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In this presentation

A catalytic system as a replacement for Pt catalyzed 
NOx-assisted soot oxidation is proposed

A catalytic system to improve available NOx-
assisted soot oxidation system is proposed
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Introduction
Emission Regulation

NOx and soot (PM) emission 
are harmful and regulated 

Asia-: 

- Australia  : EURO III in 2005

- Singapore: EURO III 2007

- Indonesia : EURO II 2005-?

- Philippines: EURO II 2007



Introduction
The Particulate Matter

 Soot structure and components:

Agglomerate of primarily 

soot particle 

(graphite-like 

structure)

Adsorbed condensed

hydrocarbon

“carcinogenic”

Droplet of condensed

hydrocarbon

H2SO4 droplet



Diesel Emissions Abatement Technology
Existing Tech

Recycle reaction ?

2 2

Pt
NO O NO    

/

2

Pt CeNO C CO NO

Depends on engine-out NOx; 

CRTTM Technology Reaction:

2 2

Pt
NO O NO    

2NO C CO NO

Other 
option?

How
To proceed?

Allanson et .al SAE 2000-01-0480.



Experiments
Catalysts bed Configuration

Bed configurations Aspects to observe:

 Catalyst activity in the oxidation
of NO to NO2

 Catalyst activity in the NOx-

assisted PM oxidation

 Catalyst activity in NOx-assisted
soot oxidation (two separate
beds)

700 ppm NO+10%O2

1. Catalyst
2. Soot + Catalyst

700 ppm NO+10%O2

Quartz wool

1. Catalyst
2. Soot
3. Soot + Catalyst

Catalyst



Experiment:
Reactor Set-Up

Feed: 700 ppm NO, 10% O2

Argon as gas balance

GHSV 54000 l/lh

Reactor: Heating programme:

TPO ond Isothermal 

NDIR: Analyze CO, NO, CO2, SO2

Argon as gas balance

NOx 
analyzer

NO and NO2

Setiabudi et .al Appl. Catal. B; 50 (2004) 185-194



Experiment:
The (RUTI) Catalysts

Support Active Metal Metal loading 

(%w/w)

BET Surface Area

Al2O3

(Alumina)
Ce2O3 5, 10, 15 96 2

Co2O3 5, 10, 15 111 3

Mn2O3 5, 10, 15 103 2

Ce2O3-Mn2O3 5-5 107 2

Ce2O3-Mn2O3 7.5-7.5 107 2

• Preparation Methods: Incipient wetness impregnation 

from its Nitrate precursor

• Characterizations: BET, XRD, TPR



Results:
NO oxidation

2 2

Catalyst
NO O NO        

580-680 K

Temperature (K)
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10%CeO2 on Alumina

15%CeO2 on Alumina

15%Co3O4 on Alumina

15% Mn2O3 on Alumina

10% CeO2-Mn2O3on Alumina

Pt Catalyst

NO oxidation as a function 
of temperature by various 
catalysts



Results:
Soot Oxidation ‘one step reaction type’

Conversion (-)
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750 ppm NO + 10% O2

750 ppm NO + 10% O2

Single bed
Soot only

750 ppm NO + 10% O2

2 2

RUTICat
NO O NO          

2NO C CO NO

2 2C O CO NO

1
2 2 2

PtCO O CO

Isothermal NOx-assisted soot oxidation rate 
at 625 K, one step reaction



Results:
Soot Oxidation ‘recycle reaction type’

Conversion (-)
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Pt-(Mn2O315%)

Pt-(CeO2-Mn2O3 10%)

CeO2-Mn2O2-(CeO2-Mn2O3) 

Pt-no catalyst

Single bed
Soot only

750 ppm NO + 10% O2

750 ppm NO + 10% O2

Pt catalyst

Catalyst+soot 

Oxidation rates increase 
dramatically

- Nr of NO2 increase ?

- Other factor ?

Isothermal NOx-assisted 
soot oxidation rate at 625 
K, one step reaction



Results:
NO Oxidation ‘double cat. bed’

Temperature (K)
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Pt-(CeO2-Mn2O310%)

750 ppm NO + 10% O2

Pt catalyst

Catalyst 

No additional NO2 !!!



Temperature (
o
C)

200 300 400 500

Soot oxidation rate g/g soot initial
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Oxidation rate with Pt/ceramic foam

Setiabudi et. al Appl. Catal. B; 42,  2003, 35-45



Conclusions

 Mn2O3, CeO2-Mn2O3 catalysts are active 
in the oxidation of NO to NO2

 At 625 K, NOx-assisted soot oxidation 
rates by the catalysts are comparable to 
that of Pt catalyst both in both single 
step and recycle reaction type.

 The catalysts are potential as Pt 
replacement in the NOx-assisted soot 
oxidation.
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Results
Chatalyst Caracterisation: TPR

Temperature (K)
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Temperature Programmed Reduction (TPR) profile of catalysts

CeO2-Mn2O3 has the 
lowest reduction 
temperature, might be 
the most active one



Results
Catalysts characterisation XRD (2) 

2 theta
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Ce-Mn 10% 

Al2O3

X-Ray Diffraction (XRD) spectra of 10% w/w catalysts 
supported on Alumina calcined at 600 oC

Best Calcinations
Temperature:

Mn : 500 oC

Ce : 500 oC

Ce-Mn10%: 600 oC


