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Introduction

The introduction of increasingly more stringent regulations for tailpipe emissions of
lean-burn gasoline and diesel engines presents the need for further optimisation of existing after-
treatment technologies. These legislations focus primarily on the reduction of NOx at low
temperature, i.e., during the cold start period of engine operation.[1] High surface area ceria is
successfully employed as an excellent support of PGMs in commercial catalytic LNT (Lean NOx
Trap) systems for automotive emission control. Platinum supported on ceria shows enhanced
NOx storage at low temperatures (150-300°C), together with improved hydrocarbons light-offs.
The OSC (Oxygen Storage Capacity) of ceria can be further enhanced using dopants. Their main
function is to allow the catalyst to function outside of the normal working temperature range and
widen the operating conditions to increase catalyst efficiency.[2] To this end, Samarium was
selected as the doping element because of its reported effect on Pt reducibility and the Pt-ceria
interaction, which allow for higher storage capacity during lean operation as well as enhanced
activation during rich purge. Sm doped catalysts (10 wt.%) were synthesised on a range of ceria-
based catalysts with increasing loadings of Pt (0-1 wt.%). The objective of this study was to
investigate the effect of the dopant on the performance of the different catalysts, and, to correlate
their reactivity with the morphological changes observed on the surface.
Materials and Methods

Catalytic benchmark testing was performed using lean/rich switching conditions to
best represent real-driving conditions. 20 cycles were performed at each temperature hold to
achieve a steady-state storage and conversion. The switching frequency used was 120s lean to
10s rich. Lean phase gas conditions included a complex mixture of 12% O,, 5% CO,, 5% H,0,
60 ppm NO, 400 ppm C;H and 1500 ppm CO. Rich phase conditions included a mixture of:
1.5% O,, 5% CO,, 5% H,0, 60 ppm NO, 1500 ppm C;Hs and 3% CO (balance Ar). Cycles were
completed at 150, 200, 250 and 300°C. Experiments were operated with a space velocity of 30000
h', using a flow rate of 200 ml/min. Measurements were performed online using a Pfeiffer
OmniStar™ Vacuum Mass Spectrometer. H,-TPR experiments were performed using a
MicroActive AutoChem II 2920 Chemisorption Analyser. The catalysts were pretreated for 1
hour at 500°C in 10% O»/He (35ml/min). Hydrogen uptake was measured during a heating rate
of 10°C/min, from 0°C to 1000°C in 5%H2/Ar (35ml/min).
Results and Discussion

Results from lean/rich cycles illustrated in Figure 1, show that the addition of 10wt.%
Sm dopant on a 1wt.% Pt-Ceria catalyst increases the NOx stored from 31% to 50%, at the low
temperature (200°C). The presence of Sm dopant also increases the amount of HC (C;He)
oxidised at low temperature (200°C) by around 26% (not presented). A similar dopant behavior
was also observed at lower Pt loading (0.25 wt.%). The effect of the dopant on the enhancement
of the lean NOx storage capacity and HC oxidation, at temperatures above 250°C, was more
prevalent at lower Pt loading (0.25wt.%) although the total NOx stored was reduced.
To further characterise the dopant effect on NOx storage and oxidation capability, many
characterisation methods were used; one of which, H,-TPR, is interpreted here. The results are
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depicted in Figure 2 below. The industrial Ce support, shows the expected H, consumption peaks,
from ~200 — 600°C and above 700°C which correspond to
the surface and bulk reductions of ceria, respectively. 10wt.% Sm addition to the industrial ceria
catalyst (Sm-Ce) results in a surface reduction profile modification to produce more intense peaks
between 250-600°C. As well as these surface changes, there is a shift in the bulk reduction
temperature ranges and peak profiles to lower temperatures. We can also see from the
intermediate-high temperature range (~600 — 750°C) a noticeable difference between doped and
undoped ceria catalysts, such that, the doped catalyst continues to reduce in this range unlike the
undoped sample. This may indicate mixed phase reduction on the Sm doped catalyst.

TPRs of PGM loaded samples show that when Pt is present on the catalyst, (1.0Pt-Ce) an initial
set of intense peaks, in the range ~ 0 — 250°C, is produced. This can be attributed to the reduction
of the metal as well as the reduction of ceria in close contact with the metal on the surface of the
catalyst. The bulk reduction remains generally unaffected, with a slight increase in the amount
of H, consumed. The incorporation of Sm to this Pt loaded catalyst (1.0Pt-Sm-Ce) does not
significantly modify the initial reduction temperature ranges, however, there is an indication of
the dopant effect on the Pt-Ceria interaction. Low temperature peaks are not overlapped and a
further peak, occurring at low — intermediate temperatures (~300 — 550°C), can be observed.
From these experiments it is evident that the presence of Sm results in morphological changes to
Ce-based catalysts both with and without the presence of a noble metal. The link between this
structural modification and the increase in NOx storage capacity has been also investigated.
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Figure 1 & 2 (LtoR). (1) NO stored/transformed during lean gas flow at a temperature range
from 150-300°C for 4 catalysts (Ce, Sm-Ce, 1.0Pt-Ce & 1.0Pt-Sm-Ce). (2) H,-TPR profile over
a temperature range from 0-1000°C for 4 catalysts (Ce, Sm-Ce, 1.0Pt-Ce, 1.0Pt-Sm-Ce).
Significance

Initial lean/rich activation testing shows that as the presence of the doping element,
Samarium, on Pt-Ceria increases the NOx storage capacity of the catalyst at low temperatures
(150-300°C) and subsequently decreases the temperature needed for NOx reduction. This is
particularly important for the application of these catalysts to reduce NOx emissions during cold
start operation. Knowledge gained from this experimental work can help improve future catalyst
development and help to meet exhaust emission limits set out in the Euro 7 legislation.
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