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Summary

Infra-red thermography and spatially-resolved capillary inlet mass spectrometry (SpaciMS) have been
used to characterize hydrocarbon oxidation reactions occurring along a Pt/Al,O; monolith-supported
catalyst, before and after thermal degradation. The combined techniques clearly show reaction location,
and therefore catalyst use, and how these change with thermal aging. Two modes of thermal degradation
were applied, one where the entire catalyst was exposed to one temperature and one where the upstream
portion of the catalyst was exposed to high temperature. Results from both will be presented and

compared.
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Introduction

Vehicle exhaust emissions catalysts are typically
supported on honeycomb monolith structures. Such
catalysts are integral devices, and gradients in reactant and
product species concentrations exist and evolve along the
surface and in the gas-phase during operation. As a result
of changing reactant concentrations, gradients in reaction
extents exist leading to gradients in temperature, and due
to these different concentrations and temperatures, the
kinetics of the different reactions occurring on the surface
are not uniform along the direction of flow. Furthermore,
in operation, significant temperature differences can exist
between upstream versus downstream regions along the
monolith, resulting in non-uniform thermal degradation
along the catalyst.

There has been significant modeling efforts directed at
accurately predicting the reaction rates and extents within a
monolith-supported catalyst, as well as the effect of a
number of variables on the overall performance.
Experiments designed to measure and provide relevant
complimentary data to validate the simulation efforts
however are lacking. The conventional method for
resolving temperature measurements is positioning an
array of thermocouples along the axis of the reactor [1].
There has also been work using IR thermography to
observe spatial variations in temperature over catalysts [2]
and is a less intrusive method. In terms of gas-phase
concentration measurements, Oak Ridge National
Laboratory has been developing spatially resolved
capillary-inlet mass spectrometry (SpaciMS), which is a

method to measure transient gas-phase concentration
profiles [3,4].

In this work, IR thermography and SpaciMS
measurements were combined to characterize temperature
and gas species concentrations gradients during propylene
and NO oxidation over a Pt/Al,0; monolith-supported
catalyst before and after thermal aging.

Materials and Methods

SpaciMS was used to measure the gas-phase species
within a 2” long, model, monolith-supported Pt/Al,O;
catalyst and IR thermography was used to measure the
surface temperatures. One set of measurements was made
during temperature ramps with the capillary positions fixed
and the other with a constant inlet temperature and the
reactants then introduced. 0.45% C;Hg, 6.5% O, and 0 or
3% H,O were mixed with a balance of N,. Experiments
were performed with an unaged sample, one aged
externally from the furnace at 675°C in air and one aged in
the reactor by pulsing CsHg and O, into the reactor while
the upstream temperature was high enough to ensure light-
off and reaction occurred only on the upstream portion of
the sample This resulted in a heterogeneous thermal
degradation pattern.



Results and Discussion

IR thermography and C3;Hg gas concentration data
obtained from the unaged sample during a temperature
programmed oxidation (TPQO) experiment are shown in
Figure 1 as an example of the results obtained. These data
clearly show where reaction was occurring in the monolith,
and changes in the reaction profile as a function of time.
Under the conditions tested, back-to-front oxidation light-
off was observed, due to a combination of convection,
conduction and heat of reaction effects.
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Figure 1: C3Hg gas concentration (top) and temperature
rise (bottom) measurements as a function of time and
position for the unaged sample.

At 0.5 in. from the inlet, <10% conversion was
observed at 750 seconds, and increased to 15% by 875
seconds. Further downstream, at 1.0 in., this increase was
more significant over the same time period, from 20 to
50%, while at 2.0 in. from the inlet, the CsHg conversion
went from 40 to 100% in that same 125 seconds. These
data at 2.0 in. indicate that the reaction front had already
passed that position at 875 seconds, however at 750
seconds, the reaction zone extended all the way from the
inlet to what is sometimes described as the reaction front,
and was not just within a small portion of the catalyst. This
reactive portion decreased in size as the front propagated
upstream, as demonstrated in evaluating the data obtained
at 950 seconds; 100% conversion was observed at both 1.0
and 2.0 in., but only 30% was attained at the 0.5 in.
location. Thus, at 950 seconds the reaction was complete
somewhere between 0.5 and 1.0 in. from the inlet.

In terms of temperature data, at 875 seconds, the
temperature rise had increased by ~10°C at 0.5 in., 11°C at
1.0 in. and 40°C at 2.0 in.. These thermography data
indicate a sharp increase in conversion and reaction
between 1 and 1.5 in., consistent with the conversion data
discussed above. Similarly, after 950 seconds, there was a
90°C temperature rise by 0.5 in. into the sample, with
significantly less at 0.18 and 1.0 in. locations, indicating
the reaction zone resided between those two points. The
conversion data suggest that the light-off front was
between 0.5 and 1.0 in.,, again consistent with the
thermography data. Similar data clearly showing reaction
profiles in the catalyst were obtained from the thermally
aged sample.

As another highlight to be discussed, changes in the
temperature and concentration profiles before and after
thermal degradation were compared (Figure 2) and show
that after thermal degradation the ignition front moved
toward the inlet significantly more slowly relative to the
non-thermally degraded sample.
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Figure 2: Time for the reaction front to traverse the back of
the monolith to each of the nine positions for which the
spatiotemporal temperature profiles were obtained.
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