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Fig. 1 Effect of reaction temperature on activity of catalysts

Reaction Conditions: V(CO,)/V(H,) = 1/4,
GHSV 5 000 h™, atmosphere pressure
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Table 1 Textural properties of different catalysts

Catalyst A/ (m*/g)  V,/(em’/g) D,/nm
Ni/y-AL 0, 163 0.52 12.7
Ni-Mn/7y-Al, O, 162 0.49 12.1
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Fig.2 XRD patterns of catalysts
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Fig. 3 TEM images of catalysts after reduction
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2.8 fE{FIEY CO,/H,-TPSR £ R

B 7 AL TPSR . AT LIE Y, AP
AEFIITE 120 C H L CO, I BERTEE, 75 180 CZE4y
L CH, BB RHIE. 454 CO,-TPD Z55%, 120 C 1Y
CO, I Bif e > 55 W B CO, 1 iR, LB A s 3R
CH, U, PR IHG A0 33k Ao 55 W B 1) CO, V0 2 5 W e
R, 55 CO, W B o I FY 8 A T P v



14

FIE RS : Mn D% Nisy-AlL O3 AL 7] CO, HH e L ERERY 2 53

120 “C LS IFoR i BE CH, I8, 22 180 “C ik B KA,
XFREF CO,-TPD [ 25 B CO, YRR T LA
HEM Ni/y-Al, 05 Jo Ni-Mn/y-AL O; 4657 _E X Ff o
SFHRSE CO, MR B FP O 32 A R B AL T 1 0
1M 4E CO,-TPD [ iy s ff CO, B /b, ity 25
o SR, X CO, HUBEAL G M TRRAS K.

Ms Intensity (a.u.)

100 200 300 400
Temperature (°C)

7 ALl CO,/H,-TPSR ji%
Fig. 7 CO,/H,-TPSR profiles of catalysts
a. €0,-Ni/y-ALO; b. CO,-Ni-Mn/y-AL 0,
c. CH,-Ni/y-ALO, d. CH,-Ni-Mn/y-AlO,
Ni-Mn/y-AlL, O, ## fk 5] 5 Ni/y-Al, O, 44k 7] 4
e, AHIE CO, H1 CH, 1 o B U e JE 11 HE W A5 B AR
AHTE], VLB M B Im AT 2R 2032 fi A 700 2 T 37 1 v
O RZEBY, AT ) ROBETE P B, D R e
RN i T e AR R AU (H il T4 8 /0 i
AR e 5 SR BE AR AT, (A AL 5 rh 455 B2 CO,
WAL 2, TE LR g 0, AR T B AT
PEBE = AR A 5 A

34 i

Mn B9 AE Ni/y-AL O, A T R
CO, PR AL k=2 T 1 G BRI Ni-Min/y-Al O,
AR A 1 4 OB B AR, 4R
B AR PSS , e L A2 T 3005 Mo i1 A O
S MO 6] 2 T P T 92, O, B BRI
15 180 °C 477 1 S8 B3 B OIS £ J €O, g
B PG, Ni-Mn/y-AL O, AL 1 B A7 4
RIS 1 COLWEBHLHE 22, CO, B Al e %

.
S 3k

[1] Inui T,Takeguchi T. Catal. Today [J], 1991, 10. 95

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

- 106

Park J N,McFarland E W. J. Catal. [J], 2009, 266
92 -97

Ocampo F, Louis B, Kiwi-Minsker L, et al. Appl. Catal.
A: Genenal. [J], 2010, doi;: 10. 1016/ j. apcata. 2010.
10.025

Abe T, Tanizawa M, Watanabe K, et al. Energy Enuvi-
ron. Sci. [1], 2009, 2; 315 —321

a. Zhang Cheng (3¢ Ji%,). Chem. Ind. Eng. Progr.
(Fb T3], 2007, 26 1269 —1 273

b. Mu Xin-yuan ( 57 J¢), Hu Bin (#] &), Piao
Dong-he (FNZRHE) , et al. J. Mol. Catal. ( China) (43
FHEfL) [J], 2009, 23(6) : 493 -498

c. Yu Fei-fei (F3EFE), Liu Yun-qi (#) = 3), Liu
Chun-ying( X|#F¥), et al. J. Mol. Catal. ( China)
(Jr k) [J], 2009, 23(3) : 159 -202

a. DuGA, LimSY, Yang Y H, et al. J. Catal. [J],
2007, 249 370 -379

b. Li Hai-tao ( 22 %), Zhang Hong-xi (5K 1 &),
Chen Hao-rao( [E54K) , et al. J. Mol. Catal. (China)
(7T [J], 2010, 24(5) : 411 -416

Song Huan-ling ( R #:¥ ), Yang Jian(fg %), Zhao
Jun(B®X  ZE), et al. Chin. J. Catal, (fEAL4R)
(], 2010, 31: 21 =23

Perkas N, Amirian G, Zhong Z, et al. Catal. Lett. [J],
2009, 130 455 - 462

Deng Geng-feng ( XS ¢ R\ ) , Guo Nian-xiang ( ZRHE4#f) ,
Luo Lai-tao( % %), et al. Rare Earths ( China) (i
+)[J], 2002, 23 18 -21

Aksoylu A E, MisithZ, Onsan Z 1. Appl. Catal. A
General [J], 1998, 168 . 385 —397

Wei Shi-giang ( 5 it 5% ) , Huang Min-ming ( 5 ) ,
Chen Shan-you ([ =4 ). et al. J . Chem. Physics.
(China) (fL=#¥)HF4R) [1], 1991, 4: 302 -308

Lin Ming-gui ( Bk B £E), Yang Cheng (¥ i), Wu
Gui-sheng( Ri5Tt). et al. Chin. J. Catal({EAL2ER)
[J], 2004, 25. 591 - 595

Nandini A, Pant K K, Dhingra S C. Appl. Catal. A.
General [J], 2005, 290. 166 — 174

Li Li-Bo(Z=WH ) , Wei Shu-quan ( ##£Z) , Xu Guo-
lin(#E#M). Nas Gas Chem. Ind. (China) ( RIRE A4k
T)[J], 2004, 29. 27 -31

Jiang Qi(YI. ¥j). Nas Gas Chem. Ind. (China) ( K8k
SAT)[I], 2000, 25: 9 - 11

Zhang Li-feng ( 3¢ ] %), Wang Yi-ping ( £ —F),
Huang Qun-wu( B #fX). J. Mol. Catal. (China) (43
FA#EfE) [], 2008, 22 385 -391



54 A S 2 525 %

[17] Tang Q H, Huang X N, Wu C M, et al. J. Mol. Catal. doi: 10. 1016/j. cattod. 2010. 07. 015
A: Chem. [J], 2009, 306 48 —53 [21] Tang Bo(JFF ), Jiang Qi(VI. ), He Xi-wen(fi]

[18] Chary K VR, Rao P V R, Rao V V. Catal Commun B30) , et al. Spectrosc. Spect. Anal. (China) (J&ig2#
[J], 2008, 9. 886 — 893 55618441 (1], 1999, 19 98 — 101

[19] Zhang L Z, Wang X Q, Tan B, et al. J. Mol. Catal. [22] Velu S, Gangwal S K. Solid State lonics []J], 2006,
A: Chem. []J], 2009, 297 . 26 - 34 177. 803 - 811

[20] LiHT, XuYL, Gao C G, et al. Catal. Today, 2010,

Effect of Manganese Promoter on the Catalytic Performance of
Ni/y-Al, O, Catalyst for CO, Methanation

GAO Xiao-qing, WANG Yong-zhao, LI Hai-tao, ZHAO Yong-xiang
(School of Chemistry and Chemical Engineering , Engineering Research Center for Fine Chemicals of
Minisiry of Education, Shanxi University, Taiyuan 030006, China)

Abstract: The Ni/y-Al,O; and Ni-Mn/y-Al, O, catalysts were prepared by incipient-wetness impregnation method.
The catalytic activities of the catalysts were carried out in a fixed-bed continuous flow operating system. The cata-
lysts were investigated via the N, physisorption, XRD, TEM, H,-TPR, TPD and TPSR characterizations. The re-
sults indicated that addition of manganese promoter increased nickel species dispersion and decreased the reduce
temperature. After reduction, the amounts of moderate intensity CO, adsorption site and active surface area both in-
creased on the Ni-Mn/y-Al, O, catalyst. As a result, the Ni-Mn/y-Al, O, catalyst showed higher catalytic activity
for CO, methanation. Under the reaction conditions: V(CO,)/V(H,) = 1/4, GHSV 5 000 h" and atmosphere
pressure, the Ni-Mn/y-Al, 0, catalyst can make CO,completely convert into methane at 270 °C, which is 60 C
lower than Ni/y-Al, O, catalyst.

Key words: carbon dioxide; methanation; Ni/y-Al,O,; manganese promoter



