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WATER SOLUTION OF PHENOLS PURIFICATION IN COMBINED PLASMA CATALYTIC PROCESSES
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Drinking water RF population supply by qualitative water is an actual task. This task was included into “Ecological doctrine of RF”. Conventional methods of water purification fail to provide complete removal of phenols which are present in natural water in any cases. Phenols chlorination results in formation of super toxins such as dibenzo n- dioxins. At the same time, a plasma of barrier discharge (DBD) application or DBD application combined with catalysis (DBDCC) allow to provide, as it can be shown below, higher quality of water decreasing organic pollutants concentrations more than one order of magnitude.  

The detail scheme of the DBD experimental set-up is described elsewhere [1]. Aqueous solutions of phenol, resorsin, pyrocatechol and hydroquinone were used as the test solutions. The concentrations of these substances were varied from 0.053 to 2.13 mmole/L. Catalysts on the base of NiO, CuO and TiO2 were tested. The NiO and CuO catalysts were prepared chemically by means of the alkaline action on the nitrates solution followed by precipitate annealing. The TiO2 were obtained by reactive DC magnetron sputtering of titanium target. The CuO catalyst applying showed that the phenol decomposition degree increased from 98 to 99.6 % as comparing with the DBD action only. But the CuO was unstable at that condition. After the 10 hours of operating the phenol decomposition degree dropped to values corresponding to BDB action. Catalysts based on the TiO2 and NiO kept their activity at least 1000 hours of operating. The high decomposition efficiency (96-99 %) at the DBDCC (NiO) applying was observed under their initial concentration increase in 5-10 times also. The most stable in the respect of decomposition processes were phenol and hydroquinone and the least were resorsin, pyrocatechol. Measurements and calculations showed that the 0.2 mole of ozone is consumed on the 1 mole phenol oxidation. This value is of 10 times less that it needs on stehiometry of oxidation reaction. Therefore, besides ozone the other oxygen containing active species have to be participated in the processes of phenols decomposition. Reactions of phenols decomposition can be represented by the following scheme:  Ph→A→CA→CO2+H2O, where Ph are phenols, A are aldehydes, CA are carboxylic acids. 

The experiments showed that the main final and intermediate products were CO2 and CA, the highest possible yields, which were calculated as percentage of initial carbon concentration in solution,   being as small as 53% at the NiO applying and 46% at the TiO2 applying. The catalyst on the based of NiO accelerated the step of phenols transformation into the CA, whereas the TiO2 catalyst acted on a step of the CA transformation into the CO2, limiting step of a process at whole being reactions of CA destruction. 

Therefore, the efficiency increase of processes developed needs the search for the methods of intensification of this step. In particular, it is quite possible to apply the hybrid catalysts of the NiO and TiO2 base whereas the DBDCC process is the most preferable neither for  decomposition of the most stable to plasma action compounds (phenol and hydroquinone) or at the solution purification with the high phenols concentrations.
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