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Abstract - The purpose of this paper is to present the possible solutions available to reduce the emission of incomplete
combustion products and also the greenhouse gases emitted as a result of catalytic process. The unburned fuels have negative
effects on the quality of the air. The best way to control these unburned fuel products is the usage of Catalytic Converter. CO; is
developed as an end product of the catalyst reaction. Though the emission of incomplete combustion products is reduced by the
usage of a converter, the emission of CO; doesn’t change. It is a major greenhouse gas. This review paper also tells the working of a
catalytic converter and how CO; is a major global warming causing agent.
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1. INTRODUCTION How a catalytic converter works
Caldl\flil: converters use ceramic or metallic blocks with a washcoat contai I|inq the
pl’h:iuus Frietals plalinum. rhodiufm and palladlu i, which react with harmiful and
. . . . . Smag- I'urminq emistions to convert them to carbon dioxide, nltroqpen and water vapor.
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mankind. But the pollution caused by them has made the ¢ .f @ a 3
environment unclean and unsafe for the people to survive. Hrotons Gt s “ :.E.
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Introduction to catalytic converter resulted in less impact
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on environment. The major incomplete combustion
products are oxides of nitrogen, hydrocarbons and carbon
monoxide. If a converter converts only the carbon
monoxide to CO; and hydrocarbons as steam (oxidation)
with help of Platinum, it is called a two way catalytic
converter. If along with oxidation process reduction of
nitrogen oxides to nitrogen also takes place with addition
of Rhodium in the membrane, it is called a three way Source: California Air esources Board
catalytic converter. The reactions are:

& of the catabyst where converter is less harmiul
i

Fig -1 Typical Three-way catalytic converter
e 2CO+0,—»2C02
o CyHzxsz + [(3x+1)/2]02—» xCO2 + (x+1)H20 Apart from these outputs unwanted reactions may lead to

e 2NO, — x0, + N; formation of hydrogen sulphide and ammonia. Their
formation can be limited by modifications to the washcoat.
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2. CARBON DIOXIDE - A GREENHOUSE GAS

More than any other global warming drivers, CO; has
contributed quite a lot to the climatic changes in recent
times. Deforestation has been a major term for the later to
take place. The Intergovernmental Panel on Climate
Change (IPCC) calculated the Radiative forcing (RF) of each
heat trapping particles. Positive and negative RF’s were
obtained in the result. CO; was found to have the highest
positive RF. CO; remains in the atmosphere much longer
than any other major heat trapping gases as a result of the
activities taking place on the land by human. CO, takes a
century’s time period to leave the atmosphere. But also
daily activities make sure that 20% of the CO; remains for
approximately 800 years from now. This makes the planet
not survivable for the forthcoming generations.

Climate Influence Between 1750 and 2005
25

SLIRFACE WARMING INFLUENCE

Average Radiative Forcing (Wartts per squarne meter]

Human-induced Climate Drivers Hatural

Spurge: FOC 2007 i Table 2,12 Figure: Union of Cancerned Sclentists

Fig -2 CO; with highest positive RF

3. LITERATURE SURVEY:

This paper will discuss three different methods that can be
implemented In order to avoid the global warming.

3.1EMISSION CONTROL BY CHANGING THE
COMPOSITION OF THE CONVERTER

Most of the modern three way catalytic converters use
noble metals such as platinum, palladium and Rhodium.
The noble metals are more efficient oxidizing and reducing

agents. The problem with the noble metals are they are
volatile in nature and they do not withstand high
temperatures of 773K-11273K. So non noble metallic
oxides are preferred. R M Bagus Irawar et al. [1] conducted
experiments by designing manganese coated copper
catalytic converter to reduce CO emissions. They preferred
manganese and copper rather noble metals because these
compounds are readily available and cost efficient. The
experiments yielded the results as the number of catalyst
cells were increased the amount of carbon monoxide
emission decreased drastically.

K. Donadel et al. [2] conducted their experiments by
keeping Natural amorphous Silica Fibers (NASF) and
Ni(NO3) solution for wet route and NiO for dry route. The
NASF were obtained from a spongillite ore in cylindrical
form. The result of passage of flue gases through both the
routes was observed. A higher conversion efficiency was
observed in the side of dry route. Fibrous ceramic with Ni
deposited on the fiber surfaces could be used to purify
gases released due to diesel combustion.

Gas inlet Gas outlet

| Exhaust

Catalytic filter —

Gas mixtures

Furnace
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Fig -3 Schematic drawing of the experimental setup used
to evaluate the Catalytic efficiency

Zeolite is another non-noble material preferable. Zeolite is
hydrated alumina silicate, crystalline formed in nature or
can be synthesized. AlO4 and SiO4 are bonded together in
such a way that they constitute cavities, channels and
cages thus enabling adsorption and catalysis process.
Randip K Das et al. [3] used zeolite based converter to
conduct emission test on a 4stroke petrol engine. The
overall conversion efficiencies were 55.8% and 57.4% for
NOy and CO respectively. It was observed that catalyst
worKks efficiently in elevated temperatures also. M A Kalam
et al. [4] presented a design of the catalytic convertor for
natural gas fuelled engine. Titanium dioxide and Cobalt
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oxide with mesh substrate was chosen as catalytic
materials. The conversion efficiencies at the end of the
experiment were 93%, 89% and 82% for NOy, CO and HC
respectively.

Ramesh B. Poola [5] experimented catalytic combustion
with various catalysts such as Nickel, Copper, and
Chromium. These were electroplated on to the walls of
combustion chamber, top of the piston and cylinder head.
Among the different experiments carried out copper was
more efficient. It revealed low emission of hydrocarbons
and carbon monoxide.

3.2EMISSION CONTROL BY MEANS OF
AUTOMOBILE CHARACTERISTICS

Due to hike up in prices of petrol and diesel, natural gas
fuelled engines will become popular by 2040. Fen Zeng et
al. [6] [7] kept this in mind and presented the
characteristics of catalytic converter for natural gas
fuelled Engine. Ceria of structural properties is added
which acts as a rapid oxygen storage and release. The
experiment was conducted in two stages. Fuel rich feed
yielded insufficient or less amount of CO conversion. This
is because of insufficient oxygen for oxidation of carbon
monoxide. On other hand the conversion of NO was very
high. When the experiment was conducted with lean fuel,
oxidation of CO was high but the conversion rate of NO
was very slow. Stoichiometric air-fuel ratio exhibited high
emission removal efficiency. Speed of the vehicle will also
determine the amount of exhaust emissions. ] Q Hansen et
al. [8] checked the driving patterns of petrol passenger
cars with corresponding emissions.

Heat exchanger

Inflow of Outflow of
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o __| O
I Tu
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Heat pipe radiator

Fig -4 Thermo electric generator

Thermoelectric generators (TEG) is shown in fig: 4. These
generators are devices which convert the waste heat into
electrical energy. These work well within the temperatures
of 573K. However due to economic reasons TEG market

has not yet been developed. Yusuke kishita et al. [9]
experiment by attaching the TEG to passenger cars. After
the experiment it was concluded that TEG need
improvements. It had low conversion efficiency. Higher
conversion efficiency was required to achieve carbon
neutrality.

Emission of the automobile increases with heavy parts.
Considering the light weight automobile San Wenlong et al.
[10] discussed the lightweight materials such as
aluminium and magnesium suitable for automobile
components. Fuel consumption by different parts can be
identified in the fig: 5.

Fig -5 Fuel consumption of various automobile parts
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3.3CARBONDIOXIDE CAPTURE TECHNOLOGY

Carbon dioxide as a flue gas is a heat trapping gas and a
global warming causing agent. Carbon dioxide may be
captured from exhausts, stored and converted to other
forms and can be used for other purposes. Patricia Luis et
al. [11] worked on membrane based technology for
capturing and storing CO,. The membrane technology may
be any of the following types:

L. Non dispersive absorption using porous
membranes.
I1. Gas permeation.
IL Supported liquid membranes.

The limitation of membrane technology is the cost.
Membranes are less stable. Frequent performance
evaluation is required for their working.

Carbon di oxide capture is also dissolving it in water and
making it carbonic acid, and use it for industrial purposes.
Sergio E. Wang et al. [12] worked on small molecule
catalyst for CO; capture. Carbon di oxide doesn’t react with
water in slow condition. Hence biological catalysts help in
accelerating the carbon dioxide to form carbonic acid.
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Carbonic acid has variety of industrial purposes. Recent
innovation in carbon di oxide capture technology was
made by Nandi de Luna [13]. The author after the research
concluded that nickel metal along with pyridylcarboxylate
exposed to higher temperature and pressure makes the
metal deform into a honeycomb structured metal similar
to that of a platinum in a catalytic converter. This metal at
greater pressures of 2 bar or more absorbs CO; more
efficiently.

4. CONCLUSION

CO;is an inert gas and it is an environmental concern since
it is a major greenhouse gas. Varied technologies have
been developed over the recent years to reduce the
emissions and capture of CO;. All the techniques have their
own limitations. However there are not many techniques
to remove CO; from large CO; sources. However Nandi de
Luna [13] work is consider efficient to some extent.

But still future research should focus on fast absorption of
CO.. Fast kinetics may be achieved using unique structural
designs such as Nano layer sorbents and use of effective
high stability catalysts.

5. REFERENCES

1. RM. Bagus Irawan, P. Purwanto, H. Hadiyanto,
“Optimum Design of Manganese-Coated Copper
Catalytic Converter to Reduce Carbon Monoxide
Emissions on Gasoline Motor.”

2. K. Donadel, C.R. Rambo, W.S. Chacon, M.D.M.
Innocentini, R.C. Catapan, D. Muller, A.A.M.
Oliveira, A.P.N. Oliveira, “Effect of processing route
on the properties of Ni-based catalytic filters
obtained from natural amorphous silica fibers.”

3. Randip K. Das et al. “Theoretical and experimental
analysis of iron-exchanged X-zeolite catalyst for SI
engine emission control”, Experimental Thermal
and Fluid Science, vol. 19, 1999, pp. 214+222.

4. M A Kalam et al. “Development and test of a new
catalytic converter for natural gas fuelled engine”,
Sadhana, Vol. 34, Part 3, June 2009, pp. 467-481.

5. Ramesh B. Poola et al. “Devices to improve the
performance of a conventional two-stroke spark

ignition engine”, ANL/ES/CP-15485 CONF-
9504174- 1.

6. Fan Zeng, Keith L. Hohn, “Modeling of three-way
catalytic converter performance with

exhaustmixture from natural gas-fueled engines”,

10.

11.

12.

13.

Applied Catalysis B: Environmental 182 (2016)
570-579.

Georgios Karavalakis, Maryam Hajbabaei, Yu Jiang,
Jiacheng Yang, Kent C. Johnson,David R. Cocker,
Thomas D. Durbin,” Regulated, greenhouse gas,
and particulate emissions from lean-burn and
stoichiometric natural gas heavy-duty vehicles on
different fuel compositions”, Fuel 175 (2016)
146-156.

].Q. Hansen, M. Winther, S.C. Sorenson, “The
influence of driving patterns on petrol passenger

car emissions”, The Science of the Total
Environment 169 (1995) 129-139.
Yusuke Kishita, Yuji Ohishi, Michinori

Uwasu,Masashi Kuroda, Hiroyuki Takeda, Keishiro
Hara, “Evaluating the Life Cycle CO2 Emissions
and Costs of Thermoelectric Generators for

Passenger
Automobiles: A Scenario Analysis”, Journal of
Cleaner Production (2016), doi:

10.1016/j.jclepro.2016.02.121.

Sun Wenlong, Chen Xiaokaia, Wang Lu,”Analysis of
Energy Saving and Emission Reduction of Vehicles
Using Light Weight Materials”, Energy Procedia 88
(2016) 889 - 893.

Patricia Luis, Tom Van Gerven, Bart Van der
Bruggen,“Recent developments in membrane-
based technologies for CO2 capture”, Progress in
Energy and Combustion Science 38 (2012)
419e448.

Sergio E. Wong, Edmond Y. Lau, Heather ]. Kulik,
Joseph H. Satcher, Carlos Valdez, Marcus Worsely,
Felice C. Lightstone and Roger Aines, ” Designing
small-molecule catalysts for CO2 capture”, Energy
Procedia 4 (2011) 817-823.

Nandi de Luna, unpublished.

© 2016, IRJET | ImpactFactor value: 4.45

IS0 9001:2008 Certified Journal |

Page 375



