Catalytic activity of cerium-containing catalysts in conversion of bioethanol
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The Increase in oil prices in the last few years leads to an increase in prices of basic petrochemicals. Now there is an active search for a new basic raw materials that can replace oil in the production of products for the chemical industry. Bioethanol is the most alternative renewable raw materials with an unlimited supply. 

Huge range of intermediate and target products of petrochemical and organic synthesis, such as aromatic hydrocarbons, hydrocarbons of gasoline range, hydrogen-containing gases, and olefins (ethylene, propylene, etc.) can be obtained from bioethanol.

In this paper, the results of the conversion of ethanol on cerium-containing catalysts are presented. The dehydration of ethanol was studied in flow mode in inert gas environment. Activity of the catalysts was studied in the temperature range from 250 to 450oC and the space velocity 3000 h-1. The results of the experiments showed that at the reaction temperature 250 ° C in the reaction products formed the ethylene 39.9% with selectivity of 95%  and 42% ethanol conversion. The conversion of ethanol increased to 59%, the yield of ethylene reaches 56% at 300 °C. Ethylene (67%) and propylene (4.5%) are formed at the reaction temperature of 350 °C in the reaction products. The highest yield of ethylene -80% is observed at reaction temperature of 400oC, the selectivity by ethylene was 91.9%  at the conversion of ethanol 87%. Starting from 400oC, except ethylene and propylene in the small quantities (0.38%) formed ethane. A further increase in the reaction temperature up to 450 °C leads to decrease in product yield to 75%, the conversion of ethanol is 90%. 

The effect of 1%  lanthanum on activity 3% Ce/γ-Al2O3 catalyst  in the space velocity range 1500-13500 h-1 and reaction temperature 400 °C was investigated. The optimum space velocity increases from 3000 to 6000 h-1 with the introduction of lanthanum into the 3% Ce/γ-Al2O3 catalyst. With increasing of space velocity to 13500 h-1 leads to decrease of ethylene 55%. At the optimal conditions (T-400 °C, W-6000 h-1, Cehtanol-21, 7 g/m3) of dehydration of ethanol to ethylene on the 3%Ce 1%La / γ-Al2O3 catalyst where the yield of ethylene of 82% at 94% ethanol conversion.

The study of catalysts by electron microscopy showed that the modification 3%Ce/γ-Al2O3 by 1% lanthanum increases dispersion of catalyst. Accumulations of small particles with size of 2 nm are observed. The particles with size of 10 nm are present sometimes in clusters.

The formation of acid sites on the surface of cerium-containing catalysts were studied by temperature-programmed desorption of ammonia. The results showed that the desorption of ammonia passes in three temperature ranges, at the temperature 160oC ammonia desorbed  from weak acid sites with the amount of 20.88 ml/gCt, at 480oC from medium strength 16,16 ml/ gCt, at 670 °C  from very strong acid sites  with the amount of ammonia 13.52 ml/gCt. Modification of 3% Ce/γ-Al2O3  increases the amount of ammonia desorbed from the weak acid sites from 20.88 to 27.52 ml /gCt.  The amount of ammonia desorbed from the medium and strong acid sites  decreases  to 5.3 and 5.79 ml /gCt, respectively.
