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ABSTRACT

Now a days there is a tremendous change in the climatic conditions due to global warming and
greenhouse gases results in the floods, draughts and famine. Due to increase in the usage of
fossil fuels, the emission of harmful gases into the atmosphere and results in global warming
and greenhouse effect. Carbon Dioxide is one of the major component of Greenhouse gases
which results in greenhouse effect. Major amount of Carbon Dioxide releases from the
combustion of fossil fuels which are emitting from the Vehicles and Industries. For the control
of the emission of the carbon dioxide into the atmosphere we have chosen for adsorption of
Carbon Dioxide from the exhaust of the gasoline vehicles using Zeolite. The gasoline vehicle
used for testing is following the EURO – V emission norms and the Carbon Dioxide content
releasing from the vehicle is reduced by more than 25%.

Keywords: Carbon dioxide, Zeolites, Adsorption, Utilization
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CHAPTER 1

INTRODUCTION

1.1 Global warming
Global warming, also referred to as climate change, is the observed century-scale
rise in the average temperature of the Earth's climate system and its related
effects. Multiple lines of scientific evidence show that the climate system is
warming. Many of the observed changes since the 1950s are unprecedented in
the instrumental temperature record which extends back to the mid-19th century.

1.2 Evidence of Global Warming or Climate Change
The Earth's climate has changed throughout history. Just in the last 650,000 years
there have been seven cycles of glacial advance and retreat, with the abrupt end of the last
ice age about 7,000 years ago marking the beginning of the modern climate era — and of
human civilization. Most of these climate changes are attributed to very small variations in
Earth’s orbit that change the amount of solar energy our planet receives
The current warming trend is of particular significance because most of it is extremely
likely (greater than 95 percent probability) to be the result of human activity since the mid20th century and proceeding at a rate that is unprecedented over decades to millennia.
Earth-orbiting satellites and other technological advances have enabled scientists to see the
big picture, collecting many different types of information about our planet and its climate
on a global scale. This body of data, collected over many years, reveals the signals of a
changing climate.
The heat-trapping nature of carbon dioxide and other gases was demonstrated in the mid19th century. Their ability to affect the transfer of infrared energy through the atmosphere
is the scientific basis of many instruments flown by NASA. There is no question that
increased levels of greenhouse gases must cause the Earth to warm in response.
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1.3 The Evidence for Rapid Climate Change:
1.3.1 Sea Level Rise

Fig: 1.1 Republic of Maldives: Vulnerable to sea level rise
Global sea level rose about 8 inches in the last century. The rate in the last two decades,
however, is nearly double that of the last century

1.3.2 Global temperature rise

Fig: 1.2 Everyday rise in temperature
The planet's average surface temperature has risen about 2.0 degrees Fahrenheit (1.1
degrees Celsius) since the late 19th century, a change driven largely by increased carbon
dioxide and other human-made emissions into the atmosphere. Most of the warming
occurred in the past 35 years, with 16 of the 17 warmest years on record occurring since
2001. Not only was 2016 the warmest year on record, but eight of the 12 months that make
up the year — from January through September, with the exception of June — were the
warmest on record for those respective months.
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1.3.3 Warming oceans

Fig: 1.3 Everyday warming oceans
The oceans have absorbed much of this increased heat, with the top 700 meters (about 2,300
feet) of ocean showing warming of 0.302 degrees Fahrenheit since 1969.

1.3.4 Shrinking Ice Sheets

Fig: 1.4 Flowing meltwater from the Greenland ice sheet
The Greenland and Antarctic ice sheets have decreased in mass. Data from NASA's Gravity
Recovery and Climate Experiment show Greenland lost 150 to 250 cubic kilometers (36 to
60 cubic miles) of ice per year between 2002 and 2006, while Antarctica lost about 152
cubic kilometers (36 cubic miles) of ice between 2002 and 2005.

DEPARTMENT OF MECHANICAL ENGINEERING, TJIT

Page | 3

EXHAUST CARBON FILTER AND UTILIZATION

2016 -2017

1.3.5 Declining Arctic Sea Ice

Fig: 1.5 Visualization of the 2007 Arctic sea ice minimum
Both the extent and thickness of Arctic sea ice has declined rapidly over the last several
decades

1.3.6 Glaciers Retreat

Fig: 1.6 The disappearing snowcap of Mount Kilimanjaro, from space.
Glaciers are retreating almost everywhere around the world — including in the Alps,
Himalayas, Andes, Rockies, Alaska and Africa.

1.3.7 Extreme Events
The number of record high temperature events in the United States has been increasing,
while the number of record low temperature events has been decreasing, since 1950. The
U.S. has also witnessed increasing numbers of intense rainfall events.
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Fig: 1.7: Intense rainfall

1.3.8 Ocean Acidification

Fig: 1.8: Acidity of surface ocean water
Since the beginning of the Industrial Revolution, the acidity of surface ocean waters
has increased by about 30 percent. This increase is the result of humans emitting more
carbon dioxide into the atmosphere and hence more being absorbed into the oceans. The
amount of carbon dioxide absorbed by the upper layer of the oceans is increasing by about
2 billion tons per year.
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1.3.9 Decreased Snow Cover

Fig: 1.9: Snow cover, Northern Hemisphere.
Satellite observations reveal that the amount of spring snow cover in the Northern
Hemisphere has decreased over the past five decades and that the snow is melting earlier.

1.4 Causes of Global Warming
Global warming occurs when carbon dioxide (CO2) and other air pollutants and
greenhouse gasses collect in the atmosphere and absorb sunlight and solar radiation that
have bounced off the earth’s surface. Normally, this radiation would escape into space—
but these pollutants, which can last for years to centuries in the atmosphere, trap the heat
and cause the planet to get hotter. That's what's known as the greenhouse effect. In the
United States, the burning of fossil fuels to make electricity is the largest source of heattrapping pollution, producing about two billion tons of CO2 every year. Coal-burning
power plants are by far the biggest polluters. The country’s second-largest source of carbon
pollution is the transportation sector, which generates about 1.7 billion tons of CO2
emissions a year.

1.4.1 Greenhouse Effect
The greenhouse effect is the process by which absorption and emission of infrared
radiation by gases in a planet's atmosphere warm its lower atmosphere and surface. It was
proposed by Joseph Fourier in 1824, discovered in 1860 by John Tyndall. On Earth, an
atmosphere containing naturally occurring amounts of greenhouse gases causes air
temperature near the surface to be about 33 °C (59 °F) warmer than it would be in their
absence. Without the Earth's atmosphere, the Earth's average temperature would be well
below the freezing temperature of water. The major greenhouse gases are water vapour,
which causes about 36–70% of the greenhouse effect; carbon dioxide (CO2), which causes
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9–26%; methane (CH4), which causes 4–9%; and ozone (O3), which causes 3–7%. Clouds
also affect the radiation balance through cloud forcing’s similar to greenhouse gases.
Human activity since the Industrial Revolution has increased the amount of
greenhouse gases in the atmosphere, leading to increased radiative forcing from CO2,
methane, tropospheric ozone, CFCs and nitrous oxide. According to work published in
2007, the concentrations of CO2 and methane had increased by 36% and 148% respectively
since 1750. These levels are much higher than at any time during the last 800,000 years,
the period for which reliable data has been extracted from ice cores.
Fossil fuel burning has produced about three-quarters of the increase in CO2 from human
activity over the past 20 years. The rest of this increase is caused mostly by changes in
land-use, particularly deforestation.

1.4.2 Anthropogenic Causes of Global Warming
The most important greenhouse gases are carbon dioxide, methane, nitrous oxide
and water vapour. While all these gases occur naturally in the atmosphere, emissions from
human sources has caused their levels to rise to a point that is no longer sustainable.

1.4.3 Carbon Dioxide
Atmospheric carbon dioxide concentrations have risen by more than 40% since
scientists first started recording these levels, from 280 parts per million (ppm) in 1958
to over 400ppm today. Atmospheric carbon dioxide concentrations are not only higher than
they have been in over 800,000 years, the current increase that we are seeing today is more
than 100 times faster than that experienced at the end of the last ice age. This is largely due
to human activities; primarily the burning of fossil fuels, but also due to deforestation as a
result of logging for timber and clearing for agriculture and development. Our project is
mainly focused to reduce this cause of global warming.
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1.4.4 Human Sources Of Carbon Dioxide Include:


Burning Fossil Fuels:
Burning coal to generate electricity, burning oil to power
vehicles and aircraft (vehicle emissions), or burning wood in fires used for cooking or to
provide heat, etc. changes the state of stored organic carbon from a liquid (e.g. oil) or solid
(e.g. coal/wood) into a gas (carbon dioxide) which is released into the atmosphere.



Deforestation:
Vegetation absorbs carbon dioxide from the atmosphere
during the process of photosynthesis, converting this to carbon which is stored within all
plants (i.e. it is a carbon sink). When vegetation is burned, this organic carbon is released
into the atmosphere in the form of carbon dioxide, and in so doing becomes a carbon source
rather than a carbon sink.

Graph 1.1: Atmospheric Greenhouse Gases Level (Source: IPCC, 2007)

1.4.5 Nitrous Oxide
Nitrous oxide is a potent greenhouse gas that is released primarily by fertilizers used in
agriculture and landscaping, but also during the burning of fossil fuels and other organic
matter. Atmospheric nitrous oxide levels have risen by roughly 18% since the Industrial
Revolution, spiking rapidly towards the end of the 1900’s.
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CHAPTER 2

LITERATURE SURVEY
Mylaudy Dr.S.Rajadurai et al. [1]. Emission is the production or discharge of something,
especially gas or radiation into the atmosphere. Emission from the fossil fuel combustion
is one of the most dangerous pollutant causing agent into the atmosphere. Due to the
vigorous growth of the automobiles in the environment there is a rapid increase in the
harmful gases into the atmosphere. These harmful gases are effecting the climatic cycle of
the environment. Carbon dioxide is one of the major pollutant causing from the emission.
Many researches are made to quickly identify the carbon dioxide emission from the
vehicles in many ways and an initial measurement of the carbon dioxide concentration in
the exhaust system of a commercial diesel engine using the optical fiber sensor.
Carbon dioxide is a greenhouse gas which causes global warming by increasing its
percentage in the environment. However, there are many naturally reducing sources of
carbon dioxide from the atmosphere, these natural sources are fails to balance the excess
amount of carbon dioxide in the atmosphere. This results in Global warming and
greenhouse effects.
Due to this some artificial methods are being adopted for the control of the carbon dioxide
emission into the atmosphere. On balancing the percentage of carbon dioxide from the
atmosphere may change the climatic conditions and set to normal.
For this, an adsorption of carbon dioxide using Zeolite 13X, Zeolite 4A and Activated
Carbon have been investigated at a room temperature and pressure of 1bar. A
computational study of adsorption in zeolites using various compositions have been
studied. CO2 emission reduction from the exhaust of a diesel engines using modified
charcoal is also a kind of technique to adsorb CO2 from the exhaust emission. This captured
CO2 ultimately should be reused so the wastage or pollution cannot be found.
The material used for capturing of CO2 from the emission is Activated Alumina. Basically
Alumina is having the capability of adsorbing the carbon dioxide from mixture of gases
because of its hydroxyl group. To make the alumina better adsorbent alumina is subjected
to phase transformed to obtain the Gamma – alumina which is having the high porosity and
surface area, these will help to adsorb the carbon dioxide in a better way.
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Aimaro Sanna et al. [2] Fossil fuels account for 80–85% of the total of global energy
production. However, their use is facing significant challenges due to the vast amounts of
CO2 released during combustion and calcination in heavy industries and power generation.
Carbon Capture and Storage (CCS) is a technology that can significantly reduce the impacts
of climate change by capturing the CO2 produced from the combustion of fossil fuels. The
captured CO2 must then be transported to an underground storage site, where it will be
stored away from the atmosphere for a very long time. However, full Lange-scale integrated
demonstration projects and numerical simulations are still required to enhance the
knowledge on long-term geological storage of CO2 before the wider deployment of CCS in
geological formations takes place.
The process consists of reacting CO2 with a divalent metal oxide (MO) to produce a metal
carbonate (MCO3) and release heat.
MO + CO2 → MCO3 + Heat

(1)

Unfortunately, the basic solid–gas chemical reaction takes place on geological time-scale
and speeding it up has been the focus of researchers. In light of this, mineral carbonation
technologies can be divided into two main groups: single-step processes and multi-step
processes. Single-step processes involve the reaction of feedstock material with CO2, which
is usually injected in a reactor maintained at a controlled temperature and pressure.
Minerals require energy-intensive pre-treatments, such as fine grinding, heat treatment, and
chemical activation to provide adequate conversions and reaction kinetics. Multi-step
processes have also been developed using chemicals to first extract the reactive fraction
(e.g. pure metal oxide) from the feedstock, and secondly react it with CO2. For both routes
efficiency depends on the nature of the feedstock and the parameters employed in
carbonation (pressure, temperature, solid/liquid ratio, particle size).
The potential applications of inorganic waste materials in mineral carbonation for the
sequestration of CO2. Mineral waste resources, suitable for mineralization in the UK have
the theoretical potential to capture 14 Mt/year CO2, if all waste products are used to CCSM.
However, this still only represents less than 3% of the current UK CO2 emissions per
year. A wide range, but comparatively small quantity (1 Mt/year), of waste and industrial
by-product resources is actually available to be used as CCSM resource and its potential
in CO2 capture is considerably low in terms of annual UK emissions (about 490 Mt). This
work indicates that RCA and PFA would be available for a life span of 100 years. The
accessibility of steel slag, BFS, IBA and APC is highly uncertain over a 30–100 years’
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time span due to market and environmental issues. However, similar amount of these
wastes are expected to be produced in the next 5–30 years.

S.Jenoris Muthiya et al. [3], The Carbon capture and storage (CCS) is the process of
capturing waste carbon dioxide CO2 from large point source such as fossil fuel power plants
and transporting in to storage sites. Carbon capture and storage is mostly used to describe
the methods for removing CO2 emission from large stationary source such as electricity
generation and some industrial processes, and storing it away from the atmosphere. The
aim is to prevent the release of large quantities of CO2 into the atmosphere. The fossil fuels
coal, oil and natural gas currently supply around 85 per cent of the world's energy needs,
however they are a major source of CO2. Carbon dioxide is the most common greenhouse
gas after water vapour and the gas contributing most to global warming. The International
Energy Agency predicts that fossil fuels will continue to be heavily used around the world
for many years to come, especially as the demand for energy is increasing. The urgent need
to reduce atmospheric concentrations of CO2 means we need a portfolio of solutions to
tackle our emissions, including energy efficiency, using less carbon-intensive fuels,
enhancing natural carbon sinks (vegetation), and harnessing renewable energy from the
wind, earth, sun and tides. CCS is an important part of this portfolio. CCS is currently the
only technology that will allow us to decrease greenhouse gas emissions while using fossil
fuels and retaining our existing energy-distribution infrastructure. CCS can reduce
emissions from fossil fuel burning power stations, whether gas or coal-fired, by as much as
90 percent. By implementing CCS technology in automobile exhaust we reduce the global
Carbon emissions caused by automobiles. Where Automobiles are the second largest
reason for increase of the global CO2 emission.
Carbon-capture techniques are most highly developed in the power-generation industry.
There, carbon capture may occur at three different points in the combustion cycle

In pre-combustion a fossil fuel is partially oxidized to produce syngas (CO and H2O) and
then shifted to produce CO2 and H2. The CO2 is then selectively removed leaving only the
hydrogen gas to support combustion. This method is most highly developed in commercial
applications .In this method exhaust gas is allowed to pass through a liquid solution in
which CO2 selectively dissolves and removes the carbon dioxide from the solution. This is
generally done by heating the solution to remove the carbon dioxide for storage. But this
technique is applicable for small scale capture process and it is also difficult to use a liquid
solution in the exhaust pipe.
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2.1 Post-Combustion
In post combustion a mixture of carbon dioxide, oxygen, and nitrogen compounds
is produced, requiring a post-combustion separation process. In this process exhaust gas is
allowed to pass through solid adsorbents where the gas molecules in the exhaust are
captured by pores present in the adsorbents. The mechanism involved in this process
known as Adsorption. Post-combustion-capture methods have an advantage that they may
be more easily retrofitted to existing combustion systems. If a carbon-capture process is
implemented in automobiles, it would be the first employ post-combustion capture, since
this could be appended to the downstream management of exhaust gases without directly
affecting the inputs to the internal combustion engine.
Minh T. Ho et al. [4], Studies of CO2 capture using membrane technology from coal-fired
power-plant flue gas typically assume compression of the feed to achieve a driving force
across the membrane. The high CO2 capture cost of these systems reflects the need to
compress the low-pressure feed gas (1 bar) and the low CO2 purity of the product stream.
This article investigates how costs for CO2 capture using membranes can be reduced by
operating under vacuum conditions. The flue gas is pressurized to 1.5 bar, whereas the
permeate stream is at 0.08 bar. Under these operating conditions, the capture cost is U.S.
$54/tonne CO2 avoided compared to U.S. $82/ tonne CO2 avoided using membrane
processes with a pressurized feed. This is a reduction of 35%. The article also investigates
the effect on the capture cost of improvements in CO2 permeability and selectivity. The
results show that the capture cost can be reduced to less than U.S. $25/tonne CO2 avoided
when the CO2 permeability is 300 barrel, CO2/N2 selectivity is 250, and the membrane cost
is U.S. $10/m2.
The recovery of CO2 from post-combustion flue gas using polymeric gas-separation
membranes can be achieved at a cost of between U.S. $20 and $40 per tonne CO2 avoided.
This is accomplished with a vacuum membrane system, improvements in membrane CO2
permeability, CO2/N2 selectivity, and membrane cost reductions. Currently, there exist no
commercial membranes with these combinations of high permeability’s and selectivity’s
for CO2/N2. Additionally, current commercial membranes suffer from degradation of
performance over time due to a variety of factors, and operation is limited to near ambient
temperature. These are the challenges that will be needed to be overcome to make CO2
capture using membrane technology a competitive option.
Currently, CO2 capture by gas-separation membranes is not as effective as other CO2
recovery methods because of the low permeability and selectivity of commercially
available membranes. The results show that if the membrane price is moderate to high (U.S.
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$40-50/m2) then developing new membranes for vacuum permeate membrane systems
should focus on creating membranes with very high permeability (300-550 barrel) and
moderate CO2/N2 selectivity (40-60). However, if the membrane price is low (U.S. $1030/m2) then it would be better to use existing membranes with permeability’s on the order
of 200 barrel coupled with CO2/N2 selectivity’s of 40-60.
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CHAPTER 3

EXHAUST SYSTEM
An exhaust system is usually piping used to guide reaction or burnt

exhaust

gases away from a controlled combustion inside an engine or stove. The entire system
conveys burnt gases from the engine and includes one or more exhaust pipes. Depending
on the overall system design, the exhaust gas may flow through one or more of:


Cylinder head and exhaust manifold



A turbocharger to increase engine power.



A catalytic converter to reduce air pollution.



A muffler (North America) / silencer (UK/India), to reduce noise

The exhaust system begins with manifolds on the engine and ends with the tail pipe.
Basically, it includes an exhaust manifold, heat riser, exhaust pipe, catalytic converter,
muffler, resonator (optional), and tail pipe. Following is a closer look at each component.

Fig 3.1: Exhaust System

3.1 Parts of an Exhaust System
a) Exhaust Manifold
b) Flange and Clamp
c) Catalytic Converter
d) Muffler
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e) Connecting Pipe
f) Resonator
g) Tail Pipe

3.1.1 Exhaust Manifold
In automotive engineering, an exhaust manifold collects the exhaust
gases from multiple cylinders into one pipe .The exhaust manifold collects the burned
gases as they are expelled from the engine cylinders and directs them to the exhaust pipe.
Exhaust manifolds are generally simple cast iron or stainless steel units which collect
engine exhaust gas from multiple cylinders and deliver it to the exhaust.

3.1.2 Flange and Clamp
Flange and clamp are used to connect the exhaust pipe from exhaust manifold to
catalytic convertor. A flange is a plate or ring which is used to form a rim at the end of a
pipe when fastened to the pipe to prevent leakage and for easy flow of gases through it.
A clamp is a fastening device used to hold or secure objects tightly together to prevent
movement or separation through the application of inward pressure.

3.1.3 Catalytic Converter
To meet stricter emission control standards, in 1975, manufacturers began to install
catalytic converters on domestic automobiles. Located between the exhaust pipe and
muffler, this device converts harmful carbon monoxide and hydrocarbons into carbon
dioxide and water vapour. Newer converters also change nitrogen oxides into harmless
oxygen and nitrogen. By law, these catalytic converters must remain on the vehicle.

3.1.4 Muffler
The muffler lowers noise through the use of perforated tubes and baffles that permit
the exhaust gases to expand into the area between the tubes and the outer shell of the
muffler. This expansion slows and cools the exhaust gas flow, thus reducing noise without
obstructing the flow of gases.
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3.1.5 Connecting Pipe
It is used to connect the muffler to the resonator.

3.1.6 Resonator
A resonator is nothing more than a secondary muffler designed to reduce noise level
even further. It is usually found on a vehicle having a long wheelbase and powered by a
high-performance engine. It can be located in front of or behind the muffler.

3.1.7 Tail Pipe
It is the hose through which exhaust gases emerges out from the system to
atmosphere. The diameter of this tail pipe usually varies from 1-8 inch.

3.2 Purpose of Exhaust System
The purpose of Vehicle Exhaust System is to


Carry exhaust gases from the engine.



Reduce the noise level of the engine.



Protect the vehicle occupants from noxious exhaust gases.



Reduce the level of environmentally polluting emissions.
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CHAPTER 4

EXHAUST GASES
4.1 Introduction
Exhaust gas or flue gas is emitted as a result of the combustion of fuels such
as natural gas, gasoline, petrol, biodiesel blends, diesel, fuel oil, or coal. According to the
type of engine, it is discharged into the atmosphere through an exhaust pipe, flue gas stack,
or propelling nozzle. It often disperses downwind in a pattern called an exhaust plume.
It is a major component of motor vehicle emissions (and from stationary internal
combustion engines), which can also include:


Crankcase blow-by



Evaporation of unused gasoline

Motor vehicle emissions contribute to air pollution and are a major ingredient in the
creation of smog in some large cities. A 2013 study by MIT indicates that 53,000 early
deaths occur per year in the United States alone because of vehicle emissions.

4.2 Composition
The exhaust gases from internal combustion engines are complex mixtures
consisting principally of the products of complete combustion, small amounts of the
oxidation products of sulphur and nitrogen, and compounds derived from the fuel and
lubricant. The major and minor constituents are listed in Table 4.1

TABLE 4.1
Constituents of Internal Combustion Engine Exhaust Gases
Major Constituents (Greater than 1%)

Minor Constituents (less than 1% )

Water, H2O

Oxides of sulphur, SO2, SO3

Carbon dioxide, CO2

Oxides of nitrogen, NO, NO2

Nitrogen, N2

Aldehydes, HCHO, etc.

Oxygen, O2

Organic acids, HCOOH, etc.

Carbon monoxide, CO(a)

Alcohols, CH3OH, etc.

Hydrogen, H2(a)

Hydrocarbons CnHm
Carbon monoxide, CO(b)
Hydrogen, H2(b)
Smoke
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*a Spark Ignition Engine
*b Diesel Engine

4.3 Exhaust Gas Temperature
Exhaust gas temperature (EGT) is important to the functioning of the catalytic
converter of an internal combustion engine. It may be measured by an exhaust gas
temperature gauge. Exhaust gas temperature usually range from 110-1700c.

4.4 Main Motor Vehicle Gas Emission
Combustion can be represented as
HC + N + O2

CO2 + CO + H2O + NOX + HC + Other gases

a) NOx
b) Volatile Organic Compounds
c) Ozone
d) Carbon Monoxide
e) Carbon dioxide
f) Water Vapour

4.4.1 NOx
Mono-nitrogen oxides NO and NO2 (whether produced this way or naturally
by lightning) react with ammonia, moisture, and other compounds to form nitric
acid vapour and related particles. Small particles can penetrate deeply into sensitive lung
tissue and damage it, causing premature death in extreme cases. Inhalation of such particles
may cause or worsen respiratory diseases such as emphysema and bronchitis. It may also
aggravate existing heart disease.[9][10][11] In a 2005 U.S. EPA study the largest emissions of
NOx came from on road motor vehicles, with the second largest contributor being non-road
equipment which is mostly gasoline and diesel stations.
The resulting nitric acid may be washed into soil, where it becomes nitrate, which is useful
to growing plants.
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4.4.2 Volatile Organic Compounds
When oxides of nitrogen (NOx) and volatile organic compounds (VOCs) react in
the presence of sunlight, ground level ozone is formed, a primary ingredient in smog. A
2005 U.S. EPA report gives road vehicles as the second largest source of VOCs in the U.S.
at 26% and 19% are from non-road equipment which is mostly gasoline and diesel
stations. 27% of VOC emissions are from solvents which are used in the manufacturer of
paints and paint thinners and other uses.

4.4.3 Ozone
Ozone is beneficial in the upper atmosphere, but at ground level ozone irritates
the respiratory system, causing coughing, choking, and reduced lung capacity. It also has
many bad effects throughout the ecosystem.

4.4.4 Carbon Monoxide (CO)
Carbon monoxide poisoning is the most common type of fatal air poisoning in
many countries. Carbon monoxide is colourless, odourless and tasteless, but highly toxic.
It combines with hemoglobin to produce carboxyhemoglobin, which is ineffective for
delivering oxygen to bodily tissues. In 2011, 52% of carbon monoxide emissions were
created by mobile vehicles in the U.S.

4.4.5 Carbon dioxide
Carbon dioxide is a greenhouse gas. Motor vehicle CO2 emissions are part of the
anthropogenic contribution to the growth of CO2 concentrations in the atmosphere which
according to the vast majority of the scientific community is causing climate change. Motor
vehicles are calculated to generate about 20% of the European Union's man-made
CO2 emissions, with passenger cars contributing about 12%. European emission
standards limit the CO2 emissions of new passenger cars and light vehicles. The European
Union average new car CO2 emissions figure dropped by 5.4% in the year to the first
quarter of 2010, down to 145.6 g/km.
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4.4.6 Water Vapour
Vehicle exhaust contains much water vapour.
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CHAPTER 5

AUTOMOBILE EMISSION CONTROL SYSTEM

5.1 Emission Control
The purpose of emission control is to reduce amount of pollutants and
environmentally damaging substances released by the vehicles. If not controlled, the
automobile can emit pollutants from fuel tank, carburettor, crankcase and exhaust system
in to the atmosphere.
The fuel tank and the carburettor emit gasoline vapours, crank case releases partly burned
air-fuel mixture blown off by piston rings and pollutants from exhaust system consists of
partly burned Hydrocarbons, Carbon monoxide, Nitrogen oxides and Sulphur oxides. The
smoke may be formed due to incomplete burning of fuel. It took years for the public and
the automotive industry to address the problem of these pollutants. It is estimated that in
U.S.A above 200 million tons of man-made pollutants adds to the air.
Therefore, these pollutants, if not controlled, adversely affect our health. Automobile
manufacturers have been working towards reduction of automotive air pollutants when auto
emissions were found to be the cause of the mog. The emissions of the pollutants can be
decreased by improving combustion efficiency which in turn needs redesigning of fuel
tank, carburettor and combustion chamber, cooling system ignition and exhaust system.
The other ways of controlling atmospheric pollution is, destroy the pollutants after they
have been formed.
The emissions of pollutants in automotives can be reduced by
1. Closed crank case ventilation.
2. Fuel tank and carburettor ventilation.
3. Redesigning the engine:
a) Combustion chamber.
b) Cooling systems.
c) Fuel supply system.
d) Ignition system.
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5.2 Closed Crank Case Ventilation (Controlling Crank Case
Emissions):
This system consists of 2 types:


Positive crank case ventilation.



Fixed orifice system.

5.2.1 Positive crank case ventilation systems [PCV systems]:
When engine is running, some unburned fuel and combustion products leak past the
piston rings and moves in to the crank case. This leakage is called “blow by”. This blow by
must be removed from the engine crank case, before it condenses and reacts with oil to
form sludge, which may corrodes and accelerates wear of pistons, piston rings, valves,
bearings, etc. Sludge can also clog oil lines and starve the lubricating system. As the engine
oil circulates, it also carries blow by and same unburned of fuel particles which are formed
due to air-fuel mixture in to the crank case. If not removed, this dilutes the engine’s oil and
hence the oil does not lubricate the engine properly in excessive wear. Filter air from the
carburettor air clearer must be circulated through the crank case to remove blow by gases
and gasoline vapours from the crank case. To prevent atmospheric pollution modern
engines have a closed system called PCV system.

Fig 5.1: Positive crankcase ventilation
The blow by gases and gasoline vapours are picked up by filtered air to the engine inlet
manifold through a special PCV valve and from there enters in to engine combustion
chamber with fresh charge and are burnt there. The PCV valve consists of a spring loaded
tapered valve. The valve is in closed position under the action of crank case pressure and
manifold vacuum whereas the spring pressure keeps the valve open thereby regulate the
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flow of blow by gases. During part throttling (or normal speed), engine is operating under
heavy load, the throttle valve opens widely and decreases intake manifold vacuum. The
spring moves the tapered valve further downward to provide a larger opening through the
valve. The amount of blow by gases are more, when engine load is high, hence larger PCV
valve opening is essential to allow these gases to flow through the valve in to the intake
manifold.

5.2.2 Fixed Orifice tube PCV System
Some engines are not fitted with PCV valve. The blow by gases are routed in to the
intake manifold through a fixed orifice tube: This system works similar to PCV valve,
except that the system is regulated only by the vacuum on the orifice. The amount of blow
by gas, flows in to the intake manifold is limited by the size of the orifice.

5.3 Controlling Evaporative Emissions [Evaporative emission
control systems]:
The fuel evaporative control systems capture the gasoline vapours from the fuel
tank and

carburettor float bowl and prevents them from escaping in to the atmosphere.

This system is called by various names such as evaporative emission control (EEC),
evaporative control systems (ECS), vehicle vapour recovery (VVR) and vapour saver
(recovery system). Since fuel injection system does not have a float bowl, the ECS controls
escape of fuel vapours from the fuel tank only.

5.3.1 Vapour Recovery System In Carburetted Engines:
If the vehicle is not fitted with VRS, the gasoline vapours from the fuel tank and
carburettor escape in to the atmosphere by evaporation or breathing. The fuel tank breathes
with change in temperature. As the temperature increases, the air inside the tank expands
and thus forced out through either the filter cap vent or the tank vent tube. The air carries
gasoline vapour. When the temperature decreases, the air inside contracts and hence outside
air enters in to the tank. This breathing of tank causes loss of gasoline vapours and
discharges it in to the atmosphere.
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The gasoline vapours also escape from the carburettor float bowl by evaporation. When the
engine is running, the carburettor float bowl is full. When the engine stops, the heat of the
engine evaporates some or all of the gasoline stored in the float bowl.
The vapour recovery system reduces the atmospheric pollution by preventing gasoline
vapour to escape in the atmosphere. All modern cars are fitted with VRS.
The layout of vapour recovery system is as shown in the figure. The fuel tank and
carburettor are vented to a carbon or charcoal canister, instead of vented in to the
atmosphere. When the engine stops, fuel vapours from the tank and float bowl enters into
a carbon or charcoal canister. In the canister, the activated charcoal adsorbs the vapour and
stores it. When the engine starts the gasoline vapour in the canister picked up by fresh air
flowing through it. Then the air flows into the engine intake manifold and becomes part of
air-fuel mixture entering the engine cylinders. This action of flow of fresh air to pick up
the trapped gasoline vapours from the canister is called “purging”. The system also consists
of a vapour liquid separator on the fuel tank. This chamber separates vapour from the liquid
gasoline which in turn is returned to the tank. A mechanically operated vent valve or an
electrically operated solenoid valve may be used to control flow of vapours from the fuel
tank. The mechanical valve is operated by the throttle linkage. During Idling, it opens and
causes the vapour to flow through the float chamber to the canister. The opening of the
throttle close the vent valve, likewise, the electrical vent valve is open when the ignition is
off. When the ignition is on, the vent valve is open when ignition is off. When the ignition
is on, the vent valve is closed by the energization of solenoid.

5.3.2 Evaporative Control System (ECS) For Fuel Injected Engines:
The fuel injection system does not have a float bowl, therefore ECS controls escape
of fuel vapour from the fuel tank only. The canister is connected to hose from the fuel tank.
The purge-line from the canister is connected to the throttle body. An electric purge control
solenoid may be used instead of vacuum operated purge valve. The solenoid valve may be
fitted on the canister and in the purge line and is normally open.
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Fig 5.2 ECS

5.4 Cleaning the Exhaust Gas:
The automotive engine burns the liquid fuel gasoline which is a hydrocarbon (HC),
made up of hydrogen (H) and carbon (C). During complete combustion, gasoline produces
water vapour and carbon-di-oxide which are harmless to the atmosphere. However, in
automotive engines, combustion is never complete. Some unburned hydrocarbon (gasoline)
and carbon monoxide (formed due to incomplete combustion of gasoline) and nitrogen
oxide (formed due to high combustion temperature) will remain in the exhaust gas.
Therefore combustion can be represented by,
HC+N+O2 => CO2+H2O+CO+NO8+HC

(2)

The carbon monoxide, hydrocarbon and nitrogen causes air pollution.
In automotives, sources air pollution are engine crank case, air cleaner or carburettor, fuel
tank and tail pipe. The pollutants from each of these sources are controlled by emission
control devices like crank case emission control systems, evaporative emission control
systems, exhaust emission control system.

5.5 Method to Reduce Pollutants
The method used to reduce amount of pollutants in the exhaust gas are,


Controlling gasoline quality.



Controlling the air-fuel mixture.



Controlling the combustion process.
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Treating the exhaust gas.

5.5.1 Controlling Gasoline Quality:
The characteristics of the gasoline can be improved by adding some additives
during refining. A good quality gasoline possess the following characteristics:


Proper volatility: This property indicates how easily the gasoline is converted in
to the vapour.



Resistance: Resistance to detonation or spark knock.



Oxidation Inhibitors: It avoids gumming tendency in the fuel system.



Anti-rust and Anti-freezers: To prevent rusting of components in fuel system
and avoids blocking of fuel lines.



Detergents: to clean carburettor and injector.



Dyes: Gives colour for identification.

5.5.2 Controlling the Air-Fuel Mixture
Controlling the air-fuel mixture is nothing but,


Modifying the fuel system or carburettor to deliver a leaner air-fuel mixture.



Faster warm up and quicker choke action.

The ideal air-fuel ratio [14.7:1] required for complete combustion of fuel is called
stoichiometric air-fuel ratio. If this air-fuel ratio is lower, say 14:1. It means, for available
oxygen. If it is higher, say 16:1, it means there is no excess of oxygen. As engines operates
at mostly part throttle, the ECM maintains air-fuel ratio at stoichiometric ratio during part
throttling. The engines performance is better at ideal air-fuel mixture (14.7:1) and produces
minimum exhaust emissions. The amount of oxygen in the exhaust gas is indicated by
oxygen sensor which sends signals to the ECM. This shows leanness or richness of air-fuel
mixture. Then the ECM adjusts the richness of the mixture.
Faster engine warm up and quicker choke opening decreases exhaust emissions during
warm up. If the carburettor supplies cold air-fuel mixture, only a part of fuel will vaporize.
This makes the air-fuel mixture lean and extra-rich mixture is required. Therefore, when
the engine is cold, thermostatically controlled air cleaner is used to supply heated air
quickly to the carburettor. During cold running, air entering carburettor is heated by a
thermostatic air cleaner, which allows engine to run on a leaner air-fuel mixture during
warm up.
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The thermostatic air cleaner consists of a temperature sensing spring which senses
temperature of air entering the air cleaner. The air bleed valve is closed when air is cold
and this applies intake manifold vacuum to the vacuum motor. The diaphragm and hence
the control damper assembly moves up due to atmospheric pressure and thus blocks the
snorkel tube. This allows all the air to enter through the hot air pipe which is laid near to
the exhaust manifold. When the engine starts, the exhaust manifold heats up quickly, and
hence allows heated air to enter in to the air cleaner. This heated air helps to vaporize the
fuel delivered by carburettor or fuel injectors, which in turn improves cold engine
performance.

5.5.3 Controlling Combustion Process:
Combustion in the engine cylinder is a complicated phenomenon. The factors which
affect the combustion process are:


The air-fuel mixture near to the cool cylinder wall, cylinder head, top piston ring
and piston head do not burn. The metal surface cool this layer below the
combustion point. Therefore, during exhaust stroke, this un burnt mixture (fuel)
is swept out of the cylinder, this adds polluting HC to the atmosphere, this
problem is rectified by introducing stratified charge in the engine cylinder or by
the fuel injection method, the other method is providing lesser surface area
around the combustion chamber, the hemispherical combustion chamber has less
surface area and releases less un burnt HC in to the exhaust.



The increase in the combustion temperature result in better combustion in fuel
and reduce unburned HC and CO emission in the exhaust. But this results in
formation of more nitrogen-di-oxide (NO

X)

and added pollutant to the

atmosphere.
During part throttling, vacuum advance provided in the ignition distributor gives the airfuel mixture a longer time to burn. Under certain operating conditions, this also result in
formation of more nitrogen oxide. The device used to prevent vacuum advance are;
a) Transmission Controlled Spark (TCS) or Transmission Regulated Spark (TRS)
system:
It delays vacuum advance when the transmission is in neutral, reverse and low
forward gears.
b) Spark Delay Valve (SDV) it prevents vacuum advance during certain condition of
vehicle acceleration.
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c) The carbon deposits present in the combustion chamber absorb air-fuel mixture and
during exhaust releases air-fuel mixture. The HC in the exhaust gas, add pollutants
to the atmosphere.

5.5.4 Exhaust Gas Recirculation
The higher combustion temperature (more
than 1927 degree Celsius) result in the formation for
more

Nitrogen

Oxides.

The

exhaust

gas

recirculation or EGR system is used to lower the
combustion temperature and hence to reduce NOX
emission in the exhaust. A small metered quantity (6
to 13%) of inert exhaust gas is sent back in to the
intake manifold to reduce combustion temperature
and formation of NOX. The exhaust gas is relatively
at low temperature and absorbs heat from the much
hotter combustion process, there by reduces peak
combustion temperature and hence formation of
NOX.

Fig5.3 Exhaust Gas Recirculation

The simplest form of EGR system is as shown in figure. It consists of a passage which
connects exhaust manifold and intake manifold. The EGR valve opens and closes the
passage and it consists of a spring loaded diaphragm that forms a vacuum chamber at the
top of the valve. A tube connects vacuum chamber and vacuum port in the throttle body as
shown in figure. In absence of vacuum, the diaphragm moves down due to the spring action,
thus closes the passage. In this situation, no exhaust gas recirculates, engine is ideal and
formation of NOX is minimum.
When the throttle opens, it moves past the vacuum port. This allows the intake manifold
vacuum to act through the port and moves the diaphragm up to the open valve. As the valve
raises up, some exhaust gases passes through the valve in to intake manifold. The exhaust
gases mixes with air-fuel mixture and then enters in to the engine cylinders. This reduces
combustion temperature and hence formation of NOx.
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When the throttle valve is fully opened, a little vacuum exists at the vacuum port and hence
EGR valve is nearly closed. However no EGR is needed due to rapid combustion and there
is less time NOX formation.
In most of the engines, vacuum is applied to the EGR valve through a Ported Vacuum
Switch (PVS) or Thermal Vacuum Switch (TVS). It prevents EGR until engine temperature
reaches 38 degree Celsius.

5.6 Treating the Exhaust Gas
The exhaust gas is treated before it enters in to an atmosphere, to reduce amount of
HC, CO and NOX. This is done by injecting fresh air into the exhaust system and by passing
exhaust gas through a catalytic converter.

5.6.1 Air Injection System
In this method, the fresh air is blown into the exhaust gases after they exit
combustion chamber. This provides additional Oxygen to burn HC and CO coming out of
cylinders and convert them into water and CO2 and reduces amount of these pollutants.

Fig 5.4 Air Injection System
The air injection system consists of air pump, air switching and control valves and the one
way check valves. When the engine is cold, the air pump pushes through nozzles to the
exhaust manifold, the nozzles are located opposite to exhaust ports and hence oxygen in
the air helps to burn any HC and CO in the exhaust gas in the exhaust manifold.
When the engine warms up, ECM causes the air to pass through the catalytic converter,
where HC and CO are converted into H2O and CO2. The check valve avoids back flow of
exhaust gases to air pump in case of back fire. During deceleration, the bypass valve

DEPARTMENT OF MECHANICAL ENGINEERING, TJIT

Page | 29

EXHAUST CARBON FILTER AND UTILIZATION

2016 -2017

momentarily diverts air from air pump to the air cleaner, instead of to the exhaust manifold.
This avoids back firing in the exhaust system.

5.6.2 Air Aspirator Systems
Some engines uses air aspirator valve in place of air pump. This is a one way check
valve. The opening and closing of exhaust valves variation in the exhaust manifold
pressure. When this exhaust pressure is below atmospheric, fresh air admits through air
aspirator valve to the nozzles in the exhaust manifold.
The air aspirator closes when exhaust valve opens which causes pressure in the exhaust
manifold to increase above atmospheric.

Fig 5.5 Air Aspirator System

5.7 Catalytic Converter
The function of catalytic converter is to treat the exhaust gas to convert harmful
pollutant into harmless gases. All exhaust gases must pass through catalytic converter
which is located in the exhaust system. The catalytic converter consists of a material called
catalyst which causes a chemical change without entering into chemical reaction. It makes
two chemical ta react with each other and hence reduce amount of HC, CO, and NOX in the
exhaust gases.

DEPARTMENT OF MECHANICAL ENGINEERING, TJIT

Page | 30

EXHAUST CARBON FILTER AND UTILIZATION

2016 -2017

It consists of two different catalysts, one to treat HC and CO and other to treat NOx. The
first catalyst promotes HC to unite with O2 to produce H2O and CO2.The second catalyst
promotes CO to react with O2 and hence to release CO2. As this converter oxidizes HC and
CO2, it is known as oxidizing converter .The platinum and palladium are used as oxidizing
catalysts.
The catalyst used for NOX splits O2 and N2 and hence NOX becomes harmless N2 and O2.
The converter is known as reducing converter and metal rhodium is used for this purpose.
A large surface area of catalytic converter is coated with catalyst. The coated surface area
or substrate is in the form of a bed of small beads or pellets or a ceramic honey comb.
Usually honeycomb converter is round and pellet type converter is flat.
The vehicles fitted with catalytic converter in the exhaust system must be unleaded
gasoline, otherwise lead in the gasoline coats the catalyst and makes the converter in
effective. The air fuel ratio for the mixture must be stoichiometric ratio for effective
working of the catalyst converter.

 Dual Bed And Three Way Catalytic Converter
A dual bed catalytic converter of two pallets beds, one over the other and are separated by
an air chamber. The pellets coated with three way catalyst to reduce NOX into N2 and O2 is
provided on the upper bed. It also helps to oxidize HC and CO. The lower bed acts as two
way catalyst and oxidizes remaining HC and CO. When the vehicle warms up, the air pump
supplies secondary air to the air chamber to separate the upper and lower beds.

5.8 Emission Standards
As vehicles populations grow and cities become more congested the allowable
emission from engines have lowered to maintain air quality in major cities. The pollutants
from vehicles cause several health problems, leads to formation of smog and affects
environment. Many countries are aiming at achieving safe concentrations of these
pollutants by regulating their level of emissions. Emission standards are requirement that
set specific limits to the amount of pollutant that can be released in to the environment.
This emission standards regulates pollutant released by automobiles, industry, power plant
and diesel generation etc. generally these standards regulates the emissions of nitrogen
oxides, sulfer oxides, particulate matter or soot, carbon monoxide and volatile
hydrocarbons. This emission standards puts limits for conventional pollutants and regulates
greenhouse gases particularly carbon-di-oxide. In U.S.A emission standards are managed
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by the environmental protection agency. In the state California, California’s emission
standards are influenced emission requirements that major auto maker’s must meet. The
European Union has set its own emission standards for all roads vehicles, trains, barges etc.
no standard applies to seagoing ships or aeroplanes. The European Union has introduced
Euro 4 from 1-1-2008, introducing Euro 5 from 1-1-2010, and Euro 6 from 1-1-2014. Many
of other countries also confirm to the Euro 4 standard from January 2009.
In 1899, India introduced first Indian emission regulation to limit Idle emission. From 2000
India has started adopting European emission and fuel regulations for 4 wheeled light duty
and for heavy duty vehicles. Indian own emission regulations for four and three wheeled
vehicles. All transport vehicle must have a fitness certificate that is renewed each year after
the first two years of new vehicles registration.
On October 6, 2003, the National Auto Fuel Policy has been announced which
envisages a phased program for introducing Euro 2-4 emission and fuel regulations by
2010. The table 5.1 shows the implementation schedule of EU emission standards in India.
Table 5.1 Implementation of EU
Standard

Region

Reference

Date

India 2000

Euro I

2000

Nation wide

Bharat Stage Il

Euro 2

2001

Delhi, Mumbai, Kolkata, Chennai

2003, 04

Delhi, Mumbai, Kolkata, Chennai,
Bangalore,
Hyderabad, Ahmedabad, Pune, Surat,
Kanpur and Agra

2005, 04

Nation wide

2005, 04

Delhi, Mumbai, Kolkata, Chennai,
Bangalore,
Hyderabad, Ahmedabad, Pune, Surat,
Kanpur and Agra

2010, 04

Nation wide

2010, 04

Delhi, Mumbai, Kolkata, Chennai,
Bangalore,
Hyderabad, Ahmedabad, Pune, Surat,
Kanpur and Agra

Bharat Stage Ill

Bharat Stage IV

Euro 3

Euro 4
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CHAPTER 6

BASICS OF ZEOLITES
6.1

Zeolites
Zeolites represent a group of more than 50 soft, white aluminosilicate minerals of

tectosilicate type, i.e., a three dimensional framework (refer Fig. 6.1 a, b) of interconnected
tetrahedra, comprising (mostly) of aluminium, silicon and oxygen atoms. They consist of a
crystalline structure built from [AlO4]5- and [SiO4]4-, bonded together in such a way that all
four oxygen atoms located at corners of each tetrahedron are shared with adjacent
tetrahedral crystals as shown in Fig. 6.1c–e. As presented in Fig. 6.1f, if each tetrahedron
in the framework contains silicon as its central atom, the overall structure becomes
electrically neutral (as in Quartz, SiO2). In zeolite structures, some of the quadri-charged
silicon cations are replaced by triply-charged aluminium, giving rise to a deficiency of
positive charge. The so developed charge is balanced by the presence of singly- and/or
doubly-charged cations, such as sodium (Na+), potassium (K+), calcium (Ca2+)and
magnesium (Mg2+), elsewhere in the structure, featuring spacious pores or rings [2, 5, 6, 8,
9].
The general formula of a zeolite is Me2/n O.Al2O3.xSiO2. yH2O, where, Me is any
alkali or alkaline earth atom, n is the charge on that atom, x is the number of Si tetrahedron
varying from 2 to 10, and y is the number of water molecules varying from 2 to 7. The Si
and Al tetrahedra combinedly form a structural framework in zeolites with centrally located
Si or Al atoms and corners occupied by oxygen atom. The oxygen atom being common
between [SiO4]4− and [AlO4]5− tetrahedra, remains oriented in such a way that the
framework develops voids or pores in the form of cages and channels between the
tetrahedra, as depicted in Fig. 6.1 a, b . The structural formula of the zeolite based on its
crystal unit cell (assuming both the SiO2 and AlO2 as variables) can be represented by Ma/n
(AlO2) a (SiO2) b wH2O, where, w is the number of water molecules per unit cell, and a and
b are total numbers of tetrahedra of Al and Si, respectively per unit cell. The ratio of b/a
usually varies from 1 to 5, for Mordenite [i.e., Na8 (AlO2)8 (SiO2)40, where a is 8, b is 40
and hence b/a is 5] and zeolite 4A [i.e., Na96 (AlO2)96 (SiO2)96, where a is 96, b is 96 and
b/a is 1]. Exceptionally, some zeolites are having b/a varying from 10 to 100 or even higher
than 100 for ZSM −5 type zeolites.
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Fig. 6.1 a The schematic view of the crystal structure of zeolite 4A and b typical zeolite structure showing three
dimensional cages and channels [8]. c Basic tectosilicate structure of zeolite where dark (i.e., vertex in) and light
(i.e., vertex out) shades to add 3-dimensional (3-D) effect and upside down orientation of the tetrahedra for vertex
sharing between two rings of the zeolite structure in its 2-D view on a picture plane. d Single ring tetrahedron
structure and framework of a zeolite mineral and e [SiO4]4− and [AlO4]5− in a ring of sodium zeolite and f Pictorial
representation of a 3-D view of a tetrahedral with centrally located Si or Al atoms, exhibited by dotted lines drawn
to represent the portion within the body of the mineral.

As depicted in Fig. 6.1e, a low silica sodium zeolite (Si/Al = 1, Na/Al = 1, i.e., zeolite
4A) possess an open cage within the lattice and a vast network of negatively charged open
channels (accommodating Na+ cation) due to presence of the common oxygen atom
between Si and Al tetrahedra. In addition, the pores or channels (refer to Fig. 6.1a–c) are
of microscopically small size as of molecular dimensions and hence they are also called as
the “molecular sieves” which facilitate cation exchange in adsorption process. Based on
these attributes, zeolites find applications in separation and filtration processes.
The crystalline lattice structure of zeolites consists of exceptional lattice stability
by virtue of which they facilitate considerable freedom of ion-exchange and reversible
dehydration. Zeolites can accommodate new cations (mainly sodium, potassium,
magnesium and calcium), water molecules and even small organic molecules. Furthermore,
ions and molecules in the cages are loosely bound so that they can be removed or exchanged
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without destroying the zeolite framework. However, this depends on the chemical
composition and the crystalline structures of a specified zeolite. In general, zeolite minerals
have been classified into various families as presented in Table 6.1.
Though, zeolites were first identified by Cronsted in 1756 their molecular sieve properties
remained untouched until mid-1920s and a lack of development for commercial use of
natural zeolites remained for some time more. With this in view, researchers’ attention
turned to the synthesis of zeolites, popularly known as synthetic zeolites, by employing
pure chemicals and/or minerals present in natural resources or their by-products like coal
fly ash.
Table 6.1 Minerals of the zeolite family
Family of

Minerals

Shape

zeolites
Analcime

Analcime,

pollucite,

wairakite,

bellbergite, Cubic/tetrahedral

bikitaite, boggsite, brewsterite

Chabazite

Chabazite,

willhendersonite,

dachiardite,

edingtonite,

cowlesite, Rhombohedral

epistilbite,

erionite,

faujasite, ferrierite

Gismondine Amicite, garronite, gismondine, gobbinsite, Monoclinic/orthogonal
gmelinite, gonnardite, goosecreekite

Harmotome Harmotome, phillipsite, wellsite
Heulandite

Monoclinic

Clinoptilolite, heulandite, laumontite, levyne, Monoclinic/orthogonal
mazzite, merlinoite, montesommaite, Mordenite

Natrolite

Mesolite,

natrolite,

scolecite,

offretite, Orthogonal/tetrahedral

paranatrolite, paulingite, perlialite

Stilbite

Barrerite,

stilbite,

stellerite,

thomsonite,

Monoclinic

tschernichite, yugawaralite

6.1.1 Natural Zeolites
Zeolites in nature often, formed as crystals in small cavities of basaltic rocks over
the years or as volcanic tuffs or glass altered by the interaction with saline water. These
natural zeolites are formed in a number of geological environments such as alkaline deserts,
lake sediments, ash ponds and marine sediments at relatively low temperature, under
natural conditions. They also get crystallized in geologically young metamorphic rocks in
mountainous regions. In the 1950s, geologists discovered that million-ton deposits of
volcanic tuff consisting mostly of zeolite materials are not uncommon. Such zeolite
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crystals, by virtue of their unique structures, get filled up with water which can be driven
off by heating. As such, the dried up crystals possess a honeycomb-like structure consisting
of openings or pores of the order of a few atoms in width (~2–10 Å). The most general
formula of natural zeolites is as depicted below:

(Li, Na, K)p (Mg, Ca, Sr, Ba)[Al(p+2q)Sin-(p+2q) O2n].moH2O
Where, p is the number of monovalent metal ion, q is the number of divalent metal ions, n
is the half of the number of oxygen atom and mo is the number of water molecules.
Natural zeolites such as Clinoptilolite (i.e., popularly known as Clino zeolites) and
Chabazite have applications in various diversified fields such as water treatment, fertilizer
application for soil amendment and plant growth by establishing better retention of
nutrients. The Clinoptilolite has been broadly accepted for its usage in agriculture, soil
amendment and feed additives because of its higher acid resistant silica content (viz., Si/Al
= 1–5). However, such zeolites are contaminated by other minerals (e.g., Fe2+, SO42−,
Quartz, other zeolites, and amorphous glass) and hence they may not be suitable for several
important commercial applications where uniformity and purity are essential.

6.1.2 Synthetic Zeolites
These zeolites are synthesized by chemical processes, which result in a more
uniform and purer state as compared to the natural types in terms of their lattice structures,
sizes of pores and cages in their frameworks. The principal raw materials useful for
synthesis of synthetic zeolites can be pure chemicals rich in silica and alumina, minerals
available on the earth or by-products of industries. Fly ash being an abundantly and cheaply
available industrial by-product, rich in minerals containing silica and alumina can be an
alternative material for synthesis of synthetic zeolites. The type of zeolites formed is a
function of the temperature, pressure, concentration of the reagent solutions, pH, process
of activation and ageing period, SiO2 and Al2O3 contents of the raw materials [1, 8]. Based
on the Si/Al molar ratio in the activated fly ash, zeolites can be classified/graded as “low
silica zeolites”, “intermediate silica zeolites” and “high silica zeolites”, as listed in Table
6.2.
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Table 6.2 Grades of zeolites
Zeolite grade

Si/Al

Some of the common mineral names and their framework codes

molar
ratio
Low silica

2

Analcime (ANA), cancrinite (CAN), Na-X (FAU), natrolite (NAT),
phillipsite(PHI), sodalite (SOD)

Intermediate

2–5

Chabazite (CHA), faujasite (FAU), mordenite (MOR), Na-Y (FAU)

>5

ZSM-5(MFI), zeolite-b (BEA)

silica
High silica

In general, for zeolites, an increase in this parameter (i.e., Si/Al from 0.5 to infinity) [5] can
significantly result in the increase in various other parameters (viz., acid resistivity, thermal
stability and hydrophobicity) except few parameters (viz., hydrophilicity, acid site density
and cation concentration) which get decreased. In general, synthetic zeolites hold some key
advantages over their counterparts’ i.e. natural zeolites. Zeolites type A, X, Y, P and NaP1 are well known synthetic zeolites synthesized from fly ash which have a wider range of
industrial applications than the natural zeolites.

6.2 Properties of Zeolites
A comprehensive discussion on various properties of zeolites viz., physical,
chemical, ion exchange and adsorption properties, mineralogical and morphological
characteristics, thermal characteristics, characteristics of zeolites in acidic medium,
crystal structure, framework of zeolitic crystals and surface properties is presented in the
following.

6.2.1 Physical Properties
The most general physical properties of the zeolites are bulk density and specific
gravity (i.e., somewhere in between 2 and 2.4), which can correlate with their porosity (i.e.,
the measure of the pore volume in zeolite) and the cation exchange capacity (CEC).
For example, the observed trends of variations such as one between porosity and CEC and
another between porosity and specific gravity are exhibited by Fig. 6.2a.
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Graph 6.2 Variation of porosity of natural zeolite 6.2a With CEC and G, 6.2b with bulk
density
It can be noticed that there is negligible change in specific gravity with increase in porosity
of zeolites (viz., Analcime, Mordenite, Philipsite, Clinoptilolite, Erionite, Heulandite and
Chabazite), whereas, the trend of variation in CEC is initially decreasing with increasing
porosity up to 34 %. Beyond this, there is reversion in the trend which can be attributed to
the corresponding extreme variations in the purity (i.e., higher grade) of zeolites.
In addition, the surface hardness of zeolite is of the order of 3–5 kg which can be indirectly
correlated with its specific gravity.
The most common physical property of the ash zeolites is its specific surface area, which
is dependent on the extent of dissolution of fly ash particles in alkaline solvents. In line
with this, another important physical property of zeolites is their void volume which can
directly be correlated with the CEC of the synthesized product (e.g., fly ash zeolites, NaP1) and which in turn depends upon the specific area as depicted in Graph 6.3a, b.
Moreover, both CEC and the surface area of the ash zeolites are found to undergo
significant variations with increase in molarity and the reaction time, as depicted in Graph
6.3c, d. From the trends depicted in Graph 6.3c, it can be observed that the CEC increases,
marginally, with an increase in concentration, however, the same is noticed to be
fluctuating, randomly, with an increase in reaction time. This can be attributed to the
variations in the pore size and volume, as depicted in Graph 6.3a. On the contrary, the
surface area maintains an increasing trend with increase in concentration and the reaction
time, as depicted in Graph 6.3d, which can be attributed to increase in dissolution of fly ash
ingredients (viz., glass, Quartz and Mullite).
Another important physical property of the ash zeolites is their pore radius Rp. This
parameter helps in studying the adsorption properties of zeolites as an adsorbent. Rp can be
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correlated with the specific surface area SSABET, which can be determined by nitrogen
adsorption technique (i.e., by employing BET method and the relationship, Rp = 2.
Vp/SSABET, where Vp is the pore volume) . The pores are assumed to be cylindrical in shape
for natural zeolites; Clinoptilolite and Mordenite, for which SSABET generally lies between
11–16 m2 and 115–120 m2/g, respectively. The trend depicted in Graph 6.4 exhibits an
initial increase in Rp with an increase in SSABET, up to 20 m2/g, beyond which it decreases
sharply. This trend violates the inverse relationship between the two parameters as
mentioned above.

500
400
300
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0
0

10 20 30 40 50 60 70 80 90100

SSA(m2/g)
M

(NaOH)

M

(NaOH)

Graph 6.3 Variation of CEC with a void volume, b specific surface area of the activated fly
ash, c with concentration of NaOH and d variation of specific surface area with
concentration of NaOH [8]
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Graph 6.4 Relation between specific surface area and pore radius of zeolite.

Table 6.3 Physical properties of the zeolite–clinoptilolite

Bulk

Clinoptilolite

CEC

Surface

density

content (%)

(meq./

charge

size

g)

density

diameter

(meq./Å2)

(Å)

(g/cc)

2.38–
2.81

75–85

0.8–

10

1.2

10−23

Si/Al

1–5

Pore

4–7

Pore

Total

volume surface
(%)

area
(m2/ g)

52

800

The most general physical property of common zeolites (e.g., Na-X also called zeolite
X or Linde X or molecular sieve 13X which is an analogue of natural zeolite popularly
known as Faujasite) is their particle size, which has been reported to vary from 2 µm (for
bulk-Na-X) to 800 nm (for micro-Na-X) and from 20 to 100 nm for Nano-Na-X zeolite.
Incidentally, a wide range of variation in the particle size, the effective particle size (i.e.,
the sieve size which allows passing of 10 % of the material by weight) and the uniformity
co-efficient (i.e., the ratio of the sieve size that can permit passage of 60 % of the material
by weight to the sieve size corresponding to the passage of 10 % of the material by weight)
are quite commonly associated with the zeolites.
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6.2.2 Chemical Properties
Zeolites consist of aluminium oxide, calcium oxide, iron oxide, magnesium oxide,
potassium oxide, silicon oxide and sodium oxide within their structure with water
molecules and/or cations in the pores and the cages. A certain fraction of the mass of the
zeolites is lost on ignition because of loss of water. Researchers have suggested that, for a
material to get zeolite, the ratio of (Si + Al)/O in it should be equal to 0.5 [16, 46–48]. The
cation exchange capacity (CEC), adsorption properties, pH, and loss on acid immersion of
zeolites are some of the chemical properties which are reported to depend on the chemical
composition of the synthesized products. Table 6.4 presents typical chemical composition
of a fly ash, its crystalline constituents (viz., Quartz and Mullite), one commercial grade
synthetic zeolite, a fly ash zeolite and their comparison with a natural zeolite.
It can be noticed from the data presented in Table 6.4 that the chemical composition
of the fly ash zeolites (i.e., synthesized by Ojha et al and Park et al.) is very close to the
commercial grade synthetic zeolite 13X with Si/Al ratio equal to 1.5, whereas, natural
zeolite is comparatively rich in silica with Si/Al ratio equal to 4. Hence, it can be opined
that a wide range of chemical.
Table 6.4 Chemical composition of fly ash, its minerals and zeolites
of natural and synthetic types (by weight%)
Material

Oxide (%)
SiO2

Al2O3 Fe2O3 TiO2 CaO Na2O K2O

Fly ash

52.1

32.1

5.5

2.1

0.75 1.9

1.3

Mullite

27.8

71.5

–

–

–

–

–

Quartz

>99

–

–

–

–

–

–

Fly ash zeolite

43.6

29.5

3.6

1.9

0.7

20.5

0.91

Zeolite-13X

48.26 31.85

3.2

0.08 0.38 15.7

0.07

2.8

0.3

3.7

(commercial
grade)
Natural zeolites 64.0

16.1

0.2

3.5

– not applicable transformation takes place from mineral phase of the fly ash to the
corresponding fly ash zeolite phase.
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6.2.3 Ion Exchange and Adsorption Properties
Zeolites usually gain cations (viz., Na+, K+ and NH4+) during the synthesis process
or by interaction with the surrounding medium by virtue of their ion exchange or adsorption
characteristic. In fact, the cations are accommodated to balance the negative charge
developed on the surfaces of pores in zeolites. This can be attributed to the replacement of
Si atom by Al atom in some of the [SiO4]4− tetrahedra and its conversion into the
[AlO4]5−tetrahedron which is interconnected to other [SiO4]4− tetrahedron by common
oxygen atom as depicted above in Fig. 6.1e, f. As for example, ion exchange process can
be described by exposing a sodium zeolite to a waste water sample or a fresh solution
containing other metal cations (e.g. NH4+). In fact, the sodium ions of the zeolite can be
exchanged by ammonium ions provided they are not excluded from the zeolite pores due
to higher molecular size. Based on the findings of the previous researchers, a typical ion
exchange process of waste water treatment by zeolite application at room temperature is
simulated below by allowing ammonium chloride solution to pass through a zeolite sample,
as depicted in Fig. 6.5. It can be noticed that the Na+ of the zeolite can easily be exchanged
with the NH4+ by this process of ion exchange.
The heavy metal cations such as Rb, Cs, Ag, Cd, Pb, Zn, Ba, Sr, Cu, Hg, Co, and
Cr have affinity towards zeolites, although, their selectivity by the zeolites for exchange
depends on the hydrated molecular size of the cations, their relative concentrations in the
medium associated with the process and the Si/Al molar ratio of the zeolite framework.
Based on these properties, the zeolites have been also found to adsorb gases and
separate them for useful industrial applications. The most common gases being CO2, SO2,
H2S, NH3, HCHO, Ar, O2, N2, H2O, He, H2, Kr, Xe, CH2OH, Freon and Formaldehyde.

Si

Al

Na

Si

+

- Oxygen atoms shared by either Si or Al atoms or both,

Al

NH4

+

- Si or Al atoms NH4Cl

Fig. 6.5 Typical ion exchange process in a mixture of ammonium chloride and any sodium
Zeolites
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Table 6.5 Particle shapes and size of minerals present in fly ash and its zeolites
Minerals

Particle shapes

Size (µm)

Source

Type

Fly ash

Hematite

Spheroidal aggregates

5–10

Magnetite

Spherical form

5–15

Glass

Spherical form, spheroidal mode, 10–400
yellowish and greenish

Quartz

Sharp edged, elongated, oval and 20–250
spherical

Carbon

Irregular and jagged form

22–150

Mullite

Pillar like, single form with cleavage 60–420
and colorless

Zeolites

Na-P1

Fibrous

–

Analcime

Tetrahedral

10–20

Na-X

Octahedral

20

Cancrinite

Hexagonal

20–30

sodalite

Hexagonal

Na-A

Cubic

40–50

– Not applicable

Table 6.6 Maximum peak intensities and their location in the
X-ray diffract gram for common ash zeolites
Zeolite

2h (°, Cu Ka)

Peak XRD intensity (counts per
second)

P

28

650

Na-A

7

650

X

6

1800
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Table 6.7 Effect of reaction time on the XRD intensity of the minerals
Reaction time (h)

XRD peak intensity (counts
per second)
Zeolite P

Quartz

Mullite

0

325

260

85

0.5

425

215

82

1.0

515

240

78

1.5

500

190

75

2.0

550

165

70

2.5

570

160

65

3.0

550

140

60

6.2.4 Thermal Characteristics of Zeolites
The thermal properties (viz., temperature resistance, thermal stability, thermal
conductivity and heat capacity of zeolites have been studied to investigate the loss of water
or thermally induced cracking at higher temperatures . The thermal stability of zeolites has
been noticed to increase with their crystallinity. A higher SiO2/Al2O3 ratio and CEC of the
zeolites can directly add to their temperature resistance. The synthesized Na-X zeolite has
been found to lose its crystallinity between 973 and 1073 K. High-silica zeolites (HSZ) are
thermally and chemically stable up to about 1000 °C whereas; pure-silica zeolites are stable
in all mineral acids except hydrofluoric acid. HSZs have been found to have Si/Al ratios
greater than 50, while the ratio for low-silica zeolite (LSZ) is less than 2–5. The variation
of the degree of thermal stability of fly ash zeolites, has been found to follow the trend NaP1, < Na-X < Sodalite. Moreover, Na-P1, Na-X and Sodalite, have been opined to maintain
their crystalline structure for temperatures below 300, 700 and 900 °C, respectively.
The thermal conductivity and heat capacity of zeolite 4A (Na96Al96Si96O384,
popularly identified as Linde A, or Na zeolite) have been reported by earlier researchers,
for the temperature range 35–300 K, who have demonstrated that the thermodynamic
stability of zeolites depends on the strength of the Si-O and Al-O bonds in their structural
framework. It has also been observed that such stability of zeolites gets enhanced by an
increase in its Al content. Further thermal conductivity of the zeolite Na-X, can be affected
by its particle size (2 lm to 800 nm), the temperature range (5–390 K), and the degree of
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packing and the distribution of voids. The inter relationship between thermal conductivity
(k) of zeolite Na-X and the temperature is presented in Graph 6.6 and 6.7
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Graph 6.6 Effect of temperature
on thermal conductivity of Na-X

Graph: 6.7 Effect of temperature
on heat capacity of zeolite 4A

zeolite
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CHAPTER 7

METHODOLOGY
7.1 Working Principle
The exhaust gas is allowed to pass into the inlet of the tailpipe. Pressure gets
reduced and velocity of the gas increases because of the conical section. The flowing
exhaust gas is free to move in all directions inside the tailpipe. As the movement of exhaust
gas is not abruptly obstructed anywhere in its path, the back pressure is limited to minimum
level. The flowing gas passes over the trap which is fixed at the inner of the tailpipe. Gas
entering the perforated sheet mesh holes gets exposure to the zeolite pellets. The exposure
of the exhaust gas is maximum by increased in size of the pellets. Zeolite pellets are highly
porous and consistent matrix of zeolite that provides the adsorption of impurities. The
exhaust gas containing CO2 and other particles are adsorbed by the zeolite pellets.
Adsorptions takes place by locking of gaseous CO2 molecules over the porous layer of the
zeolite. Adsorption quantity of CO2 depends on the type of zeolite used. Maximum
adsorption limit of zeolite depends on the amount of exhaust produced from the engine.
The material for sheet mesh is considered as steel which has high thermal properties. Sheet
mesh also has filtration efficiency which will also filters the black carbon particles up to
certain extent. As this is the first device to be designed to reduce CO 2 emission. Its
limitations will be considered. The Carbon emission levels will be reduced to maximum by
implementing this device on the exhaust manifold.

7.2 Block Diagram
Fossil fuel

Combustion
chamber

Muffler

Tail pipe

Carbon
filter

Filter
Gagas

Fig 7.1 Methodology
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CHAPTER 8

DESIGN PARAMETER
For the adsorption of carbon dioxide from the exhaust and to hold the catalyst a
reactor chamber have to be prepared. This reactor chamber should not create the higher
back pressure inside the reactor so that the chamber is made based on the design
calculations of the muffler because of the similar work is carried-out by the chamber used
in the process of capturing the CO2. For this we have to be first clear about the space
velocity which is explained below.

8.1 Space velocity
In chemical engineering and reactor engineering, space velocity, refers to the
quotient of the entering volumetric flow rate of the reactants divided by the reactor volume
(or the catalyst bed volume) which indicates how many reactor volumes of feed can be
treated in a unit time (for instance, a reactor with a space velocity of 7 h−1 is able to process
feed equivalent to seven times the reactor volume each hour). It is commonly regarded as
the reciprocal of the reactor space time. In industry, space velocity can be further defined
by the phase of the reactants at given conditions. Special values for this measurement exist
for liquids and gases, and for systems that use solid catalysts.
By definition, space velocity can be expressed mathematically as
𝑆𝑝𝑎𝑐𝑒 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 =

𝑼𝟎
𝑽

In this expression, U0 represents the volumetric flow rate of the reactants entering the
reactor and V represents the volume of the reactor itself. This expression is the reciprocal
of the definition for the reactor space time. However, the space time is measured at the
conditions of the reactor entrance while the space velocity is often measured at a set of
standard conditions, so the reported space velocity may be different from the reciprocal of
the measured space time.
Calculations are straightforward when the reactor volume is known and the incoming
reactant flow rate is known. For example, if 70 feet3/hour of a reactant enter a reactor with
an internal volume of 250 feet3, the calculated space velocity is approximately 0.28 hour−1.
This can be viewed as the number of reactor changes the system is undergoing in one hour.
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8.2 Test Model/ Vehicle
 HYUNDAI i10 Magna 1.2(2007-2013)
Table 8.1 Engine Details
Factors
Engine

1197cc,

4-cylinder,

4-valves,

DOHC, Petrol engine

Displacement (cc)

1197

Fuel Type

Petrol

Transmission

Manual

No of Gears

5

Performance
Peak Power(BHP@ Max
RPM)
Peak Torque(Nm@ Max
RPM)
Mileage (City/Highway in
KMPL)

80/6000

114/4000

14/18

Dimensions
Length (mm)

3585

Width (mm)

1595

Height (mm)

1550

Ground Clearance (mm)

165

Wheelbase (mm)

2380

Kerb Weight (kgs)

860

Boot Space (L)

225

Turning Radius (m)

5
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8.3 ENGINE SPECIFICATION
Table 8.2 Engine Specification
Combustion chamber
Displacement

1.2L (1197 cc)

Cylinder Bore

71 mm (1197 cc)

Piston Stroke

75.6 mm (1197 cc)

Cylinder Head Aluminium
Valve Train

DOHC 16-valve

Combustion
Fuel type

Gasoline

Output
Power Output

80 hp @ 5200 rpm(max)

Torque Output 11.4 kg-m @ 4000 rpm
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8.4 Calculation
The space time necessary to process one reactor volume of fluid. It is also called as
holding time or residence time.
Assuming Space velocity = 25000 lit/hr

𝑆𝑝𝑎𝑐𝑒 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 =

𝑉𝑜𝑙𝑢𝑚𝑒 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒
𝑅𝑒𝑎𝑐𝑡𝑜𝑟 𝑉𝑜𝑙𝑢𝑚𝑒

Volume flow rate
= Swept volume * No. of intake strokes per hour

=
= 3.14 * (0.071/2)2 * (0.0756) * (5200/2) * 60
Volume flow rate

= 46.7 m3/hr

Reactor Volume

= Volume flow rate / Space velocity
= 46.7/25000

Reactor Volume

= 0.001868 m3

Reactor volume

= Volume of Zeolite Material needed

= π/4 [(Di2*L) – (nDo2*L)]
=πL/4 [(Di2) – (nDo2)]
0.001868

= πL/4 [0.1352) – (8*0.0052)]

Length (L)

=

131.95mm

8.5 Conclusion
From the calculation done and assumption taken the design consideration has been
found out and they are as follows
Length of Reactor

=

130mm

Diameter of Reactor

=

135mm

Diameter of Zeolite Sieve

=

5mm

Number of Zeolites Sieve

=

8
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CHAPTER 9

MODELLING AND FABRICATION
9.1 3D Model
3D model is constructed using Solidworks and the model is shown below:

Fig. 9.1: Experimental Setup

9.2 Parts
The 3D model consist of different parts which are as follows
a) Catalyst
b) Reducer
c) Ball Valve
d) Pipe
e) Pressure Gauge
f) Zeolite Mesh
g) Hose Pipe

9.2.1 Catalyst
Catalyst is the reactor volume where the zeolite mesh is placed. It is the most
important part in the exhaust carbon capture system. Its volume is 0.00168m3 with length
135mm and internal diameter 130mm while external diameter is 140mm i.e. 5mm
thickness. It consists of zeolite mesh which is explained later in 9.2.6. It is made up of mild
steel.
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Fig.: 9.2 Catalyst

9.2.2 Reducer
A reducer is the component in a pipeline that reduces the pipe size from a larger to
a smaller diameter. The length of the reduction is usually equal to the average of the larger
and smaller pipe diameters. There are two main types of reducer: concentric and eccentric
reducers. The reducer used in our system is concentric reducer. The radius of the reducer
is 97mm and its length is 120mm. It is made up of mild steel. Its schematic diagram is
shown below:
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Fig. 9.3: Reducer

Fig: 9.4 Catalyst and Reducer Assembly

9.2.3 Ball Valve
A ball valve is a form of quarter-turn valve which uses a hollow, perforated and
pivoting ball to control flow through it. It is open when the ball's hole is in line with the
flow and closed when it is pivoted 90-degrees by the valve handle. The handle lies flat in
alignment with the flow when open, and is perpendicular to it when closed, making for easy
visual confirmation of the valve's status.
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Ball valves are durable, performing well after many cycles, and reliable, closing securely
even after long periods of disuse. These qualities make them an excellent choice for shutoff
and control applications, where they are often preferred to gates and globe valves, but they
lack their fine control in throttling applications.
The ball valve's ease of operation, repair, and versatility lend it to extensive industrial use,
supporting pressures up to 1000 bar and temperatures up to 752 °F (400 °C), depending on
design and materials used.
The ball valve used is made up of steel and is of 2inch diameter.

Fig. 9.5: Ball Valve

9.2.4 Pipe
Stainless Steel pipe of external diameter 2.3inch (58mm) and internal diameter
1.9inch (48mm) with thickness of 4mm is used. The length of the pipe is 150mm. In total
4 piece of SS pipe is used for fitting process. The schematic diagram is shown in fig 9.5.
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Fig. 9.6 Pipe

9.2.5 Pressure Gauge
Pressure gauge is placed in the system as shown in the fig below. It is used to measure
the pressure of the system during experimental purpose while it has no work in working
condition.

Fig. 9.7 Pressure Gauge

9.2.6 Zeolite Mesh
It is inserted inside
the catalyst which perform the operation to filter the exhaust gas. 1kg of zeolite is mixed
with 180ml of water and 240gm of binder and is made with 8 holes of 5mm diameter for
flow of gas as shown in fig below: It is loosely packed to increase its adsorbity.

Fig. 9.8 Zeolite Mesh
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9.2.7 Hose Pipe
Silicon Reinforced rubber pipe of 1m length is used to connect the experimental
setup with the test device.

9.3 Fabrication
Metal fabrication is the building of metal structures by cutting, bending, and
assembling processes. It is a value added process that involves the construction of machines
and structures from various raw material. In the fabrication of our project for welding
purpose we used electrode welding. The final assembly of all the material is shown in the
fig 9.9

Fig 9.9: Fabricated Model
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CHAPTER 10

TESTING AND PERFORMANCE
10.1 Testing
The results of CO2 absorption before and after the reactor chamber containing
catalyst used with various engine speeds in zero load conditions.

Fig 10.1: Experimentation Setup
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TABLE 10.1 Experimentation &Tabulation
Percentage
Difference
CO2 in Between Before Reduction
Condition RPM
ppm
and
After
Reducer
Before
1000 1800
500
27.78
After
1000 1300
Before

2000

2500

After

2000

1300

1200

48

10.2 Post Combustion
In post combustion a mixture of carbon dioxide, oxygen, and nitrogen compounds
is produced, requiring a post-combustion separation process. In this process exhaust gas is
allowed to pass through solid adsorbents where the gas molecules in the exhaust are
captured by pores present in the adsorbents. The mechanism involved in this process is
known as Adsorption. Post-combustion-capture methods have an advantage that they may
be more easily retrofitted to existing combustion systems. If a carbon-capture process is
implemented in automobiles, it would be the first employ post-combustion capture, since
this could be appended to the downstream management of exhaust gases without directly
affecting the inputs to the internal combustion engine.

Fig10.2: Adsorbtion Process
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10.3 Conclusion
From the results, the paper concludes that the emission of Carbon dioxide from the
vehicle is reduced by maximum of 48% and apart from the reduction of carbon dioxide
emission some amount of Hydrocarbons has been reduced. This process of adsorption
won’t affect the increase in emission of other gases. Due to the adsorption process we can
recycle the catalyst used and the adsorbed carbon dioxide can be utilized so this process of
adsorption will not affect the environment.
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CHAPTER 11

UTILIZATION

11.1 Process OF Utilization
CO2 gas adsorbed in the zeolite mesh can be removed by treating mesh with 5 molar
H2SO4. Since Silicon is chemically inert and aluminium passivates, aluminium acts as
insulator. Thus in an acid media SO42- ion of H2SO4 acts as catalyst and thereby CO2 gas
gets desorb and it combines with H+ ions of acid to form methane(CH4) and water(H2O).
Methane can be collected in separate container and can be used as a fuel while water as
solvent. The chemical reaction is given below:

CO2 + 4H2

CH4

+ 2H2O

11.2 Methane (CH4)
Methane is used in industrial chemical processes and may be transported as a
refrigerated liquid (liquefied natural gas, or LNG). While leaks from a refrigerated liquid
container are initially heavier than air due to the increased density of the cold gas, the gas
at ambient temperature is lighter than air. Gas pipelines distribute large amounts of natural
gas, of which methane is the principal component. The uses of methane are as follows:

11.2.1 Natural gas
Methane is important for electricity generation by burning it as a fuel in a gas
turbine or steam generator. Compared to other hydrocarbon fuels, methane produces
less carbon dioxide for each unit of heat released. At about 891 kJ/mol, methane's heat of
combustion is lower than any other hydrocarbon but the ratio of the heat of combustion
(891 kJ/mol) to the molecular mass (16.0 g/mol, of which 12.0 g/mol is carbon) shows that
methane, being the simplest hydrocarbon, produces more heat per mass unit (55.7 kJ/g)
than other complex hydrocarbons. In many cities, methane is piped into homes for
domestic heating and cooking. In this context it is usually known as natural gas, which is
considered to have an energy content of 39 megajoules per cubic meter, or
1,000 BTU per standard cubic foot. Methane in the form of compressed natural gas is used
as a vehicle fuel and is claimed to be more environmentally friendly than other fossil fuels
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such as gasoline/petrol and diesel. Research into adsorption methods of methane storage
for use as an automotive fuel has been conducted.

11.2.2 Liquefied natural gas
Liquefied natural gas (LNG) is natural gas (predominantly methane, CH4) that has
been converted to liquid form for ease of storage or transport.
Liquefied natural gas takes up about 1/600th the volume of natural gas in the gaseous state.
It is odorless, colorless, non-toxic and non-corrosive. Hazards include flammability after
vaporization into a gaseous state, freezing, and asphyxia.
The liquefaction process involves removal of certain components, such as dust, acid
gases, helium, water, and heavy hydrocarbons, which could cause difficulty downstream.
The natural gas is then condensed into a liquid at close to atmospheric pressure (maximum
transport pressure set at around 25 kPa or 3.6 psi) by cooling it to approximately −162 °C
(−260 °F).
LNG achieves a higher reduction in volume than compressed natural gas (CNG) so that
the energy density of LNG is 2.4 times greater than that of CNG or 60% that of diesel
fuel. This makes LNG cost efficient to transport over long distances where pipelines do not
exist. Specially designed cryogenic sea vessels (LNG carriers) or cryogenic road tankers
are used for its transport.
LNG, when it is not highly refined for special uses, is principally used for transporting
natural gas to markets, where it is regasified and distributed as pipeline natural gas. It is
also beginning to be used in LNG-fuelled road vehicles. For example, trucks in commercial
operation have been achieving payback periods of approximately four years on the higher
initial investment required in LNG equipment on the trucks and LNG infrastructure to
support fuelling. However, it remains more common to design vehicles to use compressed
natural gas. As of 2002, the relatively higher cost of LNG production and the need to store
LNG in more expensive cryogenic tanks had slowed widespread commercial use.

11.2.3 Liquid Methane Rocket Fuel
In a highly refined form, liquid methane is used as a fuel. Though methane has been
investigated for decades, no production methane engines have yet been used
on orbital spaceflights. Methane is reported to offer the advantage over Kerosene of
depositing less carbon on the internal parts of rocket motors, reducing the difficulty of reuse of boosters.
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CHAPTER 12

SCOPE FOR FUTURE WORKS
12.1 Validation of Project
As of now, our project has validated its value by reducing the carbon exhaust by
>25%. Use of zeolite in the future can help us to maintain the carbon cycle constant. We
have designed the experimental model with the consideration of area of contact surface,
reduction of back pressure, thermal properties of zeolite, chemical properties of zeolite,
availability of zeolite, and so on as mention in our earlier chapters.

12.2 Experimental Model to a Product:
Considering the Experimental model as of our Project a product can be develop
later in the future. To develop the product, we have to take care of the following parameters.

12.2.1 Lighter Material:
Light material which has the properties as higher corrosion resistance, Higher
cryogenic toughness, Higher work hardening rate, Higher hot strength, Higher ductility,
Higher strength and hardness, A more attractive appearance, Lower maintenance such as
stainless steel.

12.2.2 Analysis
No of analysis can be carry out such as Flow rate analysis, Stress and Strain analysis
to understand the product feasibility.

12.3 Future Application
We can modify silencer by coating the inner wall of Silencer with zeolite which
will help in the reducing carbon exhaust.
We can also develop a filter as a product which will help to filter out the carbon particles
to exhaust in the atmosphere.
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Further we can also collect the adsorbed carbon particles to make use of it.
Industries Chimney with short lifespan can use this method to coat the chimney and thereby
reducing the carbon exhaust to atmosphere.
Furthermore artificial zeolite tree can be built in the polluted area where it can absorb the
pollutants.

12.4 Conclusion
So from our study and research it’s been found that the exhaust gases content can be
reduced to about > 25% by using the method shown in our project. Our project work was
concerned with the reduction of carbon dioxide. This project was mainly focused the
process rather than product as it is being built for the first time and also due to lack of
available resource and fund. In future a complete product can be built and its mass
production cost will be low. However its lifespan should be considered which was not
considered in case of our project work.
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