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Engine pollutant emissions
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NOx abatement techniques

• Exhaust Gas Recirculation (EGR)

• Selective Catalytic Reduction (SCR)

• Nitrogen oxide Storage-reduction Catalyst (NSC)
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EGR involves recirculating a controllable proportion of the engine exhaust back into the intake air.

A valve is usually used to control the flow of gas, and the valve may be closed completely if 
required.



NOx abatement techniques

• Exhaust Gas Recirculation (EGR)

• Selective Catalytic Reduction (SCR)

• Nitrogen oxide Storage-reduction Catalyst (NSC)
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A gaseous reductant, typically anhydrous ammonia, aqueous ammonia or urea, CO(NH2)2, is 
added to a stream of exhaust gas and is adsorbed onto a catalyst.

4𝑁𝑂 + 2𝐶𝑂 𝑁𝐻2 2 + 𝑂2 → 4𝑁2 + 4𝐻2𝑂 + 2𝐶𝑂2



NOx abatement techniques
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• Oxidizing atmosphere
• Oxidation of NO to NO2 on 

the Pt surface
• Adsorption of NOx as

barium nitrites and nitrates

• Reducing atmosphere
• Substitution of barium nitrites and 

nitrates with barium carbonates
• Release of nitrogen species
• Reduction of NOx to N2

LEAN PERIOD RICH PERIOD



PON01_01419
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“CO2 LIGHT DUTY DEMONSTRATOR”
Strategies and HW/SW measures on the engine, transmission and vehicle in 

order to achieve a CO2 reduction to be applied on light duty commercial vehicles 
(N1/M1 - EURO6) as required by the EU’s proposal of 28 October 2009.

CVIT/EVL3



PON01_01419
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A first version of a photocatalyst prototype has been built.
To perform the necessary investigations the engine 
Volkswagen 2.0l (110kW) was used.
This engine is part of the widespread and therefore significant 
Volkswagen MQB family (modular Der Dieselmotoren-
Baukasten von Volkswagen)



PON01_01419
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Photo-catalytic
NOx Abatement



NanoAPULIA Project
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NanoAPULIA Project
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The NanoAPULIA project aims to apply nano-technologies (KET 2) to reduce air 
pollution from nitrogen oxides (NOx).
The basic idea is to synthesize nano-structured metal oxides with high surface area 
and high crystallinity and phase purity having photo-catalytic properties (in the 
visible and the ultraviolet spectra).
Two main sectors are considered:
1) buildings;
2) automotive.
Furthermore, new diagnostic methods are investigated for toxicity of 
nanostructured photocatalytic materials.

CVIT/EVL3



Reference case

Olsson L, Persson H, Fridell E, Skoglundh M, Andersson B, “A kinetic study of NO oxidation and NOx
storage on Pt/Al2O3 and Pt/BaO/Al2O3", Journal of Physical Chemistry B, 2001, 105, 29
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• Cylindrical catalyst, d = 12:34mm, l = 15mm
• 69 square channels (1mmx1mm)
• washcoat weight = 206mg
• 20%wt BaO/γ - Al2O3

• flow rate = 2600ml/min

Numerical details:

• The catalyst monolith is treated as a porous medium
• 3D unsteady numerical simulation
• 12540 cells
• 2nd order numerical schemes in space and time



NO2 Storage Catalyst kinetics model
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Global Storage Reaction:

Simplified Reaction model:

Note: S represents the BaO site

𝐵𝑎𝑂 + 3𝑁𝑂2 → 𝐵𝑎 𝑁𝑂3 2 + 𝑁𝑂



Comparison of the results

concentration of volumetric quantities
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surface coverage percentage

1. 680ppm of NO2 in N2 at 350°C for 10 minutes
2. N2 for 1 minute
3. 600ppm of NO in N2 at 350°C for 4 minutes
4. temperature increase (20°C/min) up to 600°C

|        1          |2| 3  |              4               |



NSC Reverse Engineering
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Prof. Michele Fiorentino



NSC Mesh Generation
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Ltot = 486mm

Lmonolith = 221mm

dinlet = 59mm

doutlet = 57mm

dmonolith = 152mm



Preliminary results (Lean Period)

Instantaneous contours of the spatial distribution of
NO and NO2 mole fractions in a meridian section of the
catalyst
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Ongoing activities

Implementation in the CFD code of the following models:

• NO oxidation on Pt/Al2O3;

• regeneration phase;

• photocatalytic reactions.
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