Dec. 2019 LA A T 39555 12 B
- 150 - Modern Chemical Industry 2019 F 12 8

CuCe,_, Mn_ O, SSRLSW
i MR L T BE B BF 3R

FaARE L, E W E W BREE KER, T F R, FEAFEY
(LENMKFRFLL PG BRELTEFTESTARIRLRT B2 A11361102;
2ENTKFRRFE 48 A1 361102)

TE R EPTREE A CuCe,_, Mn, O, Z & EAWAEN , X GRS 3T (XRD) AL & (Raman ) RAELEREW],
I HETE R AT LK Cu Mn B T7E CeO, Mk HARIB 2L s ORI BN B . R 05 THRIE R (H,-TPR) 5 X STt
FLTAETE (XPS) SRAELE R EW], Cu Mn  Ce ZRIFFTESEAIE AR, A RARTH T A ELREERE . FTE A CuCe,_, Mn, 0,
A LA RV TERR A RURL A Al S AL T 8 R B D R 9 SR TG P, Her Y CuCeg g Ming , AL F B s AR TR 1, 750 1K
354°C I BAREIRM R B A RS AR

KRR : BERHAORE ; A AL 4L 5 CuCe,_, Mn, O,

RESES X513 MERAR SRS A

DOI.; 10.16606/j.cnki.issn 0253-4320.2019.12.032

X EHS:0253-4320(2019) 12-0150-06

Study on catalytic performance of CuCe,_ Mn, O, composite

for oxidation of soot particles
XIA Yong-kang', CUI Bing®, YAN Shuai’, CHEN Bing-hui', LIU Yun-quan®, WANG Duo’,
YE Yue-yuan®, LI Shui-rong”"
(1.National Engineering Laboratory for Green Chemical Production of Alcohols-Ethers-Esters,
College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361102, China;
2.College of Energy, Xiamen University, Xiamen 361102, China)

Abstract: A series of CuCe,_ Mn O composites are prepared by reverse co-precipitation method. The results by
X-ray diffraction analysis (XRD) and Raman analysis reveal the successful incorporation of Cu and Mn cations into the
ceria framework through the reverse co-precipitation method, which induces a reduced crystal size of CeO, in the as-
prepared composites. The H,-temperature programmed reduction ( H,-TPR) and X-ray photoelectron spectroscopy
(XPS) analysis indicates the presence of strong interaction between Cu,Mn and Ce cations, which shows positive impact
on the redox property of the samples. All CuCe,  Mn O, composites show high catalytic activity towards soot oxidation.

Particularly , CuCe, {Mn,, , shows the best catalytic activity with a T, of 354°C and also a good stability in the repeated

tests.

Key words : soot particle; catalytic oxidation; CuCe,  Mn, O,

SEMPILRE SCHR A B AR ORI PM2. 5 Y H 22
R, BRI 23 0 RRULE i 30 5 0™ i ) £t B
AL A T S AL A A O HE g R
WA LS DR A0 T7 1%, — 07 G IE A RO I8 e F 1
SRR/ INBURL 5 75— T T 0L 2% 5 B v T it B2 Wi 2
SIHURBETERE . Dyt R I8 4 5 2 2 I
OB, e T TR o 8 SR B4 B MR U A8 e £t L 51
B2/18 U /158 S R SO s o7 QN € SPU /5% g W =K o i
TR A AL EOAR G 2 G . TR R

T LA R0k G 1 T ) R A B AR AE , i
TR PR (E S R A T A T A B AR
G,

BB R SRR TE LAt A AL AL 3R] 3=
T P Ag 55 5 R R AL TR RS AL W A AR R
8, Hrb, Ce0,  MnO, %5 A ALYy HEAL T th T A
I PEREGF M S2 BN 2 0, i vy e A W i AL 571
AR S 35 4, A AR PO AR R IR S
wREY . WEAAYEIRIE F BA R Rk

Y #s HH#A.2019-02-19; & E H#:2019-10-13

ESTE AR HARBFEEE4 (2015]05033) 3 JH TR £ 42 (20720170043)
YEB R J KB (1993-) , 5 B-L0FFT A BFSE 7 10 I EREAEAL | xial1239312155@ 163.com ; 257K 5% (1981-) , 3B 11 BERHEZ 019805 10 Ak

YRR B RE TR IR R, sli@ xmu.edu.cn,



2019 F 12 B

JRERE , FER AR Tb S Ak T o AT 4 TR A A A A
A T A HEATBFSE L W 5 HiGE T
Cu—Ce A A 1L 22 30 10 W =0 1 e A8 i £ 420 AR 3%
P, FHELLE, Cut—Fh 2N & )8, LAY T 6e
A 3FMAEEN Cu(0) Cu( T) M Cu( ), 7EE Ik
W JE SN ] A SR HE Mars—van Krevelen ( MvK ) i
JR/EARHLER 7 Cu 38 BT DL G 5 AL e 1 R
G i L 2 W ) VAN [TV A=W = NI S
Cu—Ce HEAEFIXT NO FBEFR" MK CO AL | s
KA E B AR A A 2 AR A
AL SN A F B A v PRI P AR A 1
AR Cu—Ce BT X I, CuO 7E CeO, 43HIE
R AT A A

TF Cu-Ce R AN T B2 L4 )8 (La Pr,
Sm | Y) i 0] DLtk — 4 H AR T e AR e e
S5t &R, 0 4R E R 2 M EAe,
PO B A S AR E SR BT, 40 Mn BT LL#EA CeO,
f s BB — B4 Ce, B T P2 A 5 M Bl | i
S A 2 I R TH I AR W, B R ) &
A= AT Cu—Ce HIEAER, Cu—Mn 7 [ % 14
P2 K A B AT VR PRk e 1w SRS AR

EH U R ST TE v, LA KOH i T E 71,
Cu—Ce HEALFI N IERE 1B 2%1E 1 Mn, 3B fb 71145
20534 FH B[R] I 6 3 FH T B AR S0k A 16 A1k 1Y
HEAEF

1 KBAE

1.1 iKF

FSIKAE R 50% A PR . — 7K il R 4 55, 341
ot bifgdz e AR AR A R A I A ARk
B JOK CBE R SR el 1 25 4 AL 245
AR AR E maia <A | (4 E
99.999%) \20% —4EAA/ TR, 4 4L )RR
HIRAFA,
1.2 EUeFIHE

CuCe,_ Mn O, R A ALY 2 i ) 23503 v
28 o 2k %) S T % T SOK A i T s 1 R 40 AR
T PR S e TG PR 9 3R 2 B S AN R AE— 2 Y
FE KT FERPESRM R KOH IR DTTE R 22
MBI wh , USSR kS ik 1 h, 21k
ALFE 2 b RS R0 A DTE Pt 8 FH 25 B T oK Uk ik
B EEWW pH i 7E 80C T T 8 h &
500°CHBBE 4 b, 25 MR, Cu/(Mn+Ce) B

BEXREE : CuCe,  Mn, 0, SERLWELBIBIBIRINELEIIHAR - 151 -

FRE A RE N 0.2, T n(Mn)/n(Mn+Ce)= 0,
0.1,0.2,0.3,0.4,0.5, Fr 15 i i fb 770 fr 8 M
CuCe;_ Mn, O, ,
1.3 EEFIRRIE

FIH Rigaku Ultima IV X BF£R A7 8340 fE4L 57
FEMRY K 4T XRD 208, Cu ¥ Koo 48 3T, HLE
35 kV, LM 15 mA, 3R N 50/ min, A
10 ~85°, FEH R R ~F &Kk A Scherrer 23 30 I
W3t XRD AT G 06 B S5 i 0 0 v UE AT TR, 7E
—196°C F H|FH Micromerities Tristar ASAP 2020 &S
YIEE F A 338 33 Brunauer — Emmett —Teller ( BET)
EItE LRI, H, F2)¥ AR 8 5 (H,-TPR) 43
HreE GC-TPR A &8 P AT, BE i (100 mg) 7E N,
B4 T 200°C 20 HE 2 h SR FERIR HI B2 E I,
ZJE M 50 mL/min 5% H,/Ar J&&SWHRE S,
Pl 10°C/min TG £ 800°C . H, ¥ & F £k TCD
K, SR A PHI-Quantum 2000 fig 1% 4% #17 XPS
3T, Alkae 93 & TR, C 1s W F T A2 HE 45 4 BE
Raman )61 43 #7 7F Renishaw inVia Raman 18 43
it B AT, R B K N 532 nm, OB TR A
3 mW,
1.4 ELFIFEETEG

CuCe,_,Mn, O, 1k 7 i1 fh A S A0 3 1 5 o
J¥ THE AL (soot=TPO) #EAT Al . 5256 T 1Y
WA S Degussa 28 Bl A= P ) Printex—U fiic R 0k, H:
RiAE R 25 nm, LR ETRUR 100 m*/g, 38 26 FH &1
JI¥5 10 mg B M BURE AN 100 mg A8 Ak 7B 5 IR &
5 min, %N LE [ R N #8 T T SO g
WAEN 6 mm (9458 IF Hal it By, ARS
IREY M 5% 0,.1 000 pe/g NO,FFLL Ar 1 HF
@%%,E{ﬁijﬂ 50 mL/min, M LA 2°C/min BY N
PR THE E 550°C , I TCD &8 23 Hr th 1
SR CO, MR, AL E AR K AUR ) B v
AEFE PR DE A AR KR 0K A IR R, T L T
T o3 SR S B A B0k 77 7 T 48 Ak ad 72 v 5 4
10% 50% K1 90% i o I S

2 SRS

2.1 XRD $#f

HA AR Mn/Ce ¥ 5 B4 L CuCe,_,Mn, 0O,
ALY X AT S B A 1 iR, CeO,
(Y R IR U 7R BT A A i X 5 B ST 7 A S
CuCe, ¢Mn, , il CuCe, {Mn, , F1&F WEF] MnO, 11



- 152 - FAX AL L

25 I R MnO, B A CeO, Ahfk P E B TS 14 5

1o BE T IR CeO, K0T, BEE Mn %) 50 A 5 AOSE N,
41 CuCe, ,Mn, , . CuCe, ,Mn, , Fll CuCe, sMn, 5, MnO,

(AT S R T 5, 2R B MO, AXBUBEASEETT X

T Cu & AR = AR, 75 20 R 35. 5°F1 38. 6°
A AGINE] 2 A& T CuO BY351E, CeO, Al CuO Ay
Al R SE B XRD %04 F1 Scherrer J5 #3134 15 5], 4%
WRnE 1R, & 1 aTUE R BEE Mo & 811

f&i, CeO, M EIARRIAE B /N, Cu B T2 20

/NF CeO, (Cu®™ il Ce* 42435 2 0.073 nm Al
0.094 nm) "™ Cu F CeO, = [A]IE A [ 5 1411
CuCe(0.541 9 nm) [ EHE SEL AL Ce0,(0. 547 2 nm)
/N RIIPTA L CuCe A T, Cu BF 1)
$B4=3) CeO, fit& IR Cu-Ce—-0 FE¥EMKR, 2500
H, Mn B T IE PR EE Ce™ /N (Mn* Mo Al

Mn®* B 2 12 43 5 K 0.056, 0.062 nm F1 0.067
nm) B Mn SRSB4 4L 7 CeO,

(111) B f S SRl AR FBOR B/ W] Mn 2 7l
ARABAGEA CeO, G ZH,

R /a.u.

1

2

J i

"\JN\_/ g \\w /\\\A 3

L L L L L Ly

10 20 30 40 S0 60 70 80
20/(°)

1—CuCeO, ;2—CuCe ¢Mn, , 0, ;3—CuCe( ¢Mn, ,0,;

4—CuCe ;Mn 3;5—CuCe( Mng 4 ;6—CuCe sMn, 50,

K1 7R Mn/Ce #2107 8 XRD 47 4§
%1 CuCe,_Mn,O, LAWK IER

Sper/ CeO, AL CuO fikr LYV

AL (m?-g)  RoF/nm Rt /nm nm
CuCe 111 5.5 25.2 0.5419
CuCeyoMny, 123 4.3 19.0 0.5413
CuCeg gMny, 121 3.6 16.9 0.5411
CuCey,Mny ;s 124 3.8 10. 1 0. 5411
CuCeq ¢Mny, 120 3.3 8.8 0. 5407
CuCey sMng s 104 3.3 10.0 0.5379

2.2 EIEEEEAERESTREN
HEAL IR S TE soot—=TPO A2 i v il f5k 114 fs AR 50
R AL TR VEANE 2 BT, RGN EY T T5o M1 Ty,

539 HE 12 B

R 2 i, CuCe MY Ty, ol 400°C , #H LL4E CeO, 2
F TR, Mn B A Cu0-Ce0, Jii , AL FIIE PETE—
P, B Mn & RN, 2 MR Ty, 52 ek
REF R ras . Hr, CuCe, (Mn, , F i KB A
FER B AR R B AL TG, T, FRE T 46°C, T\, 1 T,
WA N, #E—2PXF CuCe, 4 Mn,, , ¥ i #4716
IR MR, 25 3R, 20t 3 R T fk 4R
FRUETE 370°C 224y, U Wz AL RIS e PR RE R AT

100

75

50

BRIAFEAL R /%

25

(1)50 200 250 %CQE/?%O 4(|)0 4;0 500
1—CuCe ;2—CuCeyMn, ;3—CuCegMn, ;4—CuCe, Mn, ;
5—CuCeqMn, ;6—CuCesMn;

(a) ANIA] Mn/Ce $J5T 14 52 LU BP0 04 4 A 16

100 e
1/1‘; 1‘(
751 377 2
¥ 17
& sof 1
n L i
ok /
OM L
100 200 iﬁf%)()oC 400 500
/

1—58 1 RAEIF 5 2—58 2 WA ;3—56 3 IRFEH
( b) Cuce(]_ gMn()_ zﬁiﬁ:?ﬁﬂﬁi‘fﬁ'ﬂﬂ L:Lt

B2 CuCe,  Mn,0O, f# L85 7E
#2 CuCe,_ Mn,O, fELBIRGILIEELIE

T,,/C Ts,/C Tyy/C
CuCe 348 400 438
CuCe( oMn, | 310 381 423
CuCe( gMn , 294 354 397
CuCey ;Mn ; 309 366 408
CuCe( ¢Mn, 4 287 368 409
CuCe( sMn 5 274 380 416

2.3 H,-TPR &7

KA AP IR G JFE L (H, - TPR) i 5¢
CuCe, ,Mn, O, AL Y EALIE JFVERE, 45 R MK 3
Fos. HE 3 AT LUE 1, BT B R ERTE 150 ~
250°C XA EE, 4l CuO 7E 373°C Ab M 8RB — A Ji
I 4 CeO, 43 I7E 415°C Fl 517°C 247 B 2 438



2019 F 12 B

JrIg | 43 ) e T R AR AR B R IR BT R
FYIE IR AR L 4l CuO FN4l CeO, HUMKAS £, HE—
FEAE T CuO F1 CeO, ¥y Fh 2 (8] 4776 5% 09 AH &
I

R PF/a.u.

A (AW N =

N
AN
4

1 400 500 600 700

B/ C

1—CuCeO, ;2—CuCe( ¢Mn,, ; O, ;3—CuCe; ¢Mn, ,0, ;
4—CuCe( ;Mng 5 ;5—CuCe ¢Mn, 4 ;6—CuCe, sMn, 5O,

K3 F[F Ce/Mn /Ry CuCe, Mn O,
&k 74y H,-TPR # %

Bl 4 e RS 0, SR R R T
o SCHR[ 24 ] TP ARGE B B T RER 25 T 347 vT LIAH B
PRI A S5, XRD W45 R s, i & Mn #9751
ABEINT CeO, FHA&H Cu BT H Mn & T8 & &,
AT 22 ) B4R AR 2R — 2 e, A 3R R D )
RAIREE RS S, SR, 24 Mn B & B8k, T
MnO, FYIRJFIEE . CuO 120 o S s s i) v 3L Ak
s .
2.4 Raman 5 #7

CuCe,_ Mn O, LRI hr 2 Kl 4 iR,
& 4 W LLAE W, 4l CeO, 7F 462 em ' AbH 1 AN f
ERPL S RRIEIE 0 FE Cu B4RMTEILT 462
em” REF TSR LB AY AR A0 452 em™' B Sl , R Cu
B3 CeO, ks T M AR K& Mn 4
S S e IR AR AL B B AU B, 254U
G LA SCHRIRIE , 0 CuCe—F F1 BaCuCe—F
VAR e 1 BTE 458 em ™! JE A T 484k
il e AR A T RS P RS SO AR IR A B

R /a.u

i |
200 400 600

1 P ——— |
800 1000 1200 1400
Be¥/em!

1—CuCeO, ;2—CuCe( ¢Mn, 0, ;3—CuCe, sMn, 50, ;
4——CuCe( ;Mn,, ; ;5—CuCe ¢Mn, , ;6—CuCe, sMn,, 50,

M4 CuCe,  Mn,O, {17t 4r % i K

BEXREE : CuCe,  Mn, 0, SERLWELBIBIBIRINELEIIHAR - 153 -

b 3~ A 5 7E 630 em ™ AMEAZINE] 1 4~5 MO, A
FERFERENE) B Mn S BRI AN, 7E 452 cm™!
Ab PRI iR J3E T8 T DR 55, 630 em ™" AL ) s 72 75 i A ik
W, W CeO, MR AR AR FEZ W /N, 1 MnO, 1Y
n AR AR A IR N, X 5 XRD 43 Hrad R —2,
2.5 XPS &%

AT AR TR E R M ASE S R
XPS i AL FAE Cu 2p. Ce 3d.Mn 2p 1 O Is HY
XPS &3, 25 R E 5 ME 3 iR, 455 6
C 1s=284.6 eV #ATHHE, HIIE 5(a) WJLLIE 1, BT
HRESHE Y BIAE 934.5 eV A1 932.5 eV H BLAFAE
I, — e, 45 G BEN 934.5 eV 1Y FIE BN N 2
Cu™ FUHRAE G, 25 A 6EM 932.5 oV MY T & T
Cu Al Cu®™ AL, Cu* Al Cu™ L [F77 75 T i A B
fnH, 454 XRD,H,-TPR ., Raman 534745 5, %
AR Y Cu, Ce Z [0 & A T BRI AH AR H
MACEEAS BT BE 43 B, 33X B T 2e DLt fE
Ce’* 5 Cu® 1t Ce* +Cu™ Ce™ +Cu’ [ W P= A=
THATHY Cu”, — AR T Cu B F7E CeO, Atk
R AT D — 7 TR E T Ce™ IR 5L, DA
fem T 2GR EAR EYERE, I 5(b) Af
VLA A Z RS o Mo Mn™ Fl Mn** 7£
Mn 2p2/3 B XPS Stk o 45 & BB 43 511 204 640.9
641. 8 eV il 642.5 V'™ | AAHALFIEE S ) XPS O
TEPJEL T 1A 3 MppfiFlg, Hop | JFUR R CuCe
Mn, , AL B A B2 0 M H)Fh , 35 BTZAE N TR
W T HEZH Cu-Mn-Ce—-0 [FIFEM, (45 Mn™ 764
AT et 72 rh BB A 3 T R R BE (0 DR A, 34 )
T Ce™ Mn* S5 B M B P SR R B & A=Y T
XA G S AR ) S A A B 7 A B S e, i ]
5(c)ATLAE ), Ce 3d Stik 2 i 4 XF H EfL A
1y 8 NI i, Hiv 882.2 ~ 882.6,888.2 ~ 888.9,
898.2~898.5.900.6 ~901.0.907.7 ~908. 1 eV I
916.4~916.9 eV J& Ce* B FI4FMEIE, T 884. 4 ~
884.8 eV F1902.8~903.3 eV NJEITE T Ce™ B T
ORI 5 CuCe AHEG, Mn $B2%BE L Ce™
) F s, UERH Mn B2 LU A T Ce® iR R,
AT E ZHEEE, BES(d) TUE
L FE 529.5 eV AL I R F A% 4 (0, ), T 7
531.4 eV AL & TR RS (05) o CuCe,
CuCe, s Mn,, . CuCe, , Mn, , Fll CuCe, s Mn, s ' 0,/
0, P L5351 49% \55% 51% F1 40% . n(Ce) :
n(Mn) = 8 : 2 [ FF i 1% A7 B8 22 110 2R 11T R 4, X i
) A A0 S A B R A R 3 R M o B 4 SR — 2,




- 154 - FAX AL L E39EFH12H

N 3 it
@ 2 A 1 T — R3] CuCe,, Mn, 0, fALH), I
B2 . i#3d XRD . BET . H, ~TPR , Raman 1 XPS $ A %} K
4 AT TRAE, B2 T Mn BOHETLFEE RS T K
960 955 050 045 940 935 930 925 B R AR /NFRLRE . i & Cu,Mn B8 B9 A

e HFITIEE £ 6 Cu-Mn—Ce—0 [, {2 i
P Ce™ BRI 42T Ce HE5L 2 UL 19 LA I I
FPERE. Soot=TPO JIXE5 KL il & Cu F1 Mn

% HIBIA L4 FI T H 75 CuCe, Mn,O, fiE AL A TR

2 WURLHEIL AL TERE . Ho, CuCe,  Min, , fiEAL TR 2K

B e 1) R AR T P R RS E M, B R AP R I R
%" 17 T

660 655 650 645 640 635 630 PN s
LA HE/eV 2% 3k

(b)Mn 2p xps L35

SR /a.u.

[1] Che H,Zhang X,Li Y,et al.Haze trends over the capital cities of

31 provinces in China, 1981—2005 [ J ] . Theoretical and Applied
Climatology,2009,97(3-4) :235-24.
[2] Fu M,Yue X, Ye D,et al.Soot oxidation via CuO doped CeO, cata-

lysts prepared using coprecipitation and citrate acid complex-com-

bustion synthesis[ J ].Catalysis Today,2010,153(3-4) :125-132.

SR /a.u.

[3] Wang Y,Wang J,Chen H,et al.Preparation and NO, -assisted soot

oxidation activity of a CuO-CeO, mixed oxide catalyst[ J].Chemical

P
Hitrfelev Engineering Science 2015135 :294-300.

~ i
() Ce 3d xps Eli [4] Rico-Pérez V, Aneggi E, Bueno-Lépez A, et al.Synergic effect of

Cu/CeysPry 0, 5 and CegsPr0.50, ; in sool combustion| J]. Ap-
plied Catalysis B:Environmental ,2016,197:95-104.

(5] Wu X, Liang Q,Weng D, et al.The catalytic activity of Cu0-Ce0,
mixed oxides for diesel soot oxidation with a NO/O, mixture[ J].

Catalysis Communications,2007,8(12) :2110-2114.

R AE /a.u.

[6] Jia AP, Jiang S Y,Lu J Q,et al.Study of catalytic activity at the

4 1 1 1
535 534 533 532 531 530 529 528 527 Cu0-Ce0, interface for CO oxidation[ J].The Journal of Physical
A
Bie/ev Chemistry C,2010,114(49) :21605-21610.
(d)O 1s xps Eli& [ 7] Davé-Quifionero A , Navlani-Garcia M, Lozano-Castells D, et al.Role

of hydroxyl groups in the preferential oxidation of CO over copper
oxide-cerium oxide catalysts[ J].ACS Catalysis,2016,6(3) ;:1723-
E5 [ Mn & & CuCe, Mn,O, &7 1731

XPS # K rs

1—CuCe( sMn, 5;2—CuCe, ¢Mn,, , ;3—CuCe, ¢Mn, , ;4—CuCe

[

Liang Q, Wu X, Weng D, et al. Oxygen activation on Cu/Mn-Ce
mixed oxides and the role in diesel soot oxidation[ J].Catalysis To-

day,2008,139(1-2) . 113-118.

£ 3 H XPSBZIA Ce.Cu Mn 1 O ¥FhEIA R

w(Ce)/%  w(Cu)/% w(Mn)/% w(0)/% [9] Dahn J R, Trussler S, Hatchard T D, et al. Economical sputtering

4 3 2 0 2 TR

Ce™ Ce™ Cu™ Cu'™" Mn®" Mn™ Mn*" O Op system to produce large-size composition-spread libraries having

CuCe 95 5 77 23 51 49 linear and orthogonal stoichiometry variations[ J].Chemistry of Ma-
CuCey gMn,, 88 12 89 11 80 14 6 45 55 terials, 2002, 14(8) :3519-3523.

. [10] Qi L, Yu Q, Dai Y, et al.Influence of cerium precursors on the
CuCe ;Mn,; 85 15 92 8 50 31 19 49 51

structure and reducibility of mesoporous CuO-CeO, catalysts for CO

CuCe, <M
ubeosMngs 87 13 o0 10 443323 6040 oxidation[ J ].Applied Catalysis B:Environmental ,2012,119.308-




2019 F 12 B

[11]

[12]

[13]

[14]

[15]

[17]

[18]

[21]

[22]

[23]

320.

Shan W, Feng Z,Li Z,et al.Oxidative steam reforming of methanol
on CegyCuy,; O, catalysts prepared by deposition-precipitation, co-
precipitation,,and complexation-combustion methods[ J].Journal of
Catalysis, 2004 ,228( 1) :206-217.

Shen W,Dong X, Zhu Y, et al. Mesoporous CeO, and CuO-loaded
mesoporous CeQ, : Synthesis, characterization ,and CO catalytic oxi-
dation property[ J ]. Microporous and Mesoporous Materials, 2005,
85(1-2) :157-162.

Papavasiliou J, Avgouropoulos G, Ioannides T.Effect of dopants on
the performance of CuO-Ce0, catalysts in methanol steam reforming
[J].Applied Catalysis B: Environmental, 2007, 69 (3-4) . 226—
234.

Krishna K, Bueno-Lépez A, Makkee M, et al.Potential rare earth
modified CeO, catalysts for soot oxidation: I. Characterisation and
catalytic activity with O, [ J]. Applied Catalysis B: Environmental ,
2007,75(3-4) :189-200.

Tikhomirov K, Krocher O, Elsener M, et al. MnO,-CeO, mixed
oxides for the low-temperature oxidation of diesel soot[ J].Applied
Catalysis B:Environmental ,2006,64(1-2) .72-78.

Zhou X, Chen H, Zhang G, et al.Cu/Mn co-loaded hierarchically
porous zeolite beta: A highly efficient synergetic catalyst for soot ox-
idation[ J ].Journal of Materials Chemistry A,2015,3(18) .:9745—
9753.

Du X, Yuan Z, Cao L, et al. Water gas shift reaction over Cu-Mn
mixed oxides catalysts; Effects of the third metal [ J ]. Fuel
Processing Technology,2008,89(2) :131-138.

Liang Q, Wu X, Weng D, et al. Oxygen activation on Cu/Mn-Ce
mixed oxides and the role in diesel soot oxidation[ J].Catalysis To-
day,2008,139(1-2) :113-118.

Papavasiliou J, Avgouropoulos G, loannides T.In situ combustion
synthesis of structured Cu-Ce-O and Cu-Mn-O catalysts for the pro-
duction and purification of hydrogen[ J].Applied Catalysis B:Envi-
ronmental ,2006,66(3-4) :168—174.

Makeev A G,Semendyaeva N L, Slinko M M. Synergetic effect and
oscillatory behavior of CO oxidation over a bimetallic composite cat-
alyst[ J].Chemical Engineering Journal ,2015,282.3~10.

Zhu P ,Li J,Zuo S,et al.Preferential oxidation properties of CO in
excess hydrogen over CuO-CeO, catalyst prepared by hydrothermal
method[ J].Applied Surface Science,2008,255(5) :2903-2909.
He C,Yu Y, Yue L, et al. Low-temperature removal of toluene and
propanal over highly active mesoporous CuCeO, catalysts
synthesized via a simple self-precipitation protocol[ J].Applied Ca-
talysis B :Environmental ,2014,147.156-166.

Mrabet D, Abassi A, Cherizol R, et al. One-pot solvothermal

BEXREE : CuCe,  Mn, 0, SERLWELBIBIBIRINELEIIHAR

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

- 155 -

synthesis of mixed Cu-Ce-O, nanocatalysts and their catalytic
activity for low temperature CO oxidation[ J].Applied Catalysis A .
General ,2012,447 . 60-66.

Li J,Zhu P ,Zuo S, et al.Influence of Mn doping on the performance
of Cu0-CeO, catalysts for selective oxidation of CO in hydrogen-
rich streams[ J ].Applied Catalysis A: General,2010,381(1-2) .
261-266.

Shyu J Z,Weber W H, Gandhi H S.Surface characterization of alu-
mina-supported cerial J].The Journal of Physical Chemistry, 1988,
92(17) :4964-4970.

Weber W H, Hass K C, Mcbride J R. Raman study of CeO,:
Second-order scattering, lattice dynamics, and particle-size effects
[ J].Physical Review B Condensed Matter,1993,48(1) :178.

Ito E,Hultermans R J,Lugt P M, et al.Selective reduction of NO,
with ammonia over cerium-exchanged mordenite[ J].Applied Catal-
ysis B:Environmental , 1994,4( 1) :95-104.

Lin F,Wu X, Weng D.Effect of barium loading on CuO,-CeO, cat-
alysts : NO, storage capacity, NO oxidation ability and soot oxidation
activity[ J ].Catalysis Today,2011,175(1) :124-132.

Zahn D R T.Vibrational spectroscopy of bulk and supported manga-
nese oxides [ J ]. Physical Chemistry Chemical Physics, 1999, 1
(1):185-190.

Lin F,Wu X, Weng D.Effect of barium loading on CuO,-CeO, cat-
alysts : NO, storage capacity, NO oxidation ability and soot oxidation
activity[ J].Catalysis Today,2011,175(1) :124-132.

Guo X, Li J, Zhou R. Catalytic performance of manganese doped
Cu0-CeO, catalysts for selective oxidation of CO in hydrogen-rich
gas[ J].Fuel ,2016,163:56-64.

Ren Y,Shen Q,Guo Y,et al.Realization approach of Pd-only three-
way catalysts with high catalytic performance and thermal stability
[ J].Science China Chemistry,2015,58( 1) :123-130.

Xiao W, Guo Q, Wang E G. Transformation of CeO,(1 1 1) to
Ce,0,(000 1) films[ J].Chemical Physics Letters,2003,368 (5—
6) :527-531.

Guo X, Li J, Zhou R. Catalytic performance of manganese doped
CuO-CeO, catalysts for selective oxidation of CO in hydrogen-rich
gas[ J].Fuel ,2016,163:56-64.

He C,Yu Y,Shen Q,et al.Catalytic behavior and synergistic effect
of nanostructured mesoporous CuO-MnO,-CeO, catalysts for chloro-
benzene destruction[ J]. Applied Surface Science,2014,297:59—
69.

Papavasiliou J, Avgouropoulos G, loannides T.In situ combustion
synthesis ofstructured Cu-Ce-O and Cu-Mn-O catalysts for the pro-
duction and purification of hydrogen[ J].Applied Catalysis B: Envi-
ronmental ,2006,66(3-4) :168-174. 1



