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Introduction 

Catalytic dehydrogenation of ethane and other light alkanes (C3, C4) is curren-
tly being extensively studied as a new energy-saving method for producing light ole-
fins. Carbon dioxide is a promising oxidant for dehydrogenation of ethane. In the 
dehydrogenation reaction, CO2 is expected (1) to serve as a medium for supplying 
heat to the endothermic dehydrogenation reaction, (2) to increase equilibrium conver-
sion by diluting light alkanes, and (3) to maintain the activity of the catalyst over a 
long time by removing coke formed on the catalyst. We have found that the Cr/H-
ZSM-5 catalysts are very active for the dehydrogenation of ethane to ethylene in the 
presence of carbon dioxide, and the rate of dehydrogenation is much higher than the 
rates previously obtained with other catalysts such as Cr/SiO2[1], Ga/TiO2[2], and so 
on.  

 
Results and Discussion 

The activities and surface areas of various Cr (Cr2O3 = 5 wt %)/zeolite (or 
SiO2) and Ga or V (Ga2O3, V2O5 = 5 wt %)/H-ZSM-5 catalysts for the dehydrogena-
tion of ethane in the presence of carbon dioxide oxidant are compiled in Table 1. The 
major products of the oxidative dehydrogenation were C2H4, CO, H2, and CH4; much 
smaller amounts of C3 compounds (<0.1%) were detected. The most active catalyst 
tested was Cr/H-ZSM-5 (SiO2/Al2O3 = 1900) (No. 1). The rate of formation of ethy-
lene with this catalyst was 0.191 mmol g-catalyst–1 min–1. This value is about 1.6 ti-
mes higher than the rate of formation of C2H4 with the Cr/SiO2 catalyst, which is one 
of the most active catalysts investigated so far. Moreover, the Cr/H-ZSM-5(1900) 
catalyst was active after 6 h. In contrast, the Cr/H-ZSM-5(90) and Cr/H-ZSM-5(29) 
catalysts, whose H-ZSM-5 supports have the same crystal structure as the H-ZSM-5 
support in Cr/H-ZSM-5(1900), are not as active as Cr/H-ZSM-5(1900) and Cr/H-
ZSM-5(190). The order of activity (conversion of ethane and yield of ethylene) of the 
H-ZSM-5 support was Cr/H-ZSM-5(1900) > Cr/H-ZSM-5(190) >> Cr/H-ZSM-5(90) 
> Cr/H-ZSM-5(29). This order indicates that the SiO2/Al2O3 ratio affects the nature 
of the Cr active species and the activity of the catalyst. Gallium oxide and vanadium 
oxide, which were reported to be active species for dehydrogenation [2], were not 
very active on the H-ZSM-5(1900) support. The Cr/H-beta(150) catalyst had a higher 
initial activity at 5 min than the Cr/SiO2 catalyst; however, the yield of ethylene de-
creased to 14.1% after 6 h. Other Cr/zeolite catalysts were less active than the 
Cr/SiO2 catalyst. 



Figure 1.  
The time course of dehydrogenation over Cr/H-
ZSM-5(1900) catalyst (catalyst weight=0.3g) 

Table 1. Activities and surface areas of various Cr/zeolite catalysts for the dehydro-
genation of ethane in the presence of CO2 

No. Catalyst 
Conversion 
of C2H6 a 

(%) 

Selectivity 
to C2H4

 a 
(%) 

Rate of formation 
of C2H4

 a 
(mmol g-cat-1 min-1) 

1 Cr b / H-ZSM-5(1900 c) 68.2 69.5 0.191 
2 Cr b / H-ZSM-5(190 c) 51.6 79.1 0.162 
3 Cr b / H-ZSM-5(90 c) 18.5 97.3 0.073 
4 Cr b / H-ZSM-5(29 c) 17.5 93.1 0.066 
5 Cr b / H-beta(150 c) 37.0 88.9 0.133 
6 Cr b / USY(360 c) 18.2 95.1 0.069 
7 Cr b / H-Mordenite(20 c) 29.7 87.6 0.109 
8 Cr b / H-Y(4.8 c) 8.9 97.8 0.035 
9 V d / H-ZSM-5(1900 c) 25.8 92.6 0.096 

10 Ga e / H-ZSM-5(1900 c) 14.8 93.9 0.056 
11 Quartz sand 2.0 85.0 0.002 
12 Cr b / SiO2 34.1 85.9 0.118 

Reaction conditions: temperature, 923 K; flow rate, C2H6 = 10 mL min–1, CO2 = 90 mL min–1; 
catalyst/quartz sand weight ratio, 1 g/4 g (except No. 11); W/F = 2480 g-catalyst min mol–1. 
aMeasured at 5-min duration. bCr2O3 = 5 wt %. cRatio of SiO2/Al2O3. dV2O5 = 5 wt %. eGa2O3 = 5 wt 
%. 

 
The time course of dehydro-

genation over Cr/H-ZSM-5(1900) 
catalyst (Table 1, No. 1) is shown in 
Figure 1. Comparison of the dehy-
drogenation results for CO2 co-feed 
gas vs. Ar co-feed gas reveals two 
significant promoting effects of CO2. 
In the presence of CO2, the yield of 
ethylene was higher than that under 
Ar flow, and deactivation, which 
occurred with the Cr/SiO2 catalyst, 
was not observed. Takahara et al. [1] 
and Nakagawa et al. [2] previously 
reported the acceleration of dehydro-
genation by CO2. We hypothesize 

that CO2 quickly removes surface species formed during dehydrogenation of ethane, 
by the reverse water gas shift reaction, producing clean active sites. When Ar co-feed 
gas is used, the main reason for the deactivation is assumed to be coke deposition on 
the catalyst surface.  
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