ABSTRACT

Chlorinated volatile organic compounds (CVOCs) are widely used in industry and are considered a major source of environmental pollution and health problems. Their emissions result in problems related to the ozone layer destruction, groundwater pollution and photochemical smog. The health effects are varied and they depend on the compound and on the exposure time. Therefore, legislation is increasingly demanding in terms of emission limits of these compounds to the atmosphere.

To control these emissions, catalytic oxidation is presented as an alternative effective option for the control of different CVOCs, in particular trichloroethylene (TCE) emissions. TCE is an industrial organic solvent and due to its low vapour pressure it can be emitted to the atmosphere during its use and storage, generating an air pollution problem. In addition, this molecule has been classified as carcinogen. Different types of catalysts that have been used in the literature for the oxidation reaction of TCE, but they are easily poisoned by chlorine, they generate polluting by-products at high temperatures or they need high temperatures to be active. Thus, more active, selective and stable catalysts need to be found.

In this work, catalysts based on sepiolites, bronze metal oxides, zeolites and mixed oxides derived from hydrotalcite-like compounds, have been synthesized, characterized and studied in the oxidation reaction of TCE. All the studied catalysts present a high activity in the temperature range studied. Moreover, they are also stable in the oxidation reaction of TCE at a given temperature at least for 70 hours.

Within each of the groups of materials studied, there is a catalyst with very highlighting catalytic activity. In the case of sepiolites it has been the sepiolite prepared with Co (Sep Co) with a T50% = 350°C and a T90% = 430°C, the most active bronze has been the sample calcined at 500°C with Mo and W (MW50-L) with a T50% = 300°C and a T90% = 380°C, the most active zeolite has been the ion-exchanged commercial zeolite beta with Cu (beta-Cu (II)) with a T50% = 310°C and a T90% = 360°C, and finally, the most active mixed oxide based on hydrotalcite has been the CoAl one with a T50% = 280°C and a T90% = 340°C.

The catalytic activity of these catalysts depends on various factors, but in general the main factors are their acid properties and their reduction and reoxidation capacity. These features depend on their structure and their composition, thus, it has been seen that Co has highly intrinsic oxidation properties and with all the Co-containing catalysts studied in this thesis very good results have been obtained. The catalyst with the best results has been the CoAl one; this catalyst combines its acid properties with the intrinsic oxidative properties of Co, which are enhanced when interacting with Al. 

The selectivity to the different reaction products in the oxidation of TCE also depends on the catalyst used. Thus, for a 90% of conversion, the main reaction products of sepiolites and hydrotalcites are HCl and CO2. However, with zeolites and especially with the bronze type metal oxides, apart from HCl and CO2 there is a high selectivity towards CO.

The catalysts studied in this work have values of T50% and T90% below the average, indicating that they are much more active than those studied so far, and also, they are active to oxidize other chlorinated compounds i.e. 1,2-dichloroethane (DCE). Thus, from the results obtained in this work new research paths can be started with new materials to treat a broader spectrum of pollutants. 
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