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░ ABSTRACT: This paper is mainly focused on the post-combustion process of Internal Combustion engine to reduce 
exhaust emissions in an economical manner. In the paper comprises the application of sets of Rear Earth Permanent Magnet 
(REPM) and Ferrite Permanent Magnet (FPM) with different intensities on exhaust line, the energy of both permanent magnets 
has been used for the treatment of exhaust emission of an Internal Combustion Engine to reduce the emissions of certain 
pollutants rate. 
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░ 1. INTRODUCTION   
 
Air pollution is an important public health problem in most of 
the cities of the developing world. The pollution has begun to 
tell through symptoms like cough, headache, nausea, irritation 
of eye, various bronchial and visibility problems. The main 
pollutants emitted from the automobiles are Un-burned 
hydrocarbons, lead / benzene, oxides of carbon (CO & CO2), 
oxides of sulfur (SOx), oxides of nitrogen (NOx) & 
particulates matter. The main cause of automobile pollution is 
the rapidly growing number of vehicles. The other factors of 
automobile pollution in the urban areas are 2-stroke engine, 
poor fuel quality, old vehicles, inadequate maintenance, 
congested traffic, poor road condition and old automotive 
technologies and traffic management system. 
This paper is mainly concentrate on the post combustion 
process of an internal combustion engine and work in direction 
to reduce exhaust emissions on application of uniform 
magnetic field with the help of FPM &REPM on exhaust line 
& to analyse the behavior of exhaust emissions by using 
exhaust emission analyzer. 
 

░ 2. LITERATURE REVIEW 
 
In general Air injection, exhaust gas re-circulation and 
catalytic converter are used to reduce the emissions of an 
Internal Combustion Engine. In air injection system, it 
required high pressure multi-stage compression and also 
required separate mechanical linkage to operate the fuel valve 
thus the system is high pricing.  In exhaust gas re-circulation 
system, the main drawback of this process is that engine 
performance is reduced in the attempt to reduce emissions. In 
catalytic converter the catalyst material used are rarely found 
and high in the cost. 
The literature survey is carried out in order to seek information 
about the effect of the magnetic field on the exhaust emissions 
of an automobile. At present there is no literature which gives 
information about the application of uniform magnetic field on 
exhaust line with the help of Ferrite Permanent Magnet (FPM) 
and Rear Earth Permanent Magnet (REPM) and behavior of 
exhaust emissions due to magnetic field. 
 

Ali S. Faris Faith et. al. [1] the experimental work was 
performed on two stroke engine with spark ignition, Chinese 
origin TWP20C with capacity of up to 5.5 hp was selected and 
used permanent magnet on the fuel line in their research for 
the treatment of vehicle fuel to reducing fuel consumption up 
to 9-14% as well as for reducing the emissions such as CO and 
HC reduced up to 30 % and 40 % respectively. 

Farrag A, EI et. al. [2] the experimental work was performed 
on four cylinder four stroke S.I.E. fueled with gasoline at 
different idling engine speeds and used permanent magnet on 
the fuel inlet line of the petrol engine to reduce fuel 
consumption up to 15 % as well as reduced emission such as 
co ranges up to 7 % NO emissions ranges up to 30 % and CH4 
up to 40%. 

Chia- yang chen et. al. [3] the experimental work has been 
performed on diesel generator with maximum power output of 
30kw and speed of 1800 rpm was used and studied the 
application of magnetic tube in the fuel intake of diesel engine 
and resulted in reduction in brake specific fuel consumption by 
an average 3.5- 15 %. While break thermal efficiency was 
improved by approximately 3.5% and in terms of pollutions 
particulate matters, CO, HC, and CO2 emissions reduced 
about 21.9-33.3 %, 5.4-11.3 %, 29.4-64 %, and 2.68-4.18 %  
respectively while NOx emissions increased by   1.24-13.4 % . 

Piyush M Patel et. al. [4] the performance test were carried 
out on a single cylinder, four stroke water cooled diesel engine 
and the magnetic field applied along the fuel line immediately 
before fuel injector with the application of magnetic field the 
percentage reduction in fuel consumption is about 8 % at 
higher load. As well as percentage reduction in initial such as 
HC up to 30%, NOx up to 27.7% and CO2 up to 9.72%. 

P Vijaya Kumar et. al.[5] the performance test were carried 
out on four stroke, single cylinder, water cooled diesel engine 
at constant speed and to draw and studied experimentally the 
performance of the four stroke diesel engine incorporated with 
magnetic ionization method. And also shown improvement in 
engine efficiency as well as reduction in emission level.  

Sameer chavanet. al.[6] the performance test were carried out 
on a single cylinder, four stroke, variable speed water cooled 
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petrol engine & used permanent magnets with different 
intensity installed on the fuel line which shows eye catching 
results, also shows reduction in exhaust emissions and 
improvement in the efficiency of combustion.  

P Govindasamyet. al. [7] work conducted on a Zirconia 
(Catalyst) activated two stroke spark ignited engine to 
investigate the effect of high Gauss energy on cyclic variation 
of combustion parameters. 

Dattatry R. Mane et. al.[8] studied the magnetic treatment on  
fuel has provide its excellent performance through large 
number of experiments to reduce the consumption of fuel and 
to reduce the components in exhaust of engine , polluting the 
environment.  

M.S. Gad [9] the experimental test were run on Diesel Engine 
with maximum power of 5.775 kw at different load . Waste 
cooking oil bio-diesel was produced from oil by 
transmogrification process. It was mixed with crude diesel oil 
in different volume percentages of 10and 20 % as B10 and 
B20. The magnetic field has effect on engine performance and 
on exhaust emissions.  

Vivek Ugareet. al.[10] the performance test were carried out 
on a single cylinder four stroke water cooled diesel engine. 
The magnetic field applied on the fuel line and due to there 
was significant increase in break thermal efficiency due to 
reduction on fuel consumption also reduction in exhaust 
emissions due to magnet.  

Nilesh T. Waykoleet. al.[11] depth study has been conducted 
to comprehend the interaction between magnetic field and fuel 
diffusion. The magnetic field on the fuel behavior was 
assessed by investigating changes in fuel structure, the non-
dimensional number grooving the interactions, variation in the 
temperature distribution within the fuel. 

T.V. Rakesh et.al.[12] the performance test were carried out 
on single cylinder four stroke SI engine and the magnetic field 
of the permanent magnets with intensity of 2000, 4000, 6000 
& 8000 Gauss was used in their research paper for the 
treatment of the vehicle fuel for reducing consumption as well 
as exhaust emissions of certain pollutants rate. 

Prof.Bhokre N.M. et.al.[13] the performance test were 
carried out on two type of engine such as petrol engine and 
diesel engine . The petrol engine of single cylinder four stroke 
having maximum power @ 7500 rpm was 2 bhp. The diesel 
engine of four cylinder four stroke was used. The uniform 
magnetic field created around the periphery on conventional 
silencer with uniform mounting on the surface of conventional 
silencer for reduction of hydrocarbon and carbon monoxides 
exhaust emissions. 

Harsal Babar et.al.[14] here permanent magnets with 
different intensity of 2000, 4000, 6000, and 9000 Gauss were 
installed on the fuel line of the two stroke and four stroke 
gasoline engine to study effect on  gasoline consumption as 
well as on exhaust emissions.  

Dinesh P. Panchveet. al. [15] the performance test were 
carried out on 4 stroke single cylinder diesel engine which was 
practically used for agricultural application as well as in light 
commercial vehicle. The magnetic field of different field 
strength was applied on fuel carrying lines near the fuel 
injector and the performance of the compression ignition 
engine was observed without magnetization and with 
magnetization of different field strength.  

Dr.Adil Mahmood Salih et.al.[16] the performance test were 
carried out on spark ignition engine Mercedes-Benz (200), 
four stroke four cylinder and studied the effect of magnetic 
field on the fuel consumption. The engine performance was 
observed by examining the fuel consumption and brake 
specific fuel consumption for different values of octane 
number (68, 75, 83 and 85), to find out what sample of octane 
number was affected by a magnetic field significantly more 
than the others. 

Ali Kahraman et.al. [17] The magnetic device used in their 
study to led the fall of the hydrocarbons and carbon monoxide 
emissions and improved the lambda value. The performance 
test were carried out on 252 cm3, 4.5 HP single cylinder diesel 
engine. 

Pramod Kumar G et.al [18] a four stroke petrol engine from 
the Briggs and Stratton make with capacity of 10Hp, 305cc 
and maximum speed of 3800 overhead valve intake was 
selected. The permanent magnet with different intensities was 
used in the fuel line before the carburetor to reduce CO2, HC 
and CO exhaust emissions. 

Komal L Jadhav et.al [19] the performance test were carried 
out on four stroke single cylinder diesel engine and permanent 
magnet was mounted in path of fuel line, it has shown effect 
on break thermal efficiency and on exhaust emissions.  

Kushal Chaware et.al. [20] Investigated effect of the fuel 
magnetization on the performance of single cylinder water 
cooled diesel engine and got the positive effect on the engine 
performance and exhaust emission. 

Conclusion of the literature  
From the above literature study it is observed that, by 
application of magnetic device on pre-combustion process 
there is improvement in the break specific fuel consumption, 
break thermal efficiency and fuel consumption etc. From this 
literature survey it is also seen that, due to magnetic device 
there is percentage reduction in exhaust emission of Internal 
Combustion Engine.  Introduction to proposed methodology to 
reduce exhaust gases emission of an I.C. engine with 
assistance from magnet on exhaust line will be carried out i.e. 
on post combustion process. Which will convert most of the 
monoxides like COx, NOx and SOx etc. into dioxides which 
are less harmful to the lives on this planet. These magnet will 
be pricing very less compared with existing trends of an 
exhaust control equipment’s. 
 
░ 3. PROBLEM STATEMENT 
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Now a day’s automobile sector in India grows very fast huge 
use of vehicles produces a lot of pollution release oxides of 
Carbon, oxides of Nitrogen, oxides of Sulfur, hydrocarbon and 
particulate matters etc. which are toxic and harmful to lives on 
this planet. To overcome this drawback and to reduce exhaust 
emissions with assistance from the magnetic device on the 
exhaust line will be carried out in this work. This will convert 
most of the monoxides like Cox, NOx and SOx etc. into its 
dioxides which are less harmful to the lives on this planet. 

 
░ 4. METHODOLOGY  
The effect of the magnetic field on the exhaust emissions with 
the application of a magnetic device on the exhaust line will be 
carried out. Also will examine the impact of numbers of the 
permanent magnet on exhaust emissions and an optimum 
number of magnets should be found. 
 
Introduction to Magnetic device  
Number of sets of magnetic device will use in this work with 
magnetic intensities ranges from 2000 to 9000 gauss. 
 
Here mainly two types of the permanent magnet are to be used 
those are  
 
1. Ferrite Permanent Magnet (FPM) 
2. Rear Earth Permanent Magnet (REP) 
 
4.1 Ferrite Permanent Magnet (FPM) 

The ferrite permanent magnet is also known as a ceramic 
magnet and even as hard ferrite magnet. The name is 
interchangeable but they all refer to exactly the same material 
types, ferrite magnets are darker grey in colour and are often 
referred to as having a “Pencil Lead” appearance. 
Ferrite magnets are corrosion free for long term performance 
they are superb. Ferrite magnet can be used up to 300 degrees 
C. Ferrite magnets are also low in cost and easily available in 
any shape. 

 
 
 
 
 
 
 
 
 

Figure 1: Sample image of ferrite magnet. 

 

Specification of FPM 
 
Shape: -Rectangle (45mm X15mm X 10mm)  
Gauss Value: -2000 
Type:-Fe2O4 
Curries Temperature:-250-300 Degree C. 

 
4.2 Rear Earth Permanent Magnet (REPM) 

 
Rear earth permanent magnets are the strongest magnet made 
up of an alloy primarily consisting of Neodymium, Iron and 
Boron. Also, the alloy is chemically written as Nd2Fe14B. 
The Rear Permanent Magnets are the first choice for many 
applications as they offer the greatest performance with the 
smallest volume. The maximum recommended temperature 
operation for this type of magnet is 200 to 300 degree C. 
These magnets are prone to corrosion. 
Specification of REPM 
 
Shape: - Rectangle (50mm X10mm X 5 mm)  
Gauss Value: -9000 
Type: -Nd2Fe14B 
Curries Temperature:-200-230 Degree C. 
 
 

 
Figure 2: Sample image of REPM. 
 
░ 4. TYPES OF EXHAUST EMISSIONS AND 
THEIR SOURCE, HARMFUL EFFECTS AND 
MAGNETIC NATURE 
 
The major automobile exhaust emissions are as follow. 
More than 90% of air pollution is caused by the following 
major emissions  
1. Oxides of Carbon (CO and CO2) 
2. Hydrocarbons (HC) 
3. Oxides of Nitrogen (NOx) 
4. Oxides of Sulphur (SOx) 
5. Particulate matters  
Each of these exhaust emission is discussed one by one with 
respect to its sources, their harmful effects and magnetic 
nature.  

5.1 Oxides of Carbon 
 
Approximately 80% of CO comes from automobiles. In urban 
areas, it is observed that there is a relatively high concentration 
of CO during peak hours. It has been estimated that for every 
litre of petrol by an automobile about 370 gm carbon-mono 
oxide is released as a vehicular exhaust. The consumption of 
petroleum products and the number of automobiles is 
increasing at an alarming pace; the CO levels will also 
increase and making the atmosphere as a health hazard.  
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Carbon mono oxide is the product of incomplete combustion 
in the IC engine. It is produced by the partial oxidation of 
carbon-containing compounds. Generally, in the combustion 
process, carbon dioxide (CO2) is formed after combustion. 
But when there is not enough Oxygen for combustion process 
mono oxide (CO) forms that is incomplete combustion. 
 
Harmful effect of CO  
During breathing, the hemoglobin (Hb) present in the red 
blood cells combines with oxygen reversibly to form oxy-
hemoglobin. 
 
Reaction Hb + O2 HbO2 
 
The oxy-hemoglobin travels to different parts of the body 
through arteries where it gives up oxygen and takes up CO2 
for the return to the lungs where it is exhaled.  
In case the air which we breathe contains CO, it combines 
readily with hemoglobin (CO has 200 times more affinity than 
oxygen for hemoglobin). Due to the formation of carbo-oxy-
hemoglobin (HbCO), the quantity of oxygen available to the 
body gets reduced that is carbon mono oxide reduces the 
oxygen carrying capacity of blood and this leads to oxygen 
starvation (anoxia). The deficiency of oxygen produces 
headache, drowsiness, choking, cardiac and pulmonary 
complications leading to paralysis and death. 
Carbon mono oxide has harmful effects on plants also when 
exposed for sufficient time. It reduces the Nitrogen-fixing 
ability of the bacteria. It also affects the leaf drop, leaf curling, 
decreases in leaf size and premature ageing of the plants. 
 
Magnetic Nature of oxides of carbon 
1. CO Shows Diamagnetic nature due to the absence of an 
unpaired electron in their outermost shell i.e. all of its 
electrons are paired. This means they are repelled in a 
magnetic field. 
 
2. CO2 Shows paramagnetic nature. This means they are 
attracted in a magnetic field 
 
5.2 Hydrocarbons 
These are the chemical compounds of carbon and hydrogen 
only. These can be saturated or unsaturated, branched or 
straight chain or can have a ring structure. The most important 
hydrocarbons involved in air pollution are those which are 
volatile or in the gaseous state under ordinary atmospheric 
condition. The hydrocarbons in the air are themselves alone 
cause no harmful effects. They are of concern because 
hydrocarbon undergoes a chemical reaction in the presence of 
sunlight and nitrogen oxides forming photochemical oxidants 
of which predominant is ozone. Methane is the main 
hydrocarbon present in the atmosphere. The other 
hydrocarbons present are ethane, ethylene, acetylene, propane, 
n-butane, iso-pentane, toluene, n-pentane, m-xylene, iso-
butane, etc. 

Sources of hydrocarbon are as follows 

a) Blow by gases 

b) Raw gas in exhaust 
c) Insufficient compression  
d) Inadequate ignition spark 
e) Incomplete combustion 

Harmful effects of hydrocarbons 
a) Hydrocarbons, particularly aromatic cause irritation in eyes, 
nose, lungs, etc. hydrocarbons are carcinogenic, i.e., they 
cause cancer. 
b) Hydrocarbons harm plants by causing ageing, break down 
of tissues and shedding of leaves, flowers and twigs. 
c) Methane is an important greenhouse gas which can trap 20 
times more heat as compared to carbon dioxide. 
d) Hydrocarbons undergo a chemical reaction in the presence 
of sunlight and oxides of nitrogen forming photochemical 
oxidants and photochemical smog which have a highly 
harmful effect on human beings as well as plants. 
 
Magnetic Nature of Hydrocarbon 
A hydrocarbon with paired electrons shows diamagnetic 
nature. This means they are repelled in a magnetic field. 
 
5.3 Oxide of nitrogen 
Nitrogen forms a number of oxides viz., nitrous oxide (N2O) 
nitric oxide (NO), nitrogen dioxide (NO2), dinitrogen trioxide 
(N2O3) and pentaoxide (N2O5). However, from the point of 
view of atmospheric pollution, the first three are important 
which are found in significant amounts in the atmosphere. The 
normal global concentration of nitrogen oxide should be 3*10-
3 ppm but the concentration in some cities is found as high as 
2 ppm. 
Oxides of nitrogen produce when combustion temperature is 
too high. About 90% of these emissions are in the form of NO 
produces in the vehicle by combination at high temperature. 
NO2 formed by oxidation of NO, has a reddish brown colour 
and pungent odour. 
 
Harmful effects of Oxides of Nitrogen 
a) The nitric oxide is biologically less active and less 
toxic than nitrogen dioxide. It does not have harmful effects on 
human beings and animals. However, it is readily converted 
into nitrogen dioxide by atmospheric oxygen. NO2 is 
extremely toxic to living tissues. It can cause irritation in eyes, 
nose and throat.  
b) The oxides of nitrogen can cause viral infection. High 
doses of NO2 are responsible for bronchitis and respiratory 
problems. Like CO, NO combines with haemoglobin and 
reduces its oxygen transport efficiency.  
c) The oxides of nitrogen suppress the growth of plants 
and damage leaf tissues. Higher concentration of NO (10 ppm) 
can cause decrease in photosynthesis. 
d) Sunlight decomposes NO2 into NO and active oxygen 

atoms  

 
Reaction                   NO2    sunlight        NO + O 

 
Active oxygen atoms reacts with traces of hydrocarbons 
present in the atmosphere and produce material which are 



                                                                     FOREX Publication 
International Journal of Mechanical Engineering Research (IJMER)                       Multi-disciplinary | Open Access | ISSN: 2347-470X 
____________________________________________________________________________________________________________________                                                      
  
Date of Publication: May 31, 2019 | Volume 7, Issue 2| Pages: 1-7                 

 
5 

responsible for photochemical smog. The smog is health 
hazard. 
e) NO2 combines with atmospheric moisture to form a 
mixture of nitric and nitrous acids. 
Reaction 2NO2 + H2O                          HNO3 + HNO2 
These acids are carried out to earth as acid rain which reduces 
pH of the soil and thus reduces its fertility.  
f) The oxides of nitrogen can cause fading of dyes used in 
coloring textiles. 
 
Magnetic Nature of Oxides of Nitrogen 
No, N2O5 has to be diamagnetic as the molecule has even 
number of electrons (54) that are fully paired. Paramagnetic is 
due to the presence of one or more unpaired electrons in a 
species. Only odd-electron molecules like NO, NO2 and ClO2 
are generally paramagnetic as they contain one unpaired 
electron each. Among the various oxides of nitrogen, only NO 
and NO2 are paramagnetic. N2O, N2O3 and N2O5 are 
diamagnetic as they contain even number of electrons. N2O4, 
the dimer of NO2, is also diamagnetic. 

 
5.4 Oxides of sulphur (SOx) 
Two common oxides of sulphur by the formula SOx are 
sulphur dioxide (SO2) and sulphur trioxide (SO3). These are 
the most serious gases pollutants of atmosphere. Both are 
colourless gases with pungent odour. SO2 is a primary 
pollutant while SO3 is secondary pollutant. 
 
Source 
Produced through reaction of these sulphur compounds with 
metals present in particulate matter. Another contributor of 
sulphur dioxide is combustion of petroleum and its product. 
 
Harmful effects of oxides of Sulphur 
a) Both SO2 and SO3 are highly irritating gases to 
respiratory track of human beings and animals. 
b) Sulphur dioxide has very damaging effects on plants 
even at very low concentration (0.03 ppm). 
c) The oxides of sulphur as a such or in the form of 
acids (sulfuric acid) affect or damage number of materials 
such as 

 Building materials – limestone, marble, slate, etc. 
 Metal, particularly iron  
 Feeding and deterioration of fabric, leather, paper and 
paints. 

Magnetic nature of Oxides of Sulphur 
Sulphur dioxide SO2 is a chemical compound which is 
paramagnetic in nature. 
 
5.5 particulate matter 
 In general, the term particulate refers to all atmospheric 
substance that are not all gases i.e. they are minute solid 

particles or liquid droplets or mixture of two in air. 
Particulates can be composed of inert or extremely reactive 
material of varying size. Particulate matter may be viable or 
non-viable. The viable particulates are the minute living 
organisms that are dispersed in the atmosphere. The non-
viable particulates are the different chemical substances which 
enter the atmosphere in various sources. 
Particular matters are partly burn fuel and also form by the 
reaction between other pollutants. 
Harmful effect of particulate matter 
(a) Effect on human being 
Small size particulates which can pass through the nose and 
enter into lungs easily are highly dangerous. Different types of 
particulates cause different types of lung diseases such as lung 
cancer, bronchital, asthma and chronic bronchitis. 
(b) Effect on plant 
Particulates deposit on the leaves of the plant. The common 
damage occur in the leaf structure such as necrosis, chlorosis 
and epinasty. 
(c) Effect on material  
Large number of material is damage by particulates. Soot, 
dust, fumes, mists, etc., badly affects paints, cloths, buildings, 
sculptures, monuments, etc., Particulates also damage 
electronic equipment. 
(d) Effect on visibility 
Particulate display optical properties which exert an important 
effect on air quality. They cause scattering and absorption of 
sunlight and reduce the visibility. They also produce blurring 
effect on vision. 
 
░ 6. EXPERIMENTAL SETUP:  

Figure 3: Physical experimental setup 

The experimental work has been performed on a four cylinder 
four stroke M.P.F.I. Water cooled petrol engine.  
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                 Figure 4: Flow diagram of experimental setup 
 
The specifications of the engine are listed as follow 

Rated Power:  44 kW.  4500 RPM 
Compression Ratio: 9:2:1 
 
Exhaust Gas analyzer 

 
Figure 5: Exhaust gas analyzer 

Range of Measurement 
Co:0 to 9.99 % vol.Res 0.01% 
HC:0 to 20000 ppm (propane) Res.1ppm 
O2:0 to 25% Res.0.01% 
CO2:0 to 20.00% vol.Res.0.10% 
Lambda: 0.200 to 1.800 % Res 0.001% 
Air/Fuel: 0 to 30:1 Res. 
Optional 
RPM Probe:0 to 9990 RPM Res.10 RPM 
Oil Temp. Probe:0 to 150 deg.C Res.1 deg.C 
NOX:0 to 10000 ppm.Res.1ppm 
Operating Temperature:+5 deg.C to + 45deg.C Res.2 deg.C 
Operating Pressure: 800 to 1100 hpa. 
Relative Humidity: Up to 90% Max. 
Measuring Gas Intake: 2 to 2.5 LPM approximately. 
Flow check: Auto. 
Leak Test: Auto 
Warm up time: 1 to 3.5 minutes. 
Zero Setting: Auto/Manual 
Printer: 24 columns 
Dimensions: 400*320*200 mm 
Serial Output: RS232standard (9600baud rate) 
Weight: 10Kg Approximately  
 

Experiment Procedure  
1. Start the engine and keep idle for 10-15 minute. 
2. Take the reading without application of the magnetic 

device by using emission analyser. 
3. Now apply the set of the magnetic device around the 

periphery of the exhaust line. 
4. Again do the same procedure for all set of magnetic 

device 
5. Take the reading with and without application of the 

magnetic device and compare the result. 

░ CONCLUSION  

Introduction of proposed methodology of exhaust gases 
emission of an IC engine will be reduced with the assistance 
from Magnetic device on the exhaust line. This will convert 
most of the monoxides like Cox, NOx and SOx etc. into 
dioxides which are less harmful to the lives on this planet. 
This Magnetic device will be pricing very less compared with 
existing trends of exhaust control equipment. This work 
certainly helps to reduce the pollution level of the environment 
which in turn results in the strengthening of the health of 
human being and other lives. 
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