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Development of a System Based on
Cupper-Palladium Bimetallic Catalyst for
Remediation of Nitrate Polluted Groundwater
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The pollution of groundwater, especially with nitrate ions, has recently become serious
worldwide problem. Nitrate can cause blue-baby syndrome when ingested by infants and are
responsible for some cancers and diabetes. Conventional physicochemical methods and biological
de-nitrification process due to high cost and secondary pollution limit the application of these
processes. Catalytic de-nitrification using solid catalysts as a new and alternate technology for
removal of nitrates from groundwater is being focused. Many studies had been carried out on the
catalytic reduction of nitrate in water using Cu-Pd bimetal catalyst, since the discovery of
Cu-Pd/AlL,O; as an active and selective catalyst by Vorlop and colleagues. However, the selectivity
for N, was insufficient even for the Cu-Pd/Active carbon and thus the concentration of ammonia
formed exceeded allowable level for drinking water. Therefore, at presents there is no simple process
in catalytic reduction of nitrate that can meet the demands of the concentration of nitrate, nitrite, and
ammonia simultaneously in real groundwater purification. In this study, with a view to profitable and
practical use of solid catalyst, purification system for groundwater polluted with nitrate was
developed. In this system, development of the catalyst showing high activity and selectivity for the
reduction of nitrate is a key technology, by combining these technologies, a system for purification
of groundwater contaminated with nitrate, consisting of pretreatment with ozone oxidation, catalytic
reduction with Cu-Pd/Active carbon and post-treatment by ion-exchange technology using zeolite is
proposed and demonstrated.

Type of active carbon and Cu/Pd ratio in the Cu-Pd/Active carbon were systematically
examined in order to develop a highly active, selective and stable catalyst. The result showed an
active carbon derived from coconut shell was the most suitable for Cu-Pd/Active carbon with high
activity and high selectivity for N; (+N,O), and the Cu/Pd ratio significantly affected the catalytic
performance, at the same time, the selectivity for NH; was suppressed to meet the allowable level
of NHj3 for drinking water (0.5 ppm) under low H, partial pressure (0.05 atm) with neutral pH. The
Cu-Pd/Active carbon catalyst showed constant conversion and selectivity.

Cu-Pd/Active carbon catalyst was applied for the practical groundwater polluted with nitrate,
the result showed activity was decreased and selectivity for NH; was increased for the purification
of groundwater, comparing with that in distilled water over the Cu-Pd/Active carbon. The influence
of groundwater including coexistence matter on adsorption and reduction over Cu-Pd/Active
carbon was systematically investigated. When chloride anion was present in water, the performance
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of Cu-Pd/Active carbon was decreased due to the competitive adsorption; the presences of SO,>
and cation had no effect on nitrate reduction over Cu-Pd/Active carbon; the organic matters
contained in the groundwater decreased the activity and selectivity. In addition, ozone pretreatment
of groundwater suppressed catalyst deactivation.

The formation of NHj is serious problem in the purification of groundwater containing some
coexistence matter. Ion-exchange adsorption using synthetic zeolite as a high adsorption capacity
was researched. The author found that Na-form mordenite was an efficient cation-exchanger for
removal of low-concentration NHj in water in comparison with Na-ferrierite, Na-ZSM-5, Na-f, and
Na-Y, as well as K- and H-form mordenite. Coexistent K" and Na" in water had little influence on
ammonia uptake with Na-mordenite, In contrast, coexistent Ca®* and Mg significantly lowered
ammonia uptake. However, Na-mordenite can remove low concentration NH; even in the presence
of excess Ca*" and Mg2+.

By using a three-stage system consisting of ozone oxidization, catalytic reduction on the
Cu-Pd/Active carbon catalyst, and ion-exchange with Na-mordenite for purification of real

groundwater polluted with nitrate, groundwater was successfully purified to meet the standards of
drinking water.
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