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Effect of Pt precursor on structure and performance of Pt/CeQO, catalysts
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Abstract: The interaction between Pt and the carrier affects the catalytic activity of the intrinsic Pt nanoparticles.
Herein, Pt/CeO, catalyst was successfully prepared via a facile Pt colloidal particle deposition method, and its
physicochemical properties and catalytic performance in CO oxidation and toluene combustion were investigated.
XRD, TEM, XPS and H,—TPR were used to identify the states of Pt particles on the support surface, as well as their
effect on the performance of the catalysts. Formation of metallic Pt’which provided the active sites for CO oxidation
and toluene combustion is one of the factors controlling catalyst activity. Pt/CeO, catalyst prepared by colloidal
particle deposition was found to be more advantageous than conventional impregnation and impregnation—reduction
in producing very finely dispersed metallic Pt that did not noticeably agglomerate even after thermal treatment at
400°C for longer duration. The CO oxidation and toluene combustion activity additionally demonstrate that the

sample shows a remarkably better performance as compared to its impregnated counterparts. By contrast, all of Pt
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atoms were anchored with the surface oxygen of CeO, by forming Pt-0-Ce bond during the oxidative treatment in
impregnation method, resulting in the absence of metallic Pt’. This change is evidence of the appearance of Pt*
species, which is supported by the H,—~TPR and XPS data, and could be the main reason behind the deactivation
of the Pt/Ce0, catalyst. Compared with impregnation method, the dispersion of metallic Pt’ rised while less Pt—0—
Ce bonds existed on the support surface, and a higher Pt"/Pt** ratio could be maintained even under the high
thermal treatment in impregnation reduction method. The catalytic activity test of CO oxidation and toluene
combustion show that the sample exhibits the better catalytic performance due to the increase of surface metallic
Pt°,but it is unavoidable for the sample to show a decline in catalytic activity compared with its colloidal particle
depositional counterpart. Hence, it is concluded that the state and the dispersion of Pt nanoparticles on the
support surface depended on the prepared method, and they are the decisive factors to promote the catalytic
activity of Pt/CeO,upon the oxidative treatment, especially the abundant surface metallic Pt’. Based on
characterization results, the colloidal particle deposition method is proposed to realize the direct load of metallic

Pt’and gives the homogeneous dispersion of Pt nanoparticles, possessing a superiority in improving the catalytic

performance.
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Table 1 Textural parameters of CeO,and Pt/CeO,

catalysts
S/ V..l Average pore Crystallite size/
Sample ’ ! .

(m?+g™") (em’-g™) size/nm nm

CeO, 64.6 0.22 13.6 12.8
Pt/Ce=NPs 63.1 0.20 13.6 12.1
Pt/Ce-IMP_R 61.0 0.20 13.9 12.4
Pt/Ce-IMP 63.4 0.20 13.6 11.4

Fig.6 N, adsorption—desorption isotherms of CeO,and Pt/Ce0,
catalysts
MAMER R ILE 8. XTTF PUCeO, ¥, Pt 4f L [H]
DAY AL AT LA A P2, — 4k BAE 71.1.74.4
eV b U X T PRl 53— 4 R YR AE 73.0.
76.3 eV ALY I 8 T PO RO ISR R &
B, = 284 R I 8 N TR A0 T R Heh Py
Ce—NPs £ il 43 B 7E 70.9.,74.2 eV LA K 71.9,75.2 eV
Aab b 3 2 A 0, G PP i R T PO A S R
IO Hp RN 2 Py A AR 0 T AR b 3 54 3
() PU/PE A 92.1% , T P (1) H 3 AT g J2 i T I A
BT AL TR f 3k PLARRL T, 5840 Pt Ce0, 2
[JE R T Pt=0-Ce AHEAE T, 77 A 1AL T ) 7 25



- 4284 - T % %704
0.7
06 = CeO,
e Pt/Ce-NPs
0.5+ A Pt/Ce-IMP_R
v Pt/Ce-IMP
04

0.3

02

e

(=}

1 1

L 1
10 20 30 40 50 60 70
pore width/nm

1 1

(e}

7  CeO, M PUCeO, HEAFIMFLIE /T

Fig.7 Corresponding pore size distributions of CeO,and

Pt/Ce0, catalysts

() PO DI PO T S Bk B R AR SR 1, Xl
Pt—0—Ce A B AEF W8 BCCE M BA 2., v] LUFE 2153 &
o Pt H7E72.8.76.1 eV Ak I —2H 14 J& T P )
BERAE 6, I A U8 T PO Rl B9 H51E 14 , PY/Ce—
IMP FE5, Prsg 2 L PR IE 2 5 3] Pt-0-Ce
BB R, 42 R A PG B0 DRI IA i i 45 Py
CeO, LT, X P I X — B 5 A5 B Wl e 36, mT LA
F 3, Pu/Ce~IMP_R A it 1 Pt 5I17E 70.9 .74.2 eV LA
5 72.8.76.1 eV Ab H BURFAE U | BT X0 T Py
FRIRFAEDE , Hod  Pe/Pt R 36.8% .

Pt/Ce-IMP

1
W, P/Ce-IMP_R
1

719eV._ ..
o Pt 752¢eV
1\ oo i |
! | Pt/Ce-NPs
il = I I

| 1 1 1 1
68 70 72 74 76 78 80
binding energy /eV

K18 PYCeO,fHEALIIRY P 4f XPS i IA]
Fig.8 Pt 4f XPS patterns Pt/CeO, catalysts

9 & 4N EE AR ) Ce 3d XPS TS, Ce* Wy b %ok
N7 A 4 AIE U 43 531 £ B 7E 882.4 . 888.7,897.6.,900.1
907.7 LA 12 916.6 €V ; Ce™ ¥ Fh X5F Ji7 Y 4 A1F 168 1 30 7
884.6 L 1% 902.6 e V"~ AR5 1 1 A bb 4] 3 A5 3
Pt/Ce-NPs ., Pt/Ce-IMP_R LA K2 Pt/Ce-IMP X i [
Ce™/Ce" /3511 18.2% . 19.0% VA I 19.4% , 45 %51 T
F2, W LLFE |, PUCe-IMP L) K PY/Ce-IMP_R #E i

Pt/Ce-IMP_R

Pt/Ce-NPs

900 890 880
binding encrgy/eV

K19 PUCeO, ALY Ce 3d XPS T
Fig.9 Ce 3d XPS patterns Pt/CeO, catalysts

i Ce™ 1 B 5B 5 T PUCe—NPs, 45 &8 1 (9 P 4f
XPS i B3 HT, 2B HE 5 B A W IEMN S P 5 CeO,
Z TR T TSR (4 Pt—=0—Ce AH EAEFH , 38 30 v 7%
BARTEARAN S Ce™ 1y = AP, [RI, Ce™ ) 75 1t th 2
i S LA H BB AR AR, BT 10 2 AR
1O 1s XPS 35 &, 335 1] 3 90 99 2R Ak 0, &b T
521.9~529.3 eV Z [AI[FFIEIE  ARIC R O, , LA K H 21
7 531.6eV Ab I REAE I, BRiC R O, 3% PSS FRIE I 43
A E T CeO, i 5 LA K 3 T S e 157 R A 410
R s 0 T AR L 451 3 5545 2] 0,/0, 81 T 3K 2, Pr/Ce-
NPs ,Pt/Ce—IMP_R A K Pt/Ce~IMP Xt 17 £ 0,/0, 53 1
g 16.4% . 18.6% L4 I 20.6% , H: §1 Pu/Ce~IMP LA Kz
Pi/Ce~IMP_R H1 [ O, 5 it LI 5 T Py/Ce-NPs, B AT
B BB A T SRR AV, 5 Ce 3d 143 BT 45 SR A
— 5, Pi-0-Ce 1Y IE Wi A Al T P& T @l A £
CeO, 1Y A&, 77 AR T 2 BRI 07
2.5 EUAFLEERESES T

& 11 /& Ce0, A Kz PU/CeO, ¥ & Y H,-TPR 1%,

920 910

Ols 0“ 529.1eV
531.6eV
Pt/Ce-IMP i
1
5293¢V
|
\ 1
1
Pt/Ce-IMP_R ‘ 1
I
|
: 1
Pt/Ce-NPs } :
1 1 | 1
326 528 530 532 534

binding energy /eV
E10  PyCeO, ML O 1s XPS A
Fig.10 O 1s XPS patterns Pt/CeO, catalysts



113

www.hgxb.com.cn

© 4285 -

R2 PUCeO,ENLFIHI XPS RIELHR
Table 2 XPS results of Pt/CeO, catalysts

Sample (PL/PY)/% (Ce™/(Ce™+ (0,/(0,+0,))/%
Ce™))/%
PUCe-NPs 92.1 18.2 16.4
PUCe-IMP_R 36.8 19.0 18.6
PUCe-TMP 0 19.4 206
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Table 3 H, consumption data of CeO, and Pt/CeQO,

samples
Sample Peak position/C  H, consumption/(pmol -g™')
CeO, 360,510 321
Pt/Ce-NPs 150 84
Pt/Ce-IMP_R 330 335
Pt/Ce-IMP 330 401
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