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Introduction

General overview
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Air pollution by automotive exhaust 

ÅMajor harmful compounds

ïCarbon monoxide (CO)

ïHydrocarbons (HC)

ïNitrogen oxides (NOx)

ïParticulate matters (PM)

Åsoluble organic fraction (SOF)

Ådry soot (Carbon)

ÅMinor harmful compounds

ïBenzene, Formaldehyde etc.

These compounds are harmful not only to human body but also 

to the environment, and therefore, should be reduced as much 

as possible.
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Changes in the attainment of the EQS for 

NO2 in Japan
Roadside air monitoring stations:

Attainment rate:  about 80%
Ambient air monitoring stations

Attainment rate:  almost 100%

The air pollution by NOx from vehicles is still a major problem in the 

urban areas of Japan. 5



Evolution of passenger car emission standards

Gasoline passenger car

Diesel passenger car

http://www.implats.co.za/m/emissions.asp
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The car emission standards are getting more 

and more stringent these days, because of the 

increasing concern about these pollutants.
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Change of emission standards
for heavy-duty diesel vehicles

In the case of diesel 

vehicles, NOx and PM 

emissions are a serious 

problem.

Therefore, recent 

regulations are mainly 

focusing on NOx and PM 

in diesel exhaust.
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How to reduce car emissions

ÅFuel purification/upgrading

ïto reduce impurities forming harmful compounds

ÅCombustion and engine improvement

ïto reduce the formation of harmful compounds by 

combustion

ÅAfter-treatment

ïto remove harmful compounds in exhaust

CO ----(catalytic oxidation)---> CO2

HC ----(catalytic oxidation)---> CO2 + H2O

NOx ----(catalytic reduction)---> N2

PM ----(filter trap/ regeneration)---> CO2

Catalysis plays an important role for the after-treatment.
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After-treatment systems for car emissions

DOC DPF
NSR

or

SCR

Diesel oxidation catalyst

(DOC)

ÅCO + O2 --->  CO2

ÅHC + O2 --->  CO2 + H2O

ÅSOF + O2 ---> CO2 + H2O

Diesel particulate filter

(DPF)

ÅC + O2 ---> CO2

ÅC + NO2 ---> CO2 + NO

NOx reduction catalyst:

NOx storage reduction (NSR) or

Selective catalytic reduction (SCR)

ÅNOx + red. ---> N2 + red.-oxide

TWCCO, HC, NOx

CO, HC, NOx, PM

Three-way catalyst (TWC)

CO + HC + NOx

---> CO2 + H2O + N2

CO2, H2O, N2

CO2, H2O, N2

Gasoline vehicle

Diesel vehicle
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Automotive three-way catalyst (TWC)

TWC reduces CO, HC, and NOx 

most effectively in stoichiometric 

engine operation (A/F ratio) 

controlled with an oxygen sensor 

and a computer system. 

stoichiometric

A/F

Operation window

CO + HC + NOx ---> CO2 + H2O + N2

11



Structure of three-way catalyst

Components of TWC

1) Active species: precious metals (Pt, Rh, Pd)

2) Promoter: oxygen storage material (CeO2)

3) Support: Al2O3

4) Substrate: Cordierite or metal honeycomb

Oxygen storage 

material makes the 

operation window 

wider by absorption 

and desorption of O2.

in the form of honeycomb
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Catalytically active species



Improvement of

catalytic component materials

Development of three-way catalyst
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Improvement of oxygen storage material

CeO2 ---> CeO2-ZrO2(CZ)

Toyota developed homogeneous solid 

solution of CeO2-ZrO2 covering the 

whole Zr/Ce ratios with high oxygen 

storage capacity (OSC) and was able 

to widen the operation window.

1990's
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CeO2-ZrO2(CZ) ----> CeO2-ZrO2-Al2O3 (ACZ)

Al2O3 prevents sintering of CZ

CZ

ACZ

aging

aging

Toyota also succeeded in the development of TWC with long 

catalyst life by using Al2O3 as a wall material to block the sintering 

of CeO2-ZrO2.

15


