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Abstract: A series of Ni/CeO2-ZrO2@SiO:z core-shell catalysts with different mass ratio of shell to core were prepared and
utilized to steam reforming of toluene. XRD, SEM, TEM and XPS were applied to characterize the morphology and
structure of the catalysts. Results showed that, the catalytic activity of Ni/CeO2-ZrO>@SiO2 was significantly improved
compared to Ni/CeO2-ZrOz, the coated SiOz layer can changed the binding energy of Ni, which modified the activity of Ni
and changed the products distribution. The thickness of silica layer was also proved to influence the catalytic performance,
core-shell structure with shell-to-core mass ratio of 0.5 showed the highest catalytic activity, its toluene conversion were
62% and 85% respectively under 650°C and 700°C.
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Fig. 1 XRD pattern of reduced catalysts
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Table 1 Ni particle size determined by XRD

AL Ni k4% / nm
Ni/CeO2-ZrO2 12
Ni/CeO2-ZrO2@Si02 (0.2) 19
Ni/CeO2-ZrO>@SiOz (0.5) 15
Ni/CeO2-ZrO>@SiOz (1.0) 13
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Fig.2 SEM image of Ni/CeO,-ZrOz (a) and Ni/CeO2-ZrO@SiO2(b)
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Fig. 3 TEM image of Ni/CeO2-ZrOz (a) and Ni/CeO2-ZrO2@Si02 (0.5) (b); (¢) the distribution of elements in the selected area of (b)
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Fig. 4 XPS spectra ofNi(2p) (a) and O(1s) (b)

TE Ni/CeOr-ZrO,@SiO, B st 5 F AL FI | BT
AR ) S BB IM S, IREE MR RS Si0, 7¢)2
JEL R 388 i3 K . SR e 0.2, 0.5 il 1.0
FIRER Y, 05 1 43I0 T 852.9 eV, 853.2 eV Hll
853.8 eV, & 2 N5 56T 855.9 eV, 856.9 eV Fll
857.6 eV, I 1 MHEFE AT RBJE Si025¢)/2 5 Ni KA AH
HAEAMEHER . Ni/CeOr-ZrO, {13 Si0r 5E/2 5 )
s, {EHE Ni 5 SiO, Z A .t
225, TERGRREREF Ni HES S O AT
Ni-O-Si ¥4, {2 Ni i HL 75553 1] Si02 43+,
AT B XSS T [RIERE, Ni-O-Si # 5 A TE A fofi H
T Ni B TR 502 i, FEAT NI R
T, ML, 5 Ce0,-ZrOn ZAARSE ML) Ni i
T SN RS T B 2 RS . Si0, 7E)Z)R
FERSE N, AL HIMESR Ni 5 Si0 MVERISREE,
UL R BERE Si0, 7¢)2 R BE (Y HE I A

& 4b 24 O(1s)f XPS [Elji . Ni/CeO,-ZrO, itk
P O HAE 530 eV HBL— e Tig (Or), 1945
A Ce0-ZrOx 1Y O, 7E Ni/CeOr-ZrO@SiOr R4 Mt
e, BRT O l&sh, 7E 533 eV BT 75—
(On ). Ou FEE SiOx MRy B EEL, F-H Ow/oOr



276 Eon

&b
He

J&

it

MEREE Si0, 72 R B MR nmisg A, Fik oulA
J&F SiOs.
2.2 {ELFIRITEREIFM

& 5a FE 5b 43514 650°CHT 700°CF 8544k 51
X H 2R AL AL 2 BE I TR i A8 4k . AT,
AR LR T R GO, R T HORZER
AN AT . AR, W SiO R A
WAL A TS I B4R, Ni/Ce0r-ZrO@Si0: o.5) '
7 H B S AR TR P, FE 650°C A1 700°CF X B 2K
HEAL AL R 62%F1 85% , Ui T2 %h Ni K:Aifk

—~
o
N

AALAL A0S 000 A0000,0000000, 00, A00000,

vvva"vvvvvyvv""yvvwmvvvvvvwvvvvv

601

©009000499099004°°0%00%00 %0 %0020 00000°
L L S R I L LT e T T .
shell:core=0
shell:core=0.2

shell:core=0.5
shell:core=1.0

20

Toluene conversion / %

< » o &

100 150 200

0 50
Time / min
(c) 100 co
VVyvyVyYY: vYyyYyw VyyVVyV|
IIICIIEIE04 Tt I AEEITH M I I
o 80 - $SOP00P04 0000000000004 000000004 040000040
=
g 60
E = shell:core=0; e shell:core=0.2
E A shell:core=0.5; v shell:core=1.0
2 40+
3
g - . co,
3 20| ™ [Tt | n u
~ 2222232202220225 2222220222220 2222222228
haAAAAA AL A MAMAMMAMMASAASAAAAA AL AAA LA CH
0 L_.BEERRRDEBEDDBBERRERRREREREDDDERDBRRRRBRRD ~ 4
0 50 100 150 200

Reaction time / min

&l s

FIFEARR] S5 B3 P27,

AR 55T, AR R A IE M)
i ——NiPI S b Si0, (25 B A3 g
WD, AR AR TS B AT & AR AR N AR 1
A} Si0 X Ni A3 1T A8 1 % L3 P A 31 DG SR
o 1 XPS 730#r, SiOx 4 Ni-Ce-Zr J5 77 4 —Fh
Ni-O-Si Hri4#Y , 1246 BUREARF 1 Ni 1L+ fE
TS Ni 5 R Y T a e 1. XA G
55 P ) AR AR T RE 5 1S Ni AAEAEAR TG PEAE T Y
HRA Ji A

AMAALALAAAAAMAA L ALLAMAL 44, 00,0000, ,0,

~
=
~
0
(=)
T

60
DML LEL P T LD LI PL L IR M My T LD
40 = shell:core=0
e shell:core=0.2
4 shell:core=0.5
v

20r shell:core=1.0

Toluene conversion / %

0 50 100

150 200
Time / min
(d)100 30
v vavvaVV 1YY" vx YyvYyvYvy nyvv VXVV
o | St R
X
£ 0T mugmaa e n Ty tag e, 205
285t 2
§S = shell:core=0;  ® shell:core=0.2 °
5 80 + A shell:core=0.5; v shell:core=1.0 %r
5} ==
E 75+ ...l..l....l.........ll..l..l........l.l | 10%
5]
8 700 co, T gﬁ,
° 0,00 ° oo o080
65| BRI Dt atee e et te e ey O
AMALASAAAALL AAAAL S I LA AT AMEAL 70
PN T O LY T L T T YT XX LT LT T T e
0 50 100 150 200

Reaction time / min

FAREFIFE 650°C (a) F1700°C (b) TR FRFEILRCE; KMEIFITE 650°C (¢) F1700°C (d) THI=¥I0Hh

Fig. 5 Toluene conversion of different catalysts at 650°C (a) and 700°C (b); product distribution for different catalysts at 650°C (c)

and 700°C (d)
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