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SNTIA RGBS R R, RN T el fb %k
WRERIRE T R e &, (HSZ R T MR R KAk
TGRS M, XTCO MBI AL e BB SE
I R (IR W AE A, BRI T 5 PR RE PO AR AL 7 Y 2
Mt

454-CO,-ODP J Fi4F p, PR IR LI S 2
F-H C-HEE T AT WrC—CHE, [FI A 0E .CO, [ 3 H)
REVEME R O R B2 M RE ML R DG B, 2T TR,
[F] B 2% F2 21| PtSn 1 Ce O, 73 LT A A J5t 73+~ C—HgE LA
K CO, Mg LA, AU 2 5 it FHH5 T PtSn-
Ce0,/Si0,"™ LA F PtSn/Ce0,"”" 44 Fi T-f#1£.CO,-ODP 2
N7 BFFUEE AL, SnfE NBLF, BT E R PtSn& £, fE
% 5 E AR R PR 3 B DA S R T, b ek
CO,-ODP % M HF I KEI AL FI TR M IR AR . 3 4h, b
R FCIRUE B T CeO,REME MK COLIEL 1L, [FIRT %
] REEAE AL JE AL, A h-04 J5 s 2R UL T 2 4E FF
AT mE T Ere e PRI DGR, 4R, CO,-ODP = M.
R ER . I R RGUR 51 2 CeO, 25 M AT 1
FER R, #nFEILME AR (Oxygen storage
capacity, OSC) MIZEN. K Zr* 5| ACeO, T & 5 A
(Ce,_Zr,0,) JEIRECeO, #uFa e M & F g0
TEFALCO,-ODP R M5 F T, CO, %8k LM A 45 R
RW, Ce,_ Zr,O,[E VAR A AE S i 35 B0 CeO, 1)
BB UL S OSCIERE, IR3#ECO,IFAL L, (A
S, TERRIE AR T AS R A A 40 2, A U HLOSCRa e 1
(PS5

FF UL ESHr, InRAEPtSn/CeO, [F 3R E, M3
1 CeO, 5l NZrO,, TERRIIEI AR LS, S5
CeO, #VEa T 1 LA B S BB IR B, 5RALCO, MITE LR AL,
JNERCO,-ODP J 37 H A8 k- 14 JE A B (1 3EA T, A5 B 3R 15
T R PtSn/Ce,_ Zr O AL . 5 DAL TAE F %
LRI 51 N B T T 1 2H 53 P 45+ B FE T
JEANE, A TAE NS A R, Bk
PIEE R — ZRFCe,_Zr,0, (x = 0. 0.4. 0.5, 0.7.
1.0), SR JG F AR B0 6] % PtSn/Ce,_ Zr O, fEAL 7). &5
GRIEECO,-ODP R NV 45 R, 8 T Ze & X
TR ZERE, A2 DA S MR R IS A, e AT I E )
W TR, R AR E M SRR IR I SE R
B, Zr5| NJE il B Ce, _, Zr, O, [E 1 7K BE W5 52 =
PtSn/CeO,H AR BR AV FE, BEIM G T P/ siUs &
TEE . B RITE AL CO, I b 78 di bR AU KT RE 48, [
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I s T AL CO,-ODPYERE.  FiR BTt 45 A
YA 9B 4 5 2 CO,-ODP Ji N PE i AL I H2 it A

BEERS

2 LR
2.1 fiAH

P R 2 B K PR O & — R 5 Ce,_ Zr, 0,3
&, xRZIW RS &, 3 HIN0. 0.4, 050 0.7 1.0.
Horp My = 0 A B R 2 CeO, M Zr0,. Bk
B R DL 28 B RS FE A B Note 1. FEREZERE I, DA
H,PtClg6H,0 (73 #14l, b3 s bR A AL B B 0 PR
A7) FSnCLe2H,0 (4r#Hr4t, [E 254 R b2 R
AT MR, R S & — RS PtSn/
Ce_ Zr, O, fEMF]. =T, MEH—EEH,PCl M
SnCl,2H,0f oK L BEE R AH, AN E A Ce,_,Zr,0,,
FrE12h G, RUCKHFE S E T-80°C LA )8
12h, 500°CHI5IhrrhsEled h, 19208 5ic HPtSn/
Ce,_Zr,0,. Hrh, HiEPtEE AT wt.%, Sn5PtiIEE/R
Eb A5/

2.2 fEAETIRAE

K FH [ 22 7 A 7 A2 P (R AS AP 246074 1) 1 K B
AR AREA TR AT ARG RN P BRI B4 (N, adsorption/
desorption); K HI{E[E 11 & 5 A\ 4 77 )D8  Advance
UM R X ERATHY (X-ray diffraction, XRD) L%
[E'HORIBA Jobin YvonZ m] 42/ Rt SO hr
2 (Raman) Fai{CRAFMHEAL T P FH 2546 JL P Bic A7
W, KA E A S 5 7] 4 7 ) Dalton-Aurora M90
Y B & S B AR HE 4 (Inductively coupled plas-
ma mass spectrometry, ICP-MS) Wl % fii: 4k 7] FF Pt E
S e R REBEPCCRA K EA R a4 r= i
TP-5080-B4x H 311 2 FH WK SR i 46 71 73 70 13647 COAE
2FIG M ZRAE, N E P4 B (Pt dispersion), #EATHLFEF
FHRIEJR R AE (Temperature-programmed reduction
with H,, H,-TPR), LAAEAT CO 2 I Mt B ik
(Temperature-programmed desorption of CO,, CO,-
TPD); XM [EThermo FisherA F]4:/”IEscalab
250Xi X G 26 LT RE 1S (X (X-ray photoelectron
spectroscopy, XPS) XAk IZR I 7G2S AT 7
M1, KA E Thermo scientific 7 #llif fnicolet iS50
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{8 ST A 48 2T A1 S TSR AT R A TR R S AL COA 2 T
W B 2L A8 S B e ik 45 B (Diffuse reflectance infrared
Fourier transform spectroscopy, DRIFTS); K H 3 H %
78 J A PR I Micromeritics Autochem 2920744k, 241
PRAORHEE AT IEAT CO MKk, R 32 B TA A 7 A=
F=HIQ1000 DSCH# A M R G840 M IR M5 i AL 77 AR
. IR ERAET B B AR S50 40 LI 2% R AN FE A4 KL
Note 2.

2.3 AL ERE VRN B PR 40 A T

SR FH K i Rz 1 ) b A PR =) A 7 e 2 ]
PRI S 2 PR AL I . B 5L, K50.50 gfiEfLT
(40~60H) 51.50 g (40~60H) FiobiR&HI4 )G, 3
AWRAI mm A &R NE R, fE£HKE, 500C,
50 mL/minff110 vol.% H,/Ars&tE T, BHEALFIE R 1 h,
B J5 V14 950 mL/minffJ ArR 330 min. 4595, KX
RERCsHgFICO, BL K B AIN H FEAAR R AL 2 bE g 4/20/
1, I N50 mL/min, 38N A S T M. £ERD
A TCD (Thermal conductivity detector, HQF15A 7T
IHFEAE) FAIFID (Flame ionization detector, HP-PLOT Q
EAHE) B ML PR A 7 A4 P2 [ PANNA A91
Plus B SR B AN F 5 P24 DA R AR S S 1) D sk AT 7
2o HT.

T Ik A AR SN S 2 Ay SR AT R AT,
PFERICO,HE 2 UL AN R =i B 1% (CH,
C,Hyv CoHgn C3Hg) HITHEARUWIT (1~3):

F, —IF,
inlet
{ CsHs}- [ CsHs}

CsHgconv.= T outlel % 100% €))
[ C3H8]inlet
Feol  —IF,
o, comy 1 e O 100, @)
F oy
Selec. of product i= i X{E}Outlet % 100%
3 ><([F'C3Hg]inlet a {FC3H8}outlet)

3)
Hor, PARER R N A= AR 2 (mL/min), ifR3E
Fe =1, nARF IR AR LI R S5 T4
RS FEF, B AT AR i A2 100%
(97.5% * 1.5%, EIS1, MIZ RN FERA L), Tl AR R 18 45
PEARAR, PRIk A 7R b 1 COM 3 AT a5 100% 05 2
HAb RSPk Bk 2 g 3], AR ).

i * [Eloutlet

i3X(IFC3Hx] _[chHx]

CO selec.=|1-) % 100%

inlet outlet)

“)

3 AREIR
3.1 REALF S T AL S R A A
3.1.1 MR EEHFHAE

F 145 TR A [ R L4 771) RN 25 T PR it 28
(EIS2, Mkt e itl) 1513 201 LR AL AP
BfLE. WTLEH, BAZE, AT LR R 2
Tt JE HME Ze S 3N, LLaR TR 051 K
NI, FEPISN/Cey oZ1, 4,0, F2 K, 988 m’/g. 5
BEAH S, BEZe s SN, AR LR 2 T
W ETFR#a %, ZEPtSn/Cey sZr, 50,5 /), J¥5.8 nm.

EALFIFIXRDSE R4 & 1a, b7, PtSn/Ce0,7E26
= 28.5°. 33.1°, 47.5°, 56.3°. 59.1°H BLAI R AEAT S
U, UiPHAFEAE S 5 A S5 1CeO, (PDF # 89-8436).
XFF-PtSn/ZrO,, 7£260 = 35.3°. 50.3°BEWS I 2T J&8 T
VU5 HZrO, IR E WS (PDF # 49-1642), Ti#E20 =
24.4°, 28.2°, 31.5°. 34.4°. 40.7°. 49.3°k:MJTAT LAY
SR HJE T L RHHZO, W RF1iE I (PDF # 37-1484), Ui
B R ZeO N SRR Y 7 A TR A 4504, 5
NZr)&, fEPtSn/Ce,_ Zr,0, (x = 0.4, 0.5, 0.7) & AW
SB)HE T CeO,MFFIEVE, H H B Zed SN,
1620 = 28.5°0) (111) SHIHRFIEWE ) &= A Bt IR %
(E1b), X AR FERE/NMIZidt NB]CeO, it
o, SEGRAAE, [FI I ARAS I R ZeO, M RFIEIE, i
B AL T R T R AR 24, 1% 5 Sk
g O s, 1R FTE AL XRD 1
AR I 48 BEA AL AP SnffI R I, 2 WX Y e 4
53t P A BUCE B 3R T

K FHRaman 6 i 45 AR E— 20 4007 7 AL A 5k Fa
ik VL KPR AL, Bk Ce,_ Zr, 0, (x # 1) 1
Raman%i R WEIS3FT A (M4 RREN 7MKL, 1E
~465 cm™ RO FRIRFAE I, T LLUH R TS 7 R A A5
Ce— O P M5 U AR R 4 R B 04, I B S BT
ZrO,[MFFAE N, VLPATE R T R A B BV LE R, 54k,
FE~625 cm™ AL WL R H A R A5 R AE U, AT I8 T
Sl SE AL A 2 T LR, B T S I TR L
(B L g5/ Lyes P T Al B EAR IR A BRBRIR S, 25 SR 03RS
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%1 PtSn/Ce,_ Zr,O,ILLRMA . THFLIE. PtiadlaE &
SR

Table 1 The surface area, mean pore size, and Pt loading and
dispersion of PtSn/Ce,_,Zr,0O,

Surface area Mean pore Pt loading Pt dispersion

Sample

(m%/g) size (nm) (Wt.%) (%)
PtSn/CeO, 44 12.9 0.96 66.6
PtSn/
Cey 571105 38 6.5 0.97 79.1
PtSn/
Cey 571005 86 5.8 0.97 81.2
PtSn/
81 7.2 0.99 71.0
Ceg 371y 70,
PtS/ZrO, 73 123 0.98 21.8

(ML RRAN TSR RD BT, Zef) 51 AT RS A G, B3
2T+ T CeO,H AABRIRIR B, I B Ze & S I,
Tsos/ Lugs SEIEINTRIR/N,  1ECey sZry sO.M B IR A, M
0.34.

WERFTR, X4Ce_ Zr,0, 5 #PtSn/5, S HEAE 1I4F
EE T 5, RN ES56H1654 om™ b WLEE 3 43 5 I
J& T #r A Pt—-O-Cedli s AIPt—-O—-Ce i H [ Pt—OHf 5 45
AEUAE') 33 R PR g Pt 5 i S A M B A A A B A
HARH, (E5PtREMAH & 1E AR S o 1)
WAk, BEE Zedr A3 n, J5JE T4 :UP-O-CedR Bl Fl
Pt-O-Ceft 1 [RIPt-OFIR BN RFAE I 1) 558 B2 2 18 0 A sk ),
TEPtSn/Cey sZro sO, 5 58, i B IZ A AL 7 1 Pt-5 H Ak AH
HAER e, TR T i % IP-O-Ceft. 454 KIS3 (M
AN MR TR, XTRe S R AA &E
B SRR S AR K.

WMF R, WL ICP-MSI & HIAE Ak 77 T P s
PR EoN0.98 + 0.02 wt.%, SHEPtiis &AM
(1 wt.%). d3t— PRI P SEBRPL & BL 2 CO
P2 B 25 A5 T PUA BUE (R1). 5 PtSn/CeO,4H
b, ZriI5I N B ERE TP EE, HFHMEZrS
EIN, Pto U RO N E RN, 1
PtSn/Ce sZ1, sO, FIiE BB =, N81.2%. FHJx, PtSn/
ZrO, AL R PLo» BB AR, N21.8%. BT R, —
i, HTZegl NJa, AR TR 3 G B T
Pt/ 8l 55— 5T, %5 FE B PtSn/ZrO, 54 i i Ll 3R 1
LR AR PO B, BRIGRTTAL, Ce,_,Zr,O, [
TR T & MBS A P, R A BUS R
% e,
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A " PtSniCeq 21,0,
il N I o N WS
# PtSn/Ce, ¢Zr, ,O,
# #
A N___A#
PtSn/CeO,
20 30 40 50 60 70
2Theta (deg.)
(b)

Intensity (a.u.)
E

£ PtSn/zrO,
/
/  PtSn/Ce,Zr, ;0,

PtSn/Ce, .Zr, 0,

Al gt T g

l'# PtSn/Ceo'GZrOAOz
i #
«.-—A,_._,-—’/-\"-_..
PtSn/CeO,

24 26 28 30 32 34
2Theta (deg.)

Intensity (a.u.)

vy
et o s AN A

Bl 1 (MEERE) PtSn/Ce,_ ZrO,IXRDEE: (a) 20 =
20°~70°%; (b) 20 = 24°~34°. #: SLITHISEALEN; + RAHIEL
Bk DYT5 A AL

Figure 1 (Color online) XRD patterns of PtSn/Ce,_Zr,O,: (a) 260 =
20°~70°% (b) 260 = 24°-34°. #: Cubic ceria; +: Monoclinic zirconia; *:
Tetragonal zirconia.

3.1.2 BT A RAA B

AT T H,-TPRE UK 3afuR, RefEIE HEHLTE
280, 435LL 2825 °C P WL 5% 21 =A™ BH 2 [FTH, Y FEUE,
Ao A JE TR R A R (PO, Ce,_ Zr,0,
25, Sn0,LL K Ce,_ Zr,0, KA E R 18 Y. Bt
HZrHI 5N, HEALFIZEAR IR 280 C A Ji 04 [H AX 55 35 186
I, AHRLIFI7E435F1825 “C [k i W T FRIR /), i BHZr )
FINBGEE T AL JEPERE. 25 R8BI 1h 77 26 T 41
PR R R SR R R R P B AR e T A T
WHITE280 CHIFESA B, SRR, MEZY &
(RGN, R AR E 20 BRI B T A S S 18 K ik
/N, TEPtSn/Cey sZ1o sO,F X E K, 40.72 mmol/g. T
XtF-PtSn/ZrO,, HFEA T &/, 40.32 mmol/g, 1 IE
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— PtSn/CeO, —— PtSn/Ce, Zr, ,0,
—— PtSn/Ce ;Zr, O, PtSn/Ce ,Zr, O,
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=
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z Wl

2 Y

&

z \
ey

300 400 500 600 700 800

Raman shift (cm™)

B2 (M4 EE) PtSn/Ce,_ Zr,0,JH—tRaman/l
Figure 2 (Color online) Normalized Raman spectra of PtSn/
Ce,_Zr,0,.

JEtERE 2. L EAE SRR, Zef) 5 NERE T L3R
HAFIE R, 7+ AR RE S Ze 5 B UL £
JRA, FZriBs NBICeO, )7, TN T AR A
Beia e (BIS3KLERSL, MGIRHNTEAED, $Em T 5
IREIFE BN RE 7, BET o 25 5 e H,iE SR 1,

R TR Ze 5] AXEPtSn/Ce_ Zr, 0,3
TSR B OS2I, SR I XPS A AT 1 348 50 I 4k 5751 2% 1 1)
Ceffr . GnE3bATR, Ce 3ditk AT LI A R B 9 X
HeihiE Erg )\ AN, Hf ve vy v R llus s u'"
SRR ECe" 3ds, MCe™ 3d,, MIRFIFIE; THivFlu' K
Ce’" 3ds, FCe™ 3dy, A" 1, Hhy /i 45 5, BTy
AT e T AR AS LG TT LA T i, (LR e ce™
SRSz EERYUIMK. AT e R, HEm
L AE, BiCe™ /(Ce™ + Ce™), THE T Ce™ At &
B W#2R, Zei I N B R T R Ce’
WA & &, JEHBEEZo g |, JeH i FERD,

(a)
280 435 825
- PtSn/ZrO,
-
s
® PtSn/Ce, ,Zr, ;0,
S 32T,
5 B e
= = PtSn/Ce, ;Zr, ;0,
e
PtSn/Ce ;Zr, ,O,
PtSn/CeO,
200 400 600 800
Temperature (°C
(b) pel (°C)
5
s
2 Frary
i
s { +4
£ PtgnICe,,.GZrMO2
PtSn/CeO,
930 915 900 885 870

Binding energy (eV)

B3 (MehiEE) #EPtSn/Ce,_ Zr,0,fH,-TPR (a) At
J& JE PtSn/Ce, _,Zr,0, ff1Ce 3d XPS (b) K

Figure 3 (Color online) H,-TPR patterns of the fresh PtSn/Ce,_,Zr,O,
(a) and Ce 3d XPS of the reduced PtSn/Ce,_,Zr,O, (b).

FEPtSn/Cey sZro sO, HF B e, 1t W12 1451 2 T S R s
R D. IR R AR AR I XPS 73 B 4h
RMAE T —ELiie, HARRESA (278
FED.

% 2 FEEPtSn/Ce,_ Zr, 0, H,-TPR F HI AR FE A &, ULRIE SR G AL HIXPS T Ce™ W, CO,-TPDHICO, it i F Al

COL ki ICO,H FEE

Table 2 H, consumption of surface oxygen species during H,-TPR over the fresh PtSn/Ce,_,Zr,0,, and the content of Ce*" determined by XPS, the
amount of desorbed CO, during CO,-TPD, and the amount of consumed CO, during CO,-pulse experiment over the reduced catalysts

Sample H, consumption

ce’'/ce + ce’)

CO, desorption CO, consumption

(pmol/g) (%) (pmol/g) (pmol/g)
PtSn/CeO, 0.40 15.7 72 72
PtS1/Cey ¢Zry 40, 0.66 19.0 142 411
PtSn/Cey 5Zr, s0; 0.72 223 155 479
PtSn/Cey3Zry 0, 0.62 203 86 307
PtSn/ZrO, 0.32 - 55 0
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2061

2084 PtSn/ZrO,
1 2073 1800

3 : PtSn/Ce, ,Zr, ,0,

8 12071

£ N PtSn/Ce, .Zr, ;O

® /i S b T (oo

S| .2077

i = : PtSn/Ce, ¢Zr, ,0,
2080

| A PtSn/CeO,

2200 2100 2000 1900 1800 1700
Wavenumber (cm™)

B4 (M%RREE) & FJEPtSn/Ce,_ Zr,0,f ECO
% ftDRIFTS &

Figure 4 (Color online) /n-situ DRIFTS of CO adsorption on the
reduced PtSn/ Ce,_.Zr,O, catalysts.

3.1.3  JRALCOLL R i DRIFTS JZ Ak 2R 245

K FH R AT COAY 22 I DRIF TS W3 Ji i i 4 5713
1T 7 RAE. WEA4FTR, PtSn/ZrO,7£1800, 20614l
2084 cm™ A RRZERI ) = AN, A4 BHJE T COTE
P AT Pt & 51 IO 2R Y, COTE &8t Az Pt
e, BIATPCRURE 1 £ B 7 1) 28 QI B BA K COFE KR F
LT T ) <6 JR PSR 1 2 2 B 1) 5 e
X Tl A R A AL ), COTE R M HARP
&)@ J5 A SR B DA R AR R RS H v FE O A7 1) 4
JB PR 22 S B AE I 2%, R AE2070 em ™'
M52 F|COTEPLIURL & B AL b i 28 s B, X BB 5
ZrO M, iR AR & T Py EUE™'Y, X
COL2EML 45 R —% (R1). BEAh, S5PtSn/CeO, ML,
Zr 5] N Ja AL PEBURE & B 7 _E 9 COZR 2 it 4
i 2080 em ™' AT K%, 51 CO 5 AR i Pths 4
Z AV FIAH AR FH R ES, 12 R A Pere 75 B2 (134, 58
LI T R BICO% T b im0 |
REE BRI, Ze5| NERCE B 1) Ce, _ Zr, O, [H K fE
e HEPtSnG & TE ik, M4 = P 7 2% B X o
BUE.

W J7 JGPtSn/Ce s Zr, sO, 1Pt 4ffFIXPS 4 F an &
SSaffun (M 28 fRAb FE AL, 73 MITET2.2(41,,)F175.7 eV
(4F ) bt LA RS ARG 5 B 1 PORIPE JEA7 AR Ak 7126
T B R RE W BEAT A b7, 3 T U T A
BHIPE AR & B 953.8%, 1 4B ASPHITEAE. —
M7, Sn 3ds,fIXPSEE R d1Sn”/Sn* FISn 1115 5 43 5

1948

1 T-486.7F1485.7 eVIHITL™'). 4R, U1EISSb (W45 fi
N FEAED FrR, IR JEPtSn/Ceq sZrg sO,1ISn 3ds, 1)
XPSH H#£486.5 eVt Ml 52 21— B & I RFAEUE, R
BASn™"/Sn* RISn R SLAEE S AL R T . HE— 250
GEBEAT NG 00T, FEH S Sn A X & N 11.0%.
SEE JFEAICOL R I DRIFTS S 5 (K14), 1A 5
PtSn/Ce sZr sO, K ML T R IFHIPtSné 4 4514

3.2 CO S BEt 2 b AR

K] 5a AL FITECO,-ODP 1 (KM 44 T8 i i Ak %
(BB TE] = 5 min), FEZr & 5 NOIG N EI 1, P ke %
e BTFR R BE. Horh, PtSn/CeO, MR KEHAL T F922%,
M PtSn/Ce, sZr, sO, [ =1, H36%, BEZr e &t —b
i, FEPtSn/ZrO, I F KK, 1 N19%.

WIHHECO AL R A E SR, BRPtSn/ZrO,4b, AT
AL B CO, % A 2 5 T e B A 26 ) AR AL R — 5L,
Ut B TR BE A CO, RERS 1 [R5 = Rd f i 4k, BR9APtSn/
ZrO, I CO et Z fe i, (RS R A RAR. 456
SRR B S O, XA Rt T R ACO, R T E
B

2G0T T ik B, WEScHTR, 5PtSn/
CeO, MLt i Zr 2 5 OSSN 310.7, {4k 77 1 79 45 i
BN FTiR . M82%18 N $86% /- 4. 1MiPtSn/
ZrO, I B PE A, AU NT70%. HE— D XA R4
AR =T T 8, 45 R nESdFR, PtSn/ZrO,
FICH,s CoH,PA K CH kR 2 fi K, 8%, i
B R A 2R R S ROTE e MR, AR LT
CHy+ CoH LA CoH e Fe 2 FEAK, SI7E4% /i fq .
AN, WESefR, X FPtSn/CeO,, HEkE5CO,EE
SN A A ICOME M N 13%, TMPtSn/Ce,_ Zr,0, (x =
0.4 0.5. 0.7) FICOIER MR, 7% /4. S nt L
K H 2R T B RE N I R PR BRI 45 R 0T DUE
Zr i 51 N BERE D035 PtSn/Ce O, P i 6 M 1) 3 2 Ji [
SN T R N T, AN, PtSn/ZrO, I COME
P T e, N21%, [FCH,. C,H, LA K
CoH PRI 2 A A oK, R bk PR 9 32 38 1 A A1

ES6 (M hth ekl BTaR, BEAE SR ] )
N, BRI IS PR e i A 22 85 AN [ R 2 1 o
fik. HH, PtSn/ZrO, K iG iR, [ N20 minf&, ki
R REM19%FEEIS% LR, N T e & LA R
FURI RIS RELE, THE T A RIEIE % (R), BIR = (X, —



FRERRE: L2 2024 4 BS54 5B 10 3

b
(a) ( )10 (c)wo
% 90
9 % 7 3 81 = — =
E 301 78 I £ & gl : 72
B ER |5 £l [ .
@ 3 70
MEEEEIE Srin
RN BN B B B R z ’;
o % % % % % O 21 O 104 ’ ‘
Lo U L b L |
Ptspe. P PtSpe. Pt Pt Ptsp P PtSn/e. P P Ptsp. P Ptspe. Pt Py
(d) (e) -
< 10 25 =
z 8 20 2
3z 8 < 207 8
E = € 804
3 44 3 104 § 404
i o %
;‘ 24 © 54 ‘_‘Za 20
el & 7
e . v v . v 0 . - . . ; 0 - =
P Py Py, P Py Py, Py, P P Py Pts, Py, Py, Pts,

B 5 (M4 ) PtSn/Ce,_ Zr,0,f14.CO,-ODP (S A] = 5 min) FIMTUEAKEHE LA (a), COEEALR (b), MHEFEE (o),
CH, + GH, + CHGIEFEE (d), U8 H NEERICOIEFEE (o) LARAIN KiFHZE (f)

Figure 5 (Color online) The initial C;Hg conversion (a), CO, conversion (b), C;Hy selectivity (c), CH4 + C,H, + C,Hg selectivity (d), selectivity of
CO produced from C;Hg (e) at a time on stream of 5 min, and the relative deactivation rate (f) over PtSn/Ce,_ Zr,O, for CO,-ODP.

X)Xy, HoHr, XFIXG 55 i IS [E] A 5180 minft )
N FEEAL R, SR, B Ze S 30, RYGIR/N
PR8N, {EPtSn/CeysZro 5O, Ak, H34%, UiifasE
PEIRGF.

B3P 2R A YERE AR I PtSn/Ce 5 Zr 5O, 5 STk
38 1 A A AL 7 1 CO,-ODP [z b 1 fig &5 AT T
ELAL. FHORHEAL TR AL AR, SN S8 A LA St SR R s i) 2
W (Space time yield, STY) %1 TS24 (W4 fl kb 76
MEh. nTRUE H, RIS R SR BEFES00°C T, A TAESF
R IIPtSn/Ce sZr) sO,[FISTY H0.56 kgeu/kgeash, o7&
1H117550~600°C N R4 AH DL K A 808 4 T8 S A P (11 T
Zn. V. Crkk%) MSTY{H (0.03~0.55 Kkgcug/kge,/h).
MEMREMAEESEELTBSTY X L,
PtSn/Ceq sZr, sO, [FE &1 136 43 4 2k AL 45 J@ 1 (0. 18~
2.82 kgeyn/kgea/h). T, PeE RN wt.%, RN A
550°C [f1Pt-Co-In/CeO, L I STY 515282 kgeyny/
kgca/h). XFEC SN S5 R AL )G 1M 20 4y 5 &, PtSn/
Ceg sZry 5O, HISTY AH X 43 fh AX SR ELAIG 1) 3= 2 Ji DA W]
RE A HABR 1 S5 B I FE AP &

3.3 SEMAEALTE AL Y e R R
EREAFIRIL SIS R EY], ZrEBEEY

M PtSn/Ce,_,Zr, O, 45 ¥ . b5 57 LA K A# AL CO,-
ODPHTEERERANE. tnEST7a, b (MM A4 RD
7, PtSn/Ce sZry sO, I 46 P Jt 5 A4 5 F P I AL %
I3 R36%H31%. SR, #AECeqsZry O, K ik
R BB, E10%LL T, HHNFBIERSERE, JL
T AR, 1 BIPtSn 2 1L CO,-ODP ) 4 4H
oy, PRI %G, AR IPYBUE (1) Sk
R (Kl52) BEAT IR HT, T LAE H Py B g 1 44
P FE TR, 25 A A FIRIES R, X B Z 5N
PERIPtSN/CeO, 1) LU R THIFR LA K Fe R 4 Bk, kT o
P4 B0 A SR AL R M SR R 2 —. [EAE
BEAZ, PtSn/CeO, P/ B SH66.6%, HH LN KT
b ZR22%, TPtSn/Ce, sZr, sO, TPt B 81.2%,
Fo BRSO T AR 5 AN e o T IR N IE T
B RAER, AT I e i R RZ 27 %, S8
1M, PtSn/Ce, sZr O, 152 bR A KT 5L AR 511K 36%, it B
B TP HUBE A, A A R 2% I 2 5 0 1 770 v

1949



FEI5E: PtSn/Ce,_ Zr, O, A — AL B S8 A PR ot it S8 | P A R 7

W4 LB PtSn/CeO, 1. CO,-ODPH B 14
AR FENLEE, FRIEHEDIF IEESS, AR G
R PRSI S B R 45
fESE IR, Zer 5l NREE SR THAE AL 77 ) S BRIk B, 1K
A HIRCO, WP 5751k, FEmin .

ETUL B, B eRHE E R ML HET T CO,-
TPDRAE, R aE6HR. Bt Zes 8 M03E N 30.7,
PtSn/Ce,_,Zr, 0,3 [ {1 CO, Mt i 1435 & ML PtSn/Ce O, 1]
190°Ciz i In#1235°C. [FRf, 5PtSn/CeO, M tL, Zr5]
N JE AT 7R C O Ht B U T R AR A A ) 2 B 1 388 o
DL g SRULH, Zeff 5] N 35 B8 58 1 PtSn/CeO, W
CO,MIBE ). B LI T AN AL CO, M B i,
M2 LR, BEEZeg B3, AAFIHCo, Mt
W56 ETFE R, FEPtSn/Cey sZr, 5O, ik 3 B =,
N155 pmol/g. #HJz, *tTFPtSn/ZrO,, CO, I Bl
FE (150°C) PLA bt & (55 umol/g) #BERAR, 5 W R by
CO,fE 135, SiaKsaf) R Mg MESE B, PtSn/
Ce,_,Zr,0,1£ CO,-TPDH CO, it Fft & 1 A% £k Ji 43 15 3
WA TE A B FIXTCO, 1R B BE F7 iR 5,
LI

PR AL JFLE, LT B CO, kg, HaEm
AL CO,, FEAN T SmA% 2, (23 - SR A AT
[RIAE S AT REARLE . NIRAEIX —HES, AERMIRE TR
(500°C), XfitJF S HEAAHEAT T COMkmPass, Hrp
PtSn/Cey sZr, sO, &5 R UNE TaffR, HAR M2
RILESS (RN TEMEL. BRPtSn/ZrO, 4, )5 J5
AL CO MK G B COP= A, U CO,RE A
JiR AR TR A TR R R AL R BN [ A ) C O, ik
MEERAT LA H, COMMFE ST HZrE =
FYIMER, bt — D8 T I8 S5 S A FRI7ECO,L ik
MW RIHEFERICO, &, 4R NEK2, HEZS R
hn, AT CO, T FE & Se 15 I /)y, fEPtSn/Ce 5
Zr,sO, N i K, 9479 umol/g. iR AR Ak ] e 5 1AL 7
o A B R A U, R k) BB A RS PeSn/
Ce,_,Zr,0, (x = 0, 0.4, 0.5LL20.7) {1 THCe’ 8RO,k
FES5COTHFER AT 7 REL (KIS9a, b, LR AN EA4
K, AT LA H A7 A SRR B R S i g, C O, Y FE Rk
%, UHE I EALCO, M RE s, b — DA R Ak
FIRICO, I FER 5 H A B R M G, 45 R 7b
PR, Wi 2 IBAEE BRIF IR SR &R, BIEALTTIACO,
HFEEE, L. DL RE, BRPe B

1950

150
PtSn/ZrO,
235

3 228 PtSn/Ce, ,Zr, O,
c g ~__PtSn/Ce, ;Zr, ;O
2 215 .
- —
] PtSn/Ce, 4Zr, .0,
-

PtSn/CeO,

100 200 300 400 500 600
Temperature (°C)

B 6 (MKl it 5 J5PtSn/Ce,_ Zr,0,H1CO,-TPDE
Figure 6 (Color online) CO,-TPD profiles of the reduced PtSn/
Ce,_,Zr,0, catalysts.

A, AL FNE L AGCO,, P78 db ks U RE )t 2 52
WM EBER R —. XTFPtSn/Ce,_ Zr,0, FANF4H
SR IIRET S, —J71H, K CeysZrysO,JLFARE
fHEALCO,-ODP R NI, 1 A YR 26 32 BER YR T-PtSn (&
S7a, b, MR TR AL, 55— J5TH, HPtSn/ZrO, (Ek A
FALIE R PERER ) #HEL, R CeO, b K Ce,_ Zr,0,[H
TR I PSnfiE LTI BE 5 K CO, FE 4k HCO - (Bl 7aN
KIS8, MLkt 7u b)), BB A AL R TS A i 1k
CO, [kl 4. kA, TEPtSn/CeO,fi{L.CO,-ODPIY]
HiT AT 72 b % B Sn & M (1) Pt—O—Ceft 52 SN (13 P v
OO DS S A TAE (B 45 AT LS, PtSn'5
Ce_ Zr, O, 7F H FLTH b (¥ Hir IR/ FH AT A6 2 b 10 77 s v
ERPS

STk, 5PtSn/CeO,MHLL, Zr3| N5
AT T M e B PR SR BT T, 2k T I = ) e
PR HTAT LAE H, Zeg| N JE #0137 PtSn/CeO,7£CO,-
ODP T # ¥ g B i &4, 45 & R AL COAk 2% W B
DRIFTS& R (4), X2 NZeG| NG TR & R 1)
Ce,_,Zr,0,[E R BES R BEPtSn & ST R, $EEPtH
TR, I AR LA B R R B M TS T e
T C—HEIBE ST, [ o C—C i {5 5 A o 15 1™,
T4 T PtSn/ZrO,, KERLIPLHIAEAE LL % Pt 5 Snks 5 1
FH AR FH 5 02 A A 750 B A0 ) T T W 7R ot 40 5 R 11
C-CH, [RIMEE B2 D R e (R 5 B v, T TR e Bk
=i

3.4 fALHRI ST 43 M
KSR EISE (M2 ikbTebirh) SRR, B



FRERRE: L2 2024 4 BS54 5B 10 3

—_—
Q
—

PtSn/Ce, ;Zr, O,
| N ( —C0, —CO

\ ’ | |
N b

|

LW

Ll

MS signal (a.u.)

Pulse times
/

0 100 200 300 400 500
CO, consumption (pmol/g)

P
(2.
8=

C;H; conversion (%)
N w &
o o o

-
o
1

0

Bl 7 (MO E) &5 5 PtSn/Ce sZr, sO,f1ICO Mk it
Bl (a) PLIPtSn/Ce,_ Zr, 0, 7ECO, kIS5 H i1 CO, Y #E &
HWN AR KR (b)

Figure 7 (Color online) The transient MS responses of the con-
secutive CO, pulses over the reduced PtSn/Ce, sZr, 50, catalyst (a), and
correlation of the CO, consumption during CO, pules experiment and
C;Hg conversion over PtSn/Ce,_ . Zr,O, (b).

IS TE] (R34 0, BT A (AR B T R0, JF BRIV
FESZe& & YIM. — B, HAFITECO,-ODP
i HA 2 AN ] g Gt e AR RRUR B R S RO A5, SRR
W R, % RE80 min & HIHEALFZE A8 SR Rt
1T 7 TGEAL, 45 R ES10 (MR AN S ED B, B
ARG HEAFI B AR EERRE. K,
50~150°C (1) VA & T H H1 7K DA S P BRI B 7K 1 4
Kz, HhABEERMHREESEE N, RE0.5%; fE
200~400°C F 2k T V-1 J& T A 771 2 T AR 1R el 7).
BT TGHR, RIGH T RPJGHAFI IR S &, B
PtSn/ZrO, 7k, EALFITE R R, RIFEAL TR ik 2,
HAURE#Z, 7EPtS/Ce, sZr, O, T %, H2.2%.
BB T RN JE AR R R, BICO,-
ODPH AL mol ke AR 5. AR 3 PR,
HA A SFUREN —E LAk, X TPtSn/ZrO,, 7%

# 3 RPMJEPSn/Ce,_ Zr, O, FI AR IR B AR IR JH R

Table 3  Content of the deposited coke and coking rate over the spent
PtSn/Ce,_Zr,0, catalysts

Sample Coke content (%) Coking rate (g/mol)
PtSn/CeO, 1.0 1.38
PtSn/Ce, ¢Zr, 40, 2.0 1.53
PtSn/Ce 5Zr, 50, 22 1.56
PtSn/Ce, 3Zr, ;0, 1.6 1.37
PtSn/ZrO, 23 8.31
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Abstract: The oxidative dehydrogenation of propane with carbon dioxide (CO,-ODP) is an energy-saving, efficient,
and environmentally friendly process for propene production. However, the development of a high-performance catalyst
is the key for its industrialization. Based on the understanding that the catalytic CO,-ODP involves the simultancous
activation of propane and CO, molecules, this work investigates the effect of oxygen defects on the catalytic
performance of CO,-ODP over PtSn/Ce,_,Zr,O, (x =0, 0.4, 0.5, 0.7 and 1.0) from the perspective of the enhanced CO,
activation. The results show that the CO,-ODP reaction catalyzed by PtSn/Ce,_,Zr, O, follows the Mars-van-Krevelen
redox mechanism. In comparison with PtSn/CeQO,, the introduction of Zr leads to the formation of Ce,_,Zr,O, solid
solution in the catalyst, which increases the content of oxygen defects. As a result, the dispersion of Pt, and the ability
for the adsorption and activation of CO, are increased, thus significantly enhance the catalytic performance for CO,-
ODP. Among them, the PtSn/Ce, sZr, 5O, catalyst shows the most oxygen defects, the highest Pt dispersion, and the best
ability for the adsorption and activation of CO,, so that can supplement the consumed lattice oxygen species over the
catalyst during the reaction timely, and promote the redox cycles, resulting in the highest propane conversion (31%). The
analysis of the catalyst deactivation indicates that PtSn/Ce,sZr,s0, shows the best ability for the adsorption and
activation of CO, to supplement the consumed lattice oxygen species, which not only maintains the redox cycles during
the reaction, but also promotes the reverse Boudouard reaction and eliminates the carbon deposition, leading to the
highest stability.

Keywords: propane dehydrogenation, carbon dioxide, propene, Pt-based catalyst, ceria-zirconia solid solution
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