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Abstract: Nickel-based catalyst samples prepared by the plasma reduction method and thermal method were used to make catalytically acti-
vated absorbers, and their activity for solar CO, reforming with CH, was tested using a laboratory-scale receiver-reactor with a
sun-simulator. The results showed that the catalytically activated absorber of Ni/MgO-Al,Os3 reduced by plasma had the highest activity at
low temperature. Under the conditions of average flux density of 61 kW/m?” and gas hourly space velocity of 36 dm*/(g-h), the CO, and CH,4
conversion was 54.5% and 72.7%, respectively, and the chemical storage efficiency reached 42.8%. The X-ray diffraction and transmission
electron microscopy results indicated that the catalyst reduced by plasma exhibited higher dispersion of nickel and smaller crystal size than
the catalyst reduced by the thermal method. The addition of MgO enhanced the basicity of the support and reduced the probability of carbon
deposition on Ni/MgO-Al,0;.

Key words: plasma; methane; carbon dioxide; reforming; light irradiation; nickel-based catalyst; magnesium oxide; alumina

Received 6 April 2011. Accepted 6 May 2011.
*Corresponding author. Tel: +86-13348865689; E-mail: hyyx0675@sina.com
This work was supported by the National Natural Science Foundation of China (11075113).

Bt A DR H B 2 AR = N I ™ R AN R . 2R R s s BT K BH RE 9K 3
H, CHy-CO, FHE R M 52 i 2 RN ALK CHL-CO, TR F, AN 52 B & U2 7= 1 56 4
CO, A ISR A ALY, 1w FLDR s 7= A g i Wi e et i EL R] O #0 K BH REA (¥ BT i 42
RN, W] T Re R AR A KB e B AT I A 20 20 90 AFEARHT, FI I 2R K BH E 9K 3 (1) i



1394 etk

E S

Chin. J. Catal., 2011, 32: 1393-1399

PR 5 AT R LA e 2 R A A
3 B0 Rh 56281 Ru 610746 5 4 g Ak ), Ay
4R Ni B, (07 7E 800~850 °C R A5 1l
WS . I AR PH B8 SR O R G ) TR A R 22
DM T I A R OB . DTk, o] 4 4 0K 2L o 7% e
A A A BH BE SR 5) CH4-C O, FE HE 4 A ) .
TR R 1) o) 4% 7 1RV OB i Mg A Ca S5k
PR AR NG SR TR S 1 T
Bt. Gokon %M % T Ni/MgO-ALO; i 1L 71, I 4
SLVRBEAE SiC A B B ) e A v MR R Ak, E
ATARAT AL BH Bt CH,-CO, 3L S AF T3 58
W RE VA %5 % ol 280 AT 380 kW/m?, 25 3% 25000 h™' [
44 F, T 995~1033°C Jx W ,CH, % b % X
35%~37%, fefAE il (B4 05N 38%~50%, K
U H 5 Rh/y-ALOs AL 15 PE WA 4 38 .
5B T AR BR R — OB B I A b R % 7
U AR SR SRR R S T A R R
BE 1A SR 25 16 NI BEHE AR, HAT 8 M CH,-CO,
AR T R R R, DL R BB fig o 1L
Tk, AR SR H 2R AL 7 i 4 Ni/MgO-ALO; fE 1k
PR A, I 5 %% LA K B B 3R 3 10 i A 8 e
P RE.

1 LIEERS

1.1 EILE TR R B &

y-ALOs IR THE Ni(NOs), KW, 76 110 °C
T8 10 h. SRJGHEFE S A3 AW Ay, — o AR G 07
EAEASS R 550 °C K548 4 h, £ Hy P 700 °C iR JR 2
h, BT R B FR G A NiIJALOS(C); 55— 20 45 10%
Hy-90% Ar 55 & 1 1 5 Ui v 6] B 56 B0 R% b Ak Jit,
INf 1) 10 min, T3 K6 590 0 Ni/ALO,(P). i 4L 7 1)

Insulation

Flow controller

Gas inlet

=

B AR KE BB W SCER (16,171 BT E.

B y-ALO; 2 5 fE Mg(NO;), KW+, + 110
°C -4, 550 °C K5 %% 4 h 1§ 2] MgO-ALO; | IK 14,
SR 5 B B Ni(NOs), /Kb, T8 5 H 10%
H,-90% Ar 55 5 & $ i K5 B8 S 10 min, F 5
i Ni/MgO-ALOs(P). i f# £k 77 Ni Al MgO 11 &
HNA 12% F1 2%, ¥ BRI B A2
FLIEFR SiC B BB AA (M &R 4 H AT 40 mm, J2
BE 5 mm [WE F, BS54 37 mm x ¢ 4 mm
WAL H. BT SIC HA RAF iRk, B A
PRFA) SIC g % B A 1 A 3% 1k WAk
1.2 ELFIRRIE

KPR J7 [ s 5 DX-1000 B X 5 28 A 51X
YRR JEAT X BT 9 (XRD) R AE. Cu K, 28,
TAEH R 40 kV, TAEHLGE 25 mA, F1H#5# % 2°/min,
FIFEVEH 260 = 30°~80°.

X W46 i T e 1% (XPS) F4E4H H 95 [ Kratos
2\ Hl XSAMSB00 & £ Ty g 3 1f 4 #r H - Be i 4.
MgAl I (1486.6 eV), X JGHETE 12 kV x 15 mA T
NTAE, AT EARE S 2 x 107 Pa. K] FAT )
X, A Cu2psn(932.67 eV), Ag 3ds, (368.30
eV), Au 417, (84.00 eV) brFER IE. Hods K FH 5 Bt
C 15 (284.6 eV) X IF.

K JHF [# FEI A W TECNAI G? 20 S-Twin 7%
S HLBE (TEM) 0] i A4 771 2 100 490 K 141 5 45 K gk AT 3%
fiE, W 200 kV.
1.3 KPRREELNERERENNEE

BN B e CH4-CO, B 42 Je N e B an 8] 1 Jr
TN RO AR A RS, P T AT T R A, F
ity W S PR R e L . SR KT (XQ1000,
1 kW, [ B AT PR A W) BERLK BH O, ok

Quartz window

Thermocouple ﬁi

Gas exit

Catalytically activated
absorber

Condenser lens
Xe-arc lamp

B 1 SAEBBKAEELEELZETER

Fig. 1. Schematics of the experimental setup for CO, reforming with CH, under solar energy simulated by Xe-light irradiation.
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Fig. 2. XRD patterns of different catalyst samples. (1) Ni/MgO-
ALO;(P); (2) Ni/ALO;(P); (3) Ni/ALO;(C). P—the sample reduced by
plasma; C—the sample reduced by the thermal method.
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Fig. 3. TEM images of different catalyst samples. (a,b) Ni/MgO-Al,O5(P); (c,d) Ni/AL,O;(P).
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Fig. 4. Mg 2ps3» XPS spectrum of the Ni/MgO-ALO;(P) catalyst
sample.
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Fig. 5. Ni 2ps;» XPS spectra of different catalyst samples. (a)

Ni/MgO-ALOs(P); (b) Ni/ALOs(P).



www.chxb.cn

TEAENE 45 Je4E MK B CHe-CO, FFEH Ni/MgO-AL O 1 A4 75 P W A4 (1) 75 M 1397

(a) Ols

530.5 531.9

Intensity

1 L 1 L 1 L 1 L 1 L 1

526 528 530 532 534 536
Binding energy (eV)

Intensity

526 528 530 532 534 536
Binding energy (eV)

6 AFRMELTIFERE O 1s XPS i&
Fig. 6. O ls XPS spectra of different catalyst samples. (a) Ni/MgO-Al,03(P); (b) Ni/Al,O;(P).
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Fig. 7. The effect of GHSV on the reaction performance of CO, reforming with CH, over different catalyst samples. (1) Ni/MgO-ALO;(P); (2)

Ni/ALOs(P); (3) Ni/ALO3(C).
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Fig. 8. The chemical storage efficiency # varying with GHSV over
different catalyst samples. (1) Ni/MgO-ALO;(P); (2) Ni/ALOs(P); (3)
Ni/ALO5(C).
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