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Study on hydrangea-like CuO-CeQO, catalysts for selective oxidation of
CO in H,-rich gas
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Abstract: A kind of hydrangea-like CuO-CeO, catalyst for CO selective oxidation in hydrogen-rich condition is
prepared by using oxalic acid as the precipitant, and the effects of process conditions and the loading amount of active
component on the catalytic performance of CuO-CeO, catalyst are investigated. The results indicate that the calcination
temperature at 600°C is more favorable to the catalytic activity.The 5% CuO-CeO, catalyst has the best catalytic activity
and better stability,over which the temperature window for full conversion of CO is 105-150°C ,and the selectivity of O,
to CO is as high as 95% at T=105°C .Meanwhile,the conversion rate of CO basically maintains at 100% within 110 h of
operation time.Through XRD and Raman analysis, it is found that CuO,the active component, disperses highly on the
surface of CeO, support, and even part of Cu material enters into CeO, lattice to form a Cu-Ce solid solution, which
generates more oxygen vacancies and Ce’*.Through XPS test, it is suggested that 5% CuO-Ce0, catalyst has more oxygen
vacancies and higher Cu’ content,which results in the best catalytic activity.

Key words:Cu0O/Ce0, ; CO selective oxidation; hydrogen production; oxalate

T2 e R AR LB ( PEMFC) PRI B #5281

May 2023
- 147 -

AT AR R S, 22728 T I B A mT LA 3 4l v

Rl AR TG gy IR SR O0 AL 32 B T2 R
FE , DAHSA 80 7 B3Rk Ha 1t 7R 4 Bl A Ol 2 R K B B
XA R, AT MK EER =",
PEMFC — it 7s Lol SRR, M B A e D = iy
CO 2 FHURH M Pr s P8R 2, 52 HLOE
BT, — s &SR Co BB R T 10
1070 B B ARE L M A 2 R S0 L AR SR X 484
HHE I A F AU AR R 1 T R R H
AT CO MR BLU BE ZoRE 2 0.2x10° LR,
Hb ] 0 S 1) SR ORI TN AR R T A

RS, RS PRI B A 25 oy b s (B R 3 9 8, AN
BFHEER SN H, BT, Co B
A4k (CO-PrOX) ZBR L H AR i Co M
BT RO Y AR T i B S S E T T A AL
IR PERE , R, A 4R EEXT CO v AL fk
R TSR .

CO-PrOX AL £ 25 hy 5t 4 JE A 77 5 3E
ReRAEATD AR EER PLRSEM A,
Horr P R AEIEFIZE B A A B B CO FEER,
B O, MUBERRIERLAR ; 48K Au HEAL T AR AR

s B3 .2022-05-06 ; 1& [E] H #7:2023-03-02
E£WAB . E 1R A AR 0 H 24 (20213160A0377)

YEE B MAEE (1997-) &, BHBIFELE T T o & A SR T CO &AL (H, M4ifk) |, lingiangian0107@ 163.com; XI5 4L ( 1963-) ,
5 B AR ST BRSO SR S S R RS ZE Y BRI T B IR R yq_liu@ xmu.edu.cn,



- 148 - LA AL T

TRE HLA B TE v, D REFREAR, (ML K8 R
CO, Mt SZPEREAA X 85 22, AR R, dE 5t & s A Ak
FIGEAR AR KB Ak P e R 47 LA &6 H,0 Fil CO,
B0 P T A2 PR S R A B I ST 4R

FEAS FhAE 5 4 @ AL, CuCe AL N HA
BUT (0 R SR Al B LAY A% R X AL 77 Je B0 1 7k
FERY I HIFT S, o, 283 32 2050 5 fAf o ) B Rk 3
DUEZERI % T — £ Cu0-CeO, HEALFH], I H 5T
il A L2025 (AN Be i BE ) 5 1% M 4 J& 1 48 3 ot
CO BEREM A AL AL TR P Y52 e, 3@ 5 SEM XRD |
XPS A5 FRAE T B 0] 4 i 4 14 770 19 TOW I B30 25 44
AW EEHEAT 30T, I 5 AL PERE Y52

1 SCIEEy

1.1 KFENEE

i#F . Cu(NO,), -3H,0 . CH,CH,0H , ¥J /3 ¥r
afi | [ 25 4 W A 75 C,H,0, - 2H,0, Ce (NO, ), -
6H,0, ¥R A4l , 2 e kAR AL BHE A FlAE

1% W kB H R T B B ( SUPRASS
SAPPHIRE) . 4> F Sl FLW% FH ( ASAP2020) | X
LW ARNTHY ( Rigaku Ultima IV) (PLUS 4> A 3h$i
%ﬁ'ﬁﬁ%ﬁ(( HORIBA XploRA) . XPS( Thermo Scientific
K-Alpha) | 2 /¥ F+ il £k 2% W B 4 TPD/TPR ( %
Autosorb-1Q-C-TCD) ,
1.2 EEFINEE

CuO—-CeO, HEAVF il 28 77 15 2K FH 137 B0 L iR
ERILPORET: o MR A T it LG AN [R5 1 CeO,
5% CuCe 10% CuCe . 15% CuCe } 20% CuCe %5 JL
FiAEAE ], ELAR G & 20 BN R O — 5 TR e Y
Cu(NO,),-3H,0 .Ce(NO,),-6H,0 AT 60 mL Jo/kK
CEEHR G IEFE 30 min ; SR 5K ECH A BORR £ B
(1 mol/L) RIS IMAZE iR b 7= A Uil , FF T
TESS ARG IRFRFIEFE 1 b, B & UOVE I IR AT L2
UG VE ARG BT 80°C MU BLAS P T %, B
BA D3 600°C T K5 ke 4 h, BIAS 21 i 75 19 i
a1
1.3 EeFRFEENR

PR P 355 P A S0 3 [ A T Y i R
ORI Sy 2 AT 38 Ao R 4 o P T SR R
T, TR R R AT oK 200 mg AOAEALT B
TS IR IX SR LA 3x10* mL/(g-h)
23458 A & 1% CO 1% 0, .50% H, K N, (Vi
M) JFORFR L O TR Al A GC2060 {7
A AT AESRAGIN | LA BT RN S S AR 2 A

FE43BFESH

AR AL AN T AR S eI i TDX-01 #EIX
S COL s BN AR E RS (H, N, .0,.CO) s
i SA kRS . Hif H, N, 0, H TCD #a il
PRSI )R S AR B FID &g AT, CO
HEEAL 2R (X)) 1 O, X CO AIZE#EE (S) it
K.

X = [¢(CO,) - (CO,,)]1/e(CO,) (1)

S = [¢(CO,) —¢(CO,,)1/2[¢(0,,) —(0,,,)] (2)
K.o(CO,,) @(CO,, )73l CO T8N f i | i
BRI EG0(0,,,) @0, ) 73518 0, TESN
TR ORI RER SR

2 EWERSIHL

2.1 EAFIAE MR
2.1 1  ERRIBEATEAL I AL 60 % v

ANRVRE Be T EE T B 6 PR g5 SR an & 1 R,
L 1 AT, 76 B BT R 600°C B, CO 35 fk R
ALK 99% L) b, FOXF I A I B DX ) 95~ 155C ¢
SHb, CO 58 2 Ak AR FE X 0] R 100 ~ 130°C , H7E
ZIRE XA 0, XF CO RBEEMELRFF7E 66% L) I,
PRI, 600°C K508 R B T 15 2 A4 AL 3R 2L A e i S 1
AL PERE

1 1 1
50 100 150 200 250
REE/C

1—300°C ;2—400°C ;3—500C ;4—600C
Bl R bR U x4 b ] 1 B B

2.1.2 FHhAs e REF AR R

MLy CuO 38 XA P A S iR dn & 2
FioR, M2 a0 B I A T, CO B R AR
SUR BT A TR R R AR EZ T 100% 5 {H B T H,
1 CO ZIAIAFAE T4 N, 0, MR TEREZ %
(X2 CO BEREME A LA 5 e MR 2 — )
5% CuCe HEALFITE T<200°C I, H CO AL R A5
TREETE 90% LA I, H CO 58255 ALiR B IX 1]k 105 ~
150°C . ¥ 59#b, 76 T = 105°C i, CO By 55 1L R Ky
100% ,0, (PRI EIRZ 95% , I, Joit e MEE
GRS TEMN, 5% CuCe WA Z BT
oAb URRE T



2023 5 B

4‘-«\,\_\\11
2
3

8 100 ——o
E 80
¥ 60 .-‘.._._'\’%-
R, a0 23
o 1 1
00 200 2

50 1 150 50
RE/C

1—5% CuCe;2—10% CuCe;3—15% CuCe;4—20% CuCe

B2 B E XA e
2.2 EAFIOBEREE MK

BARMEAEHR] 5% CuCe AYMEH R E IR L, S 40

K 3 fis, HE 3 AL, 5% CuCe #EALFITE 6 600 min
(110 h) I CO AL R IEARLRIFAE 100% , 0, HHEbE
FEARDRFFTE 50% 247, RW] 5% CuCe fELFIBA
BALRTER R E M,

8 8

% &

ﬂiﬂz SO o ] SO B

) i)

< =}
0 0

10|00 20|00 30I00 40|00 50|00 60IOO
i8] /min
1—CO b3 2—0, Pk
B3 A 5% CuCe B9 1E 3R M IR 45 R
AR H R (120°C VR 1% CO+1% 0,+50% H, |
N, F# SR GHSV 2 30 000 mL/(g+h) .
2.3 $3HEEBE(SEM) o
HEAEFNEAR CeO, VLS AL CuCe B SEM ]
LR 4 s, 4 "L, 34K CeO, SEHR

(¢)CeO, (d) CuCe

B4 EAFH SEM MR &R

WBERBEF . EESAED CO EHEMERMBVEIRIR Cu0-Ce0, EILFIBIHE - 149 -

SN — IR I, HAOK BA 2R E5H  lad )2
RIS ERR . WK, XA R F IG5 A
AT, ME 4(b) AT LAE HE, CeO, flERS) A1 E
TE AN (A TR, DA 2 A4 A 700 1 o 1 b & 1
BURRE, MHE 4(c) B 4(d) AT, CuO W RHE 2R
& CeO, M, H CuO 4 B4 508G | 4k 1%
PE, AT H AN [RGB R B R A SEM B 45 A
Pl LT A A ) P e o i R v 5 SR st e
i, R B TG Mt ik, BRI B 254
AFIF Co stirEE k.
2.4 N, B R Bt B it 53 4

PR N, 1 W B — B B ittt £ B AL AR 43 A
K5 s, O A S 80n 3k 1 s, MR 1A
14l CeO, A B LR AR /N (21 24.9 m*/g),
ELBE 2 05 P A 0 (R s, G L R TR S, 2 CuO
o 15% I bR T B R K, (H S P A AR
CuO gk Ny 5% It fefk, B b nl WL, b 36w AL
EZmaiE R E 2N R, P W E 5 AT, X
SRt e Jm T IV R AR IR 2, HO S AR S AR
H,™ ) dE, IV RISER LS TR LI RRIE R, 1% 45
GRS  EFRIH 5 A FLIE A — 2L

|.s )%

E 4 _.-—d% Tb.o

= DI

= N

L IET— ¥

£ _.,-/% g g

00 02 04 06 08 1.0 20 5 10 15 20 25 30 35 40

HXTEII(p/p,) L 4% /nm
(a) N, B B — 56 B ity 2 (b) AL A FLIR 5 A

1—Ce0, ;2—5% CuCe;3—10% CuCe;4—15% CuCe;5—20% CuCe
BS5 @Ak mRgILEeHAnz
1 HEUFINOEREESE

Sper/ LR LB/ BESEY SR

it
(m*-g') mm  (em’-g')  nm RSF/nm
Ce0, 24.86  13.42  0.0659  0.5413 20.5
5% CuCe ~ 25.01  8.21 0.0822  0.5411 13.5
10% CuCe  38.41  11.69  0.0870  0.5415 12.5

15% CuCe 50.23 12.06  0.1150 0.5411 11.3
20% CuCe 34.83 16.22  0.0911 0.5416 13.1

2.5 XRD iR

AN 3 R 20 43 £ 48 T AR R Y XRD
K 6(a) iR, HIE6(a)fl W, Cu0-CeO, HYFHARLE
M RLAISE TR &R (a=b=c,a=B=y=90°) i) CeO,( 3
#ER A PDF#78-0694) i AR ZEH) . CuO FIITA



- 150 - FAX AL L

FFARAT 506 e A= W S 1 O % | (LA S 0 240 B g AR
TE, A5 TR, XA R BREEYS 2 WAL
SATRER L2 W H. B 20% CuO X — 5 g DL
Hb, FA R B AR R AT B Y CuO AHAFE
st . B CuO R BE A0 i T2 AR i, 5% 55
Cu YFh 5 CeO, T ALEIEAR" , M 15 AL XRD 60
ANF CuO M, SR, 20% CuCe fiEALFIFE 20 N
35. 6°F0 38. 8° WAL Hi Bl CuO ( PDF#72-0629 ) ()45
AEATT S , 33 2 30 4340 4 b 7= Az 1A 58 1 B 1 245
ANFERFERE ) XRD AN 6 (b) iz, K 6(b)
AT AR R A% Joe T B A | R AR AT S DA R AR 0
VA28 i B e

+Cu0
‘_lm_A__/\._,\LA

2

TREF /a.u
t

TCDfE 5 /a.u.
R

| 1
1 1 1 Ll L
50 60 70 80 90
26/(°)

1 I| 1 |
10 20 30 40

1—PDF#78-0694;2—5% CuCe;3—10% CuCe;
4—15% CuCe;5—20% CuCe
(a) IR PR 23 St A )

i « CeO,

M
*_j\/;_&/\_,sl_

10 20 30 40 50 60 70 80 90
201(°)

TREE Ja.u.
w

1—300°C ;2—400°C ;3—500°C ;4—600°C
() AR [k b U8 2 1 f 31
B 6 Bl & M4 i B EAA B bR IR W
2465 B9 XRD 3% &

P L TN AR B W W E PO S N R TR N
Y 11~ 14 nm,, B P34 80RL ROT BEAIR, 1
RISy 22K X5 1 25BN R, 3 5
ML 5% CuCe 5 CeO, MY S E R A8 1L V] LU A
i, CuO BRI B CeO, SHMEIRAE, X &M T Cu
YIRS 242 (Cu™ 4 0. 073 nm;Cu’ 4 0. 077 nm)
EI/NF Ce* (0.092 nm) , LB 7 5 7 A CeO,
() A%, 5 FLTR B 1A, DT 7™ A B 22 1 4025 {6
1 Ce*

2.6 H,-TPR Uik R
5% CuCe L1 H,-TPR 1K 7 s, M

FE43BFESH

K7 Al LA 4l CeO, 7E 500°C 5 800°C ZE 47 45
FETE 1 A5 43 % N 4 CeO, 12 T 8 ATAAH
A AR R, T4l CuO 3B H fE 250°C LA B A
JEL13100 SR /NT 250°C A 2 A B B 340 B | ¢
N JE T CuO ¥ 5 ; 1M 7E 500°C K 800°C Fff i/t Y /1Ny,
WY JE T CeO,, CuO MR JFIE o Xt T [ 4/ 5
S CuO 58K CeO, 158 ZUAH B /E FH 1938
JEUOR R A S G N, B WX I T
IYEIIE CeO, T CuO Tk AR SCHk [ 14—
157 ,7F 150~250°C 14, il CuO-CeO, H4A Y FI H
A 3 IR 53R o BTy W oy S Ptk
CuO MR JF I A AL TG v W, BB Cu $J5
SR BT AR CeO, FMI, X S5 RHTT XRD )l
REE A A

B

CeO,

L]

100 200 300 400 500 600 700 800
TREE/C

B7 5% CuCe &7ty H,-TPR K

2.7 XPS &
AL B9 XPS 3% K 5 Raman 3% K 4 4] 8
R .

R /a.u.
R /a.u.

Y B
1 T T 1 1 1 {.ﬁ\
536 534 532 530 528 930 920 910 900 890 880
iftlev ZiGflev
(a)Ols (b)Ce3d
2, e
4 Shake-up

SRAF/a.u.
© @

955 950 945 940 9::35 930
Ziahk/ev

(c¢)Cu2p
1—5% CuCe;2—10% CuCe;3—15% CuCe;4—20% CuCe

B8 A7 Hy XPS xiE A
H & 8(a) I UL, Ols 1Y XPS i% B AFTE 3 A



2023 5 B

] B S 0 A3 S BRIE A e By, Hob o BT
529.8 eV MY FUE, & T4 @ AW fAk 5 B R
{E7E 531. 3 eV [ JE 1, HXF W TR 1A (07,07,
07);y /& 532.8 eV WI/NEIE, J& T 545 &AW
JE S SR A A A,/ (A, + A AL KR,
WA O, R B A/ (A, +A +A,) KRR,
0N 0, HH Ra 2 52 WuAE A0 15 P 1) 2240,
0,50, WHERER, HE 2R MK 2 fion, |
2 01 IL,5% CuCe 1 Ra fER T H AL, 15 HH
IZMARI RS %

HE 8(b) ] LLA i, Ce3d JEfH 8 4 % 2 Fh
Hie B8 & 3d,, f1 3d,, 400 2 2ok g, i
v(882.0eV), v (884.1 eV ), v" (888.6 eV ),
v"(898. 1 eV) i Ce3d,,; 1M u (900.6 V), u'
(902.6 eV), u"907.5 eV), u"” (916.6 V) id N
Ce3d,," . Hd o' 5 w2 Ce™ BYFRIEWE ) T 14 )&
Ce" Y HRMEIE, B Ce™ 5 Ce™ MY M & 48 1k 75 15
Ce4++efﬁ>Ce3++0‘,( =R VA L3 UL Ce ik E S
AEPIEA LT . R 2 T CeT I RS
S 57 A X R S L A G OG R (A XTI ) o e
5% CuCe #EAL I Y S 25 MR BE fie i, iX 5 Ols 1)
XPS 3% EIAH—2L

I 8(c) PRI LAE L, Cu 2p BLE Y XPS 157
FHIr N 2p,, (928 ~936.8 V) Hl 2p,,(949.3 ~
960 eV) 2 PMHLIE, Cu™ MZEARELL Cu’ Cu' 7,24
933.5 eV, HHA W WA= mIE "> | BT Bk
FBps A B 0 R i e (PRI ) X R RR A AL
—SEAETE Cu™ P Fh . XF R F W7 934 .954.3 eV K
SR DRIE (27 941.6 V) JET Cu™ ¥Fh, ILAH,
Cu2p, ;I 45G RER I (R 45 & 6E 1Y )7 1) % , IE
WA AETE Cu W EFD (Cu’/Ca) ™ BF,
T Cu’ 5 Cu' &5 & REAT M JCiE X 4, (H i T r
AR BIRAE H, ST T8, SRR Cu®
PO AEAE . B, ] 4 0 o B rp i 2R 47 T 933,
952. 8 eV Ml S 4 55 1) TSR 16 (£ 948.3 eV) JB T
Cu"Pfh, XPS HitBE 45 Ry TR 2, — Ik
1, CO i FEME A AL B Mars van Krevenlen #J1
O EARIT

CO + Cu™ —CO - Cu” (1)

CO - Cu™+ 0" (fhiE4) —
CO, - Cu™+ O (HZ ML) (2)
€0, - Cu* — €O, + Cu’ (3)
0, + 20, — 20" (4)

Hor B 2) BE A, A Cu' & CO BFMER

MEBZHF . EESED CO EEMRILBIEIRIK Cu0-Ce0, ELFIAIAR - 151 -

AEBIEPEAL S BT LA Cu™ R N B 2 S B A
FHLED Ca® & 8 s, AL M R i Ay, LAk 2 U,
S ARV FE R = AT A T 2D R (4) 1 O 5 T
IR (4) kit — SRR (2) . A, &2
AL, 5% CuCe HEALFIR Cu AT &5 DL S S
ARV B A0 A v, DRI Ik, 55 Al 7 28 2 7 4 6 590 A
L, iZ A B Ee A s 4
£2 BUFMXPS SHENRER
i 0, 0, [Ce™] [Vl [Cu*] Ags/Asy  Ra

5% CuCe 0.48 0.29 0.15 0.037 0.51 0.2114 0. 60
10% CuCe 0.69 0.21 0.13 0.033 0.46 0.2100 0.30
15% CuCe 0.51 0.30 0.13 0.033 0.43 0. 1342 0.59
20% CuCe 0.66 0.25 0.13 0.033 0.45 0. 0401 0.38

T S RIS 0 = A,/ (A, +Ag+A,) s RITAII BT i 0, =4,/
(Ag+Ag +Ay) 5 Ce™ BYAIXT UL [ Ce™ ] = A (Ce™ )/A (Ce™ +
Ce* )2V 2 R B MR [V, ] = 1-(3[Ce* ] +4[ Ce* ])/
4018221 G IE] Cu* ] =A(Cu*)/A(Cu +Cu™)

2.8 Raman iZ5 7
AT B P 2 TR ZE R E 9 Fw

_-463
608
- |
1
400

1—CeO0, ;2—5% CuCe;3—10% CuCe;4—15% CuCe;

R /a.u.

1
600 800 1000
BB /em™

5—20% CuCe
o AR E T

HH I 9 WL, 463 em™ Ay f ik B P& 06 AR ST
T ATEE ) CeO, I F, RSNME | HB %A IS 1%
WERFE A K, CeO, MBMETE fbA% BRLIE , BT LA &
HIEFE 540 em™ Fl 600 em™ Kb A7 AE/NEAT BRI
1) D B, A9 D, A D, R 608 em™ ARy
S WA F A AT T A e B 1) s 1) FLVG R
4y CuO FIABA4 1 A 25 A 1) g I I 725 ik 147 4 i
KEWHR ., UL CuO BT CeO, MY iM%k, B
B4y Cu™ HEAT CeO, fitE , JERL T Cu-Ce [EVEA,
H AT, B 1z A nT HLRE i 4 i Vi B 1) AR A
EHLZ R 608 em ™ Fl 463 em ™ WY AR L (FRid N
Ags/Asey) 72 I, MR 2 AT, 5% CuCe 1
FEFNI Ao/ Ay HEAEL IR 157, BV S0 o W I
I,5% CuCe fEALFEAT e mi AL TG M, 225 1



152 - A AL T

WH5HTHE XPS W Hras Rt —2
3 ZLig

SRR R ER L POTEE R & T — R I CuO -
CeO, AL, BFFE T H N H T8 A4 CO Byt
PEMESEA e, S5 R R IEPEA o i dk sl 5%
CuO ML FITEZE 600°C K58 b RIS HAR 10 16 P i
R, B2 AR AT 25 A S R AE R B, %
AL TR ELAT ot i AR SRS (VR FE RN Cu O 1, TR
ENRIES Ca’ A & B R CO BE#RME 1L
EZHZE, WL, figkE R 5% CuCe ML H
AL TFHAD LR AL B AL R RE . A AT 5
SCHk H A TR S AU AL A H & B, 5% CuCe fEALF
1) 5 4T AR R P DX ]t o, [ el R e Pt
K, 5% CuCe HHEAL T2 —Fh EAT 35K W FH W I 9
e SRR A A AL

S 3k

[ 1] fS/NBR, X0, B 3 55, 46, Dy A Y B 22 MX) CuO/ CeZr0,
PEAITE o AP CO MR AL AL PERE R SZ M [ J ] 0k}
12254, 2016 ,44(7) :870-875.

TR RN, AT R R EL IR AR R T A CoCeZrO AR ALY
AT AL CO-PROX RYBFFE[J]. k% Tl 5 T4, 2018, 35
(5):1-6.

[3] Shi L, Zhang G.Improved low-temperature activity of CuO-CeO,-

—
[\S}
[a

Zr0, catalysts for preferential oxidation of CO in H,-rich streams
[J].Catalysis Letters,2016,146(8) ;1449-1456.

[4] BT, 15 R L0 RIS PRI B L | 4 CeO,/Cu0 ML
FUH TR AT CO A T] R 2241, 2014, 42
(5) :603-608.

[5] Wit , BARAR, SO , 4F. il # 7 i X% Cu0/Ce0, - 710, AL
CO IR B IR PE R SE I [ )] B k2244, 2010, (12) . 7.

[6] Mohamed Z,Dasireddy V D B C,Singh S, et al.The preferential ox-
idation of CO in hydrogen rich streams over platinum doped nickel
oxide catalysts[ J].Applied Catalysis B;Environmental ,2016,180:
687-697.

[7] Miao Y X,Wang J,Li W C.Enhanced catalytic activities and selec-
tivities in preferential oxidation of CO over ceria-promoted Au/
Al,O; catalysts[ J ]. Chinese Journal of Catalysis,2016,37(10) .
1721-1728.

[8] Kruk M, Jaroniec M.Gas Adsorption characterization of ordered or-
ganic-inorganic nanocomposite materials [ J ]. Chemistry of
Materials,2001,13(10) :3169-3183.

[9] Zou Z Q,Meng M,Guo L H,et al.Synthesis and characterization of
Cu0/Ce,_, Ti, O, catalysts used for low-temperature CO oxidation
[J].J Hazard Mater,2009,163(2-3) :835-42.

[10] Zeng S,Zhang W, Sliwa M, et al.Comparative study of Ce0,/Cu0
and Cu0/Ce0O, catalysts on catalytic performance for preferential
CO oxidation[ J].International Journal of Hydrogen Energy,2013,
38(9) :3597-3605.

[11] Sun S,Mao D,Yu J,et al.Low-temperature CO oxidation on CuQ/
CeO, catalysts: The significant effect of copper precursor and calci-

nation temperature [ J ]. Catalysis Science & Technology, 2015, 5

FE43BFESH

(6):3166-3181.

[12] Hossain S T, Azeeva E,Zhang K, et al.A comparative study of CO
oxidation over Cu-O-Ce solid solutions and CuO/CeO, nanorods
catalysts[ J].Applied Surface Science,2018,455.132-143.

[13] Cam T S,Omarov S O, Chebanenko M 1, et al.One step closer to the
low-temperature CO oxidation over non-noble CuO/CeO, nanocata-
lyst: The effect of CuO loading[ J ].Journal of Environmental Chem-
ical Engineering,2021,9(4) :105373.

[14] Arango-Diaz A ,Moretti E,Talon A, et al.Preferential CO oxidation
(CO-PROX) catalyzed by CuO supported on nanocrystalline CeO,
prepared by a freeze-drying method[ J . Applied Catalysis A ; Gen-
eral ,2014,477 :54-63.

[15] Zeng S, Zhang W, Liu N, et al. Inverse CeO,/CuO catalysts
prepared by hydrothermal method for preferential CO oxidation[ J].
Catalysis Letters,2013,143(10) ;1018-1024.

[16] Jiang F,Wang S, Liu B, et al.Insights into the influence of CeO,
crystal facet on CO, hydrogenation to methanol over Pd/CeO, cata-
lysts[ J].ACS Catalysis,2020,10(19) ;11493-11509.

[17] Wu J,Zhao X, Xue L,et al.Barrier effect of SiO, shell over hollow
Ce0,/Cu0@ Si0, catalystsfor broadening temperature window of
total CO conversion[ J].Journal of Rare Earths,2020, (1) :46-51.

[ 18] Papavasiliou J, Rawski M, Vakros J, et al. A novel post-synthesis
modification of CuO-CeO, catalysts: Effect on their activity for se-
lective CO oxidation[ J].ChemCatChem,2018,10(9) :2096-2106.

[ 19] Iglesias-Gonzilez A, Ayastuy J L., Gonzélez-Marcos M P et al.CuO/
Ce,Sn,_, O, catalysts with low tin content for CO removal from H,-
rich streams[ J ].International Journal of Hydrogen Energy,2014,39
(10) :5213-5224.

[20] Gong L,Luo L. T, Wang R, et al.Effect of Preparation methods of
Ce0,-MnO, Mixed oxides on preferential oxidation of CO in H,-
rich gases over CuO-based catalystsB [ J]. Journal of the Chilean
Chemical Society,2012,57(1) :1048-1053.

[21] Shi L,Gao C,Guo F,et al.Catalytic performance of Zr-doped CuO
Ce0, oxides for CO selective oxidation in H,-rich stream [ J].
Journal of Rare Earths,2019,37(7) :720-725.

[22] Chen S,Li L,Hu W et al.Anchoring high-concentration oxygen va-
cancies at interfaces of CeO,_ /Cu toward enhanced activity for
preferential CO oxidation[ J].ACS Appl Mater Interfaces,2015,7
(41) :22999-3007.

[23] Davé-Quifionero A, Navlani-Garcia M, Lozano-Castellé D, et al.Role
of hydroxyl groups in the preferential oxidation of CO over vopper
oxide-cerium oxide catalysts[ J].ACS Catalysis,2016,6(3) ;:1723-
1731.

[24] Davé-Quifionero A, Bailén-Garcia E, Lopez-Rodriguez S, et al. In-
sights into the oxygen vacancy filling mechanism in CuO/CeO, cat-
alysts: A key step toward high selectivity in preferential CO
oxidation[ J ].ACS Catalysis,2020,10(11) :6532-6545.

[25] Juan Antonio Cecilia A A D, Verdnica Rico-Pérez, Agustin Bueno-
Lépez, et al.The influence of promoters (Zr,La,Th,Pr) on the cat-
alytic performance of CuO-CeO, systems for the preferential
oxidation of CO in the presence of CO, and H,0[ J].Catalysis To-
day,2015,253.115-125.

[26] Zhang Z,Chen K,Lu J,et al.Sn-induced CuO-CeO, catalysts with
improved performance for CO preferential oxidation in H,-rich
streams [ J |. International Journal of Hydrogen Energy, 2021, 46
(43) :22508-22518.

[27] Guo X,Qiu Z,Mao J,et al.Doping effect of transition metals (Zr,
Mn,Ti and Ni) on well-shaped CuO/CeO, ( rods) : Nano/micro
structure and catalytic performance for selective oxidation of CO in
excess H, [ J].Phys Chem Chem Phys, 2018, 20 (40) ;25983 -
25994. 1



