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Table 1 Dehydrogenation of C,H¢ over Cr/Si-2,,; and Cr/Si-2,y, catalysts in the presence or

CO, at various temperatures

In the presence of CO, In the presence of N, Ratio of
Catalysts Conv. (%) Yield (%) Selectivity (%)  Conv. (%) Yield (%) Selectivity (% ) Yield
C, H, C,H, CH, CH, C, H, CGH,  GH, CH, Y /Yy
Cr/Si2p 500 8.25 7.9 95.6 4.4 6.91 6.8 98.5 1.5 1.2
550 17.3 16.3 94.0 6.0 14.3 13.6 95.3 4.7 1.2
600  32.0 29.6 92.4 7.6 27.4 25.5 93.2 6.8 1.2
650  51.7 45.4 87.9 12.1 47.6 42.8 90.0  10.0 11
Cr/Si-2y, 500 8.10 7.7 95.0 5.0 4.9 4.7 97.2 2.8 1.6
550  16.5 15.4 93.5 6.5 9.5 8.9 9.4 5.6 1.7
600 30.7 28.3 92.1 7.9 20.6 19.1 9.6 8.4 1.5
650  49.0 43.0 87.7 12.3 39.3 35.3 89.8  10.2 1.2

Reaction conditions: SV =9 000 h™' mL/g. cat. V(C,H,)/V(CO, or N,) =12/48
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Fig. 1 Effect of pretreatment atmosphere on the
dehydrogenation of C,H, with CO,
over Cr/Si-2,,,, and Cr/Si-2,y, catalysts
Reaction conditions: 650 °C, SV =9 000 h™' mL/g. cat.
V(C,Hy)/V(CO,) =12/48
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Fig. 2 Effect of time-on-stream on the dehydrogenation
of C,Hg over Cr/Si-2,,, and C1/Si-2,y, catalysts
Reaction conditions: 650 C, SV = 9 000 h! ml/g. cat.
V(C,Hy)/V(CO, or N,) =12/48
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Fig.3 XRD patterns of fresh Cr/Si-2,,; and
Cr/Si-2,,, together with that of after 5 h reaction
in the presence of CO,(a) Si-2, (b) fresh Cr/Si-2y,,
(c¢) fresh Cr/Si-2yp, (d) Cr/Si-2,y, after 5 h

Intensity (a.u.)

reaction in the presence of CO,,

(e) Cr/Si-2y after 5 h reaction in the presence of CO,
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Fig. 4 H,-TPR curves of calcined Cr/Si-2,, and
Cr/Si-2,p catalysts.
(a) Cr/Si2pyp, (b) Cr/Si2 )y,
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Fig. 5 UV-Vis diffuse reflectance spectra of fresh Cr/Si-2
and Cr/Si-2,,, catalysts as well as the catalysts
after 5 h reaction in the presence of CO,
(a) fresh Cr/Si-2pyp, (b) fresh Cr/Si-2y,,
(¢) Cr/Si-2,, after 5 h reaction under CO, ,
(d) Cr/Si-2,,, after 5 h reaction under CO,
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AARKBIATA]. 2 Cr/Si-2 A1 Cr/ Si-2 0 fHEAL T 1E
CO B Lt 20 B R R S h )i, BR T —A>
551 265 nm ALRYIEAEAL, OB RS AR k.
I, FRATHEMTE CO, Ak ket L0 Rniid b £
B ER B P UK TAROY A Cr My, i HLA
PR A DU 18 Ml B T AR 25 1) Cr 7.

Cr/Si-2 Al Cr/Si-2,, HEAL TR A BB 2 LA %
BB e i) BET HE R AR B 951 T3 2 . 3R
el LUE Y, 1R CO, AT RS Y Cr/Si-2 pyyy
I Cr/Si2 e fiE AL ) 1 B9 R85 5 23 551 0. 64% il
0.58% ; 1£ N, Z& 1 T 9 FR 8 & 43 531 2 0.70% Fi
1.31%. BAMNNE Ll IE ), 4 O hefECO, 8L

52 Cr/Si2yn #1 Cr/Sic2y, BEALFI_E R B AR5 B0 BET by R ERMIE
Table 2 The coke amounts and BET surface areas of Cr/Si-2,, and Cr/Si-2,,, after
the dehydrogenation of C,H¢ with CO, or N, for 5 h

Reaction atmosphere Amount of coke (% ) Sper (m*/g)
Cr/Si-2 o, 0. 64 371
N, 0.70 364
Cr/Si-2p o, 0.58 369
N, 1.31 353
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Effect of Preparation Methods on the Performance of Cr/Si-2 Catalysts
during the Dehydrogenation of Ethane to Ethylene with CO,

ZHAO Xin-hong'?, LI Shun-ging""*, YANG Ke-li""*, WANG Xiao-lai'*
(1. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics ,
Chinese Academy of Sciences, Lanzhou 730000, China;
2. The Graduate University of the Chinese Academy of Sciences, BetJing 10039, China)

Abstract; Dehydrogenation of ethane in the presence or absence of CO, over Cr/Si-2 catalysts prepared by different
methods was investigated. The dehydrogenation of ethane was enhanced by CO, because of the existence of the re-
verse water gas shift reaction and the Boudouard reaction. Cr/Si-2,, catalysts prepared by direct hydrothermal syn-
thesis showed higher catalytic activity compared to Cr/Si-2,, by impregnation in both the presence and absence of
CO,. Chromium species with high oxidation state was considered the key of higher catalytic activity. The different
deactivation rate between Cr/Si-2,, and Cr/Si-2, catalysts during the reaction could be correlated with their dif-
ferent redox properties.
Key words: Cr/Si-2; Hydrothermal synthesis; Impregnation; Ethane; Carbon dioxide; Dehydrogenation ;
Ethylene



