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Fig. 1 The effect of preparation methods on catalytic performance of NiO/y-Al,O; catalysts
(Reaction conditions: atmospheric pressure, n(C,Hg): n(0,): n(He) =2: 1: 9, Space Velocity; 12 000 mL/(g « h))
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Fig. 2 The effect of different Ce contents over NiO/y-Al, O; catalysts on the ODE reaction performance
(Reaction conditions; atmospheric pressure, n(C,Hg): n(0,): n(He) =2: 1: 9, Space Velocity: 12 000 mL/(g - h))
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Fig.3 XRD patterns of Ni-based catalysts (A) : different praparation methods

(B) different Ce contents

AL XRD 1AL AR B HAE B (b) FE
() 4 ) NiO/y-AL O4 AL 5 E ik -AL O, A JL
R IRV AHZE A, (EL 7K b 30 3 R T 1 ) 6 1
PERILE 35.5, 43,3, 63 I 75. 5° b A 55 iR BOV
NiO fif g™, 3 sefi gt ] BB U@ T4 Ho7e 2 14
FIA A NiO B, TR (b) B2 Ak (o)
G NIO ol B ST T R, X TR BB FE K
PAAL B 45 (9 NiO/y-AL O, AL ] |, NiO
TEAR PR b2 BN s A 5 10 A A 4 1 1 4%
AP ) () DU 2 B 9 S S ) (g R A 5 4. i
B3 (), AL BRERAA y-AL O; AT S, ]
L BUAA 9 NiO SR ARBORTSIE, L NiO SR A7
TR H B, FUTE R LR AR NiO I 277
TETHEALRI B AR, BEREFE /2950 M BT 4
Fifi b fe T 0L, RIE 5 4 9 NiO/y-Al, O,
MEALH) 1, Ni PyRi e AL R 2w A 2 BeR BB AR

. [ 3(B) HAIF CeO, 40 4t i1 FH 12 5 1 1 45 14
Ce0,-NiO/y-AL, O, fi b 7 19 XRD 3% & % [ w
(Ce) =0.5 % | BfALH () R ARG CeO, B AL
(o) A5 TLFAR IR R (AR AH 5 ), A v 0 A R4 3
EARIITEAE , X — 25 BT, 2 CeO, HARIEAT
i, HEALH TR CeO, B B/ TE AL R 221 1 {H
Wi CeO, $HARR RGN, fHALH] (£) FI(g) 7E 28. 6
156, 6°4L BT CeO, AFRAERT S0, HHSE
TEHTHIN, ST AR B MARBE, X FWI2Y CeO,$H
BRI, CeO, JB UM URL s Pl rh ok & BUAG W]
B N A AT g, Wang AR 45 g
BFFE A ITE L y-Al, O g % 4 (9 A5 58 i1 350 45
B CeO, , 4 FITIRES MEAL b Ni 05 44k y-
AL O M E AR, $2%5 NiO 76 y-AL 0, b 143 L
FE, 2K BE AR E Ni Rl o] 09 8 T e A AL ) 22
T b B NiO 3.



212 o S 14

21 %

2.3.2 @& JE TG 43y WroE A . M4 4y
NiO 5 534k y-AL O, EA M B AEM, BHIE NiO 1)
I, M s AR R e . B 4 AR A4

arvolid-vlale cxelaape
b: hydrothernial treatment

czimpregnation
590 d: 3G

40

A

1 1 : 1 1
0 200 400 600 800
Temperature (C )

Tk AR CeO, £H 2558 A9 B B A AL 57 19 38 ) TG
k.
H1 SCHRL 2 ] Al AT, 4l NiO Ak JEGi A2 24 29300 ~

L L L L L L
0 150 300 450 600 750 900
Temperature (C )

] 4 B AEAL R AL 5 TG ik

Fig. 4 The reductive TG curve over Ni-based catalysts

(A) . different preparation methods (B) : different Ce loadings
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Table 1 Reductive TG analysis over different catalysts
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g 14.0 16.0
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Fig. 5 XPS spectras in Ni(2p)region of Ni-based catalysts in the catalyst prepared by impregnation method
(A): different preparation methods (B) : different Ce loadings
R2BEMEUA B NI(2p) HBTFEREREN
Talbe 2 E | and A E | of Ni(2p) on Ni-based catalysts

N E, (eV) A E, (eV)

Catalysts Ni2p Ni(2p) NiO Ni(2p) NiALO,
solid-state exchange 855.5 0 -1.6
hydrothermal treatment 856.8 +1.3 -0.3
impregnation 856.5 +1.0 -0.6
Ce0,-NiO/y-AL O, [ w(Ce) =0.5% ] 856.3 +0.8 -0.8
Ce0,-NiO/y-AL O0;[ w(Ce) =1.0% ] 856. 1 +0.6 -1.0
Ce0,-NiO/y-ALO,[ w(Ce) =1.5% ] 855.8 +0.3 -1.3

855.5eV(NiO) il 857. 1eV (NiAL O, ) ], 30 fi
B0 A Ni PR A7 AE NiO Fil NiAL O, P Fh R
TETAIAR. I35k T K SR B 45 A AL 3R R N
(2p) FHAEIE R 45 & 85 31l 856. 5eV F11 856. 8eV,
53R1E NIAL O, WA, FRATRIE Ni gy Ff )5
J&F Ni** il y-Al, O, [a] (A1 F AR FE AR © 26 1hi 2R
AT NIAL O A 1O 1 X R T A TG
FE VT TR0 H AR Al A AR AL X I [ A SE 4 vk
il £ i AR ) ZR 1T NI P 2 DA AR NiO 1
TEAFFE, MFEIR TR FK A B & A AL 77
I E, Ni Py =2 LIRS AE NiO F13 TR 2R i
NiAL O, WAL R A7, X B AL 79 e 1T A9 Ni )
Fl, Pl AR, 6 Ni PR 3k y-AlL O,
Z I AHEAE AN 7] 5 1 CeO, 18 7S I i A6 751
FRIA ) N Py Fh ORI AR 1S 400N, B0 T Ni A AE
AR R AR B, AN T AL 2
THTF Ni W55 280 y-AL O BUAH LA T, fa R Ak 77
FI L ERAH NIO P Fh AR XS & AW hin, 1 2% i
A2 fm A1 NiAL O, R i AR X 5 2 A Jr - e

3 #

RERAEAL R BTG PE . XRD A TG 1Y FRALLS

A, KBTI 0 1 NiO il di A 55 ODE Sz B Y
R T PEAT ARG O AE G AR, B 3 SR 1T 2R i
£17 NiAL O, A -5 A4 77 04 el 75 AT AR G 1 5%
F. oPECT AR MY NiO il , 26 T4E Nio,
Sy Tk, XA AR e SR AL T PR A TR KR
W, SR ERGEOR, IR JEAE ) MR, FE AL
(1 NiO &5y, SO i e S AL i Pt by, Jr
DA TET AR S  2 f]  FR) AR A 0] 0 Rt 28 S A 7% A
BT R HUK AL BRI H] & O REAL ). 51 A
Bh7) CeO,Jm HOMEAL TR, AR 15 PEAT 2R KRR /Y
P, (AR IS NiO (AL R 2L 4 NiO
ML), — B4 Ni ) i B, AR r e i A AL is
PESE BN R R E AT RESE TR B CeO, J5 165
TTETE TR E Z —. SR TR Ni ) Fp
REGEMA —ERMEAER, BABEEIHR TR
Kb NiAL O, W, Hoak JEvERE BT, 7EAE 1L 77
IR LUK, AR P70 e g T v 1 2R AL T 1R e
BRI S, 3T RE AR T VR K Fi A BV ] 45 10 AL
70 e Ve £ AR TS PO T AR S L W IR, 55
b, RATRBHE B A A AR, N P A
y-ALO; A EAE IS, P B AT 2 9 ODE ik



214 4 F O 521 %

PREAALTE T 5 Wﬁ%)ﬂlkfﬁ@ﬁfﬁ&ﬁ?u%%{%’f{%u, £ Shu-xun( HARY) , et al. J. Fuel. Chem. Technol. (8
WAEELISF . #9515 5 FARIK TR Ni 1) B (1], 2004, 32(4) ;475 -450

Fi, T ODE fy o B8 007 PR F itk 4 [0 Mo XuewineCRARE), Yoo Yirchun (BBIRED , Heo
B REALE]. Ce0,-NiO/y-Al Og’f’é’ﬂﬁ%ﬂﬁﬁ% e Mao-rong (i %5%) , et al. J. Mol. Catal. ( China) (43

THEfk) [T], 1999, 13(1): 21 ~26
N=By~ = = SH L 4+ o T >, 3+ 3+
RESTUUT & oy Ce™” S LA JRUR Ce , Ceo" i [7] Jin Rong-chao (4% #8), Chen Yan-xin ( B2 ) | Li

A 'y-Alz 0, Anf, TEHEER ’y-A]Z 0; ke HE T 1 1R) Wen-zhao (2= 34| ), et al. Acta. Phys. Chem. Sin.

B, AR R Ce 19 & & T RE, WIS T R (WrEA2E2230) [T], 1998, 14(8) : 737 ~741

TG PE N b (AT REJR I NIO ¥9FR) 5 CeOzZI‘Eﬂ £ [8] Ji Tao(ffi %), Deng Xin-Fa( #EH1% ), Lin Wei-Ming

SAN AR, 3 AR T PR N W) Rl e SR w1 (WREW]). Natural Gas Chem.  Indus. ( RIATALT.)

S, ST PR NIO SR A 2 1] 2000, 25(6) : 23 ~25

%{(jﬁ%ﬂ%ﬁﬁﬁigﬁ“ﬂ , M 5% ODE Jz )i 1Y & 6 [9] Puxley D C, Kitchener I J, Komodromos C, et al. the

Ve TEME 1 A Effect of Preparation Methods over Ni. /Al, O, Caralyst on
Structure, Stability and Interaction between Metal and

S 30k Supports ( 7E55/ AL b il 2 7 EE 0T 454 | A2

FEVERN G R/ BUARVE ) [A]. Beijing: Chemis-
try Industry Press, 1991. 168 ~222

[10] Cervello J] Hermana, E, Jimenez J F, et al. Preparation
of Catalysts [ M]. Elsevier, Amsterdam, 1997. 251 ~
263

[11] Doesburg J] R H, Orr S , Zeini-lsfahani A. J. Catal.
(1], 1978, 52 280 ~290

[12] Chen Tong(B& %), Li Wenzhao(Z=3C4]), Yu Chu-
nying( FHY). Acta. Chim. Sin. (fb¥%4) [J],
1999, 57. 986 ~991

[13] YuLin(4y #K), Yuan Shuhua(zZ454E), Tian Jiuying
(HAHE), et al. Chin. J. Catal. (fEfL2EH) [T],
2001, 22(4); 383 ~386

[1] Chen Tong ([E %), Li Wen-Zhao (Z=3C4l), Yu
Chun-Ying( F#HL). Acta. Phys. Chem. Sin. (Y34
meretsy (17,1999, 15(7) : 613 ~618

[2] Chen Tong (& 4#i), Li Wen-Zhao (Z=3C4I), Yu
Chun-Ying( F#HJL). Chin. J. Catal. ({E1L2¥R)
(17,1998, 19(1): 37 ~41

[3] Li Guo-jun(Z=[H7%), Ren Rui-ming( {T-%ij%% ), Huang
Xiao-xian( #5#55) , et al. Chin. J. Inorg. Chem. (JG
PUk2A4) [J], 2004, 20(3) : 287 ~290

[4] Wang Bin(F M), Wu Jie-da( %4r3i5), Li Xiong-
ping(ZEHEF-) , et al. Fine Chem. (K§4NALT) [J],
2004, 21(12) ; 881 ~883

[5] Wang Hai-tao( £##¥% ), Li Zhen-hua (Z=JE4E ), Tian

Influence of Preparation Methods and CeO, Promoter on Oxidative

Dehydrogenation of Ethane to Ethylene over Ni Based Catalysts
SUN Jian®, YU Lin"?* , HAO Zhi-feng', FANG Yi-wen®, SUN Chang-yong’, SUN Ming'
(1. The Faculty of Chemical Engineering and Light Industry, Guangdong University of Technology ,
Guangzhou 510006, China;
2. Department of Chemistry, Shantou University , Shantou 515063, China)

Abstract; Ni-Based catalysts were prepared by different methods and the activity of oxidative dehydrogenation of
ethane to ethylene( ODE) was investigated. The results showed that the activity and selectivity of ODE over three
types of catalysts are different from one another, of which the catalyst synthesized by impregnation method exhibit
the best catalytic performances. Under the same conditions, the activity of NiO/y-Al, O, introducted of CeO,as pro-
moter is increased greatly at low temperature, however the selectivity doesn’ t changed distinctly. The characteriza-
tion of XRD, XPS and H,-TG showed that the easily reducible and high-distributed NiO microcrystalline and the
“ surface spinel’ NiAl, O, may be the active species; The high-distributed NiO microcrystalline is similar to pure
NiO favors for the activity under low temperature ; The existence of surface spinel’NiAl, O, is one of the main reason
for the activity under high temperature and selectivity for ODE.
Key words: Oxidative dehydrogenation; Ni-based catalysts; Preparation methods; CeO,



