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Abstract— The exhaust gases emitted by diesel engines 

contributes greatly to continuing air quality problems. Even 

though more stringent emission standards are in effect, these 

engines continue to emit vast amounts of air pollutants like 

nitrogen oxides, particulate matter, carbon monoxide, sulphur 

oxides and unburned hydrocarbons, including toxic 

compounds such as formaldehyde. All of these pollutants 

pose a serious threat to public health as well as the 

environment. The objective of this project was to develop and 

test zeolite catalyst for its ability to effectively treat diesel 

exhaust [primarily concentrating on reduction of NOx]. 

Nowadays, platinum based catalytic converters are being 

used to oxidize or reduce these exhaust gases. However, these 

convertors are more expensive due to use of rare transition 

elements like platinum, rhodium, palladium. Zeolite catalyst 

are much cheaper than these elements which makes it cost 

efficient.   
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I. INTRODUCTION 

Diesel engines generate undesirable emissions during the 

combustion process.  The emissions exhausted into the 

surroundings pollute the atmosphere and cause serious 

problems. The major causes of the emissions are non-

stoichiometric combustion, dissociation of nitrogen, and 

impurities in fuel and air. The emissions of concern are: 

unburnt hydrocarbons (HC), oxides of nitrogen (NOx), 

oxides of carbon (COx), oxides of Sulphur (SOx), and solid 

carbon particulates.  However, these exhaust 

emissions can be reduced with present systems like after 

treatment, EGR, or preheating. After treatment of exhaust 

emissions consists mainly use of thermal or catalytic 

converters and particulate traps. The main sources of 

emission are from the engine exhaust system or from the 

crankcase. The former is the main cause of air pollution. The 

main constituents of the engine exhaust gases are unburnt 

hydrocarbons, carbon-dioxide, carbon monoxide, oxides of 

nitrogen and particulate matter. 

A. Zeolite 

Zeolites are microporous, aluminosilicate minerals 

commonly used as commercial adsorbents and catalysts. 

There are about 40 naturally occurring zeolites, 

forming in both volcanic and sedimentary rocks; according to 

the US Geological Survey, the most commonly mined forms 

include chabazite, clinoptilolite, and mordenite. Dozens more 

artificial, synthetic zeolites (around 150) have been designed 

for specific purposes, the best known of which are zeolite A 

(commonly used as a laundry detergent), zeolites X and Y 

(two different types of faujasites, used for catalytic cracking), 

and the petroleum catalyst ZSM-5. 

Zeolites are microporous aluminosilicates made up 

of SiO4 and AlO4- tetrahedral units linked through common 

oxygen atoms, which results in well-ordered structure and 

channels. It can work over a range of temperature between 

150 to 7000C. 

B. Catalytic Converter 

A catalytic converter is an emission control device that 

converts toxic gases and pollutants in exhaust gas to less toxic 

pollutants by catalyzing a redox reaction (an oxidation and a 

reduction reaction). Catalytic converters are used with 

internal combustion engines fueled by either petrol (gasoline) 

or diesel—including lean-burn engines. 

Three way (oxidation-reduction) catalytic converters have 

been used in vehicle emission control systems and have also 

adopted stringent vehicle emission regulations that in effect 

require three-way converters on diesel-powered vehicles. The 

reduction and oxidation catalysts are typically contained in a 

common housing, however, in some instances, they may be 

housed separately. 

 
Fig. 1: Catalytic converter 

II. CONSTRUCTION 

The catalytic converter's construction is as follows: 

 For automotive catalytic converters, the core is usually a 

ceramic monolith with a honeycomb structure. Metallic 

foil monoliths made of Copper are used in applications 

where particularly high heat resistance is required. Either 

material is designed to provide a large surface area. 

 Powdered Zeolite FAU which are used for catalytic 

cracking are coated over the Copper mesh. Zeolites FAU 

have pore size of 3 to 5 Angstrom and has a contact 

surface of 400 m2/g. 

 The catalyst itself is most often a mix of precious metals. 

Platinum is the most active catalyst and is widely used, 

but is not suitable for all applications because of 

unwanted additional reactions and high cost. Palladium 

and rhodium are two other precious metals used. 

Rhodium is used as a reduction catalyst, palladium is 

used as an oxidation catalyst, and platinum is used both 

for reduction and oxidation. 
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 However, in this project, Platinum, Palladium and 

Rhodium are being replaced by Zeolite catalyst in 

powdered form. 

 
Fig. 3: Copper mesh inside a converter 

III. WORKING PROCEDURE 

Inside the converter, the gases flow through a dense 

honeycomb structure made from a copper mesh and coated 

with the zeolite catalysts. The honeycomb structure causes 

the gases touch a bigger area of catalyst at once, so they are 

converted more quickly and efficiently. 

Typically, there are two different process curring in 

a catalytic converter: 

One of them tackles nitrogen oxide pollution using 

a chemical reaction called reduction (removal of oxygen). 

This breaks up nitrogen oxides into nitrogen and oxygen 

atoms (which are harmless, because they already exist in the 

air around us). 

The other process is opposite chemical process 

called oxidation (adding oxygen) and turns carbon monoxide 

into carbon dioxide. Another oxidation reaction turns 

unburned hydrocarbons in the exhaust into carbon dioxide 

and water. 

In effect, three different chemical reactions are going on at 

the same time. After treatment of these gases, what emerges 

from the exhaust is mostly nitrogen, oxygen, carbon dioxide, 

and water (in the form of steam). 

Reduction of nitrogen oxides to nitrogen and oxygen 

2NOx → xO2 + N2 

Oxidation of carbon monoxide to carbon dioxide 

2CO + O2 → 2CO2 

Oxidation of unburnt hydrocarbons (HC) to carbon dioxide 

and water:  

 CxH2x+2 + [(3x+1)/2]O2 → xCO2 + (x+1)H2O. 

Catalytic converters with Zeolite catalyst can work 

over a range of temperature between 150 to 7000C. 

IV. TESTING  

A. Exhaust Gas Analyzer:  

Exhaust gas analyzer used in this experiment is AVL DI 444 

model made by the AVL India Pvt. Ltd. In this one end of the 

analyzer mounted to the inlet of the analyzer and the other 

end connected at the end of the exhaust gas outlet. The 

measuring method is based on the principle of light 

absorption in the infrared region, known as "Non-Dispersive 

Infrared Absorption”. The broadband infrared radiation 

produced by the light source passes through a chamber filled 

with gas, generally methane or carbon dioxide.  

This gas absorbs radiation of a known wavelength 

and this absorption is a measure of the concentration of the 

gas. There is a narrow bandwidth optical filter at the end of 

the chamber to remove all other wavelengths before it is 

measured with a pyro-electric detector. Fig 3. shows the 

actual photo of the exhaust gas analyzer attached to the 

engine.  

 
Fig. 3: Smoke meter 

V. RESULTS AND DISCUSSIONS 

Emissions from zeolite catalyst are comparably lower than 

traditional catalytic converters with platinum, palladium and 

rhodium except carbon monoxide. In general, CI engine 

exhaust operated with zeolite catalyst emits more carbon 

monoxide but NOx emission were comparably lower. 

Conversion rate of NOx, CO and HC of Zeolite catalyst were 

slightly more than that of traditional converters. In addition, 

Zeolite is much cheaper than that of rare transition elements 

like platinum, palladium and rhodium. 

Load (%) 0 25 50 75 100 Unit 

CO 
0.0

4 
0.05 0.04 0.06 0.15 

%VO

L 

HC 20 21 22 25 33 PPM 

CO2 1.6 2.9 4 5.5 6.8 
%VO

L 

O2 
18.

28 

16.4

9 

14.8

3 

12.7

4 

10.6

7 

%VO

L 

NOx 103 236 431 548 726 PPM 

Table 1: Catalytic Converters with Platinum Emission 

Characteristics 

Load (%) 0 25 50 75 100 Unit 

CO 
0.0

6 
0.07 0.06 0.06 0.25 %VOL 

HC 18 18 19 16 26 PPM 

CO2 1.8 3 4.4 5.8 7.5 %VOL 

O2 
18.

01 
16.38 14.41 12.53 10.2 %VOL 

NOx 91 249 471 633 711 PPM 

Table 2: Catalytic Converters with Zeolite Catalyst 

Emission Characteristics 
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VI. CONCLUSION 

Engine emissions like NOx, CO, HC were reduced by using 

zeolite catalyst in catalytic converters. Finally, the 

performance and the emission characteristics of the zeolite 

catalyst was analyzed using a CI engine and their 

characteristics are compared with platinum-based catalytic 

converters. 

 Emission testing of catalytic converters using smoke 

meter showed that zeolite catalyst has efficiency almost 

similar to those of traditional catalytic converters. 

 The conversion rate of emissions such as HC, CO2, NOX 

of Zeolite catalyst converters were higher than traditional 

converters. However, CO conversion rates were 

comparatively lower. 

 It has a working temperature range of 1500C to 7000C, 

higher than converters like SCR. Nevertheless, increase 

in exhaust temperature higher than this range showed 

drop in conversion rates. 

Catalytic converters with Zeolite catalyst are 

efficient in conversion of NOx, CO, HC into less harmful 

gases like N2, CO2, H20, etc. However, its efficiency 

decreases gradually with increase in temperature.  
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