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The nitrate ion, NOs’, is ubiquitous in the environment. However, excess nitrate from
sources such as over-fertilization and animal waste often contaminate surface waters, such as
Lake Decatur in Decatur, IL, that provide drinking water to local communities.' In order to meet
EPA requirements, drinking water supplies with high levels of nitrate must be treated to lower
the level below 10 mg/L NO3;-N (45 ppm NOs).> Denitrification using palladium-copper
catalysts with hydrogen as a reducing agent has shown promise as an alternative to current
treatment methods.”"" However, developing a better understanding of the relationship between
the bimetallic catalyst structure/composition and the corresponding activity/selectivity is critical
for developing an optimal process

We have synthesized a set of Pd-Cu/PVP colloids (PVP = polyvinylpyrrolidone) with 50-
100 at% Pd by an alcohol reduction method developed by Bradley and co-workers.'? Nitrate and
nitrite reduction activities were measured in terms of observed pseudo-first order rate constants.
Nitrate reduction rates were highly dependent on copper content, with minimal reduction
observed with catalysts containing < 20 at% Cu, whereas nitrite reduction rates were relatively
insensitive to changes in composition (Figure 1). Nitrite reduction rates were, however,
significantly affected by changes in pH.
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Figure 1. Nitrate (left) and nitrite (right) reduction rates (CO, buffer, pH = 6) as a function of
composition with Pd-Cu/PVP catalysts.

Powder XRD and IR of adsorbed CO were used to probe the structure of the Pd-Cu
nanoparticles in the colloidal materials. XRD showed that the fcc lattice of palladium contracted
with random copper substitution, but as the copper content reached 50 at% the fcc structure was
no longer evident. A decrease in average particle size for the nanoparticles with higher copper
content corresponded to the increase in observed nitrate reduction rates.



The set of Pd-Cu/PVP colloids was also used as precursors to form Pd-Cu/Al O3 catalysts.
Calcination and reduction steps were necessary to remove the PVP, which induced significant
structural changes in the metal particles. Powder XRD and CO chemisorption showed that the
average particle diameters of Pd-Cu nanoparticles on alumina had more than doubled from the
original nanoparticles in the Pd-Cu/PVP colloidal materials. Nitrate and nitrite reduction
activities showed similar dependences on composition as observed for the colloid catalysts.

For the first time, direct measurement of NO and N,O reduction under typical nitrate
reduction conditions was conducted. N>O had previously been observed as an intermediate in
nitrate reduction.> > A closed system was developed, and the headspace composition was
monitored by GC-MS. N,O reduction was strongly dependent on the Pd:Cu ratio of the catalyst,
whereas NO reduction was much less dependent on the catalyst composition (Figure 2).
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Figure 2. Nitrous oxide (left) and nitric oxide (right) reduction rates as a function of
composition with Pd-Cu/Al,O3 catalysts.

Dinitrogen was the only product detected for nitrous oxide reduction, although quantitative
measurements were not feasible with our current methods. In addition to dinitrogen formation,
small amounts of ammonia were measured following the reduction of nitric oxide. This supports
the proposal that the selectivity of desired N, over the side-product NH3 is determined during
nitrate reduction by intermediate NO,gs units formed on the catalyst surface (Scheme 1).%!
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Scheme 1. Step-wise reduction of nitrate with selectivity determined from an NO intermediate.
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