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INTRODUCTION 
 
Since conventional soot particle filter systems exhibit a significant increase in exhaust gas back pressure 

and are easily clogged by engine oil ashes, current research activities are focused on the development of 

filterless soot particle deposition structures [1]. First experiments confirmed the high potential of newly 

developed structures for efficient particle deposition. Detailed studies of the involved processes including 

thermophoresis are currently under way and are used to optimize the design and operating conditions. The 

reaction mechanisms and kinetics of soot particle oxidation by nitrogen oxides are also investigated for 

different deposition structures and types of soot under a wide range of experimental conditions relevant 

for modern diesel engine exhaust systems.  

 

 

METHODS  

 

For the investigation of the soot deposition mechanisms a novel model gas test bench was developed 

allowing the characterization of soot particulate deposition in specially designed flat bed reactor systems. 

With a flown through cross sectional area of 10 x 6 mm these reactors provide a high flexibility 

concerning the type of deposition structure, their length (74.5 to 290 mm), temperature conditions (25 to 

450°C), model gas composition and flow velocity under laboratory scale conditions. Simulated hourly gas 

space velocities range between 10,000 and  200,000 h-1. The model soot aerosol was produced by spark 

discharge (PALAS GfG 1000). For the measurement of the size distribution of the soot aerosol before and 

after the deposition device a SMPS system was applied consisting of an electrostatic classifier (TSI EC 

3071) and a condensation particle counter (TSI CPC 3025 A). Complex heat control devices were adopted 

to ensure isothermal sampling conditions at all sampling points to cancel out sampling losses mainly 

caused by thermophoresis. The soot deposition studies are followed by oxidation experiments of the soot 
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deposited on the structures in the flat bed reactors with mainly NO2 in typical diesel engine exhaust gas 

conditions varying space velocity, temperatures and gas composition. Therefore it is possible to describe 

the oxidation kinetics of soot particles deposited under realistic flow conditions as they occur in novel 

particle deposition systems. The experiments with spark discharge soot are complemented by experiments 

with real diesel soot particles sampled at engine test benches.  

 

 

RESULTS  

 

Different kinds of stainless steel deposition structures were characterized concerning their deposition 

behaviour. Diffusion, impaction, interception and turbulent deposition are found to be the dominating 

deposition mechanisms. According to the type of structure the deposition efficiency is dependent on the 

soot loading (Figure 1) and therefore increases with time. Particle deposition was found to be significantly 

higher for structures which were homogeneously coated with micrometer sized steel spheres. Experiments 

at a heavy duty vehicle (HDV) engine test bench shows particle mass reduction of about 70% applying 

these structures in a silencer housing. With this exhaust gas aftertreatment system the particulate 

emissions were significantly below the EURO IV emission limit value of 20 mg/kWh in the ESC and 30 

mg/kWh in the ETC test cycle. The maximum pressure drop was 101 mbar during the ESC test cycle 

which is far below the values reported from monolithic filter systems. Further engine test bench 

experiments showed no blow off effects and did not indicate any clogging behaviour as it was observed in 

tests with conventional diesel particulate filters. 
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Figure 1: Particle deposition efficiency ε as a function of dp in a novel catalyst structure. 

 

 

 

 



Oxidation experiments with real HDV soot deposited on the novel catalyst structures show a significant 

influence of the oxidation rate on the deposition structure, temperature and gas composition [2]. The 

differential rates of carbon mass consumption at 350°C were around 5 times as high as the ones at 300°C. 

The rates increased slightly with NO2 concentration. Significant carbon consumption was already 

observed at concentrations as low as 65 ppm NO2. Model calculations based on the kinetic rates derived 

from the experiments showed that soot oxidation under realistic exhaust gas conditions is sufficient for a 

continuous removal of diesel particulate matter deposited in the novel catalyst structures. 
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PM-KAT® - A Novel Particle Removal System

Requirement: Low-emission engine (PM <  50 mg/kWh)

Aims: 1) Efficient PM removal 

2) Low pressure drop

3) No clogging
(Jacob et al. Wiener Motoren Symposium 2002
Rothe et al. Haus der Technik 2003)
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PM-KAT® - A Novel Particle Removal System
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Methodology

Carbon mass balance:

dtm
dmk

C

C
diff =Pseudo 1st order approach:

ε = f (mC, V, T, cat) kdiff = f (T, ci, cat)

kdiff = ???

1) Development of particle deposition structures

2) Investigation of soot oxidation kinetics (diesel & model soot)

3) System optimization

Deposition Oxidation

diffCCm
C kmcV

dt
dm

−=
•

,ε
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Experimental Setup - Model Catalytic System

GfG 1000

Gas Synthesis

FBR

FTIR

Process Control
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Flat Bed Reactor (FBR)

- Easy to equip with deposition structures

- PID temperature control

- Macroscopic investigation of deposition     
pattern

- Microscopic investigation (SEM)
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Soot Particle Deposition Investigations
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• Generation of turbulent eddies 

• Deposition of soot particles via

BS Structure

Foil thickness 50 µm
Cell density ~ 200 cpsi

- Diffusion
- Impaction 
- Interception 
- Turbulence

+

Flat foil

Corrugated foil
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Deposition Efficiency

• Build up of „filter cake“    

• Increase of pressure drop

• Increase of deposition efficiency  

Need for surface modification
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HDV Engine Test Bench Results
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Soot Oxidation Kinetics
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dtm
dmk
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diff =

Differential Rate Coefficient 
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Summary & Conclusion

1. Novel deposition structures (microsphere coating)

2. High deposition efficiencies (up to 80%)

3. Low pressure drop (< 100 mbar) 

4. Consistent laboratory & engine test bench results

5. Efficient soot oxidation under ESC/ETC conditions 
(continuous regeneration feasible)

Economic & reliable solution for low emission 
HDV-engines (EURO IV requirements)
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Thank you for your attention ... 




