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BWIHAE . )Rk SBA-15 Wi T L BRI T E B H A AT 67

FABRAH; 7SAKE MRS Co(NO,), « 6H,0,75
KRS Ce(NO,), - 6H,0: AR, KHEtHEEFR
FoR BN T,

XRD 2k H H A Rigaku 24 #] 1Y D/Max-2500 % X
SFHARTEHINE , R CuKa BF4E, HLE 40 kV, HL
it 100 mA, FHEHEE R 0.5° ~ 80°, FHHiH E N
8°/min.

N, W BFFR F 25 ] Micromeritics ASAP 2020 %4 [ 3
W RAHSCINRE , ARE t RIT7E BL25 451 T 350 C AL 4
h, KB AT, BNl a, IR BT,
FeREAGHE N BET J5 2, H AW S8R LA
FH BJH W R A5 LR S A FIA LA

e hh-n] WOEOEIE UV-Vis R £ E PE 078
5614 ( LambdaBiod0) M 5E , BaSO MEAANE,
HEVEFE A 200 ~800 nm, 1487 2 4 100 nm/min.

LIHMERE FT-IR % Bruker 23 7 T4 NICO-
LET Nexus R N7 AR 0 2T AP G350 2 , FE
it KBr e Ab 38, 4536 Dl 400 ~ 4000 cm ™.

H, ¥ if 7 H,-TPR 2R 32 [E Micromeritics 2
A A 2920 B4 7 S Ak R AN SE , FE AL TR
400 °C Ar AP TALFE 60 min, Ji5 I H M 30 mL/
min 1) 5% H,5 Ar [IIRASWE, M 100 CTHE
#1000 °C, FHEHEEH 5 °C/min.

ME - 2 M TG/DTA K H & [ Perkin
Elmerg 28 &) B Diamond %5 TG/DTA # & 43 #y e
SERCY. FRELS ~ 10 mg fEALFIRE 5 & TR I,
FEZS S P R R TR 2 900 C, TR R L
10 °C/minifFf7.
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Fig.1 XRD patterns of supports
a. SBA-15; b. Ce-SBA-15 (40) ; c. Ce-SBA-15 (20) ; d. Ce-SBA-15 (10)
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Fig.2 XRD patterns of catalysts
a. Co/SBA-15; b. Co/Ce-SBA-15(40) ;
c. Co/Ce-SBA-15(20) ; d. Co/Ce-SBA-15(10)
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Fig.3 FT-IR spectra of supports
a. SBA-15; b. Ce-SBA-15 (40) ;
c. Ce-SBA-15 (20) ; d. Ce-SBA-15 (10)
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LM (Si-0-H) iR 3h.
2.3 UV-Vis RAE

K4 Al %0, 78 250, 300 nm BT R A RRAE 1
W, 3R Ce™ | Ce' 5 40 IL A 2 [] 1 FEL fof 4% 5

3
)
°
o
=
<
=
Bt
z d
=
<« C
b
N \a.._r
1 1 1 1 1
200 300 400 500 600 700 800

Wavelength /nm

Kl 4 RIRZRIRE) UV-Vis i &
Fig.4 UV-Vis spectra of supports
a. SBA-15; b. Ce-SBA-15 (40) ;

c. Ce-SBA-15 (20) ; d. Ce-SBA-15 (10)
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Fig.5 N, absorption/desorption isotherms of supports
a. SBA-15; b. Ce-SBA-15 (40) ;
c. Ce-SBA-15 (20) ; d. Ce-SBA-15 (10)
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Fig.6 pore size distributions of supports
a. SBA-15; b. Ce-SBA-15 (40);

c. Ce-SBA-15 (20) ; d. Ce-SBA-15 (10)
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Table 1 The structure parameters of the catalyst support and catalyst

Sample BET surface area/(m® + g”')  Total pore volume/(em’ + g™") Average pore diameter/nm

SBA-15 621 1.28 8.1
Ce-SBA-15(40) 703 1.37 7.6
Ce-SBA-15(20) 714 1.29 9.0
Ce-SBA-15(10) 497 0.88 6.9
Co/SBA-15(10) 465 0.92 7.3
Co/Ce-SBA-15(40) 590 1.17 7.3
Co/Ce-SBA-15(20) 683 1.34 7.8
Co/Ce-SBA-15(10) 443 0.51 4.6

2.5 H,-TPR &%
7 Hrh o35 M 244 Ce-SBA-15(20) FlfEfk
% Co/SBA-15 . Co/Ce-SBA-15(20) 7E 100 ~ 900 °C

TCD signal /(a.u.)
f
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Temperature/°C

Bl 7 ZpR LA H,-TPR 35K
Fig.7 H,-TPR profiles of support and catalyst
a. Ce-SBA-15; b. Co/SBA-15; c. Co/Ce-SBA-15(20)
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H, W, 7057 278 . 407, 488, 780 °C iy, H
HET MR IR SRS b T Co, O, B TR UE X AH X
N, TIPS FR AR Ce PPl ik Jii g
FEXTR , 3 3% BH A A0 70 9 201 B 22 rh B A7 7E Ce
Yol , ARSI i s S 1 IR i 22 1T RE 2 Fh 42 )i )
A EAE R SR,
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Fig.8 ESR activity of the different catalysts with 8 hours
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(Eq.2). MEE S A A 500 36 o D0 1 B B T DL
th, ML T Co/SBA-15 fiEfLF, #iAH R BA L
J& Ce MIMEALFNRELH RAF AL ERE, E2 N
T AL R T R A H, SR DA AR £
BEEREE , Hirh Co/Ce-SBA-15(20) MEfiEmRAE. X &
T4 )8 Ce BUNMAME Co/Ce-SBA-15 HEALFI 2 AR
[t Co/SBA-15 AL ZARAT AR LR EFR , (17
FRAGTEYE S B YRR Co 7 H AR AR T A9 /- HUE KK
Peim, R T R B P RVE R, XA R T AL
PEREMHE .

B4 JE Ce BT Co/Ce-SBA-15 R BLH Y
PEALPERE 5 4l 1 2 A Co/SBA-15 HEAL 7 AY fiE 1k 1
RAEHBMER, CREARNE T BENR
=, RS B =Y & AR, A s R
Sy A AT S e AR AR R B P RE, L Co/Ce-SBA-15
(40, 10)J4LFI 5 Co/SBA-15 ML, CO EHEEA
PR, X2 RTE ESR OB, CO BYHfk T8
J&H WGS( Water Gas Shift) (Eq.3) #4709, 4@
Ce MM Z 803t b 5975 R 335 K SR 1)
PEAT, JHAE T H, A1 CO,. [RIAF CH, 550 RIEAL, X
Wil T Ce MMAWE T H etk S (Eq.4, Eq.
5) , MEALTRIZRIL S i f A g 5 i T R AR AR AT, I
H1, Co/Ce-SBA-15(10) fiEAb5 th T K& Ce 4JR 1)
gIA, #E Ce 4B RNREIR G btk A2k 1K SBA-15
2 HAE AW CeO, TEMALTI R M7 7E , (H A5 75 P
43 Co ANREAR S Hb 3 BT 3RS TwT, DT - it
PEFNTEPERRAG, TR E B R =4 mhoas ) 145 /0 i
LR, X SR CeO, BLAA I8 4 Ak 77 26 1l R
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FEfh Co/Ce-SBA-15(20) Ak 751 5 A5 4 /a0 19 i
RIE 1, H, SBT3 75.5% , L BEHAL R ] ik
96.6% , CO,EFEPEWRA B AHE R, HAbm =ik
BRI BRI R AL RIVE R T I
N FWE RN ) AT X H TS R Ce B
SIAE] SBA-15 F 48 4w 1 2Ry bR m AR,
FERIARE TR L4 Co M4 HLE, Al S 4F i/
T C—C, C—H i 2e, & it Ce MAETERE S
T WGS Y, KT co st it T co, M
H, A9 A, B Lk v, [R) s 36 1 95 P 4 4% Co
5 Ce WEBRIVER, IR T ZBES3 i (Eq.7) , FEAK
T OREERE, WA AT CO Hiik, dimsR T ke
AL (Eq.4), fEdt CH, AL, S8 InpAL 7 16 k.

C,H,0H+3H,0—2C0,+6H, (1)
C,H,0H—CH,CHO+H, (2)
CO+H,0>CO,+H, (3)
CO+H,—CH,+H,0 (4)
CO,+H,«>CH,+H,0 (5)
CH,CH,0H—C,H,+H,0 (6)
CH,CHO—CH,+CO (7)

2.6.2 MEAL RS E P I AT 2D B
2 AR o fE AL PERE , i ESR ROWAE LR A
TX} Co/Ce-SBA-15(20) il Co/SBA-15 44k 5 347
JN I TE] 2 18 he Y e P k. 4 Ak ) Co/Ce-
SBA-15(20) [ I Ak 5 F0 7= ) 43 A 5 S an 14l 9
(A) PR, CBERAL R IR (EIR B 97.5% , [
Fh— B ]S AL R A e TE 96.5% /7. FEF A

100

(B)

60_@%
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——CH, -+ C;H,0 —— C,H;OH

Nq L e
I
T T T

N W A
S o <o
T T T

Il
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P 9 AL TE 500 C A& 1F T s M it
Fig.9 Catalysts stability testing under 500 °C reaction conditions
(A) Co/Ce-SBA-15; (B) Co/SBA-15
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2.6.3 SN 5 AR R R AE & 10 J& Co/Ce-SBA-
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Fig.10 XRD patterns of cataiysts Co/Ce-SBA-15
(a) and Co/SBA-15(b) after reaction
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The Effect of Metal Modified Mesoporous Molecular Sieve SBA-15
on Hydrogen Production by Steam Reforming of Ethanol

GUO Dan-yu, FAN Ling-na, AN Xia" , XIE Xian-mei
(College of Chemistry and Chemical Engineering, Shanxi Key Laboratory of Gas Energy Efficient and
Clean Utilization Taiyuan University of Technology, Taiyuan 030024, China )

Abstract: Ce was introduced into the SBA-15 framework by hydrothermal method to synthesize a series of Ce-SBA-
15(Si/Ce=40, 20, 10) supports, and Co/Ce-SBA-15 catalysts were prepared by impregnation method. XRD,
UV-Vis, FT-IR, H,-TPR, N, adsorption-desorption and other means were used to characterize the catalysts, which
were used in ethanol steam reforming( ESR) to investigate the influence of Ce in the supports’ framework on the
structure and catalytic performance. The results showed that Ce was incorporated into the framework of SBA-15 by
hydrothermal method, and the synthesized supports still maintain the unique mesoporous structure of SBA-15. Com-
pared with the Co/SBA-15, based on the cerium metal, it has higher oxyen and relase storage capacity, the addi-
tion of cerium increases the dispersion of active metal, reduces the formation of coke and improves the stability of
the catalyst. The synergistic action of moderate cerium and cobalt improves the dispersion of cobalt species and re-
duces the degree of cobalt sintering, Co/Ce-SBA-15 (Si/Ce=20) shows the best catalytic activity with the ethanol
conversion being 96.6% and the selectivity of H, reaches 75.5%. Meanwhile, the carbon deposition rate after the
reaction was only 5.6%.

Key words: SBA-15; Ce; metal modification; ethanol reforming hydrogen production; carbon deposition



