, it E AL, A AT CH, %I TE i 2 R £ 5 B
fREE R =42 5 SCR W o K& RN iiE— 2 3647, Cu FLAR A 0] 2% 18 £ R h 1 H R 6 30 ¥ 1 7
FE, MraUmHmRE (BEE R 1600 em™) FNIOBUHT il R £ (WM 1300 A1 1553 cm™) B IR R AL R . X
UL B C,H, WG AL 5 fE 5 A NO S B A FR $h s N o 106 T In/AL AL (B 7(c)), C H, e
1) 2w AL TR AL IS, ME LS A NO SR, R Ak ) 2% T IR A R R R B R, W B
CH,O. A D o 3 F W] 2 Fh W B4y o 22 6] 35 A AR BB o 3 A2 5 3K In/AL AR 7E 350 °C AR IR
ZMF T C,H-SCR PERE 22 1) £ 2R

SRy itk — A WA AL R R T C,H-SCR S b #6445, [ Il A C;H, . NO Fl1 O, s 4 LA 2T 1 i (&
WK 8 iy . 7E Cu-In/Al, Cw/Al Fl In/Al 3% Th1 W% 21 # XA R £ (W& {H 0 1600 em ™), XA fiF§ iR £
(MM 1300, 1550, 1555H11568cm™"), MSEEALGY) (M 1392 em™). LTRER (WM 1587

1600 1 600 1587
I3 534596 1549
1
2235 60 min 1459 2235 60 min 00 60 min
45 min 45 m 45 min
30 min 30 m 30 min
20 min 20 20 min
10 min 1 10 min
S min S mi S min
3 1 mi 3 min
] 2 mi; 2 min
NO+O, 1 min NO+O, 1 min NO+O, 1 min
C,H+0,45 min CH0,45 min C,H+0,45 min
2200 2000 1800 1600 1400 1200 2200 2000 1800 1600 1400 1200 2200 2000 1800 1600 1400 1200
WeE/em™ W /em™ WeE/em™
(a) Cu—Tn/Al (b) Cu/Al (c) In/Al

TE: SN R S T00e B PR AL, BU B A9 TR <D CoH PR BUT B0 100010, O, AR $H 2%,
AL SN NO (AU 80K 50010, O, R FR 43 50h 2%

7 7£350 °CiAZE| CH, WM {8F18F, Cu-In/Al. Cu/Al #1 In/Al &Y in situ DRIFTS & &
Fig. 7 In situ DRIFTS spectra of Cu-In/Al, Cu/Al and In/Al at C,H adsorption saturation at 350 °C
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2 2.00 2 (.)00 1 éOO 1 6.00 1 4;00 1 2.00 2 2.00 2 dOO 1 éOO 1 6.00 1 400 1 2.00 2200 2000 1800 1600 1400 1200
W/ em™ PE/em™! W /em™
(a) Cu-In/Al (b) Cu/Al (c) In/Al
TE AR SN A CyHg RSB0 1.000%10°, NO (R F 40N 50010, O, IRFR 4B 2%, A< N, 09 5% 44 T 47 -
8 B 200~500 C Ff, Cu-In/Al, Cu/Al #0 In/Al B in situ DRIFTS it &
Fig. 8 In situ DRIFTS spectra of Cu-In/Al, Cu/Al and In/Al at a temperature ranging from 200 °C to 500 °C

F1 1459 cm™) A PR R (WA 1378 e ) S W PR E B . 45 & 1K 6 FLIRL 7 9% 25 s o 45 2R
C,H, A1 NO 78 M AL 57 1 & S W B S W | 7= 9, SR A RES 5 SCR I i, £F & Langmuir-
Hinshelwood (L-H) JZ W HL#i . 7£ Cu-In/Al 1 Cw/ALMEALF] [, W B2 A R $h A AE e TARIR 524 T
1M /AL ) E W B S R Eh 45 & ik, X5 NO-TPD 45 S —#(. 7€ 350 C i}, Cu-In/Al fI
CwAl K TH FASFREE IR ER, 5 T HWMAS CHO, Jup, BEMIE#E T SCR AR & 1 o
2.5 BZHEANKIR SCR (& FHHLH

NO+O,-TPD 45 R R W54 In 48 5 T Cu-In/AL A0 70X WAl 2 26 1) W B 4k, HL A7 2150 63 v
IF AR W22 2 B 0 Al R R A AE 04 o X EBR i FAE 350 °C B, WAHER B AL N iR & .
C,H,-SCR S b HLEE AN A S2 86 45 R E 0, CuO, f& Cw/Al Hil Cu-In/Al =8 A5 A7 &5, 1 L-H S
PEAR T B C,H, A NO [a] B 78 i Ak 770 32 1 W B 5 AL o 78 350 °C BF, #8824 In X CuO, 7 55 (1) NO_ W%
KR REFE M AN K, NO, W B 8 79 $2 5 1T 58 IF A & In A1 8 4 A0 590 AR IR 76 PE 4 T A 22 I I . i
In 1] B8 3 2252 WAL R0 R 1 C,H 1AL FE AL R rh R = /R R 72 o A T IE R X — R IR IR A
RS In XF CH-SCR i FERIfE EVE T, RA TR ¢ FHIR CH, A AL 5 R A7 21 AN 25 6 1 5 15 T e ik
— 5T, 9 MIRA SR (100010 °CHA2%0,+N,) £&1F T, Cu-In/Al, Cu/Al Fl In/Al 2 Ifif (1) F2
FHRIEALZLAMEIE . 78 3 Mk RI R, CH 7RI 250 RE Ul % 1k A A0 IE G M R TR (W (B
1643 cem™), MEHEREMI &, WHBREITHE D, BT EREN ORI (M R 1459 F1
1587 cm™) AP IR EE (WM -M 1378 em™), FF7E 400 °C FANRAEFAE . M T /AL F], Cu K
AR K S LA 0 AL S IR AL, X S BES R LIS R —3 . 1F Cu-In/Al fi# 1k 7
b, CRRERAH R ER B PR AL (B 10), XFRHBIR In 5, Cu-ln/ALEALF]E 25 5 K&
C.H, F AL S Ak Ry oM s M R &L, A A T HAE MW A =¥ 2 5 CH-SCR I il . X5
Cu-Tn/Al AL T S AL 8 R M RE B A K o

CH,CO0 CH,CO0
CH,=CHCOO™ 7 fihth
IR R

220020001 8001 60014001200 220020001 800160014001 200 2200200018001 60014001200

WE/em™ PE/em™ HE/em™
(a) Cu-Tn/Al (b) Cu/Al (¢) /Al

&9 BEASITIEF Cu-In/Al. Cu/Al F1 In/AIC,H, F 1LY in situ DRIFTS iZ [
Fig. 9 In situ DRIFTS spectra of Cu-In/Al, Cu/Al and In/Al for C,H, oxidation during temperature increase



2908 ok L B ¥ W Fl6 &

—o— Cu—In/Al
—o— Cu/Al
—a—In/Al

0 100 200 300 400 500 0 100 200 300 400 500

WREEC MREEC
(a) ZRER (b) FRE:

10 ZI5MEERIEA Cu-In/Al. Cu/Al F In/Al £ AP 8] =4 8038
Fig. 10 Intensity of intermediates on Cu-In/Al, Cu/Al and In/Al as charaterized by IR spectra

iR, Bl T Cu-IvALE AL R R Cu™ By 43 A, & 17 e Ak 570 38 T o B 43 1
Cu* L], 3k T UM AL R A S Al I PR RE S 8, Il i CoH, S 3 SRt ot 35 fh Ak, AR TR
RIS B CHG-SCR PR S N7 o 38 5 4 7 F /2 R 6 Y PR SH P BGXT CoH-SCR G it 1 2 4 T A9 41 2R AL
il SRIE T CyH,g PR M BRI Ab R A #E CoH-SCR AR IR 1% M 19 SC S0 B, AT Ay AU Ut e A 350 19 3
PR P 2%
3 g

1) [Al i 51 2% Cu In f A AL 0] 32 B M BEUF 19 CiH-SCR G, JF7E 350 °C 3k #| e £ NO, il C;H,
Fefb A, X EZR M T UM In fE 43 Co/ALHEAL TR AY Cu® F0 2 6 MR L 0 52 g , DA i 8 i 41
b JEE RE A NO, W BfH: fE -

2) 7& Cu-I/AL AL |-, CH, REC PR 15 AL IE il C TR EE AN R 4, HAR BB R B i MR 46 .
PP S 2 o 285 b T 7 ) ) PR B 10 AT B /& CH-SCR Sz L 17 1A 448 g 1 JEL A

3) In B 7% A 4% C,H IS AL A8 . Cu-In/AL AR A AR LIS PE TS BB 5 CH TREUG LA C . CyH,
T A AL 2 545 CyH-SCR IR I P4 1y — Fh A 207 o

2 % X M

[1] IWAMOTO M, ZENYO T, HERNANDEZ A M, et al. Intermediate over Fe/zeolite catalysts: effect of catalyst support[J]. Chemical
addition of reductant between an oxidation and a reduction catalyst for Engineering Journal, 2015, 280: 66-73.

highly selective reduction of NO in excess oxygen[J]. Applied Catalysis [7]  YANG W, ZHANG R D, CHEN B H, et al. New aspects on the

B:Environmental, 1998, 17: 259-266. mechanism of C,H; selective catalytic reduction of NO in the presence
[2] CHANG H Z, QIN X, MA L, et al. Cu/SAPO-34 prepared by a facile of O, over LaFe, (Cu, Pd)O;-delta perovskites[J]. Environmental
ball milling method for enhanced catalytic performance in the selective Science & Technology, 2012, 46(20): 11280-11288.
catalytic reduction of NO, with NH,[J]. Physical Chemistry Chemical  [8]  #K%F, FRIFRK, FEITIE, 45. Fe/Ga,0,-AlL0, Mk I EE JENOMHERET].
Physics, 2019, 21(39): 22113-22120. FREE T A4, 2020, 14(6): 1592-1604.
[3]  sMEAE, 2R, ik % FIIRERRANE R EAYEMIH FcH,-  [9]  ADAMOWSKA-TEYSSIER M, KRZTON A, COSTA P D, et al. SCR
SCRIFJFINO 7T HEIE[I]. FR5E TA#E223], 2010, 4(7): 1441-1447. NO, mechanistic study with a mixture of hydrocarbons representative of
[4] HALPOTO A, KASHIF M, Su Y X, et al. Preparations and the exhaust gas from coal combustion over Rh/Ce, ,Zr, ;,0, catalyst[J].
characterization on Fe based catalyst supported on coconut shell Fuel, 2015, 150: 21-28.
activated carbon CS(AC) and SCR of NO,-HC[J]. Catalysis Surveys [10] WU Q, YU Y B, HE H. Mechanistic study of selective catalytic
from Asia, 2020, 24(2): 123-133. reduction of NO, with C,H;OH and CH,OCH; over Ag/Al,O; by in situ
[5] ZHAO L, ZHANG Y, BI S N, et al. Metal-organic framework-derived DRIFTS[J]. Chinese Journal of Catalysis, 2006, 27(11): 993-997.
Ce0,~ZnO catalysts for C;H-SCR of NO: an in situ DRIFTS study[J]. [11] CAMPA M C, PIETROGIACOMI D, SCARFIELLO C, el al. CoO, and
RSC Advances, 2019, 9(33): 19236-19242. FeO, supported on ZrO, for the simultaneous abatement of NO, and N,O

[6] PAN H, GUO Y H, Bi H T. NO, adsorption and reduction with C,H, with CyH; in the presence of O,[J]. Applied Catalysis B:Environmental,


http://dx.doi.org/10.1016/S0926-3373(98)00018-6
http://dx.doi.org/10.1016/S0926-3373(98)00018-6
http://dx.doi.org/10.1039/C9CP04519H
http://dx.doi.org/10.1039/C9CP04519H
http://dx.doi.org/10.1007/s10563-020-09293-6
http://dx.doi.org/10.1007/s10563-020-09293-6
http://dx.doi.org/10.1039/C9RA03103K
http://dx.doi.org/10.1016/j.cej.2015.05.093
http://dx.doi.org/10.1016/j.cej.2015.05.093
http://dx.doi.org/10.12030/j.cjee.201908001
http://dx.doi.org/10.1016/j.fuel.2015.01.017
http://dx.doi.org/10.1016/S1872-2067(06)60052-1
http://dx.doi.org/10.1016/j.apcatb.2017.04.041
http://dx.doi.org/10.1016/S0926-3373(98)00018-6
http://dx.doi.org/10.1016/S0926-3373(98)00018-6
http://dx.doi.org/10.1039/C9CP04519H
http://dx.doi.org/10.1039/C9CP04519H
http://dx.doi.org/10.1007/s10563-020-09293-6
http://dx.doi.org/10.1007/s10563-020-09293-6
http://dx.doi.org/10.1039/C9RA03103K
http://dx.doi.org/10.1016/j.cej.2015.05.093
http://dx.doi.org/10.1016/j.cej.2015.05.093
http://dx.doi.org/10.12030/j.cjee.201908001
http://dx.doi.org/10.1016/j.fuel.2015.01.017
http://dx.doi.org/10.1016/S1872-2067(06)60052-1
http://dx.doi.org/10.1016/j.apcatb.2017.04.041

AP BRI S R R AR AR RIELC H - SCR I YL

2909

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

23]

[24]

[25]

[26]

27]

28]

2019, 240: 367-372.

JAI, SRAERR, RIS, 4. 4 Jm S AR AL _EHC-SCRAFFFE i
[J]. BREERL 54K, 2016, 39(1): 93-100.

BURCH R, BREEN J P, MEUNIER F C. A review of the selective
reduction of NO, with hydrocarbons under lean-burn conditions with
non-zeolitic oxide and platinum group metal catalysts[J]. Applied
Catalysis B:Environmental, 2002, 39: 283-303.

LIU Z M, LI J H, HAO J M. Selective catalytic reduction of NO, with
propene over SnO,/Al,O, catalyst[J]. Chemical Engineering Journal,
2010, 165(2): 420-425.

LIU Y Q, LAI Q, SUN Y, el al. SnO,/ALO; catalysts for selective
reduction of NO, by propylene: on the promotional effects of plasma
treatment in air atmosphere[J]. Catalysis Today, 2019, 337: 171-181.
PERDIGON-MELON J A, GERVASINI A, AUROUX A. Study of the
influence of the In,O; loading on y-alumina for the development of de-
NO, catalysts[J]. Journal of Catalysis, 2005, 234(2): 421-430.

LIU Z M, HAO J M, FU L X, el al. Activity enhancement of bimetallic
Co-In/AlLO; catalyst for the selective reduction of NO by propene[J].
Applied Catalysis B:Environmental, 2004, 48(1): 37-48.

HE C H, PAULUS M, CHU W, et al. Selective catalytic reduction of
NO by C;Hg over CoO/Al,O;: An investigation of structure —activity
relationships[J]. Catalysis Today, 2008, 131(1/2/3/4): 305-313.

CARLO G D, LIOTTA L F, PANTALEO G, et al. Alumina and
alumina-baria supported cobalt catalysts for deNO,: Influence of the
support and cobalt content on the catalytic performance[J]. Topics in
Catalysis, 2009, 52(13/14/15/16/17/18/19/20): 1826-1831.

FHEE, XA 7, AR, A5 R B R 2 RS - A AL R Cu/Ti-
PILCsHEAL P JRNOS L B 52 1R [J]. PRIE T2 27412, 2015, 9(11):
5527-5530.

AMIN N A S, TAN E F, MANAN Z A. SCR of NO, by C;H
Comparison between Cu/Cr/CeO, and Cu/Ag/CeO, catalysts[J]. Journal
of Catalysis, 2004, 222(1): 100-106.

ZHOU H, GE M Y, WU S G, et al. Iron based monolithic catalysts
supported on AlLO;, SiO,, and TiO,: A comparison for NO reduction
with propane[J]. Fuel, 2018, 220: 330-338.

R, BOCHE, XSO, S BRAE i A8 R 5 B A 1L 50 (Fe/Al
PILC)I il £ S H Xt CH-SCRYE M (14 5 i [7]. FREE T R2 2% 41, 2020,
14(4): 1022-1032.

ROY S, VISWANATH B, HEGDE M S, et al. Low-temperature
selective catalytic reduction of NO with NH, over Ti M, ,0,; (M = Cr,
Mn, Fe, Co, Cu)[J]. Journal of Physical Chemistry C, 2008, 112: 6002-
6012.

ZHANG R D, TEOH W Y, AMAL R, et al. Catalytic reduction of NO
by CO over Cu/CeZr, O, prepared by flame synt hesis[J]. Journal of
Catalysis, 2010, 272(2): 210-219.

KUMAR P A, REDDY M P, JU L K, et al. Low temperature propylene
SCR of NO by copper alumina catalyst[J]. Journal of Molecular
Catalysis A:Chemical, 2008, 291(1/2): 66-74.

Liu J, Zhao Q D, LI X Y, et al. Structure sensitivity of selective catalytic
reduction of NO with propylene over Cu-doped Ti, sZr, ;O,-catalysts[J].
Applied Catalysis B:Environmental, 2015, 165: 519-528.

LU G, LI XY, QU Z P, et al. Copper-ion exchanged Ti-pillared clays
for selective catalytic reduction of NO by propylene[J]. Chemical
Engineering Journal, 2011, 168(3): 1128-1133.

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

VALVERD J L, DELUCAS A, SANCHEZ P, et al. Cation exchanged
and impregnated Ti-pillared clays for selective catalytic reduction of
NO, by propylene[J]. Applied Catalysis B:Environmental, 2003, 43(1):
43-56.

VALVERDE J L, DELUCAS A, DORADO F, et al. Study by in situ
FTIR of the SCR of NO by propene on Cu*" ion-exchanged Ti-PILC[J].
Journal of Molecular Catalysis A:Chemical, 2005, 230(1/2): 23-28.
DORADO F, ROMERO R, CRUZ J, et al. Selective catalytic reduction
of NO by propene in the presence of oxygen and water over catalysts
prepared by the modified sol-gel method[J]. Catalysis Communications
2007, 8(4): 736-740.

SHIMIZU K, KAWABATA H, MAESHIMA H, et al. Intermediates in
the selective reduction of NO by propene over Cu-Al,O, catalysts:
Transient in-Situ FTIR study[J]. Journal of Physical Chemistry B, 2000,
104: 2885-2893.

YADAV D, KAVAIYA A R, MOHAN D, et al. Low temperature
selective catalytic reduction (SCR) of NO, emissions by Mn-doped
Cu/AlLO, catalysts[J]. Bulletin of Chemical Reaction Engineering &
Catalysis, 2017, 12(3): 415-429.

PANAHI P N, SALARI D, NIAEI A, et al. NO reduction over
nanostructure M-Cu/ZSM-5 (M: Cr, Mn, Co and Fe) bimetallic catalysts
and optimization of catalyst preparation by RSM[J]. Journal of Industrial
and Engineering Chemistry, 2013, 19(6): 1793-1799.

SADEGHINIA M, REZAEI M, KHARAT A N, et al. Effect of In,O, on
the structural properties and
CuO/ZnO/AlLO; catalyst in CO, and CO hydrogenation to methanol[J].
Molecular Catalysis, 2020, 484: 110776.

MA L, SEO C Y, CHEN X Y, et al. Indium-doped Co;0, nanorods for

catalytic performance of the

catalytic oxidation of CO and C;H, towards diesel exhaust[J]. Applied
Catalysis B:Environmental, 2018, 222: 44-58.

BERSANI D, LOTTICI P P, RANGEL G, et al. Micro-Raman study of
indium doped zirconia obtained by sol —gel[J]. Journal of Non-
Crystalline Solids, 2004, 345-346: 116-119.

SHENDE A G, GHUGAL S G, VIDYASAGAR D, et al. Magnetically
separable indium doped ZnS NiFe,O, heterostructure photocatalyst for
mineralization of acid violet 7 dye[J]. Materials Chemistry and Physics,
2019, 221: 483-492.

LIJH, HAO J M, CUI X Y, et al. Influence of preparation methods of
In,0,/Al,0; catalyst on selective catalytic reduction of NO by propene
in the presence of oxygen[J]. Catalysis Letters, 2005, 103(1/2): 75-82.
LIJH, HAO J M, FU L X, et al. Cooperation of Pt/Al,0, and In/Al,0,
catalysts for NO reduction by propene in lean burn condition[J]. Applied
Catalysis A:General, 2004, 265(1): 43-52.

HU S Y, XIAO W, YANG W W, et al. Molecular O, activation over
Cu(I)-mediated C identical with N bond for low-temperature CO
oxidation[J]. ACS Applied Materials & Interfaces, 2018, 10(20): 17167-
17174.

LUO Z, CETEGEN S A, MIAO R, et al. Structure —property
relationships of copper modified mesoporous TiO, materials on alkyne
homocoupling reactions[J]. Journal of Catalysis, 2016, 338: 94-103.
FANG Y R, LI L, YANG J, et al. Engineering the nucleophilic active
oxygen species in CuTiO, for efficient low-temperature propene
combustion[J]. Environment Science & Technology, 2020, 54(23):
15476-15488.


http://dx.doi.org/10.1016/S0926-3373(02)00118-2
http://dx.doi.org/10.1016/S0926-3373(02)00118-2
http://dx.doi.org/10.1016/j.cej.2010.09.009
http://dx.doi.org/10.1016/j.cattod.2019.04.013
http://dx.doi.org/10.1016/j.jcat.2005.07.001
http://dx.doi.org/10.1016/j.apcatb.2003.09.005
http://dx.doi.org/10.12030/j.cjee.20151163
http://dx.doi.org/10.1016/j.jcat.2003.10.005
http://dx.doi.org/10.1016/j.jcat.2003.10.005
http://dx.doi.org/10.1016/j.fuel.2018.01.077
http://dx.doi.org/10.12030/j.cjee.201911027
http://dx.doi.org/10.1021/jp7117086
http://dx.doi.org/10.1016/j.jcat.2010.04.001
http://dx.doi.org/10.1016/j.jcat.2010.04.001
http://dx.doi.org/10.1016/j.apcatb.2014.10.038
http://dx.doi.org/10.1016/j.cej.2011.01.095
http://dx.doi.org/10.1016/j.cej.2011.01.095
http://dx.doi.org/10.1016/S0926-3373(02)00274-6
http://dx.doi.org/10.1021/jp9930705
http://dx.doi.org/10.1016/j.jiec.2013.02.022
http://dx.doi.org/10.1016/j.jiec.2013.02.022
http://dx.doi.org/10.1016/j.mcat.2020.110776
http://dx.doi.org/10.1016/j.apcatb.2017.10.001
http://dx.doi.org/10.1016/j.apcatb.2017.10.001
http://dx.doi.org/10.1016/j.jnoncrysol.2004.08.006
http://dx.doi.org/10.1016/j.jnoncrysol.2004.08.006
http://dx.doi.org/10.1016/j.matchemphys.2018.09.032
http://dx.doi.org/10.1016/j.apcata.2004.01.001
http://dx.doi.org/10.1016/j.apcata.2004.01.001
http://dx.doi.org/10.1016/j.jcat.2016.03.009
http://dx.doi.org/10.1016/S0926-3373(02)00118-2
http://dx.doi.org/10.1016/S0926-3373(02)00118-2
http://dx.doi.org/10.1016/j.cej.2010.09.009
http://dx.doi.org/10.1016/j.cattod.2019.04.013
http://dx.doi.org/10.1016/j.jcat.2005.07.001
http://dx.doi.org/10.1016/j.apcatb.2003.09.005
http://dx.doi.org/10.12030/j.cjee.20151163
http://dx.doi.org/10.1016/j.jcat.2003.10.005
http://dx.doi.org/10.1016/j.jcat.2003.10.005
http://dx.doi.org/10.1016/j.fuel.2018.01.077
http://dx.doi.org/10.12030/j.cjee.201911027
http://dx.doi.org/10.1021/jp7117086
http://dx.doi.org/10.1016/j.jcat.2010.04.001
http://dx.doi.org/10.1016/j.jcat.2010.04.001
http://dx.doi.org/10.1016/j.apcatb.2014.10.038
http://dx.doi.org/10.1016/j.cej.2011.01.095
http://dx.doi.org/10.1016/j.cej.2011.01.095
http://dx.doi.org/10.1016/S0926-3373(02)00274-6
http://dx.doi.org/10.1021/jp9930705
http://dx.doi.org/10.1016/j.jiec.2013.02.022
http://dx.doi.org/10.1016/j.jiec.2013.02.022
http://dx.doi.org/10.1016/j.mcat.2020.110776
http://dx.doi.org/10.1016/j.apcatb.2017.10.001
http://dx.doi.org/10.1016/j.apcatb.2017.10.001
http://dx.doi.org/10.1016/j.jnoncrysol.2004.08.006
http://dx.doi.org/10.1016/j.jnoncrysol.2004.08.006
http://dx.doi.org/10.1016/j.matchemphys.2018.09.032
http://dx.doi.org/10.1016/j.apcata.2004.01.001
http://dx.doi.org/10.1016/j.apcata.2004.01.001
http://dx.doi.org/10.1016/j.jcat.2016.03.009

2910 ok L B ¥ W Fl6 &

[44] CHANG H Z, LI M G, LI Z G, et al. Design strategies of surface [50] HADIJIIVANOV K. Identification of neutral and charged N O, surface

basicity for NO oxidation over a novel Sn—Co-O catalyst in the presence species by IR spectroscopy[J]. Catalysis Reviews, 2000, 42(1/2): 71-
of H,O[J]. Catalysis Science & Technology, 2017, 7(10): 2057-2064. 144.

[45] AMANO F, SUZUKI S, YAMAMOTO T, et al. One-electron [51] TAMM S, INGELSTEN H H, PALMQVIST A E C. On the different
reducibility of isolated copper oxide on alumina for selective NO—CO roles of isocyanate and cyanide species in propene-SCR over
reaction[J]. Applied Catalysis B:Environmental, 2006, 64(3/4): 282-289. silver/alumina[J]. Journal of Catalysis, 2008, 255(2): 304-312.

[46] PARK P W, RAGLE C S, BOYER C L, et al. In,0,/ALO, Catalysts for ~ [52] LIU Z M, OH K S, WOO S L Promoting Effect of CeO, on NO,
NO, Reduction in Lean Condition[J]. Journal of Catalysis, 2002, 210(1): reduction with Propene over SnO,/Al,O, catalyst studied with in situ
97-105. FT-IR spectroscopy[J]. Catalysis Letters, 2007, 120(1/2): 143-147.

[47] HE H, ZHANG C B, YU Y B. A comparative study of Ag/ALO; and [53] NGUYEN L Q, SALIM C, HINODE H. Roles of nano-sized Au in the
Cu/AlLO, catalysts for the selective catalytic reduction of NO by reduction of NO, by propene over Au/TiO,: An in situ DRIFTS study[J].
C,H[J]. Catalysis Today, 2004, 90: 191-197. Applied Catalysis B:Environmental, 2010, 96(3/4): 299-306.

(48] HANEDA M, KINTAICHI Y, HAMADA H. Promotional effect of H,O ~ [54] PIETRZYK P, DUJARDIN C, GORA-MAREK K, et al. Spectroscopic
on the activity of In,0,-doped Ga,0,-Al,0O; for the selective reduction IR, EPR, and operando DRIFT insights into surface reaction pathways
of nitrogen monoxide[J]. Catalysis Letters, 1998, 55: 47-55. of selective reduction of NO by propene over the Co-BEA zeolite[J].

[49] CUIXY,LIJH HAO J M, et al. Enhancement of activity of SnO,- Physical Chemistry Chemical Physics, 2012, 14(7): 2203-15.
doped In,0,/AL,O; catalyst for NO reduction with propene in the [55] GORA-MAREK K, GIL B, DATKA J. Quantitative IR studies of the
presence of H,O and SO,[J]. Chinese Chemical Letters, 2005, 16(11): concentration of Co** and Co®" sites in zeolites CoZSM-5 and
1535-1538. CoFER([J]. Applied Catalysis A:General, 2009, 353(1): 117-122.

(T2 ¥ )%)

Reaction mechanism of enhanced activity for C;H,-SCR at low temperature by
indium-doped on CuQO/AlO, catalyst
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Abstract CuO/AlLO, catalyst was a low-temperature SCR catalyst. In this paper, In was added to the surface
of CuO/AlO;, catalyst and used for selective catalytic reduction of nitrogen oxides (NO,) by propylene (C;H,-
SCR). The results showed that the catalyst supported with Culn exhibited the best activity, with NO, conversion
up to 62% at 350 °C. XPS characterization results showed that the loading of In changed the valence state of Cu
and the distribution of oxygen on the surface, and increased the ratio of Cu*" and chemisorbed oxygen on the
catalyst surface. The results of H,-TPR and NO+O,-TPD showed that loading Culn could improve the
reducibility of the catalyst and promote the adsorption of NO,, and a large number of nitrite/nitrate species were
formed on the catalyst surface. Studies of reaction mechanism showed that C;H,-SCR process followed L-H
reaction mechanism. Doping Culn promoted the rapid oxidation of C,H, and contributed to the formation of
formate and acetate on the catalyst surface. Therefore, the increase of the ratio of Cu®” and chemisorbed oxygen
would enhance redox performance of the catalyst and accelerate the rapid formation of formate/acetate, which
might be the main reasons for the improvement of activity of C;H,-SCR in low temperature range. This study
can provide reference for the development of low temperature SCR catalyst applied in diesel vehicle exhaust
control technology.
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