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Introduction:

The new Euro 7 protocol, proposed by the Commission on 26 October 2022, concerning emissions of lean-
burn engines, presents a need for further optimisation of existing after-treatment technologies. It reveals a
35% reduction to the NOx emission limit for cars and vans, compared to Euro 6 [1]. A well-known technology
employed to reduce NOx to clean emissions in light-duty vehicles is the Lean NOx Trap (LNT). LNTs employ
catalysts consisting of PGMs supported on ceria (CeO,) or other mixed oxides. Ceria’s redox property makes
it an attractive selection, as well as its ability to store NOy at low temp (<300 °C), especially when Pt is present.
Storage properties of ceria can be further enhanced by doping. Dopants reportedly allow ceria to function
better at low temperature (<300 °C), and to reduce the PGM loading required to achieve the same
conversion efficiencies. [2] The RE metals Sm, Pr and Nd have been employed as dopants on CeO; for LNT
applications to increase surface oxygen content, oxygen vacancies, defect densities, and cause changes to
the Pt-ceria interaction. These structural changes can allow for higher NSC during lean operation and
enhanced activation during rich purge. [3] Sm, Pr and Nd doped catalysts (10 wt.%) were synthesised on a
range of ceria based catalysts with different Pt loadings (0-1 wt.%). Morphological changes observed through
dopant addition has been investigated and related to catalytic performance increases.
Experimental/methodology:

NOXx Storage Capacity experiments were carried out in a fixed bed reactor (tot. flow 200 Ncc/min, 40mg cat).
Initial activation and cleaning ran from RT to 450°C flowing 0.4% H, in Ar. Storage conditions consisted of 5%
0,, 400ppm NO, balanced with Ar. For H>-TPR experiments; catalysts were pretreated to 500°C for lhr in
10% 0,/He (35ml/min). H, consumption was measured from 0-1000°C in 5%H,/Ar (35ml/min) at 10°C/min.
Results and discussion:

NSC experiments were performed to assess the differences in NOy storage capabilities at low temperatures
(150-300°C), on a range of doped ceria and Pt-ceria samples (Figure 1). It is observed that, at 150°C, the NSC
increases by 15% and 40% compared to that of the bare support, upon doping with Sm and Pr, respectively.
To understand the dopant effect on NOx storage and oxidation capability, H.-TPR experiments were also
performed. Figure 2 shows reduction profiles of the four supports. Ceria shows the expected H, consumption
peaks: from ~200-600 °C and >700 °C related to surface and bulk reductions of CeO,, respectively. Upon
10wt.% addition of Sm, Pr and Nd, more intense peaks of reduction are observed between 250-450°C along
with a continuous H, consumption section between 600-700°C possibly indicating a mixed phase reduction.
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Figure 1. NSC experiments *(Ce = Ceria) Figure 2. H,-TPR experiments *(Ce = Ceria)

Many other characterisation techniques have also been used to study catalyst modification with doping. XPS
highlighted an increase in surface O content present on the doped samples. Raman spectroscopy
investigations showed higher defect densities on doped surface. EELS imaging illustrated partial separation
of Pt at the CeO, surface caused by Sm doping which affects the Pt-Ce bonding. These studied effects may
help explain the greater catalytic performances of the doped catalysts to remove NOx at low temperatures.

References [1] Euro 7 factsheet, doi:10.2873/99010. [2] Chansai, S.; Burch, R.; Hardacre, C.; Breen, J.; Meunier, F. J.
Catal. 2011, 281, 98. [3] Filtschew, A.; Hess, C. Appl. Catal. B Environ., 2018, 237, 2, 1066—1081.
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