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Abstract—Automobile is one of the fast growing fields; many modification as well as inventions is made on this area as it is 
an endless journey. Most of the interests are made on parameters like mileage, fuel economy, aesthetic factors, etc. As the 
developments are made for sophistication apart from its advancements, demerits should be considered. Automobile exhaust 
causes air pollution. At the present situation, prevention of air pollution is made only at the point of exhaust from the outlet 
of manifold. The devices for this purpose absorb CO, HC up to certain level. But instead of concentrating on the 
conventional method for prevention of CO, HC, in this paper the inlet air was taken into consideration for prevention of 
pollution. The combustion of CO2 in air is least, but its effect on environment is more. CO2 is one of the major sources for 
yielding CO. So it becomes necessary to eradicate CO2   from air prior to suction. Pure air supplied to the combustion 
chamber will reduce HC level in emission. In this literature the set up and other considerations to bring down CO and 
Hydrocarbon emissions in automobile exhaust is discussed. 
 
 
I. PRESENT DAY EXHAUST SYSTEM 
 
Present day exhaust systems in automobile consists of 
components namely: A tail pipe, muffler, Exhaust 
Pipe, Catalytic Converter and the Exhaust manifold. 
Given below is a diagram of existing Exhaust system 
in 
automobile.

  
 
 
II. CATALYTIC CONVERTER 
 
A catalytic converter is a device that uses a catalyst to 
convert three harmful compounds in car exhaust into 
harmless compounds. 
1) Hydrocarbons (in the form of unburned gasoline). 
2) Carbon monoxide (formed by the combustion of 
gasoline). 
3) Nitrogen oxides (created when the heat in the 
engine forces nitrogen in the air to combine with 
oxygen). 
In the catalytic converter, there are two different 
types of catalyst at work, a reduction catalyst and an 
oxidation catalyst. Both types consist of a ceramic 
structure coated with a metal catalyst, usually 
platinum, rhodium and/or palladium. 
The reduction catalyst is the first stage of the catalytic 
converter. It uses platinum and rhodium to help 
reduce the NOx emissions. When an NO or NO2 
molecule contacts the catalyst, the catalyst rips the  

 
nitrogen atom out of the molecule and holds on to it, 
freeing the oxygen in the form of O2. The nitrogen 
atoms bond with other nitrogen atoms that are also 
stuck to the catalyst, forming N2. For example: 
2NO => N2 + O2 or 2NO2 => N2 + 2O2 
 
The oxidation catalyst is the second stage of the 
catalytic converter. It reduces the unburned 
hydrocarbons and carbon monoxide by burning 
(oxidizing) them over a platinum and palladium 
catalyst. This catalyst aids the reaction of the CO and 
hydrocarbons with the remaining oxygen in the 
exhaust gas. For example: 
2CO + O2 => 2CO2 
 
There is an oxygen sensor mounted upstream of the 
catalytic converter, meaning it is closer to the engine 
than the converter. This sensor tells the engine 
computer how much oxygen is in the exhaust. The 
engine computer can increase or decrease the amount 
of oxygen in the exhaust by adjusting the air-to-fuel 
ratio. It makes sure that there is enough oxygen in the 
exhaust to allow the oxidization catalyst to burn the 
unburned hydrocarbons and CO. The catalytic 
converter does a great job at reducing the pollution, 
but it can still be improved substantially. 
 

 
A. Short Comings In Catalytic Converter: 
One of its biggest shortcomings is that it only works 
at a fairly high temperature. When you start your car 
cold, the catalytic converter does almost nothing to 
reduce the pollution in your exhaust. It operating 
temperature is 600 deg Celsius. During the start of the 
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vehicle it will not attain the operating temperature. 
Hence there will not be any conversion of harmful 
gases for few minutes, so the carbon economy will be 
more and it increases global warming. The period at 
which the catalytic converter doesn’t attain the 
operating temperature is called “COLDSTART” 
period. Between 60%and 80% of toxic gas emission 
occurs at “COLDSTART” period. 
 
III. INCOMPLETE COMBUSTION 
 
Combustion is the act or process of burning. For 
combustion to occur, fuel, oxygen (air), and heat 
must be present together. The combustion process is 
started by heating the fuel above its ignition 
temperature in the presence of oxygen. Under the 
influence of heat, the chemical bonds of the fuel are 
split. If complete combustion takes place, the 
elements carbon (C), hydrogen (H) and sulphur (S) 
react with the oxygen content of the air to form 
carbon dioxide CO2, water vapour H2O and sulphur 
dioxide SO2 and, to a lesser degree, sulphur trioxide 
SO3.        
           If enough oxygen is not present or the fuel / air 
mixture is insufficient then the burning gases are 
partially cooled below the ignition temperature, and 
the combustion process stays incomplete.   The flue 
gases then still contain burnable components, mainly 
carbon monoxide CO, carbon C and various 
hydrocarbons CxHy. Since these components are, 
along with NOx, pollutants which harm our 
environment.   To ensure complete combustion, it is 
essential to provide a certain amount of excess air. 
Nitrogen (N2)-78to80% Carbon dioxide (CO2)- 10 - 
12%Oxygen (O2)-2-3% Carbon monoxide (CO)- 70 - 
110ppmNitrogenoxides(NOx)-50-70ppmSulphur 
dioxide(SO2)-180-250ppm Hydrocarbons (CXHY)- 
60 ppm     
 
IV. INSULATION OF CATALYTIC 

CONVERTER 
 
The catalytic converter has an operating temperature 
of 600 degree Celsius. Below which it does not 
function properly and the conversion of toxic gases is 
not effective. The period till which the catalytic 
converter does not attain the operating temperature is 
called COLD START PERIOD. This period may 
prevail for few minutes when the automobile is 
switched on. In this period, the toxic gases are left 
without treatment which is more harmful to 
environment. To reduce this we are insulating the 
catalytic converter. There are three steps in insulation 
of catalytic converter. They are: 
B. Compact Vacuum Insulation: 
The main purpose of this process is to retain or store 
the heat up to operating temperature of the catalytic 
converter. In this a hollow metal layer is covered over 
the catalytic converter. Vacuum is formed in between 
the metal layers. It is a poor conductor of heat and 

therefore it stores the heat. In both the ends of the 
pipe of the converter ceramic materials are placed 
which prevents heat loss. When the exhaust gas flows 
through the catalytic converter it gets heated and thus 
vacuum doesn’t allow the heat to escape and retaining 
the heat. Therefore catalytic converter is maintained 
at its operating temperature. 
C. Phase Change Heat Storage: 
All materials absorb heat when they liquefy and 
releases heat when they solidify. Phase changing 
materials like metal alloys and salt mixtures store 
large amount of heat (i.e. they release and absorb heat 
during phase transformation). The phase changing 
materials are placed over the catalytic converter. 
When the exhaust gas flows the catalytic converter 
gets heated and phase changing materials absorb heat 
and become liquid. When the temperature goes down 
(i.e. when the automobiles is in the off condition), 
materials release heat and becomes liquid. Hence 
there will be presence of heat always and it helps in 
maintaining the operating temperature of the catalytic 
converter. This also reduces the cold start period.  
 
D. Variable Conductance Insulation: 
This process is used to prevent over heating of the 
catalytic converter. Compounds like metal hydrides 
have the property of releasing hydrogen at high 
temperature and absorbing hydrogen at low 
temperature. Metal hydrides are placed in between 
the metal layers (i.e. vacuum). When the temperature 
reaches above 900 Celsius the metal hydrides 
releases hydrogen. As hydrogen is released vacuum is 
cut off as it is a good conductor of heat. And 
therefore, there is no insulation and overheating is 
prevented. When the temperature goes below the 
operating temperature, then the metal hydrides 
reabsorb hydrogen and vacuum is turned on. Hence 
the catalytic converter functions properly.                      
 
V. REDUCING CARBON CONTENT BY 

USING KOH SOLUTIOM 

 
REASON FOR MINIMISING CO2 AND 
SUPPLYING PURE AIR TO INLET: 
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o Complete combustion may be possible. 
o The deposition of carbon particles on the 
cylinder walls can be minimized as it retards the 
combustion. 
o Increase in mileage. 
o Prevent the emission of CO& HC (after 
combustion) in the exhaust gas which pollutes air by 
causing headache, visual difficulty, paralysis and 
serious effect on the cardio-vascular system. 
 
Freezing point - 11 °C 

Boiling point (1013 mbar) approx. 140 °C 

Density (20 °C) approx. 1.51 g/cm3 

pH (100 g KOH/l) > 14 

 
E. WORKING PRINCIPLE: 
                     The proposed setup is externally 
exposed to the atmosphere where the impurities in the 
air like dust, fine contaminants are removed by 
primary filter. The filtered air is rectified further (to 
remove CO2 constituent) by passing over KOH 
solution. Thus the rectified air was supplied to the 
inlet of the engine. 
 
F. PREPARATION OF KOH SOLUTION: 
 
Atomic mass of potassium,  
K= 39grams.   
Atomic mass of oxygen,  
O = 16grams. 
Atomic mass of hydrogen,  
 
H = 1gram.                                                           
 
TOTAL =56 grams 
 
           In 1 litre of distilled water, 1 normal of KOH 
(56 grams) is to be dissolved. But in our experiment 
250 ml of distilled water was considered in which 1 
normal KOH is about 14 gram. Experiment was 
continued by dissolving 2 normal of KOH and 10 
normal till 15 normal of KOH can be dissolved. 
 
G. APPARATUS SETUP: 
 
The fresh air was sucked through centrifugal pre-
cleaner the dust and other contaminants were 
removed by wire mesh as shown in fig 2. The CO2 
was absorbed by KOH solution beneath the wire 
mesh. This filter was connected to the carburetor 
which is connected to the engine shown. 
 

H. FILTER ARRANGEMENT: 
 

 
 
During the passage of air over the prepared solution 
the CO2 is observed and solution turns black. 
 
 2KOH + CO2 -------- > H2 O + K2 CO3. 

 
VI. TESTING METHOD 

 
 The setup was fixed at the rear side of the vehicle in 
which rectified air was supplied to the inlet manifold 
by connecting hose. 
 
The experiment carried out was time based and 
normal of KOH in the distilled water.  
 
o 1 normal KOH in the distilled water was 
tested for 5 minutes, 10 minutes and 20 minutes. The 
test run was carried out at idle condition, such that the 
solution can activate (to absorb CO2). 
o The subsequent testing was carried out with 
2 Normal and 3 normal of KOH till 15 normal of 
KOH in the distilled water. Final test run was made at 
idle condition with 15 normal KOH. 
 
VII. RESULTS AND DISCUSSION 
 
  Initially test run was conducted without KOH; the 
CO% is 2.65% at the time of idle running. Then the 
CO% was absorbed for 15 normal of KOH i.e., 210 
grams of KOH. The observations are made at the 
initial stage, 15 min, 25 min & 40 min such that the 
CO level was 1.47%, 2.33%, 2.43% & 2.59% 
respectively. The percentage of CO in the exhaust 
increases as the concentration of KOH decreases with 
time as shown in the graph 1. At certain interval of 
time its concentration will be completely depleted 
percentage of CO is 4.5% which is the permissible 
limit for two wheelers. On our investigation apart 
from CO, HC (hydrocarbons) in the exhaust gas was 
found to be decreased due to supply of pure air.  
Graph 2 indicates that better combustion has taken 
place with less amount of unburnt HC as compared to 
permissible level of 9000ppm. 
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I. Graph 1: A plot of percentage of CO Vs Time in 
minutes. 

 
 
J. Graph 2: A plot of percentage of HC Vs Time in 
minutes. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        
 
 
 
 
 
 
 

CONCLUSION 
 
   On our experimental observation the CO2 was 
effectively absorbed and the level of CO and HC has 
been considerably decreased. The experiment was 
successfully undergone in two stroke engines. This 
paper stays positive by playing the role of controlling 
CO & HC. In future, the same setup is to be 
experimented for running conditions and in four 
wheelers. Thus the ultimate aim of emission control 
in automobiles is obtained in our experiment. The 
achievement of emission control is evident from the 
graphs. The main aim of our team is to carbon 
content coming from the exhaust gas in automobiles 
thus providing low carbon economy. We have 
modified some of the components of the present day 
exhaust system there by reducing the pollution.  By 
the above procedures we found out that the carbon 
emission from the vehicle has been made low.  
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