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Highlights 
• Hydrothermal resistance of coupled NSR-SCR system is investigated. 
• Nobel metal dispersion in the NSR catalyst is directly related with NOx elimination. 
• Pd behaves better than Pt for NOx removal and N2 production in the coupled NSR-SCR. 
• Pd-based NSR catalysts have lower hydrothermal resistance than Pt in NSR-SCR. 

 

1. Introduction 
The demand of improving fuel efficiency of light vehicles and the need to decrease CO2 emissions have 
recently led to the introduction of lean-burn engines in Europe. However, the presence of excess of oxygen 
under lean-burn conditions strongly makes the conventional three-way catalysts inefficient to remove NOx 
from exhaust gases. In this context, two promising solutions remain under research: NOx storage and 
reduction (NSR) and NOx selective catalytic reduction (SCR). 

With the NSR technology, a limited NOx storage capacity is achieved and some NO may leave the converter, 
and also NH3 may release during the regeneration of the trap, especially if H2 is used as reductant [1]. 
However, an NH3-SCR catalyst placed downstream of the NSR trap, if appropriately tuned, can complete the 
reaction between NO and NH3, much increasing the pollutant removal efficiency [1]. In order to avoid 
pressure drop, structured catalysts are required for the cleanup of automobile engine exhausts. In addition, 
these catalysts must highly resist hydrothermal deactivation. In this work, the hydrothermal resistance of 
combined NSR-SCR catalytic system is investigated with both fresh and aged monolith catalysts under 
simulated cycled lean-burn environment. 

2. Methods 
SCR catalyst was prepared by washcoating a 64 cpsi cordierite monolith with powder 4%Cu/CHA, following 
the procedure described elsewhere [2]. On the other hand, two NSR monolith catalysts, 1%Pt-
15%BaO/Al2O3 and 1%Pd-15%BaO/Al2O3, were prepared according to our previously reported procedure 

[2]. The prepared catalysts were submitted to accelerated aging under 5% H2O in Ar during 16 h at 750 °C. 
The NOx storage–reduction experiments for the single-NSR and coupled NSR-SCR configuration were also 
described elsewhere [2]. All prepared samples have been textural and chemically characterized, as powders 
by ICP-AES, N2 adsorption-desorption, X-ray diffraction, programmed temperature techniques (H2-TPR and 
NH3-TPD) and X-ray photoelectron spectroscopy (XPS). 

The activity and selectivity tests were performed in a vertical downflow stainless steel reactor, inside which 
the monolith catalysts were placed. The reaction temperature was varied from 140 to 380 ºC. The SCR 
experiments were performed with the following feedstream composition: 750 ppm NO, 750 ppm NH3 and 
6% O2 using Ar as the balance gas. When running the system under cycled NSR conditions, the composition 
of the lean gas mixture for NOx storage was 750 ppm NO and 6% O2, using Ar as the balance gas, for 150 s; 
during the subsequent 20 s rich period, oxygen was replaced by hydrogen (4% H2) maintaining 750 ppm of 
NO in the feedstream. The total flow was set at 2,900 ml min-1, which corresponds to a GHSV of 28,620 h-1. 
The NO, NO2, N2, NH3 and N2O concentration at the reactor exit were monitored every 40 ºC, once 
stabilized the analysis for at least 10 min, by FTIR multigas (MKS 2030) and MS quadrupole (MKS Cirrus) 
analyzers.  



 

3. Results and discussion 
Table 1 quantifies the surface area, Pt/Pd dispersion, pore volume and acidity for fresh and aged catalysts. It 
can be observed that the aging process reduces surface area and pore volume slightly for the prepared 
catalysts, while acidity and metal dispersion suffer from higher decrease in NSR catalysts. 
Table 1. Physico-chemical properties of the prepared granulated form catalysts, fresh and after severe hydrothermal aging. 

Catalyst Surface area, m2/g Pt/Pd dispersion, % Pore Vol., mm³/g Acidity, ml NH3 
1%Pt-15%Ba/Al2O3 Fresh 152 17.2 477 2.58 
1%Pt-15%Ba/Al2O3 Aged 136 5.20 459 1.85 
1%Pd-15%Ba/Al2O3 Fresh 161 25.6 468 7.85 
1%Pd-15%Ba/Al2O3 Aged 140 4.50 426 3.46 
4%Cu-CHA Fresh 579 - 287 3.31 
4%Cu-CHA Aged 481 - 248 2.95 

Figure 1 shows a) NOx conversion, b) N2 yield and c) NH3 yield for fresh coupled NSR-SCR system as well 
as after ageing, as a function of the reaction temperature. On one hand, palladium promotes DeNOx activity 
in the whole temperature range, due to the higher metal dispersion observed in Table 1, attaining NOx 
conversion values about 95% at intermediate temperature. Similarly, Pd-based catalyst showed the highest 
N2 production at every temperature, except for around 220 ºC, where the excess production of NH3 
(Figure 1c) penalizes the N2 yield. However, it has been verified that a lower H2 concentration during the 
rich period could reduce this problem. On the other hand, with the Pt-based catalyst, at the exit of NSR-SCR 
configuration a negligible amount of NH3 is produced at 200 °C and above. Also, for both catalysts, very few 
amount of N2O at any temperature, and small quantity of NO2 is produced only at highest temperatures (not 
shown). Finally, although Cu/CHA catalysts presented high hydrothermal stability [3], in NSR catalysts the 
presence of Pd penalized hydrothermal stability, in line with Pd dispersion decrease observed in Table 1. 

 
Figure 1. Prepared monoliths’ a) NOx conversion, b) N2 yield and c) NH3 yield in their fresh and aged form. 

4. Conclusions 

Due to its higher Pd dispersion, Pd-BaO/Al2O3 NSR catalyst shows higher NOx conversion in coupled NSR-
SCR configuration compared to Pt-based NSR catalyst. Indeed, except for 220 ºC, higher N2 yield is 
observed with Pd-based catalyst. Also, regardless the NSR catalyst, few amount of NH3 and no NO2 nor N2O 
is observed with coupled NSR-SCR configuration in the whole temperature range. In terms of hydrothermal 
stability, although Cu/CHA SCR catalysts showed very good resistance, the presence of palladium in the 
NSR catalyst severely penalized hydrothermal stability of the coupled NSR-SCR system, in line with Pd 
dispersion decrease. 
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