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ABSTRACT
Typical road, rail, air and water transport results in exhausts that are harmful to living beings.
Hence the pollutants must be filtered before it is released into the atmosphere. Various filtering
methods are implemented to decontaminate the pollutant substances such as nitrogen, sulphur and
carbon. Several approaches are enacted by the government too where the vehicles are permitted to
discharge the exhaust within the specified limits. When these limits are strictly followed, air pollution
can be limited to a certain extend. Still these approaches may not be utmost effective, unless the
exhausts are filtered and thus this article deals with the available filtering techniques. Since nitrogen
oxide is the most pollutant substance among other emissions, methods like Exhaust Gas Recirculation
(EGR), Selective Catalytic Reduction (SCR), Diesel Particulate Filter (DPF), Lean Nitrogen Oxides
Trap (LNT) techniques etc. are carried out to eliminate it.
Keywords: Pollutants, Motor vehicles, Environment degradation, EGR, SCR, LNT.

1. INTRODUCTION
[1] Diesel engines are preferred
because of their cost effectiveness, efficiency
and durability. Due to the advantages of diesel
engines, they are mostly preferred for heavy
duty vehicles. Although the merits are many, it
results in the emission of pollutant substances
including nitrogen, sulphur dioxide and carbon
dioxide. Since there are no proper methods to
filter out the emission of sulphur dioxide, ultralow sulphur diesel is the type commonly used
to arrest its outflow. The diagrammatic
representation of the exhaust mixture is noted
in figure 1.

Adapted from [1]
Figure 1.Diesel exhaust gas

[2] To reduce the release of exhaust
gases, a lot of methods are undertaken since
they cause several health issues by polluting
the environment. The level and average
amount of particles released are calculated and
filtering techniques are adopted accordingly.
By filtering the pollutants such as carbon
monoxide, hydrocarbons and nitrogen oxide,
the outcome of engines would not be harmful
and thus air pollution can be minimised. It is
stated that the emission from vehicles is the
root to global warming. It substantially
increases the degree of greenhouse gases and a
serious issue to be focussed is the
minimization of exhaust gases. Unless there is
a reduction, the complications in global
warming owing to environmental pollution
would be grave. Hence these effluents are
treated prior to their discharge into the
atmosphere. Some of the control technologies
of particulate matter from diesel engine are
given by diesel oxidation catalyst, diesel
particulate filters and closed crankcase
ventilation.
[3] The usage of motor vehicles is
constantly increased since people often travel
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using private vehicles rather than preferring
public mode of transports. As long as these
vehicles are escalated, the emission from
engines will be increased as well. The emission
includes non- methane hydro carbon
composition as well. Thus air pollution due to
the effluent release is said to be high compared
to other sources of air pollution and it is
estimated that around 5 million people are
severely affected every year throughout the
world. The pollutant emission is also
responsible for acid rain and ozone layer
depletion. Similar to other fossil fuels, the
main components of diesel are carbon and
nitrogen. The resultant should be of carbon
dioxide and moisture mixture, but this is not
the case as it exhausts carbon-monoxide, hydro
carbons, particulate and nitrous oxides. This
variation occurs due to proportion of air and
fuel mixture along with combustion
temperature and pressure. The emission of
gasoline and diesel engines varies and
therefore different after-treatment systems are
to be followed.

calculate the amount of emission out-letting
the
stream
under
portable
emission
measurement system equipment. [8] Though
hydro carbon, particulate matter and carbon
monoxide emissions are low during engine
idling state, exhaust of nitrogen oxides are
measured to be high. Hence auxiliary power
units, direct fire heater and thermal power
storage are used to reduce fuel intake and
idling emissions as engine idling condition
does not favour efficiency.
3.1. Exhaust gas recirculation
Exhaust gas recirculation method is
one of the filtering techniques used to control
the emission of exhaust. Still, it is unsuitable
for heavy engines because usage of EGR may
reduce oxides of nitrogen but increases the
exhaust of particulate matter in-turn. To
perform EGR, this technology itself consumes
a lot of fuel leading to lower efficiency.
Therefore in-cylinder solutions such as
modified injection system and lower
compression methods are also carried out
while adopting EGR. The basic EGR system is
given in figure 2.

2. FILTRATION TECHNIQUES
[4] The pseudo-electret fibres are well
known for its efficiency which filters the
micron-sized exhaust particles even at extreme
temperatures. It works on the basis of dielectrophoretic force. The filter is made of
several layers of fibres consisting of a pair of
conductors which is developed in such a way
that the micron particles get retained while
applying direct current. [5] A non-thermal
plasma and chemical hybrid process are
performed to eliminate the oxides of nitrogen
and sulphur. This process converts nitric oxide
to nitrogen dioxide which is further converted
to soluble compound in-turn to nitrogen.

Adapted from [9]
Figure 2.Exhaust gas recirculation

3. STRATEGIES TO CONTROL DIESEL
EXHAUST
[6] Incomplete internal combustion
results in the release of oxides of carbon,
nitrogen and sulphur, hydrides of carbon and
particulate matter. These pollutants from diesel
engines are more compared to petrol engines.
Still diesel engines are employed more owing
to their fuel and torque efficiencies.
Installation of filtering equipment within the
vehicle may occupy a lot of space and so incylinder solutions are favoured which is also
cost effective. [7] Many vehicles are subjected
to tests under normal driving conditions to

3.2. Catalytic converter
Catalytic converter is the technique
used to control emission which reduces the
toxicity of unfavourable gases emerging from
engines. Three way catalytic converters are
used in emission control procedures in many
countries since it offers an effective way in
reducing the pollutants of nitrous oxide. [10]
Optimization of results can be achieved using
three-way catalytic converter in low emitting
vehicles. Conventional three-way catalysts
cannot aid in removal of nitrogen oxides. To
22
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avoid such circumstances, other catalytic
methods have to be carried out. The basic
catalytic converter is given in figure 3.

multi-layer filtration to enhance the
performance of filter which is combined with
monolith reactor. The efficiency of LNT
technique is improved by the presence of
oxidised catalytic layer. This enhances
nitrogen oxide filtration at particularly lower
temperatures.
3.5. Selective catalytic reduction
[16] One of effective removal of
nitrogen oxide from diesel exhaust is selective
catalytic reduction method. It uses the catalytic
composition of cerium, tungsten and titanium
by homogeneous precipitation technique. [17]
SCR uses zeolite catalyst by nitric oxide
reduction and ammonia oxidation activities.
Since SCR is used to treat the oxides of
nitrogen, other techniques of emission control
such as particulate filter and oxidation catalyst
are also included to prevent the emission of
particulates and carbon particles respectively.
[18] A catalytic filter, Pd/LaMnO3 is used to
filter hydro carbons and the oxides of carbon
and nitrogen.

Adapted from [11]
Figure 3.Catalytic converter

3.3. Diesel oxidation catalyst
[12] Diesel oxidation catalyst is a
significant remover of particulate emission
from diesel motor. It shows higher durability.
Figure 4 describes the basic structure of DOC.
It oxidises unburned hydrocarbons and the
oxides of carbon and hydrogen. The outlet of
the vehicle where the exhaust emerges is been
equipped with an upstream cerium and zeolite
catalytic mixture which lowers the quantity of
particulate substance. The filtering device is
said to be wall-flow filters. Another method of
DOC consists of two layers. Inner core is made
of palladium and gold and outer core is of
platinum in which, when the diesel exhaust is
passed through, it cleans up the particulate
matter from the emission.

3.6. Diesel particulate filter
DPF has been used for the removal of
particulate matter from the diesel exhaust
stream. One of the approaches is categorised
by means of two honey comb structure which
filters the exhaust gas. [19] It also prevents
solid particles emitting from the exhaust
stream by various physicochemical processes.
[20] The factors of fuel injection rate, inlet
location, temperature and exhaust flow rate are
to be considered. This technique may emit
nitrous oxide during fuel injection. [21] The
system with nano-metric composite materials
of ionic conductors is used to eliminate diesel
particulates. It suggests to under-go several
basic tests prior to the implementation of filters
to determine its efficiency.
[22] Diesel particulate filter is been
used along with partial flow filter which
lowers the fuel intake. The results by changing
the space velocity under exhaust flow rate and
particulates are examined. The investigation
shows higher efficiency when partial flow
filter is used. [23] While using DPF, the
sediments which retains in the filter may cause
back pressure and therefore the filter is
required to be checked frequently to remove
the filtered sediments. This is done by a
mathematical operation of multiple regression
theory which enhances fuel economy as well.

Figure 4.Basic DOC process

3.4. Lean nitrogen oxide trap
[13] The exhaust is allowed to pass
through lean nitrogen oxide trap to reduce the
outcome of nitrogen oxides present in the
exhaust. The experiments result in higher
efficiency when higher rate of exhaust gas
recirculation is performed. Hence the
effectiveness lies with respect to the EGR
proficiency. [14] The procedure to limit
nitrogen oxide is done using in-cylinder
control strategy where air-ratio is adjusted by
using engine management system. [15] It uses
23
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be kept cleaned and checked often to prevent
the stagnant of disposal materials in-turn to
maintain its efficiency. [30] Lean burn petrol
engines are efficient where elimination of
nitrogen oxides from the emission requires
certain type of catalyst which deals with
sulphur poisoning and thermal deterioration.
Particulate matter filter consists of porous
substrate which filters the solid particles
emitting from the stream.
[31] Conventional gasoline can be
replaced with reformulated gasoline which
reduces smog and this is been made
compulsory in many places. Sulphur contents
must be excluded and gold based contact
materials are favoured to noise free signals.

3.7. Biodiesel blend
[24] Diesel can be replaced with bio
fuel namely, biodiesel. Although the usage of
bio diesel considerably reduces the emission of
carbon monoxide, hydro carbons, solid
particles, nitrogen oxides emission, fuel
consumption is comparatively more and hence
blended biodiesel is preferred for the method
of dynamic blend estimation by an extended
kalman filter. Biodiesel production is costlier
and can be produced by microemulsion,
thermal cracking and transesterification
methods.
3.8. Hydrated lime filter
[25] For the oxidation of nitric oxide,
non-thermal plasma combustion procedure is
applied which deals with the problem of diesel
exhaust. This procedure is followed by
hydrated lime filter to prevent the emission of
toxic nitric oxide to the environment.

4.1. Gasoline particulate filter
[32] Gasoline particulate filter reduces
black carbon mass effectively in gasoline
direct injection and port fuel injection vehicles.
Carbon particles are emitted more when the
engine is started at ambient temperature. Such
types of engines should be equipped with
particulate filter that prevents the outcome of
exhaust.
[33] The emissions of gasoline
vehicles are sampled using a constant volume
sampler. A number of vehicles are used for this
purpose and it is found to be non-volatile. It is
investigated that quartz filters are capable to
filter out the emission of low duty gasoline
vehicles.

3.9. Plasma reactors and soot oxidation
[26] Plasma reactors are constructed
for the removal of nitrogen oxides emission
from the diesel exhaust where the exhaust is
passed through the reactors axially or radially.
[27] Non-thermal plasma technique is one of
the effective methods to eliminate nitrogen
oxides from the exhaust. This technique
includes
homogeneous
nucleation and
condensation along with NH4NO3 vaporisation.
Perhaps, the tests are carried out under high
temperature to maximise its efficiency. [28]
The method is comprised of a transformer and
an ignition coil to generate high frequency AC
voltage and pulse accordingly where a
cascaded plasma-adsorbent method is used to
maximise the efficiency. [29] Soot oxidation is
done by using a DC corona discharge and oil
bath mechanism. After a series of experiments
and procedures, it is noted that the oil used in
the study absorbs considerable quantity of
unburned carbon or soot particles.

4.2. Soot oxidation and three-way catalyst
[34] It is found that by using a threeway catalyst over gasoline exhaust stream, fuel
intake is minimised leading to higher
efficiency as well. The combustion mechanism
is enhanced with higher absorption of soot
particulates.
4.3. Active carbon filter
[35] The atmosphere is contaminated
due to the evaporation of unburned fuel and the
ejection of gaseous exhaust. The polluted
airflow, its speed and the treatment process are
studied. It states that around 70% of exhaust is
purified by using active carbon filter.

4. TECHNIQUES TO CONTROL
PETROL EXHAUST
Petrol exhaust can be treated using
alumina-platinum-halogen
catalyst.
The
temperature point has to be checked before
exposing it to the catalytic filter. The filter is
placed in between the gasoline container and
the exhaust stream where the solid particles are
evaporated. This can be made of glass or any
other material and the filtering aid requires to

5. DRAWBACKS OF CATALYST USAGE
[36] Usage of gasoline catalyst of PtPd-Rh and Pd-Rh and diesel engine catalyst of
platinum shows negative aspects. The analysis
is determined by plasma mass spectrometry
24
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and the impact of using petrol engine is higher
compared to diesel engine.

regularly. [46] Investigations are done on the
effects of wood combustion and ship engines.
Due to various harmful effects, filtering
technologies must be developed to meet the
standard emission norms. Copper and iron
composition of zeolite base is used widely
which considerably reduces nitrogen oxides. It
is highly preferred as it is thermally stable,
active and less prone to deactivation. Though
cost effective units are preferred, installation of
emission techniques should not be avoided
even if the processing methods are costlier.

6. FUTURE SCOPE
A mobile apparatus is been devised
which absorbs the polluted outcome of solid
particulates, unburned coal, dust, nitrogen,
carbon and sulphur oxides. The collected
exhaust are treated and disposed frequently at
different times of use. The apparatus may
include a purifying unit to convert carbon
monoxide and nitrogen oxide into carbon and
nitrogen dioxides accordingly. It also includes
a washing section and a catalytic filter where
these converted dioxides are purified using
hydroxyl ions followed by filtration.
[37] A novel real time, cost effective
emission control method is described. Among
various pollutants of hydro carbons, nitrogen
oxides and particulate matter, emission of
nitrogen oxides is more destructive. Hence this
approach would be constructive and should be
promoted for future use. [38] The prevention
methods include receptor modelling methods
which estimates the source emission of Nano
particles. [39] At present, many vehicles are
being equipped with catalytic filters to reduce
these toxic emissions.
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