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Effect of P123 on Structure and CO Catalytic Oxidation
Performance of CuO-CeQ, Catalysts

ZHANG Qiu-Lin XU Li-Si LIU Xin NING Ping*
(Faculty of Environmental Science and Engineering, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: A series of CuO-CeO, (nc,:ne=1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3) catalysts with different Cu/Ce molar ratios
(ne.: nc) were prepared by soft template hydrothermal method. The effect of ng,:ne. and preparation methods (soft
template hydrothermal method and co-precipitation without template method) on CO catalytic oxidation
performance was investigated, and the structure, reduction features and surface chemical states of the CuO-CeO,
catalysts were characterized by XRD, TEM, low temperature adsorption-desorption, temperature programmed
reduction (H,-TPR) and XPS. The results show that with the increase of ne,nc, the CO catalytic oxidation
activities of Cu0-CeO, catalysts increase firstly and then decrease. When the ng,ne is 5:5, the CO catalytic
oxidation activity of the catalyst is more than 90% at 100 °C. The large specific surface area, narrow pore
structure distribution, high dispersion of active CuO species and the strong interaction between CuO and CeO, of
CuO-CeO, catalyst prepared by soft template hydrothermal method are the main factors for its excellent CO

catalytic oxidation activity.
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1.1 EEFIH &

P123 M H Sigma-Aldrich 1 E A R 2w, Ce
(NO3); - 6HO (43 #7 4L) . Cu(NOs), - 3HO (5 H7 4l) SR &
(G BT 2) 2K (25%) 34 A [ 245 2 A Ak~ 0] A R
GG

T A BB AR K FA s

PRUL 4 ¢ P123 ¥ ff £ 200 mL 25 8 7K
Ce(NO);-6H,0 Fl Cu(NOs),-3H,0 % A [F] ne, / ne. L
(AN 1:9 2] 7:3) A B3R B W AR 2= T 5 Y
PRZ (nge=4(na+ne)), M FE 1 h 8 LIRS H R
R BN AT 110 Chnfk 24 h, MiEEME, H S
W 125 B8 K DR IR DCTE |60 °C T 5 1,500 °Chix
B4 h 2% BR B AR AS B0 OB ROIR AR R M AR
Cu,Ce;,0,(x=0.1,0.2,0.3,0.4,0.5,0.6,0.7) /=~ ,x A Cu
YRR A B ac:n(;u/(ncﬁnce),/H:'11 Cu WY
RN 50% M HEAFEAE CugsCegsO-H,

Tk B TIE

TERXT I, R HILDIIEE SIS T ne i ne=5:5
1 CuO-CeO, HEALF . FREUAL 23T 5 1Y Ce(NOy); -
6H,0 Fl Cu(NOs),-3H,0, #M#TE 200 mL 28 1K
o, RIS BRGNS A 30 mL 2K IR I R
pH H % 10,60 C/KBE &AL 6 h, B H 2= )5 L8,
VeV TR RS Be Ak kIR b AR CugsCeps05-C
TR,

1.2 fEEFIRLE

i 59 L 0 BUE (TEM) 43 B 76 H A L+~ (JEOL)
A H] JEM-1200EX B35 5 Hy 458 R 47, i e v, ok
100 kV, X H L A7 45 (XRD) K AE 7E Bruker D8
Advance i X R4 F 4T, R Cu 8 Koy, 14K
(40 kV,40 mA), # K4 0.154 06 nm, I 4 i# 5 6° -
min~', 98 Bl 10°~80°, AL 1Y O6 o - BE T
(XPS) 7E ULVAC PHI-5000 Versaprobe St HL ¥ fE 1%
AL HEAT  ORR R 2 e AR A B 1 AL RS Ko
(1 486.6 eV)HF4E R Cls 455 AE(284.8 eV) W S ]
P, BT THEE B (H-TPR) A 7E F # 19 H,-TPR
2eE itfr, FREL30 mg FE OB AE AR 4 mm F)
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AHAALTE A e A 4 S0 KR R T 2 (€ 33 A
¥ 3 mmx1.5 m, #EFEEEEE 80 °C, #AEITUA
Ui, BRI B 375 °C, EUBS T JCIA R 2 I R
150 °C, FEAfH R FE 80 °C, fH iR, = 26 A < (30 mL -
min™)WEEAAELA I S 5 TR A CO & i,
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Yifl, XOEHT Cu BTt A CeO, ARG, JCIT
WARHR 73 Ce B B UE G LY, diks KA T Wy
G i R ITVE TR AR A Y CugsCensO,-C
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Fig.1 XRD patterns of Cu,Ce,_O, catalysts
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(a) Variation of CO conversion with the reaction temperature over Cu,Ce, 0, catalysts; (b) Variation of CO

conversion with the reaction time at 125 “C over CuysCeysO,-H and CuysCeosO,-C

BB 5 9 CugsCeos0,-C EALTI 1 CO AL ALY
B R BARA UM Bl (HAL IR AR TR 95% 75
Ao AT UL SR P123 S BB K PR R TE
H Al L T TE 5 ] 45 19 CuO-CeO, HEALTHIAE 125 Co%
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Table 1 Textural properties of CuO-CeO, catalysts

Surface area /  Pore volume / Pore size /

Catalyst
(m?-g) (em™g™) nm
CugsCesO-H 77 0.07 4.2
CugsCeosO-C 45 0.05 4.0

2 1 AW, CugsCegsO-H MY FLR T (77 m?-
g_])@aﬁjiﬁ: CugsCeys0-C(45 m*- ™), 52 Ffr 5 2% 1l
2 AL R B FLARFR I B8/ (4351028 0.07 F10.05
e’ g, I 2 0 B/ BEARTE A R 0 it 2 A
VeI, HIE 3 T CugsCersO-H il CugsCeysOy
C 11 W% o 25 Y 2 #0 J F B R TV L (. CugsCes0,-C
WA H, IR W CugsCeos0-C 1A FLIE 2 HE AR
fL, M CugsCeosO-H #IAH H, 25 [ml# 25 | J& T i 2R
SRR AR B AESL , B 3 BT LUE R AR
MK A R L30T T8 Te AR 5 il 48 19 CuO-CeO,
PEAR TR () FLAR FEAS 1 #8570 7E 2~20 nm Z[H] | HH 1
Al UL E 2 B AR AL IE = o A FL, i E
CugsCeosO-H A LA F B 53 A AE 2~7 nm P74 Y35

0.25 0]
?:n 454
E 404
0.20+ 351
£ 30
fop g 25
o £ 20]
'E- 0.15 2 s
B> 104
g 0.0 02 04 0.6 08 10
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0.5 0572

0.00+ . — . - -
0 5 10 15 20 25 30
Pore size / nm
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I3 A1 RN, W g B i £
Fig.3 BJH pore size distribution and N, adsorption-
desorption isotherms curves of CugsCeys0,-H
and CugsCegs0,-C catalysts
I, T CupsCesOr-C W EZ I3 fE 2~15 nm HIXS L
Vi B LRI SR, AR BT T 014 2 T 4K 4816 0 £
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bR S ) A HIFOTE doRe 1 e 78 rh i s LA 3.
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} 250~450 nm), 1M CugsCensO,-C A IEAI 5] /N R
YA A IR (3~15 nm)., T HI = BORAEEE TEM & 4
(c) AT UL , CugsCeqsO,-H 14 fh k& Z5 80 L AEG R0 JF:
o i 2] 5 A A5 SCRE A 0.303~0.310 nm Z 1] | 557
J7 859 CeO, H(111) s T[] FE AH A7 0721 SR K ) £
CuO PR A% 2580, th ] W CuO YR 848 1 43
BT CuO-CeO, AL 7 A i 38 5 B 4(d) 7T L,
CuosCeosO-C H Mg SFBURALE 44, HIEZ 3L

\.d=0.303 nm
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CugsCeosO-H AL T CuO Py 32 22 DL i 73 HUAS
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25 H,TPRZR

H,-TPR W5 R, 4l CeO, 73 HIFE 480 CHI
750 C/iAq B H, 38 JF IS 2l i) CuO HAE 330
CLA HB— H, A JRIER 175 % Cu0-CeO, i
AR 1 H, 3 S5 B 3 B B AIK T 40 CeO, AT4E CuO,
X EFEH T E U CuO Fl CeO, Z 1M7L 1 AH
HAEFREAR T AR AR Y H, 0 S5 B A5 3% B
CuO-CeO, AL AT H, I8 J5 o 72 32 2505 S W 25 . 4
R T 5 CeO, A7 3 ZUAH B AE FH Y = 43 HL CuO

T “Cu0
Cuo- 0 d=0.271 nm
d=0,268 ritn :

€07

(c)CupsCeqs0o-H, (b)FI(d)CupsCeqs0,-C

Fig.4 TEM images of the CuO-CeO, catalysts: (a) and (c) CugsCeys0,-H, (b) and (d) CugsCeys0,-C
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Fig.5 HyTPR patterns of Cu,Ce,_ O, catalysts

1 T2 CuO-CeO, AL H S 43 HU CuO 1Y &
AT REAR, SE T B O A ARTHHERRAL

77 bt 458 SR FH AR A 7K #8703 I A
B 125 il % B9 CuO-CeO, P i 1L 57 /Y H,-TPR & 7]
T, CugsCeosO,-C 13 5T U6 L 52 1% 731 T CugsCensO5-H
IR SRR B | AT, CugsCensO,-C HPA H B T 4485 4
A CuO PRI H, W 505 | F B CugsCersO-C A
25 S A CuO ORI AFTE 5 TEM 458 —2, U
T 22 B CugsCeysO,-C 1 CuO 1 CeO, Z [0] HJ4H
HAERESS, I H &0 CuO PR i & 3% 1
CugsCes0-H 1 CuO F CeO, Z [H A7 TE5RAH TAEH
HH 50 CuO PRI & 2 W T CugsCesOy-
C, XA S CuosCensO,-C 19 CO HEAL A ALTE AR T
CuosCensOy-H 1 EZLJFA
26 XPSHR

AT — I CuysCepsO-H 1 CupsCegs0,-C
PR CuO-CeO, EALFI T Cu 5 Ce Z 18] AH E.AEH]
Ko 21 R F AR RS FRATTAT CugsCepsO-H FN
CugsCensO,-C AT T XPS M 7347, H Ce3d 015 Fl
Cu2p MHLFE5 GBS T 6, Ak 55 3R im e 7
YT R 3, BRI Ce3d RETEEIH 6 1~(A &
Ce™) L 8 (& Ce™) & G et e, &l 6(a)7]
Wov v v e, # B CupsCeysO-H F
CugsCeosO-C FIYLETE Cetr, MM po’ T o 45 G HEWE R
B B KR CugsCeos-H A1 CugsCegs0-C H1 A7 7F
Ce* VR, W AT I | CugsCeysO-H FT CugsCeys0,-C2
FlE AL AETE Cem Ml Ce™, HF 3 o 2 Rl k7]
CeM AT & AR 22 AN K

HR 5 SCHR R GE 7E & AL S W 09 T8 8 Ak
TR A7 2R T B AR RS A AR BT 6(b)
Ols IE T A, 456G 6N 529.5 eV AL WX I T & 4%

& 2 H,-TPR Mk H0iF JF iR E R IE TR

Table 2 Reduction temperatures and areas of H, reduction peak from H,-TPR

Catalyst ¢ A 4
T/C Area / a.u. T/C T/C
CuosCensOr-C 159 416 191 210
CugiCegd0, 153 157 176 —
Cug,Ceps0, 152 192 176 —
Cug3Cey70, 145 247 170 —
CugCeoeO, 139 482 167 —
CugsCesO-H 140 576 169 —
CugCensO, 138 345 167 227
Cug7Cen30, 145 234 191 227
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@cad Y v, (b) Ols

Cu,Ce, 0,-C
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Fig.6  (a) Ce3d, (b) Ols, (c) Cu2p XPS patterns of CusCeysO-H and CuysCeys0,-C

£ 3 CuysCeys0,-H 1 CuysCeys0,-C ELFIREREFESE
Table 3 Surface atomic percentage of Cu,sCe sO,-H and Cu,sCe,;s0,-C catalysts

Catalyst

Surface composition / %

[0} O ufee:O OO Ce Ce*:Ce Ce*:Ce Cu 1./1,,
CuysCes0,-H 20 49 51 71 20 80 8 0.34
CupsCes0-C 15 57 43 67 27 73 18 0.16

L. Intensity of shake-up satellite peak for Cu2p; I,,: Intensity of the main Cu2p;, peak.

A, MEEAREN 532.2 eV Ab i WX R T 3 1 I
A, 2 3 AT, CugsCensO,-H HP Y THT A8 AH X 75
H 49% , KT CugsCeosO,-C 1 2 1T 460 AH XF 7% &
(57%). X A BESE i F AR K 240k G B Ak ) 72
il gL B2 T 24 h KRS AR A58 1k 7P
B SE R 1) CeO, mRZ5 1, CeO, B 4N i BE T &5 (5
XRD M TEM 455 —20), "] UL CugsCeys0-H HIE
TR Z 0 dn A S T R TOUE TOR AR A B R Y
45 S I AR T CugsCeosOx-H, HAFTE 1 3 I 45 44
SRR T REE 22 RITTE B T 8T 22 1 SR T W BRE AR T
CA MBS RW], MM EXT T COo ik A ki
PEFEAE A —A B A, >4 25 100 W B4R Y 3 558 31X
— [ B 22 R Ak TR 3R 1T R B SRR A X
FEALFRI TG LTS 0] UL K B A e Ak 70 1Y) 2 T
W R AR e Sk — E, W RE
CugsCegsOp-C Y 2R T B 40 &5 B 5 T CugsCegsO-H,
B3 CO AL TEE R T CugsCeosO-H,
CugsCeosO-H Fl CugsCens0,-C 11 Cu2p 5 45 A
fiE i A W] 5 1Y T A (shake-up) W, B A Cu> W) 1)
FEFERS fH 2 Fi AL R Cu2p B S & RE I I 15 JE
Yra 5 HA W] 0 R X BR M BT 2 oA Ak ) 3
Il Cu WP AEAEIE B R 2% Cupy, MEE G ARG
) 1 Jr A3 M UL 5 AL R W 2 Al Ak ) Cu2p &
B HEN 934.2 eV XTI T Cu®, A HIHIE N CuO,
MK ZS A A8 932.6 eV X R FARM A K Cu B Fl,

BT W CugsCeysO-H Fl CugsCeysO,-C H Cu W) Fl 47
£ Cu>, [RIEAFFEMRMN A Cu WFh, T3 SN b
B A 3 D R B Tl TR A R A iR B L S (1, /
Ly, 3% 3) 0 3X 2 FEALTIEY 1, /1, (EHBLL CuO WY 1,/
1, TE(0.55)f% , F A FR 4338 S Mk Cut I AETER),

3T AL CugsCegsO-H Hl CugsCegs0,-C H1 45 TT
FH T ARG E LI | CupsCers0-C T 55 TCF 4
A RETE S AR LS A e T 1) R A RS X T AR BT
ILPTVE G CugsCeos0-C LTI FE R | AL
PRk i A2 A58 B T 3 R AR Ak | S S0 Ak ) 36
AT L2 B S S R0 R TS B N A T R A A
RE IR ES & e 7 10 R AENL RS

3 & it

FH A B K #4032 il & T AN TF ne,ine. 19 CuO-
CeOs(ne,:ne=1:9 .2:8 3:7 4:6 .5:5 .6:4 7:3) R I 1L
L PEM T R UL CO RIR M fL E AL TS
FERIFFE AT T AT B S5 4 S8 Ak 3 T o 6 Tl
PERTAE , 455338, CuO-CeO, HEALFIBEE ne,:ne. 19
B, Cco AL R TE M R IS T R R BRI
B M neine=5:5 B AL FEA B AER CO LA
fRiE M #E 100 CHIH: CO F Ak 2 HIE 2] 90% LA I,
3 AL L8R T TE TOA AR 25 1 45 79 CuO-CeO, fi
TR & B, SR A K #4032 i 55 19 CuO-CeO, i
3 CO BT PR k2 PR ok R AR K AT
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