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Introduc on 
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Pt/Ba/Al2O3 is considered the ‘standard’ NSR catalyst and has been extensively 
studied for this process since original publica on by Takahashi et al. (1996). As 
such, the chemical processes involved during NSR cycles are well understood 

NSR catalysts generally consist of a noble metal and ‘storage compo-
nent’ (alkaline earth metal) supported on alumina. Opera ng through alternate 
lean and rich condi ons, the NOx is ini ally ‘stored’ on the catalyst surface during 
lean condi ons (Figure 2), in the form of nitrates and nitrites. Subsequent  
introduc on of a reductant, in this case H2, reduces the stored species to form N2 

Although silver catalysts have previously been explored for related deNOx  
applica ons , primarily in Selec ve Cataly c Reduc on (SCR) approaches (e.g. 
Burch et al. (2004), their performance in NSR reac ons has not been reported 
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Theory 

Legisla on is in place to control emissions from various pollutant processes i.e. the Waste Incinera on  
Direc ve (WID) regulates ac vi es that involve burning or gasifica on of waste (Figure 1) 

Technologies have been developed which react a reductant with NOx emissions, forming harmless N2 and 
H2O. Development of a material and process to treat NOx emissions using H2 is the aim of this project 

U lising H2 already present in the system (Figure 1) could provide a reductant which does not have to be 
specially manufactured (in contrast to e.g. NH3, urea), and hence would be a cleaner approach 

H2 can also be used in NOx storage and reduc on (NSR) processes where NOx species are first ‘trapped’ and 
subsequently reduced through alternate lean and rich-burn cycles (Figure 2) 

Figure 4: Ag/K/Al2O3  
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Figure 3: Ag/Ba/Al2O3 
monolith catalysts 

10 mm 

14 mm 

Figure 2: NO adsorp on pathways on Pt/Ba/Al2O3 NSR catalysts 

❶ Close proximity of Pt/Ba sites result in the 
  rapid uptake of NOx at these loca ons 

❷ Ba sorbate sites further away from Pt sites 
  have a slower uptake 

❸ Ba sites not in contact with Pt sites trap  
  NO2 exclusively from the gas phase using  
  the NO2 dispropor ona on mechanism 

 

 

3NO2 → 2NO3
- + NO

  

  Ba   Pt   

O2 
  

NO 
 

 
NO 

  

 
O 

 

O2 → 2O     
NO + ½O2 → NO2

NO2 + O- → NO3
-                 

  

  

    
NO2 

   

  
O2 NO NO2 

 

NO(g) → NO(s) 
NO + ½O2 → NO2

 Pt 

Al2O3 

❶ 

❷ ❸ 

Catalysts 
Catalysts prepared using  
impregna on techniques and 
supported on honeycomb  
monoliths (Figures 3 & 4) 
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Figure 5: Photo of experimental set-up 
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Both catalysts appear to demonstrate some poten al in their ability to 
‘store’ and subsequently reduce NO (Figures 6 and 7). Ag/K offers a greater 
storage capacity (which may be related to storage component loading) and 
less forma on of side products. Ag/Ba demonstrates a greater ability to  
reduce the stored NOx with minimal NO desorp on seen in the rich phase 

Both catalysts demonstrate different affini es for NO (Figure 7), with Ag/K 
demonstra ng reac on of surface species with NO, even in the absence of 
O2: forma on of N2O (+1200 ppm) and NO2 at higher temperatures 

Figure 6: H2-NSR Lean and Rich cycle over Ag/Ba/Al2O3 catalyst at 400 ᵒC 
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Complete catalyst characteriza on including Temperature-programmed 
Surface Reac on (TPSR) studies 

Inves gate possible impact of ‘KK leaves’ Al2O3 support structure (Figure 
9); freeze drying process produces thin leaves of Al2O3 (thickness 0.2-0.8 
μm), first reported by Kolaczkowski et al. (2006). The thin layer structure 
may offer less resistance 
to diffusion, possibly  
impac ng the quan ty of 
catalyst required 

Conclusions 

Figure 7: NO-TPD over Ag/Ba/Al2O3 and Ag/K/Al2O3 catalysts 

Figure 8: H2-NSR Lean and Rich cycle over Ag/K/Al2O3 catalyst at 400 ᵒC 
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Total Flow Rate (ml/min) 480 550 

Table 2: NSR Experimental Condi ons 

Step 1 Heat to 500 ᵒC under N2 

Step 2 Reduce in 8000 ppm H2/N2 for 30 mins 
Step 3 Pre-oxidize in 10 % O2/N2 for 15 mins 
Step 4 Cool down to 150 ᵒC in N2 
Step 5 1000 ppm NO/N2 for 30 mins 
Step 6 Heat to 700 ᵒC in N2 at 10 ᵒC/min 

Table 3: Temperature-programmed Desorp on (TPD) Experimental Steps 

Loading (wt%) 

Silver 
Barium Potassium 

5 14 - 
5 - 38 

Storage Component 

Table 1: Catalyst Composi ons 

Channel Size =  

1 mm x 1 mm 

(~80 channels per 
monolith) 

Figure 9: SEM images of Al2O3 ‘KK Leaves’ 

Figure 1: Schema c of proposed biogas 
engine exhaust treatment system 
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