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Introduction

Vehicular NOx remediation strategies in the US are focusing largely on lean NOx
storage followed by intermittent rich NOx desorption and reduction. The BaO/Pt/Alumina
monolith catalysts offer great promise in that they can adsorb significant amounts of NO, [1] as
barium nitrites and nitrates [2].

A key issue in the remediation approach is the efficient oxidation of the primary
exhaust NOx product NO to NO, via the platinum catalyst with dioxygen. As shown in an
elegant combined experimental and modeling study by Olsson et al. for a Pt/AL,O; catalyst [3],
equilibrium NO and NO, concentrations are observed at temperatures greater than ~350 C for
representative conditions (SV~63,300 h™"), but that lower temperatures exhibits very slow NO
oxidation. Their microkinetic model contained 5 reactions with 7 species, and utilized 23
parameters (10 of which were adjusted to fit data). Here we report a “condensed” kinetic
approach whereby we can accurately capture the salient kinetic features of NO oxidation
employing only two reactions. Our model largely builds on the model of Olsson et al., despite
it being simpler, and is “speciated”, meaning we define explicitly what the unique species are
likely to be. The pertinent reactions are as follows:

0, +2Pt<2PtO (1)

NO +PtO < NO, + Pt 2)
As will be discussed below, rxn.(1) is the dissociative Langmuir chemisorption of dioxygen on
bare platinum sites, and is thought to be an equilibrium phenomenon. Rxn.(2) is rate-limiting,
and because it is endothermic explains the slow NO oxidation observed (vide infra).

Materials and Methods

Our experiments are preliminary and were conducted on a production
BaO/Pt/Alumina monolith catalyst. In the future we will study specifically a Pt/alumina
monolith catalyst. Calibrated flow meters were used to deliver the reaction gases (O,, NO, and
NOy) in helium and FTIR spectroscopy was used to determine NOx concentrations. Typically
a minimum of three hours were given for given input concentrations to stabilize to final output
concentrations. In the way the effects of barium, either as a NOx source or sink, become
negligible. We employed 7.4 em® of catalyst, therefore at 0.5 and 1.0 LPM flow we had
SV~8000 and 4000, respectively. Either NO or NO,, at ~500 ppmv, were input together with
8% O at one of three temperatures studied.

Results and Discussion

Table 1 below summarizes our initial data. Given in the table are NO,/NO ratios as
well as values of the approach to equilibrium, 3, defined as the reaction quotient divided by the
equilibrium constant (in parentheses). Since f§ for NO+O; in deviates from unity more than for
NO,+0; in, this is consistent with a slower (AG>0) NO oxidation process.

Table 1. NOx reaction data illustrating slower NO oxidation relative to more facile NO,
reduction.

NO,/NO

ratios =

Temperature | Equilibrium | NO,+O, in | NO,+0, in | NO+O, in | NO+O, in
@ 1.0 LPM @ 0.5 LPM @ 1.0 LPM @ 0.5 LPM

481K 63.7 121. (1.90) | 98.0 (1.54) | 0.040 0.066
(0.00063) (0.0010)

582K 5.0 22.1 (442) | 18.0 (3.60) | 0.34 (0.068) | 0.45 (0.090)

632K 1.9 274 (144) | 24 (126 125 (0.66) | 1.6 (0.84)

The model consisted of the following input for rxn.(2): specific concentrations used
in constructing Table 1 (24 in total), the estimated reactor residence times, input temperatures,
Arrhenius A-factors Ay=Ay, at the gas kinetic limit of 1.5E-8 em’/s site at 550 K and 1.0E15
Pt+PtO sites/em’. Model output included the activation energies (forward and backward) Eyy,
Eyp, and three PtO/Pt site ratios at the input three temperatures. The results were: E»=29.2
kJ/mole, Ey, =12.5 kJ/mole, PtO/Pt=7260 (481K), 639 (582K), and 62.6 (632K). Using the
fitted activation energies for rxn.(2) the predicted reaction enthalpy is DH;»~16.7 kJ/mole.
This value can be compared to that predicted to that expected using gas phase enthalpies for
NO and NO; [4] and the enthalpy of oxidation of Pt [S]. A predicted value for rxn.(2) of
DH,(prediction)=13 kJ/mole is broadly consistent with our finding, but somewhat lower than
that obtained by Olsson et al.’s modeling study [3] of 8.7 kJ/mole. Further, using the PtO/Pt
ratios, together with a dissociative Langmuir model for O, adsorption on Pt, an enthalpy of
DH,;=-149.5 kJ/mole is predicted. This value is very close to the -142 kJ/mole O, referenced
above [5].

Significance

The simple and speciated model we propose here, in principle, may enable
researchers to predict the “low” temperature NO+O, oxidation behavior of other, perhaps
preferable, precious metal catalysts. The heats of O, adsorption for the pure precious metals
Pd (-176 kJ/mol) and Rh (-201 kJ/mole), suggest that rxn.(2) will be likely even more
endothermic than that for Pt. However, the heat of O, adsorption on Ag (forming surface Ag-
O) is only -124.1 kJ/mole [6], hence may be a preferable, less expensive, NO oxidation
catalyst. It is reasonable perhaps, to have monoliths comprised of a more effective low
temperature NO oxidation catalyst together with an effective Pt-like NOx reduction catalyst.
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