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Abstract— Petrol engines are widely used automobile 

application for private and commercial transportation use 

because of its good fuel efficiency and durability.  However, 

petrol engine emissions are harmful to human health and to 

the environment and are at targets for its reduction, 

especially in city & urban area because most of the petrol 

engines are used in human populated areas.  Vehicle 

pollutants emission control regulations are been strictly 

introduced in all industrialized countries in order to reduce 

the emissions of vehicles powered by I.C. engines.  The 

pollutants which are limited today are Hydrocarbons (HC), 

Carbon Monoxide (CO), Oxides of Nitrogen (NOx) and 

Particulate Matter (PM).  Strict reduction in these emissions 

is mandatory to comply with upcoming stringent emission 

standards, such as EURO V, US 2010.  The available 

methods of petrol engine pollutant reduction include engine 

modification or improvement, using petrol with additives to 

decrease pollutants and after-treatment of exhaust gas.  

There are many reports of oxidation catalysts in the exhaust 

system of petrol engines, which had proven significant 

reductions in HC, PM and CO with oxidation catalysts.  

However, its advantages depend upon engine loads / exhaust 

temperatures and periodical cleaning of unit of Catalytic 

Converter cell.  Normally observed that these converters 

have 5-6 years of life and the performance deteriorates with 

impurities deposition on basic metal surface with passage of 

time.  The light-off temperature of petrol oxidation catalyst 

is usually around 200 °C.  Calcium carbonate is naturally 

available good resource for its chemical reactivity and its 

proven performance for exhaust gas treatment. 
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I. INTRODUCTION 

With invention of wooden wheel, mankind has faced drastic 

revolution since last 150 years.  Particularly automobile 

sector had grown up drastically such an extent that any 

human on earth needs vehicle for him.  With race in 

automotive development the basic fuels are in tremendous 

demand and hence price boost for it is observed in the fuel 

markets.  Heavy oil exploration from earth and its use has 

created a great problem of pollutant emission in the world to 

such an extent that life of living beings is in great threat.  All 

the pollutants coming out from an automotive engine have 

affected human beings and other living creatures with its 

adverse effect on air environment, especially levels of CO2, 

CO and NOx in the air.  All the living creatures have to 

breathe air which is of full of pollutants in it.  The setup of 

seasonal changes has drastically affected which has leaded it 

to natural disaster or calamities.  Automotive engines 

pollutants are major in its role in humanly dense area 

particularly city, sub-urban and urban areas everywhere in 

world.  Major step to stringent steps over pollution controls 

have been taken from all direction which had forced the 

automotive manufacturer to produce fuel efficient, economic 

& less polluting vehicles day by day. Cut thought 

competition is prevailing in these markets. 

 Carbon Monoxide 

Carbon monoxide is a product of a partial combustion of 

hydrocarbons in fuel because of lack of oxygen.  It is also 

found in the exhaust when there are i.e. lean conditions. The 

same is applicable for CI engines, which run with a very 

lean combustion mixture. Such local rich regions is 

occurring due to poor fuel vaporization or late mixing. A 

huge CO engine-out emission can also happens 

unintentionally with the mixture becoming rich during 

engine transients (acceleration, deceleration, gear shifting).  

CO is the best known for its toxicity as already a couple of 

hundreds parts per million (p.p.m.) can cause dizziness and 

headaches. Several thousand p.p.m. are usually lethal.  CO 

has a greater affinity to bond with hemoglobin in blood than 

oxygen, and reduces the supply of oxygen in the blood.  It is 

a colorless and odorless gas.  Since the local level of CO in 

air, is more dangerous than the global level, the most 

dangerous areas are where the traffic is dense or engines are 

running in poorly ventilated or confined spaces. 

 Hydrocarbons (HC) 

The term “Hydrocarbons” (HC) in the exhaust gases stands 

for the unburned organic compounds that contain hydrogen 

and carbon.  It is better to refer to these components as 

’unburned hydrocarbons’ than as ’unburned fuel’ since the 

majority of the exhaust hydrocarbon is a product of partial 

oxidation and is lighter than the original hydrocarbons in the 

fuel. Please note that there are more organic compounds in 

the exhaust, that also contain oxygen atoms (ketones, 

aldehydes), but it do not fall under the definition of 

hydrocarbons. A larger definition can be “Volatile Organic 

Compounds” (VOC) that would include all carbon 

containing compounds present in the gaseous state at 

ambient temperatures.  However, due to the largest presence 

of hydrocarbons in the exhaust only the term HC is usually 

applied. There are ample of hydrocarbon components with 

various concentrations that can be found in the exhaust. The 

most important are alkenes, alkynes and aromatics.  A vast 

amount of various hydrocarbons makes it very difficult to 

create a reliable model for a catalytic converter.  Various 

hydrocarbons (and other VOC) have different more or less 

harmful effects on health and environment. Many irritate 

mucous membranes, leading to coughing, sneezing and 

drowsiness. Some have a narcotic effect. Benzene, for 
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example, is very toxic and carcinogenic, while 80% of 

benzene in atmosphere stems from the automotive exhaust. 

 Oxides of Nitrogen 

Oxides of nitrogen that are of the largest concern in the 

automotive applications are nitric oxide (NO), nitrogen 

dioxide (NO2) and nitrous oxide (N2O).  The first two are 

usually understood under the term NOx.  They are also a 

direct product of the combustion in the engine, while N2O is 

primarily a product of catalytic converter under some 

operating conditions. NOx is formed during combustion in 

the engine when oxygen reacts with nitrogen because of a 

high combustion temperature.  It is therefore an unwanted 

secondary product of combustion.  The amount of produced 

NOx is very dependent on the combustion temperature 

(engine load). The NO2/NO ratio is very low for gasoline 

engines, less than 2%. Some additional NO2 can also be 

created by the catalytic converter.  While NO is odorless, 

colorless and relatively non-toxic, NO2 is reddish brown, 

pungent and very toxic. It affects respiratory tract, damages 

lung tissue and increases airway resistance. It may also 

interfere with oxygen transport in blood via reaction with 

hemoglobin; provoke coughing, running noses, bronchitis, 

etc. The current legislation aims at NOx emission levels, 

while it is to be expected that also N2Owill be included in 

the future as it is a strong greenhouse gas. NOx is also 

involved in secondary pollution (smog, depletion of the 

ozone layer). 

II. METHODS OF CONTROLLING EMISSION 

Various methods are in use to control the emission of the 

outgoing exhaust gases in environment.  Some are discussed 

here: 

 Air injection: 

The mechanism by which exhaust emissions are controlled 

to the levels prescribed by government regulations depends 

on the method of fuel injection and the point at which air 

enters the exhaust system, and has varied during the course 

of the development of the technology in automobile sectors.  

Exhaust gas recirculation (EGR) in internal combustion 

engines, is a nitrogen oxide (NO x) emissions reduction 

technique used in petrol/gasoline and diesel engines. 

 Catalytic Converter: 

A catalytic converter is a stationary device attached in tail 

pipe used to convert toxic exhaust emissions from an 

internal combustion engine into non-toxic substances. The 

first widespread introduction of catalytic converters was in 

the United States market, where 1975 model year 

automobiles were so equipped to comply with tightening 

U.S. Environmental Protection Agency regulations on 

automobile exhaust emissions. Catalytic converters are also 

used on generator sets, forklifts, mining equipment, trucks, 

buses, locomotives, airplanes and other engine fitted 

devices.  Inside a catalytic converter, a catalyst stimulates a 

chemical reaction in which noxious by-products of 

combustion are converted to less toxic substances.     

Catalytic Converter has gone through many 

processes and remarkable evolution for the past 30-40 years.  

It is said that it is one of the most powerful and effective 

tool to fight against the overwhelming pollutant contents in 

our environment, as it reduces almost 80% of the harmful 

gases resulting from the incomplete combustion.  Catalytic 

converter is made from stainless steel or chromium plated 

mild steel container mounted somewhere along the exhaust 

pipe of the engine.  Inside the container is a porous ceramic 

structure through which the exhaust gas flows (Ganesan, 

2004). In most converters, the ceramic is a single 

honeycomb structure with many flow passages. The 

passages comprise of many shapes, including square, 

triangular, hexagonal.  Early converters used loose granular 

ceramic with the gas passing between the packed spheres. 

Since it is difficult to keep the spheres in place, many 

converter developers opted for ceramic monolith which 

offers various advantages. Among these advantages are 

smaller volumes, lower mass and greater ease of packaging 

(Heck & Farr auto, 1995).   

The catalytic converter consists of several 

components: 1. Catalyst Core or Substrate: For automotive 

catalytic converters, the core is usually a ceramic monolith 

with a honeycomb structure. Metallic foil monoliths made of 

FeCrAl are used in some applications. This is partially a cost 

issue. Ceramic cores are inexpensive when manufactured in 

huge quantities, while metallic cores are less expensive to 

build in small production runs.  Either material is designed 

to provide a high surface area to support the catalyst wash 

coat, and therefore is often called a "catalyst support". The 

cordierite ceramic substrate used in most catalytic 

converters was invented by Rodney Bagley, Irwin Lachman 

and Ronald Lewis at Corning Glass.  The wash coat is a 

carrier for the catalytic materials and is used to disperse the 

materials over a high surface area. Aluminum oxide, 

Titanium dioxide, Silicon dioxide, or a mixture of silica and 

alumina can be used. The catalytic materials are suspended 

in the wash coat prior to applying to the core. Wash coat 

materials are selected to form a rough, irregular surface, 

which greatly increases the surface area compared to the 

smooth surface of the bare substrate. This maximizes the 

catalytically active surface available to react with the engine 

exhaust.  The catalyst itself is most often a precious metal 

e.g. Platinum is the most active catalyst and is widely used, 

but is not suitable for all applications because of unwanted 

additional reactions and high cost.  Palladium and rhodium 

are two other precious metals used.  Rhodium is used as a 

reduction catalyst, palladium as oxidation catalysts, and 

platinum is used both for reduction and oxidation both. 

Cerium, iron, manganese and nickel are also used, although 

each has its own limitations.  Nickel is not legal for use in 

the European Union (because of its reaction with carbon 

monoxide into nickel tetra carbonyl). Copper can be used 

everywhere except North America, where its use is illegal 

because of the formation of dioxin. 

 Catalytic converter for petrol engines 

1) Two-way 

A two-way (or "oxidation") catalytic converter has two 

simultaneous tasks: Oxidation of carbon monoxide to carbon 

dioxide:  

2CO + O2 → 2CO2. 

Oxidation of hydrocarbons (un-burnt and partially-

burnt fuel) to carbon dioxide and water:  
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Cx+2H2x   + [(3x+1)/2] O2 → xCO2 + (x+1) H2O (a 

combustion reaction). 

This type of catalytic converter is widely used on 

diesel engines to reduce hydrocarbon and carbon monoxide 

emissions. They were also used on gasoline engines in 

American- and Canadian-market automobiles until 1981. 

Because of their inability to control oxides of nitrogen, they 

were superseded by three-way converters. 

2) Three-way 

Since 1981, "three-way" (oxidation-reduction) catalytic 

converters have been used in vehicle emission control 

systems in the United States and Canada; many other 

countries have also adopted stringent vehicle emission 

regulations that in effect require three-way converters on 

gasoline-powered vehicles. The reduction and oxidation 

catalysts are typically contained in a common housing, 

however in some instances they may be housed separately. 

A three-way catalytic converter has three simultaneous 

tasks:  

Reduction of nitrogen oxides to nitrogen and 

oxygen:   

2NOx → xO2 + N2 

Oxidation of carbon monoxide to carbon dioxide:   

2CO + O2→ 2CO2 

Oxidation of un-burnt hydrocarbons (HC) to carbon dioxide 

and water:   

Cx+2H2x + [(3x+1)/2]O2→ xCO2 + (x+1)H2O 

These three reactions occur most efficiently when 

the catalytic converter receives exhaust from an engine 

running slightly above the stoichiometric point. This point is 

between 14.6 and 14.8 parts air to 1 part fuel, by weight, for 

gasoline. In general, engines fitted with 3-way catalytic 

converters are equipped with an Electronic Control Unit 

(ECU) closed-loop feedback fuel injection system using one 

or more oxygen sensors, though early in the deployment of 

three-way converters, carburetors equipped for feedback 

mixture control were used. Three-way catalysts are effective 

when the engine is operated within a narrow band of air-fuel 

ratios near stoichiometry, such that the exhaust gas oscillates 

between rich (excess fuel) and lean (excess oxygen) 

conditions.  However, conversion efficiency falls very 

rapidly when the engine is operated outside of that band of 

air-fuel ratios. Under lean engine operation, there is excess 

oxygen and the reduction of NOx is not favored. Under rich 

conditions, the excess fuel consumes all of the available 

oxygen prior to the catalyst, thus only stored oxygen is 

available for the oxidation function.  Closed-loop control 

systems are necessary because of the conflicting 

requirements for effective NOx reduction and HC oxidation. 

Three-way catalytic converters (TWC) have done a 

tremendous job in reducing the engine emissions by more 

than 90%. There are various approaches for the design 

improvements. Some of them, such as electrically or 

chemically heated catalysts, are focused mainly on reducing 

the cold start emissions by minimizing the catalyst warm up 

period during the cold engine starts. Due to cost-

effectiveness, mathematical modelling is better suited for 

optimization studies. 

III. LITERATURE REVIEW 

 Ahmad SAKHRIEH (2012), Vol. 17, No. 1, pp. 49-56.[1] 

In this study a simple low-cost exhaust gas after-treatment 

filter using limestone was developed and tested on a four 

cylinder direct injection diesel engine coupled with 

dynamometer under variable engine running conditions. 

Limestone was placed in cast iron housing through which 

exhaust gases passes. The concentration of both carbon 

dioxide and nitrogen oxides were measured with and 

without the filter in place. It was found that both pollutants 

were decreased significantly when the filter is in place, with 

no increase in the fuel consumption rate. 

He used the Calcium Carbonate in catalytic 

converter with four cylinders DI diesel engine to reduce CO2 

and NOx levels with conventional catalytic converters and 

without conventional catalytic converters.  He measured the 

Brake Power, thermal efficiency, BSFC and effect of CO2, 

NOx, and NO with engine speed.    

Conclusion: This study introduced a simple 

low cost technique to reduce diesel engine exhaust gases. A 

limestone filter was designed, manufactured, and tested on a 

four cylinder Tempest DI diesel engine coupled with 

dynamometer. The installation of the limestone filter results 

in reducing both NOx and CO2 by 60% and 85%, 

respectively. There was no fuel penalty by using the 

limestone filter. 

 Shiying Lin et al (2011) 356-361.[2] 

One method for reducing CO2, the greenhouse gas 

emissions is to capture CO2 before it releases into the 

atmosphere and then sequestrate it.  Active lime (main 

component, CaO) can be used to capture CO2 in the exhaust 

gas or in the reactor from fossil fuels utilization effectively.  

That is calcium oxide (CaO) absorbs CO2 to yield calcium 

carbonate (CaCO3), then the CaCO3 is thermally 

decomposed to CaO again and release nearly pure CO2 (Eq. 

(2)) for sequestration. 

Conclusion: The mass and energy balances of 

a limestone (CaCO3) calcinations process with CO2 capture 

for producing active lime (CaO) were analyzed by means of 

thermodynamic calculations.  This process involves a 

calciner with oxygen fuel combustion by CO2 cycle or H2O 

(steam) cycle, and two heat exchanges for exhaust gas and 

solid sensible heat recovery.  Analysis showed that, 

although H2O (steam) cycle calcinations had a higher 

calcinations energy than CO2 cycle due to water 

evaporation latent heat loss, however, the calcinations 

energy per active CaO is lowest for H2O (steam) cycle. 

 B. R. Stanmore et al (2005)[3] 

He tested the Calcium Carbonate for fuel processing 

technology.  Laboratory test were done to evaluate the 

chemical analysis and other phenomena provides us useful 

chemistry backgrounds for Calcium Carbonate and its 

automotive use. 

 Chandra Sekhar Gottipati (1981)[4] 

Sulphation Studies on Havelock Calcium Carbonate tested 

the lime stone properties in deep and found the results with 

reference to its long term evaluations. 
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 NUR KANDİLLİ (2010) [5] 

He used two kinds of support materials are used in this 

study, ceria- zirconia and ceria-zirconia-alumina mixed 

oxides.  He carried out the series of experiments and found 

the catalytic results with reference to performance, time and 

aging of catalytic materials. 

 Myung Taeck et al (2000)[6] 

Performed various test to establish performance variation 

with reference to time and aging of catalytic material.  He 

concluded that if basic input parameters remains constant 

then the aging is comparatively slow for powder form 

coated materials used as catalytic converter. 

 M A KALAM at el (2009), pp. 467–481[7] 

They carried out experiment with titanium dioxide (TiO2) 

and cobalt oxide (CoO) with wire mesh substrate on CNG 

and DI engines.  They concluded that CoO/TiO2 catalyst 

and wire mesh based substrate based catalytic converter has 

been successfully developed. The surface area of wire mesh 

substrate is about 25 times higher than ceramic substrate. 

 Toshiaki Yamamoto (2011)[8] 

He carried out experience with reference with Concentration 

and Plasma Decomposition.  With pre controlled laboratory 

set up he carried out experiment & concluded extremely 

cost-effective novel NOx and toluene removal system has 

been developed using the concentration technique, followed 

by the surface discharge plasma treatment. More than 90% 

NOx and VOC reduction was achieved using a series of 

surface discharge units. The best process energy efficiency 

was 3.36 g(NO2)/kWh with SV = 12000 h−1 for NOx 

treatment and 34.2 g/kWh for toluene which is 

approximately 8.5 more energy efficient for NOx and 17 

times more energy efficient for toluene in comparison with 

continuous plasma operation, respectively. This superior 

technology leads to extremely cost- effective and 

economical NOx and VOC treatment possible. 
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