
AUTO CATALYSIS
One of the most important applications for 
Rare Earths is in the catalytic converters in 
the exhaust systems of gasoline/petrol 
fuelled vehicles including the petrol fuelled 
hybrid vehicles.  

The catalytic converters are an essential feature on 
vehicles. They enable stringent vehicle emission limits to 
be met. Without treatment vehicle emissions contain 
carbon monoxide (CO), unburnt hydrocarbons (HC) and 
nitrous oxides (NOx) which are detrimental to air quality 
and contribute to greenhouse gases.

Treatment of the exhaust gases from vehicles is essential. 
Carbon monoxide is a poisonous gas. In combination with 
unburnt hydrocarbons it contributes to smog formation.  
Nitrous oxide is zone depleting and has 300 times the 
greenhouse gas impact of carbon dioxide. Nitrous oxides 
can cause serious health effects and also contribute to 
smog formation.

Vehicle emission limits were first established in the 1970s 
which triggered the invention of the three way catalytic 
converter for petrol engines. In Europe the limits are 
specified by Euro standards the first of which were adopted 
in 1992 and have evolved to the current Euro 6 standards. 
Since regulations were introduced, the limits for CO, Total 
Hydrocarbons (THC), NOx and Particulate Matter have 
been reduced significantly as shown in the graph below 
(CO as a percentage of the initial Euro 1 limits, THC and 
NOx as a percentage of the initial Euro 1 limits).

The US regulations are the Federal Low Emissions Vehicle 
(LEV) standards (current Tier 2) and California Ultra Low 
Emissions Vehicle (ULEV) standards.  The US regulations 
are more stringent than the Euro 6 limits; for example the 
US NOx limit is 70 mg/mi (milligram per mile, Tier 2 Bin 5 – 
manufacturers fleet average), compared to 60 mg/km ( 97 
mg/mi) under Euro 6. The US Tier 3 regulations which will 
be phased in from 2017 have more stringent limits; starting 
at 86 mg/mi and reducing to 30mg/mi NMOG + NOx (non 
methane organic gases + nitrogen oxides) for passenger 
vehicles in 2025.

Rare Earths in Vehicle Emission Control

The three- way catalytic converter has been the technology 
employed in petrol vehicles since the 1970s and utilises the 
unique chemical and physical properties of Cerium and 
other Rare Earths such as Praseodymium and 
Neodymium. The catalytic converters are described as 
3-way because they treat the three pollutants CO, HC, and 
NOx.

The catalytic converter is typically a stainless steel 
chamber containing a ceramic “brick”. It has a honeycomb 
structure that is coated with a formulation (wash coat) of 
catalytic rare earths, zirconia and precious metals. The 
wash coat is rough and has an extremely large surface 
area for efficient contact with the exhaust gas to allow 
completion of the reactions with carbon monoxide, 
hydrocarbons and nitrous oxide.

An uncoated brick has a surface area of 2 m², and the area 
of five football fields after the wash coat is applied.
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3-Way Catalytic Converter Reactions:

 •  Carbon monoxide Oxidation 
     CO + H2O = CO2 + H2  water/gas shift reaction  
     CO + ½O2 = 2CO2

 •  Hydrocarbon oxidation
     (HC) + O2 = CO2 + H2O
     (HC) + H2O = CO2 + H2 steam reforming reaction 

 •  Nitrogen oxide reduction
     NOx + O2 = xO2 + N2
     NOx + CO = ½N2 + CO2

Cerium has the ability to exist in 2 oxidation states and will 
change state and release or store oxygen depending on 
the gas conditions. 

This ability is termed Oxygen Storage Capacity and in a 
catalytic converter the Cerium supports both oxidation and 
reduction reactions within a band of fuel rich and fuel lean 
gas conditions.

 •  Oxygen release:  
     xCO + CeO2 = xCO2 + CeO2˗ₓ 

 •  Oxygen storage :    
     ½.x O2 + CeO2˗ₓ = CeO2
     Ce2O3 + ½O2 = 2CeO2

In addition to being a catalyst for the reactions above, 
Cerium in combination with Zirconia has additional roles:

 •    Stabilises precious metals dispersion at high 
      temperature 
 •    Reduces the amount of precious metal   
      (platinum, palladium, or rhodium) required in the
      catalyst which is a key enabler of cost reduction

The demand for rare earths will grow as more countries 
apply stringent emission standards requiring higher 
performance from exhaust systems and the 3 way catalytic 
converters employed within. 

Cerium will continue to be a critical component 
in the catalytic converters of petrol fuelled 

conventional and hybrid vehicles.

Diesel Engine Emissions

Diesel engine emission control is focused on reducing NOx 
and particulate levels which are higher than for petrol 
engines.  The exhaust systems on diesel vehicles involve a 
2-way catalyst for CO and NOx oxidation, particulate filters, 
and additional devices to reduce NOx levels further 
including selective catalytic reduction (SCR) units and lean 
NOx traps (LNT). Rare earths are used in smaller 
quantities in diesel exhaust systems although there are 
potential roles for Cerium in the new devices such as the 
Lean Nox Trap that are being designed to meet the new 
strict emission limits.

Studies by the ICCT (International Council on Clean 
Transportation) reported in 2014 that on average the real 
emission levels of vehicles were 7 times higher than legal 
limits. NOx control is a key subject for auto makers and 
involves selection of a technology to reduce NOx 
emissions and meet the limits under a range of real driving 
conditions. The development of new and improved 
technologies and devices for the treatment of vehicle 
emissions is an area of major study. Investment by the auto 
industry is aimed at ensuring vehicles meet emission 
regulations under a range of real driving conditions. In the 
future they must reach even lower levels of emissions in 
accordance with the US Tier 3 regulations.

Air quality matters. 

Emission control technologies are essential for 
petrol and diesel fuelled vehicles and is the 

subject of intensive R&D by auto manufacturers. 

Rare Earths are critical components of the most 
effective emission control technologies for petrol 

vehicles, and new technologies under 
development for diesel engines.
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