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ABSTRACT 

A catalytic converter is an emissions manage gadget that converts poisonous pollutants in exhaust gas to 

much less toxic pollutants by catalyzing redox reaction (oxidation or reduction). Off street application requires 

more vigour at less speed accordingly an expand in emissions happens. For that reason here we use a catalytic 

converter to mark and investigate distinctive exhaust spots to assess for greatest reduction in emission phases. On 

this state of affairs two separate catalytic converters are used, with diversified composition of catalyst, one 

thermally coated while the other no longer. With catalytic converters, a thermal barrier coating enables the cats to 

reach light-off temperature sooner to shrink cold emissions. The coating can even help preserve the converter lit at 

idle and low pace for extra efficient operation and cleaner exhaust. The outcome are compared to determine better 

Emission reduction with higher of the two catalytic converters. 
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1. INTRODUCTION 

 The first wide spread introduction of catalytic converters in United State auto market. Legislation of 

exhaust emission, most gas-powered auto establishing with the 1975 mannequin year. As a result of incomplete 

combustion within the engine, there are a number of incomplete combustion product CO, HC, NO particulate 

issues etc. Quantity of choices applied sciences like improvement in engine design and gasoline pre therapy. The 

always evolving car exhaust emissions legislation has resulted in an ever-increasing fee in research and 

development of exhaust after-healing programs. An enormous form of exhaust after-medication instruments has 

been developed and demonstrated for the duration of the last 30 years. The three-means catalytic converter is at all 

times reward, however we notice a steady development in useful metals and wash coats with a kind of beneficial 

traits. Most of them are making the most of some great benefits of catalysis, in the type of catalytic coatings and 

even catalytic gasoline components, to outcome after-remedy reactions on the low exhaust gasoline temperatures 

of city driving. The reduction catalyst is the first stage of the catalytic converter. It uses platinum and rhodium to 

help lessen 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, releasing the oxygen in the type of O2. The nitrogen atoms bond with 

different nitrogen atoms which might be also stuck to the catalyst, forming N2. The oxidation catalyst is the second 

stage of the catalytic converter. It reduces the unburned hydrocarbons and carbon monoxide by using burning 

(oxidizing) them over a platinum and palladium catalyst. This catalyst aids the reaction of the CO and 

hydrocarbons. 

The Catalytic Converter: In the mid-1900’s, a man by means of the title Eugene Houdry started constructing a 

catalytic converter after witnessing giant amounts of smog in American cities. A catalytic converter is an exhaust 

purification system that rids car emissions of environmental toxins. The converter was first used in industrial 

environments, getting rid of toxic byproducts from the manufacturing facility’s machines. The catalytic converter 

used to be not but applied to purify car exhaust when you consider that the leaded gasoline autos used damaged the 

catalyst and render the converter vain. In those days, lowering the toxicity of automotive exhaust emissions was a 

wasted effort. By way of 1973, the Environmental protection company made leaded gasoline unlawful, which 

allowed for more study closer to making a catalytic converter for gas auto engines. This spurred on the Engelhard 

Company to improve the first catalytic converter. For the reason that the 1970’s, far more research and energy has 

long gone into solving the issues of toxic exhaust emissions and the safety of the atmosphere. 

The Catalytic Converter and Its Sustainability: According to the Environmental Protection Agency’s definition 

of sustainability, sustainability “creates and maintains the conditions under which humans and nature can exist in 

productive harmony”. The continual improvement of the catalytic converter and reduction of cold-start emissions 

will do just that. Automotive exhaust is extremely harmful to both humans and nature. Engineers are continually 

striving to create conditions that are suitable for humans and nature alike and the continuing advancement of the 

catalytic converter does just that. The catalytic converter was created was to provide a sustainable solution for 

automobiles. Before the catalytic converter, there was absolutely no filtering of the toxic automotive exhaust. And 

while engineers today are working to perfect the technology by reducing cold-start emissions, it is important to see 

how far this technology has come. Cold-start emissions are a very small portion of the total possible emissions an 

automobile engine has the ability to produce. The large amount of toxic exhaust a car was capable of emitting, 

aside from the cold-start emissions, have been almost entirely eliminated over the evolution of catalytic converters. 

It is important to note that this paper focuses on the remaining improvement, reduction of the cold-start emissions, 
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to further improve catalytic converter technology. Currently the converter is being changed to eliminate all toxins 

in automotive exhaust. It is true that there are other proposed solutions to the problem of cold-start emissions, 

which could increase the sustainability of automobiles as well. Most of these solutions claim to eliminate 

automotive exhaust entirely. There are teams upon teams of engineers working to develop a fuel cell large enough 

and powerful enough to replace an automobile engine. There are other engineers working on developing alternative 

“cleaner” fuels, either from renewable or from nonrenewable sources, such as water or corn byproducts. The issue 

with these relatively new technologies, those mentioned above and others like them is that there is still a long way 

to go until the proposed solutions are ready to be integrated into the mass public and that yield the same level of 

efficiency as a catalytic converter. The decades of research that have gone into the catalytic converter technology 

should not go to waste, especially when the technology is ever-improving. Instead of so many teams of engineers 

working to redesign the solution, it is much more efficient and beneficial to have engineers working to tweak and 

perfect the solution. Solutions such as the fuel cell and alternative fuels would require major design components of 

automobiles to be altered so that the new technology can be incorporated. This could be costly and require more 

effort than necessary. Meanwhile, the technology of the catalytic converter is already easily incorporated into the 

design of all automobiles. The whole idea of the catalytic converter is completely immersed in the value of 

sustainability – protecting the existence of nature and humans alike. The catalytic converter technology is headed 

towards the goal of no toxic automotive emissions, due to an ideal catalytic converter. This will allow humans to 

continue using the automobiles that have become such an integral part of modern society, while also allowing the 

emergence of new technologies and prospering without harming nature. This ideal catalytic converter will also 

allow the environment, nature, to no longer suffer from the human invention of the automobile as well as to grow 

and prosper in its own respect. Both humans and nature are allowed the freedom to be productive without harming 

one another. This is the perfect example of what the Environmental Protection Agency coined as “productive 

harmony.” 

 
Figure.1. Image of air fuel ratio 

Design: The current model of the catalytic converter purifies automotive exhaust using sophisticated technologies. 

The main structural component to the converter’s technology is the honeycomb structure. A great example of the 

catalytic converters honeycomb structure is Environmental Technology Corporation’s ceramic honeycomb – with a 

high geometric surface area to volume ratio (from 0.2 to 0.3 m2/g), with a cell density of 400 CPSI (cells per square 

inch). The converter also features low pressure drop, chemical inertness, and structural stability at temperatures up 

to 1300°C (Siemund, 1996). This means as the converter heats up and cools down from engine heat the catalytic 

converter’s ceramic structure will maintain structural integrity. The strength, pressure, density, and shape are not 

compromised due to the wide variation of temperatures reached inside the converter. The honeycomb structure is 

coated with a very thin layer of aluminum oxide that creates an extremely porous surface with a large surface area. 

This honeycomb structure, and subsequent structures like it, provides the most efficient use of materials while 

maximizing the surface area of the catalytic converter. It is essential that the catalytic converter has the most 

surface area possible so that when the automotive exhaust is directed through the converter, there is sufficient room 

and resources available to transform the toxins into inert gases. The resources aforementioned are the catalysts that 

are spread over the honeycomb structure 

 
Figure.2. Schematic diagram of catalytic converter 
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Figure.3. Model of the honeycomb structure used in the interior of a catalytic converter 

Inside a Catalytic Converter: Three simultaneous purification reactions take location inside the catalytic 

converter and inside catalytic converter design makes these procedures as effective as viable. Automobile engines 

produce detrimental gases such as nitrogen oxides, hydrocarbons and carbon monoxide; and catalyzed chemical 

reactions that take position within the catalytic converter change these harmful gases into harmless ones. Carbon 

monoxide, a gasoline that may rationale asphyxiation if inhaled, is converted to day-to-day carbon dioxide and 

oxygen gasoline. In a similar way, nitrogen oxides are transformed to innocuous nitrogen fuel and oxygen gas, and 

hydrocarbons to carbon dioxide and water vapor. These gases are reliable to inhale and are equipped to exist 

neutrally within the environment. All of those reactions will also be classified as simple oxidation or discount 

reactions, “redox reactions” for brief. Redox reactions involve the transfer of electrons between merchandise and 

reactants. In an oxidation response, a substance loses electrons and its cost increases. Discount reactions reap 

electrons, and accordingly their charge decreases. Inside of a catalytic converter, hydrocarbons and carbon 

monoxide are oxidized and nitrogen oxides are decreased.  

As categorised within the paragraph above, reactions 1 and a pair of are oxidation reactions, and reaction 

three is a discount response. The total effectiveness of a catalytic converter is largely influenced by way of two 

explanations: working temperature and fuel feed composition. Which means the converter services best at a 

designated ratio of oxygen to fuel flowing into the converter. This ratio of air to gasoline is known as the 

stoichiometric point, a 14.7:1 ratio of oxygen to gasoline. This ratio is maintained by an oxygen sensor located 

upstream from the converter, closer to the engine. The sensor communicates with the engine pc to adjust the 

amount of oxygen that enters the catalytic converter, growing the efficiency. The oxygen sensor cannot ever 

receive a long-lasting 14.7:1 ratio of oxygen to gasoline, so the sensor fairly alternates the air/gasoline ratio to stay 

as practically the stoichiometric factor as feasible. When the approach is strolling with more oxygen than needed, 

it's mentioned to run “lean”. The far more than oxygen favors the oxidation reactions, on the fee of the discount 

reactions of nitrogen oxides. If the oxygen sensor is running with more fuel than needed, it's running “wealthy”. 

This favors the discount of nitrogen oxides, but ineffectively oxidizes hydrocarbons and carbon monoxide whilst. 

When the catalytic converter is running lean, there's a small percent of extra oxygen that may be stored and used 

for when the process is walking wealthy. Even as there's nonetheless an imbalance of the stoichiometric ratio, the 

stored oxygen helps oxidation reactions later when there's no longer sufficient oxygen in the exhaust circulation.  

As soon as the air and gas vapors are pumped into the catalytic converter, the gases are handed by way of the 

internal of a catalytic converter. The catalysts’ inside honeycomb constructions are lined with a combo composed 

of three varieties of catalysts. Each and every catalyst utilized in a catalytic converter has a precise job that helps a 

side of exhaust purification. The platinum or palladium is used as an oxidizing catalyst for hydrocarbons and 

carbon monoxide. 

2. EXPERIMENTAL SETUPAND PROCEDURE 

A four cylinder four stroke diesel engine coupled with electrical dynamometer was used for data 

collection. The engine is a water cooled, naturally aspirated and DI diesel engine.  

The engine is a completely self-contained test bed incorporating electrical dynamometer, with panel board 

consists of ammeter and voltmeter fuse carries. The electrical dynamometer which is capable for 30hp @ 2000 

rpm. 

With Fuel Additives: The engine is use to run for certain periods by using fuel along with the additives, it use to 

release the exhaust gas at certain amount of CO will produce it may pass from the engine through the catalytic 

converter (Exhaust System). 

Without Fuel Additives: The same test has been done by running the engine by introducing the fuel in the engine 

without any additives, this may release some amount of CO from the engine through catalytic converter. 

          The test has been use to do for repeatingly to know the optimization of the catalytic converter by using fuel 

with and without the additives. 

3. RESULTS AND DISCUSSION 

From experimental data following analysis can implemented when diesel was used as fuel that for the 

duration of commencing of diesel engine carbon monoxide contents are highest in the exhaust on account that for 
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the duration of commencing of engine rich air offered to the engine sand additionally as a result of incomplete 

combustion of fuel. When the air-fuel combination is simply too rich there is insufficient air for whole combustion 

and some the gas might not be burnt or at least handiest partly burnt. Seeing that hydrogen has a better affinity for 

oxygen, hydrogen will take all of the oxygen it needs leaving the carbon with a deficiency of oxygen. As a result of 

the shortage of oxygen a percentage of carbon can be modified to carbon monoxide. Load on engine raises, more 

quantity of air is provided when making use of fuel with and without components. The air-fuel ratio turns into lean 

and accordingly amount of carbon monoxide reduces due proper combustion of gas. Once more as load on engine 

raises gas consumption also raises. 

              It can be obvious that as brake power of engine raises, hydrocarbon content material due to the fact that of 

increase in gas consumption. On the whole, hydrocarbon produces because of incomplete combustion. Because of 

existence of neighborhood very rich mixture pockets at cut down temperature than the combustion chamber, 

unburnt hydrocarbons will show up within the ex hydrocarbons additionally appear due to flame quenching close 

the metal walls. 

      From above diagrams it may be seen that as temperature of catalyst increases, its ability to convert CO and HC 

into H2O and CO easily we are able to say that its conversion effectivity increases. At scale down temperature of 

CO is best possible as temperature of catalyst increases amount of CO in exhaust reduces. 

4. CONCLUSION 

This be trained introduces a easy low fee; non noble (nickel) founded catalytic converter to scale back 

engine exhaust emission. Although in catalytic converter, catalyst use for the conversion of pollution in exhaust but 

in a confined proportion. By utilising unique gas components situated catalytic converter, HC reduces by 40% and 

CO reduces with the aid of 35%. So we conclude that the nickel centered catalyst will also be powerful technique 

in location of luxurious noble metallic headquartered catalytic converter. 
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