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Abstract-- Air pollution generated from mobile sources is a problem of general interest. Vehicle population  is 

projected to grow close to 1300 million by the year 2030. Due to incomplete combustion in the engine, there are a 

number of incomplete combustion products CO, HC, NOx , particulate matters etc. These pollutants have 

negative impact on air quality, environment and human health that leads in stringent norms of pollutant emission. 

Numbers of alternative technologies like improvement in engine design, fuel pretreatment, use of alternative fuels, 

fuel additives, exhaust treatment or better tuning of the combustion process etc. are being considered to reduce 

the emission levels of the engine. Among all the types of technologies developed so far, use of catalytic converters 

based on platinum (noble) group metal is the best way to control automotive exhaust emissions. This review paper 

discusses automotive exhaust emissions and its impact, automotive exhaust emission control by platinum (noble) 

group metal based catalyst in catalytic converter, history of catalytic convertor, types of catalytic convertor, 

disadvantages of catalytic convertor and also advantages of catalytic convertor. 
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Introduction 

Air pollution generated from mobile sources such as automobiles contributes major air quality problems in rural 

as well as urban and industrialized areas in both developed and developing countries. About 50 million cars are 

produced every year and over 700 million cars are used worldwide. Vehicle population is projected to grow close 

to 1300 million by the year 2030 [1]. Nowadays It is becoming a major problem. There are several ways of 

controlling air pollution, but the most effective way is using catalytic converter in the automobile. Catalytic 

Converter is used as a pollution controlling device. The catalytic converter does a great job in reducing the air 

pollution, but it can be improved substantially.  One of its biggest shortcomings is that it only works at 

a fairly high temperature.  When you start your car cold, the catalytic  converter does nothing to 

reduce the pollution in your exhaust [2]. This review paper discusses automotive exhaust emissions and its 

impact, automotive exhaust emission control by platinum (noble) group metal based catalyst in catalytic 
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converter, history of catalytic convertor, types of catalytic convertor, disadvantages of catalytic convertor and 

also advantages of catalytic convertor. 

Catalytic Converter 

A catalytic converter is a device used to reduce the emissions from an internal combustion engine (used in most 

modern day automobiles and vehicles). Not enough oxygen is available to oxidize the carbon fuel in these engines 

completely into carbon dioxide and water; thus toxic by-products are produced. Catalytic converters are used in 

exhaust systems to provide a site for the oxidation and reduction of toxic by-products (like nitrogen oxides, 

carbon monoxide, and hydrocarbons) of fuel into less hazardous substances such as carbon dioxide, water vapor, 

and nitrogen gas. A catalytic converter is a simple device that uses basic redox reactions to reduce the pollutants a 

car makes. It converts around 98% of the harmful fumes produced by a car engine into less harmful gases. It is 

composed of a metal housing with a ceramic honeycomb-like interior with insulating layers. This honeycomb 

interior has thin wall channels that are coated with a washcoat of aluminum oxide. This coating is porous and 

increases the surface area, allowing more reactions to take place and containing precious metals such as platinum, 

rhodium, and palladium. No more than 4-9 grams of these precious metals are used in a single converter. 

The converter uses simple oxidation and reduction reactions to convert the unwanted fumes. Recall that oxidation 

is the loss of electrons and that reduction is the gaining of electrons. The precious metals mentioned earlier 

promote the transfer of electrons and, in turn, the conversion of toxic fumes. The last section of the converter 

controls the fuel-injection system. This control system is aided by an oxygen sensor that monitors how much 

oxygen is in the exhaust stream, and in turn tells the engine computer to adjust the air-to-fuel ratio, keeping the 

catalytic converter running at the stoichiometric point and near 100% efficiency [3]. 

                                           

                                                   Fig.1 Aligned diagram of  Catalytic Converter 
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Catalytic Converter: Origin 

The catalytic converter was invented by Eugene Houdry, a French mechanical engineer who lived in the United 

States [17, 18]. In 1950, when the results of early studies of smog in Los Angeles were published, Houdry became 

concerned about the role of automobile exhaust in air pollution and founded a special company, Oxy-Catalyst, to 

develop catalytic converters for gasoline engines - an idea ahead of its time for which he attained a patent 

(US2742437). But, until the extremely effective anti-knock agent tetra-ethyl lead was eliminated from most 

gasoline over environmental concerns, it would "poison" the converter by forming a coating on the catalyst's 

surface, effectively disabling it. The catalytic converter was later on further developed by John J. Mooney and 

Carl D. Keith at the Engelhard Corporation creating the first production catalytic converter in 1973. Beginning in 

1979, a mandated reduction in NOx required the development and use of a three way catalyst for CO, HC and 

NOx abatement [8-16]. William C. Pfefferle developed a catalytic combustor for gas turbines in the early 1970s, 

allowing combustion without significant formation of nitrogen oxides and carbon monoxide [4, 5]. 

TYPES OF CATALYTIC CONVERTER 

a) The oxidization catalytic converter: An oxidation catalyst is a device placed on the tailpipe of a car. 

The second stage of catalytic converter is oxidation catalyst. The amount of the unburned hydrocarbons 

and carbon monoxide is reduced by burning (oxidizing) them over a platinum and palladium catalyst. 

This catalyst aids the reaction of the CO and hydrocarbons with the remaining oxygen in the exhaust gas 

[7, 8]. 

HC+ O2→ CO2 +H2O                                                                                              (1)  

             2CO+ O2 →CO2                                                              (2)  

b) The reduction catalytic converter: A reduction catalyst to control NOx can be used as a separate system 

in addition to the oxidation catalytic converter. The reduction catalyst is fitted upstream of the oxidation 

system. The first stage of catalytic converter is reduction catalyst. In this, platinum and rhodium catalyst 

is used to reduce the nitrogen oxide emissions. When such molecules come in contact with the catalyst, 

the catalyst rips the nitrogen atom out of the molecule and holds on to it, freeing the oxygen in the form of 

O2. The nitrogen atoms bond with other nitrogen atoms that are also stuck to the catalyst forming N2 [7]. 

2NO→ N2 + O2                                                                                                              (3) 

c) The  three-way catalytic converter (TWCs): TWCs have the advantage of performing the oxidation of 

carbon monoxide (CO), hydrocarbons (HC) and the reduction of nitrogen oxides (NOx) simultaneously. 

Noble metals are usually used as the active phase in TWCs. Pd catalysts are especially attractive since Pd 

is by far the cheapest noble metal in the market and has better selectivity and activity for hydrocarbons. 
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Rhodium the other essential constituent of three-way catalysts is widely recognized as the most efficient 

catalyst for promoting the reduction of NO to N2. The TWCs performance in the emission control can be 

affected by operating the catalyst at elevated temperatures (> 600 °C). Reactions occurring on the 

automotive exhaust catalysts are very complex as listed below. The major reactions are the oxidation of 

CO and HC and the reduction of NOx. Also, water gas shift and steam reforming reaction occur. 

Intermediate products such as N2O and NO2 are also found. The NOx storage concept is based on 

incorporation of a storage component into the three-way catalyst (TWCs) to store NOx during lean 

conditions for a time period of minutes [7]. Unwanted reactions can occur in the three-way catalyst, such 

as the formation of odoriferous hydrogen sulfide and ammonia. Formation of each can be limited by 

modifications to the washcoat and precious metals used. It is difficult to eliminate these byproducts 

entirely. Sulfur-free or low-sulfur fuels eliminate or reduce hydrogen sulfide. 

For example, when control of hydrogen-sulfide emissions is desired, nickel or manganese is added to the 

washcoat. Both substances act to block the absorption of sulfur by the washcoat. Hydrogen sulfide is formed 

when the washcoat has absorbed sulfur during a low-temperature part of the operating cycle, which is then 

released during the high-temperature part of the cycle and the sulfur combines with HC. 

Reactions in Catalytic Converter 

 

                          2CO + O2 → 2CO2   

 Oxidation                       HC + O2 → CO2 + H2O 

 Reduction/three-way     2CO + 2NO → 2CO2 + N2  

                          HC + NO → CO2 + H2O + N2 

                                        2H2 + 2NO → 2H2O + N2   

 Water Gas Shift             CO + H2O → CO2 + H2  

Steam reforming             HC + H2O → CO2 + H2 

Modern Three way catalytic converter: 

A typical design of a modern three-way catalytic converter is a stainless steel container that incorporates a 

honeycomb monolith made of ceramic or metal. The monolith acts as the inert substrate coating with washcoat 

and active catalysts. Washcoat is a layer of mixture (mainly aluminum) which gives a further irregular and larger 

surface area also contains oxygen storage promoters and stabilizers. The monolith’s geometrical characteristics 
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play a key role in effecting the distributions of temperature and species throughout the device compactness, high 

volumetric flow rates and low back pressure [7, 8]. 

A catalytic converter besides its housing has three main components [6-9]. 

 Catalyst: Pt, Pd, Rh 

Substrate or Support: Ceramic Honeycomb or Metallic Honeycomb 

 Intermediate coat or washcoat: Mixture of Si or Alumina  

Catalyst:  

Catalyst include oxides of base metals e.g. Cu, Cr, Ni, Co etc. and the noble metals platinum (Pt), palladium (Pd) 

and rhodium (Rh). In mining and economics, the term base metals refers to industrial non-ferrous 

metals excluding precious metals. These include copper, lead, nickel and zinc [17]. Base metal oxides although 

found to be effective at higher temperature but they sinter and deactivate when subjected to high-end exhaust gas 

temperature of conventional SI (Spark-Ignition) engine operation. Also, their conversion efficiency is severely 

inhibited by sulphur dioxide resulting from sulphur in fuel. The base metal catalysts are required in a relatively 

large volume and consequently due to high thermal inertia they took longer to heat up to operating temperature. 

Therefore in practice only the noble metals are used as they have high specific activity high resistance to thermal 

degradation, Superior cold start performance and low deactivation caused by fuel sulphur [10]. 

 The noble metal are more expensive but the amount required for an automotive catalytic converter is small about 

1 to 2 gm only. The noble metal loading typically varies from about 1.0 to 1.8 g/l (30 to 50 g/ft3 ) of catalytic 

converter volume. A mixture of platinum and palladium in 2:1 mass ratio is usually employed as oxidation 

catalyst. Palladium has higher specific activity than Pt for oxidation of CO. For the oxidation of aromatics, Pd and 

Pt have similar activity while for the oxidation of paraffin hydrocarbon (higher than propane) Pt is more active 

than Pd. Palladium has a lower sintering tendency than platinum at high temperatures of about 980 oC in the 

oxidizing atmosphere. Rhodium is primarily a NO reduction catalyst. The NO reduction activity of noble metals 

is in the order Rh>Pd>Pt. when simultaneous conversion of CO, HC and NOx is desired in the 3-way catalytic 

converters, mixture of Pt + Pd is used with Rh in a ratio of 5:1 to 10:1 [11]. At high temperature the noble metals 

sinter and particles may grow to a size of around 100 nm  
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Substrate or Support:  

Pellets  

The bed of spherical ceramic pellets were used in first catalytic converter of passenger cars in early 1970s. These 

are also known as packed bed catalytic converter. The spherical pellets made of γ-alumina (γ-Al2O3) of 3-6 mm 

diameter were used. The material of pellets is selected to have a high mechanical strength against crush and 

abrasion even after exposure to high temperature of around 1000 0C on the porous surface of pellets that provides 

a large surface area, the noble metal salts are impregnated to a depth of about 250 μm [12, 14].  

Monoliths 

 In our daily practice a monolith is a ceramic block consisting of a large number of small straight and parallel 

channels. The monoliths are made by extrusion. A special mixture of clay binders and additives is pushed through 

a sophisticated dye to create the monolith structure. The material is dried cut to the required length of and fired at 

high temperatures. The monolithic structure has a diameter of about 15 cm and can have different shapes. The 

diameter of the channels ranges from 0.5 to 10 mm and the length of the monolith can be up to 1 meter long [8].  

The ceramic and metallic monolithic allows high conversion efficiencies at high gaseous throughput, provides a 

high geometric surface area with lower pressure drop, excellent high temperature and thermal shock resistance 

and can be conveniently oriented in the exhaust train in any number of directions. The monolithic catalyst is 

mounted in a stainless steel container with matting material wrapped around it to ensure resistance to vibration.  

 Washcoat: 

 Ceramic and metallic monoliths have a geometrical surface area of 2.0-4.0 m2 per litre of substrate volume. A 

thin layer of inorganic oxides known as wash coat is applied to the cells in monolith structure to increase effective 

surface area for dispersion of active catalyst that increase its contact with the reacting gases. The wash coat has 

pores of varying sizes ranging from 20 to 100 Å. The ceramic monoliths generally have some wall porosity or 

surface roughness that results in good adhesion of wash coat. The washcoat constitutes about 5 to 15 % of the 

weight of ceramic monolith. Its thickness typically varies in the range 10-30 μm on the walls and 60-150 μm on 

the corners of the square cells which reduces the open flow area of the catalyst. Wash coat increase surface area of 

the catalyst substrate to 10000-40000 m2 per litre of monolith volume. The wash coat components support the 

catalyst function and to improve resistance of catalyst to thermal de-activation processes [15, 16]. 
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 Air to fuel ratio: 

Conversion efficiency of NO, CO and HC as a function of the air-fuel in a three way catalytic converter. Fig.5 

shows the conversion efficiency of NO, CO and HC as function of the air - fuel ratio. There is a narrow range of 

air- fuel ratio near stochiometry in which high conversion efficiencies for all three pollutants are achieved. The 

width of this window is narrow about 0.1 air-fuel ratio for catalyst with high mileage use and depends on catalyst 

formulation and engine operating conditions. 

 

 

           Fig. 5. Air fuel ratio [17]  

When the A/F ratio is leaner than stoichiometry, the oxygen content of the exhaust stream rises and the carbon 

monoxide content falls.When the A/F ratio is richer than stoichiometry, the carbon monoxide content of the 

exhaust rises and the oxygen content falls.    

Disadvantages of Catalytic converter 

Catalytic converters restrict the free flow of exhaust, which negatively affects vehicle performance and fuel 

economy, especially in older cars [18]. Because early cars' carburetors were incapable of precise fuel-air mixture 

control, the cars' catalytic converters could overheat and ignite flammable materials under the car [19]. A 2006 

test on a 1999 Honda Civic showed that removing the stock catalytic converter netted a 3% increase in 

horsepower; a new metallic core converter only cost the car 1% horsepower, compared to no converter [20]. To 

some performance enthusiasts, this modest increase in power for very little cost encourages the removal or 

"gutting" of the catalytic converter [18, 21]. In such cases, the converter may be replaced by a welded-in section 

of ordinary pipe or a flanged "test pipe", ostensibly meant to check if the converter is clogged, by comparing how 

the engine runs with and without the converter. This facilitates temporary reinstallation of the converter in order 

to pass an emission test [20]. In many jurisdictions, it is illegal to remove or disable a catalytic converter for any 

reason other than its direct and immediate replacement. In the United States, for example, it is a violation of 

Section 203(a)(3)(A) of the 1990 amended Clean Air Act for a vehicle repair shop to remove a converter from a 
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vehicle, or cause a converter to be removed from a vehicle, except in order to replace it with another converter 

[22], and Section 203(a)(3)(B) makes it illegal for any person to sell or to install any part that would bypass, 

defeat, or render inoperative any emission control system, device, or design element. Vehicles without 

functioning catalytic converters generally fail emission inspections. The automotive aftermarket supplies high-

flow converters for vehicles with upgraded engines, or whose owners prefer an exhaust system with larger-than-

stock capacity [23]. 

In addition, the transformation of nitrous oxides in to CO2 and water will cause increased formation of rust in the 

exhaust system resulting in premature failure. 

 

Advantages of Catalytic Converter   

Today’s  automobiles are meeting emission standards that require reductions of up to 99 percent for HC, CO and 

NOx compared to the uncontrolled levels of automobiles sold in the 1960s.Now Catalytic converters are also been 

developed for use on trucks, buses and motorcycles as well as on construction equipment lawn and garden 

equipment marine engines and other non-road engines.Catalytic converters are also used to reduce emissions from 

alternative fuel vehicles powered by natural gas, methanol, ethanol and propane.To date more than 500 million 

vehicles equipped with catalytic converters have been sold worldwide.In 2005, the cars sold in U.S. mostly were 

equipped by catalytic converter and worldwide over 90 percent sold cars had a catalytic converter.Car and Driver 

magazine called the catalytic converter one of the century’s 10 best automotive breakthroughs and the Society of 

Automotive Engineers selected the catalytic converter as one of the automobile industry's 10 greatest 

achievements over the past 100 years [24] 

 Conclusion 

Environmental, ecological and health concern result in increasingly stringent emissions regulations of pollutant 

emissions from vehicle engines. Among all the types of technologies developed so far, use of catalytic converters 

is the best way to control auto exhaust emission. Three-way catalyst with stoichiometric engine control systems 

remain the state of art method for simultaneously controlling hydrocarbon, CO and NOx emissions from vehicle. 

The economical reasons, limited resources of platinum group (noble) metal and some operating limitations of 

platinum group metal based catalytic converters have motivated the investigation of alternative catalyst materials.  
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Abbreviations and Acronyms 

 TWC    three way catalytic convertor 

 CO        carbon monoxide 

 HC        hydrocarbons 

 NOx     nitrogen oxides 

 PM       particulates matter  

A/F       air to fuel ratio 

 Rh        rhodium 

 Pt         platinum 

 Pd        palladium  
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