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CeO,, FHIEH] T 1E 400 CFHAL I AR W) BA B
DEBR R AE 1. BTR WIS R KA R
il 55t Au/CeO, AT, 558 T HEALRIZAR B A )
FEB CO REAL AL SN IE YRR RZ R, FHIE BT IR
0 22 T A S A Sl DA 2B A s ) A7) 3 1 L ST 1A
VR A 3

FAT 38 2 7K BAGE SRR P gl ok Uk TR
CeO,-R F1iil, 15515 Ce0, W59 (PU/CeO,-R),
ISR, HIFFIEAGH S Py CeO,-P ALL, B
ARG RUENELIST CO FPaERET).

1 LI ES

1.1 Pt/CeO,-R ELFIHIE KX

FREN 0. 868 g fitifRfi, 763 VUKL LRI A
5 mL KR, RWHERE, KA 11.78 ¢ A&k
B35 mL K, 4REEBEPEE EIE AL A R K
FIRR G ANE NSRS, AR, 100 CF
JN 24 he ki, Ve, METRRENIRE R CeO,.

{30 mg CeO,, 30 mL Z, -, 10 mL K,PtCl,
(0.01 mol/L) Wk, ¥ 3 FHAEAWIHPERY S50 TR
£ F 100 mlL [BepRr, H KOH(2 mol/L) 1 2 [
VORI pH HZ 8 ~9, 74 30 min, 4kELdiFE S
h, BARMNR R A, BT 150 C it
FErPRON S h. g, Uevk, TS Pr/CeO,-R
fHEALF.
1.2 RESWiR
1.2.1 FAETFE&

(a)

Snm

{# FH 780 2% X' Pert PRO 1 X

SHERATHAATIL, PL CuK, Ay X B2 TR, 1 40 kV
5540 mA R XRE A AT RAE. FE G A A
JEHEJE 10° ~80°, FHHHHE Jy 10°/min, 6B HE
0.03°. FRAEFE S IE A Y 3% 5t B i Y 2 5
 JEM-1200EX. 05 A6 77 v 25 < J 2 82t A9 i 1
TS AY LS analyticjena contr AA 700.

1.2.2 pfesiik PR AR i Ak TAEus 5
N wAutolab TIT. A i B HL Ak 275 FHAE BRAR 22 20
i BARSEINACR ] = R &R BB i AR VE AR
HIBR, BAZZ R VEXT Ha il , H A H ok il (SCE) 1R
ZHH . AR A 4 5 R s Bk i R A
i R, T5EAEEE A B 50 nm 5 A ARG TR
I, IR IR B P U ARIS mg BURE M
AT 15 min 4] 1 mL JoK 2, BU10 L i
WEIEAN 3 mm PBEHRE E. REH3 pL fk
(%) Nafion ¥ Wi U BIFF 5 b [ 5€. Nafion %% Na-
fion JFIE W A5 0 T0oK SR AT B0, LR TR
0.5 mol/L H,SO, A1 1.0 mol/L. CH,OH JE&5IAK.

2 Rt
2.1 TEM 4347

(P HL T B OB R A T AT B 454 ST
i, WE LR, B (a) 2 CeO,-R, KEEKRAN
20 ~30 nm, 0 BE R 7L MR E R, TRUE
CeO,-R HY i 5 i) B2 0. 31 nm, 3= 223 §% 1A 2
(111) . (b)J& P/CeO,-R B39, WA i,

PeAERE P EZE (L) AT AE RS, 0 3T,

B 1 TEM &
Fig. 1 TEM images of (a) CeO,-R(inset is the high resolution of CeO,-R) ,

(b) high resolution of Pt/Ce0,-R, (c¢) Pt/Ce0,-P, (d) Pt/Ce0,-R
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T 8EHE) T it T (R R R A9 0. 31 nm g (111)
T84 0.32 nm [ (111) T8, & B B 34K, 3R
B Ce,0, 10152, LTI TG, H Ce0,(002)
pn AR ER ok T, 3RW] Pt 55 CeO,-R (4%l
1% CeO,-R ML KAERAS. () AT LLFE Y, 3]
T CeO,-P Iy Pt g KRR, KA T AR,
(d) Hrmr DA B Pr g oK J0RL 35 50 1 4y B8 T
CeO,-R (M, I H Pt iRi25/. T Pt A
BF BT 2R S R N 1) R0 b, kS
AL TE MR B, X BEH] CeO,-R [ CeO,-P
TS5 P AR A AR,
2.2 XRD iEE o

2 A AL ) 5 X EERE A9 XRD 3% 18] A
Eha] LIOEE R Pt 5 CeO, PRAHIIAETE, 41104
PUALE 40. 1°, 46. 6° . 68. 1° 1 81. 8°, 43 B X} i F
Pt (111), (200) . (220) F1(311) &1, A LA E
Pt SR ZE# R 0 ST T S50, P ZEBIRE S Y
st o84k, HE Pv/CeO,-R (1 Pt(111) 4
S B A SE, B bR AT AT LAAEDY CeO,-R i
FAXS T P BN AT S, (H AT ARG P 4ok
ORL ) AT 5, W/ PORURL B RLAR. T 5 A R R
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Fig.2 XRD patterns of Pt/Ce0,-R, Pt/Ce0,-P and CeO,-R

28.7°,33.2°, 47.5°,56.4°,59.2° 69.6°, 76.8°
1 78. 9° B AT U4 4333 Xof i T CeO,(111) . (200) |
(220) . (311), (222)., (400) ., (331) F1(420)
I, 546 CeO, MFITHTIEN B —3, FH] CeO, 55K
PRIE A 1Y 524 B544.
2.3 BLFEMR
2.3.1 {E PR F A 2 0 P T AR AT LA R A 7
0.5 mol/L H,SO, Hiff ¥t il 15 16 IR 22 th 4 rh
() 6 VA AE DB AU 2 LS i B TR A ok 1H
N
SECSA = Q,/(210xW)

Horf SECSA (i m* g™, W (pg) fR 33k
B R b R, Qu (G 2 SR i s &, 210
(G em ™) {0 FAE 14 A1 22 1 48Uk B2 10 T 7 2L
) L

Q= S/v

XHL S AR AR B AR, v AR,

B3 R R i A 2 s MR AR Py
CeO,-R Fll Pt/CeO0,-P [ Hi {1 24 1 4 T £ 43 1] o
41.5 m* ¢ " F110.4 m’ ¢, ATLIFEH P/Ce0,-R
LA S PR R 5 T Pt/ CeO,-P, 33002 KA Hip
& PLYPKRRBURI KRR, 5 TEM g g )R—2
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Kl 3 Pt/Ce0,-R 1 Pt/CeO,-P 7 0.5 mol/L H,SO,
WL 50 mV/s SR RTEERR 22 i £
Fig. 3 Cyclic voltammetry (CV) curves of the Pt/Ce0,-R
and Pt/Ce0,-P catalysts in 0.5 mol/L H,SO, aqueous

solution with a scan rate of 50 mV/s

2.3.2 itk & 4 AL TE 0.5 mol/L H,S0,
1.0 mol/L CH;OH & Hh M A5 A i PR 42 T £k
4300 F A 2 3 A T AR R B A — A S A 3 Y
T, 3 T B 8 703 S AR i P 1 B L 395 P R
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LTS E. 4a # Pt/Ce0,-R F1 Pt/CeO,-P T FLH
EPE SR 2.3 il 1.6 mA/cm’. & 4b 1 Pt/CeO,-
R I Pv/Ce0,-P 11 it & Fb & 1% 73 Wl & 850 A
145 mA/mg. PTG P8RS, F I R, 4 s 0 3k 32
PR, RF IR ot R E AR TR B R LG, T

2.5
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20 —— Pt/CeO,-R

1.5 |
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P. XM T CeO,-R 5 Pt 44 KL+ 1 78 53 4% fimh,
{153 CeO,-R 12 5 & 11 48 o8 B A7 1% MR 0 i, 3
E— 25 16 B CeO,-R 2 —Fi 0 R A A Ak 2% 4 £k 5
AR,

1000
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E

<

E 500}

=
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@

E

S 250
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Kl 4 Pt/Ce0,-R #l Pt/Ce0,-P 7£ 0.5 mol/L H,SO,+1.0 mol/L CH,OH &7 L) 50 mV/s 501G ERR 2 i £k
Fig. 4 Voltammetry curves for Pt/CeO,-R and Pt/Ce0,-P catalysts in 0.5 mol/L H,S0O,+1.0 mol/L CH,OH

solution with a scan rate of 50 mV/s

2.3.3 CO M i T CO Yy B st A ATl 72
(1) 22 ] =4y, R CO ) I3 B BE g -t 4 iy
AL 1) — D EZHER. CO i 2R 0. 5
mol/L. H,SO, + 1.0 mol/L. CH,OH % ¥& 7 3£ 47 1,
LS R S . I ¢ 3] Pr/CeO,-R il
PL/CeO,-P 17 LA 402 0.5 V 1 0.6 V. Pi/
CeO,-R 135 ML A %, WEWIFERLRAL T CO W)
st B8 IAREAL ) b JBERAE EE R, RS BE 2 A TR L

200 F

100 | / 5 % ]
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100 +

Current density/(mA/mg)
<o
i |
< |

Current density/(mA/mg)
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EA(V vs . SCE)

[ 5 P1/Ce0,-R il PL/Ce0,-P 7£ 0.5 mol/L H,S0,+1.0 mol/L
CH,OH ¥ H LA 50 mV/s 411 CO ¥ H £k

Fig. 5 CO-stripping voltammetry for Pt/CeO,-R and Pt/Ce0,-P
catalysts at 0.5 mol/L H,SO,+ 1.0 mol/L CH,OH

solution with a scan rate of 50 mV/s

KZH s, HIE CeO,-R U CeO,-P 1
HEALTA A0 2 1A BE 08 IS R AL R O PEBE. 55 8, PV
CeO,-R U&7 25 B (198 mA/mg) & T Pt/CeO,-P
(102 mA/mg) , W Pt/Ce0,-R X} CO 75 ¥ 5k ot it
BEE TS, Bk T Py/CeO,-R Y HL AL 236 PE 2L T
Pt/CeO,-P [1].

2.3 4 FUEME B AR A AR E M T T
WEETE 0.5 mol/L H,S0,+ 1.0 mol/L. CH,OH & &
IR, SR BoRTERN 6 i NIRRT RIE
A il B FLIR LR R SO0 s AR U B, R WAL
FR) B3 P TR AR, X — BRI S A ) 1 7 1L

100

————— Pt/CeO,-P
—— Pt/CeO,-R

8ol
60 \
40

20

0 500 1000 1500 2000 2500 3000 3500
t/s

& 6 PU/Ce0, il P/ CeO,-P 7E H [ B 375 - i) piy 2%
Fig. 6 Current-time plots of the Pt/CeO, and Pt/CeO,-P
catalysts in 0.5 mol/L. H,SO,+ 1.0 mol/L. CH;OH solution.
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L. 500 s J5REAR ST ERE, Pr/CeO0,-R [
Hi— T T P/Ce0,-P, U] Pt/CeO,-R HA
IR E R AL B BT CO hiERE T, & A KA
[ . Pt CeO,-R AE A B2 H EE R ) v b PH
WAL T A2 LA )iz R RS, A B s
PR R AR F b 1 I A
2.3.5 RVHLE 38 E F PRIV K B CeO,-
R X} PtAEERI AL RN . — T T P gk F
Ce0,-R I, Pt 5 CeO,-R W7 #2221 PL iy
HLF450, {1115 Pt-CO,,, BYBERERE(R, CO B %) i b
k. J3—Jr i, CeO, REfEHR LA T, fEdk ik
BiHE CO Rl L™, MR EI Bk CO Hyfh iy
H e, RN HLE AT DA ik LT o A R

Pt + CH,OH < Pt-CO,,+ 4H"+ 4e”

Pt-CO,, + 2Ce0,<> Ce,0,+ Pt + CO,

2Ce0,+ 2H + 2¢ <> Ce,0,+ H,0

it Ce*'/Ce™ X AL IR JF R I, CO 4T
DAV 25 Pt ORI R T, BEUH 20 P28
AL, ST EAEAR RO P TE L, B R T R
FALRIEALTEE , (AR Ab R A e Mt AT T .

3 &g

IR IR PR IBURL 12 T CeO,-R I,
il 45 i Pv/CeO,-R ALK R A2 H0 T Bovt 73k
FEFHT, 13 LU 4518 Pe 4R BURLI 5T 1) 43 1
T Ce0,-R FE[fi, Ce0,-R 5 Pt gk F1 7048z il ,
3113 CeO, YRR SATL N A TEVER M. i
MR, ZERMRHLAL T CO PIFEtAE N Pt/ CeO,-R
PEARTA] AR, B S 2 nis vy, R
A P L AR PR R 540 CO P iERED ). AT H
TEINAE], 753 600 s 5 Pv/CeO,-R L) B
ARG TE, TS RA . HI CeO,-
RAER PR URL 284K, T T B4 Bk Tt
FHAR SR BA Tz B4 g P 5%
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Rod-like Ceria Supported Pt as Catalysts for Methanol Oxidation

REN Hong-yan'"*, LIU Zheng-juan', XU Shan'*, WANG Xiao-lai'*
(1. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics ,
Chinese Academy of Sciences, Lanzhou 730000, China;
2. University of Chinese Academy of Sciences, Betjing 100049, China)

Abstract; The rod-like CeO, prepared by hydrothermal method was employed as a support for Pt nanoparticles to
produce Pt/Ce0,-R catalysts for methanol oxidation. Through the structural and morphological characterizations by X-
ray diffraction (XRD) and transmission electron microscopy (TEM) , the exposed crystal of CeO,-R was observed to
be (111) and (002) plane, which changed the electronic structure around Pt and weakened the bond energy of Pt-
CO

were performed in acid solution, using cyclic voltammetry (CV) and chronoamperometry (CA). The results showed

.. In addition, Pt nanoparticles dispersed more evenly on the surface of CeO,-R. The electrochemical properties
that the Pt/Ce0,-R catalysts exhibited excellent methanol electro-oxidation performance and super CO tolerance pro-
perties. Rod-like CeO, have been proved to be an attractive support for Pt nanoparticles for methanol oxidation.

Key words: rod-like CeO, ; methanol oxidation; cyclic voltammetry; Pt nanoparticles



