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ABSTRACT 

This paper presents the testing of a catalytic converter coated with aluminium oxide nanoparticles as catalyst to be used in the 

conventional catalytic converter. The catalytic converter was developed based on catalyst materials consisting of metal oxides 

such as aluminium oxide nano particles (Al2o3). The catalyst material (Al2o3) is inexpensive in comparison with noble catalysts 

such as platinum or palladium. In addition, the noble metals such as platinum group metals are now recognized as human health 

risk due to their exhaust emissions in the environment from the conventional catalytic converter. It is experimentally found that 

the conversion efficiencies of Al2o3 based catalytic converter are 99.5%, 92% for CO and HC emissions respectively. The 

objective of this paper is to develop a low cost three way catalytic converter to be used with the DI diesel engine.  

Keywords — Catalytic converter, Aluminium oxide nanoparticles (AONP), Noble metals, Emissions. 

 

1. INTRODUCTION 

Nowadays, automotive catalytic converter has been used to 

reduce the emissions released by automotive vehicles. Exhaust 

catalytic converters were introduced, because most of the 

countries recognized restricting laws related to emissions of 

carbon monoxide, hydrocarbons and nitrogen oxides by the 

engines. These emissions are generated by the combustion 

process of internal combustion engines are very harmful to 

health and the surroundings [1]. The CO emissions joint with 

hemoglobin in the bloodstream promotes the reduction of 

oxygen-active sites that provide asphyxia. Nitrogen oxides 

(NOx) contribute to acid rain and photochemical smog, and are 

irritating to the eyes and skin [2]. The Three Way Catalysts 

are advanced system for emission treatment of gasoline 

vehicles that significantly reduce the emissions of carbon 

monoxide (CO), hydrocarbons (HC) and nitrogen oxides 

(NOx) in atmosphere [3]. In regard to the catalyst type, the 

two most common products obtainable in the market are 

ceramic and metallic substrates [4]. At present, the monolith is 

the most common option for most of the applications where 

high flow rates and low pressure drop are required. In spite of 

extruded ceramic monoliths being the most commonly used 

substrate material, mainly because of its comparatively low 

manufacturing costs [5,6]. Foil metallic monolith substrates 

are becoming more fashionable. Both substrates have a 

relatively low porosity that makes them inappropriate as a 

catalyst support. To overcome this, a thin layer of a porous 

material is applied to the channel walls. This layer is referred 

to as wash coat. A commonly used wash coat material is c-

Al2O3 with a surface area of about 100 m
2
/g [7,8]. Automotive 

catalysts are generally available in the form of monolith 

ceramic as cordierite and zeolites or metal substrate. The 

catalyst substrates supplementary used is composed of 

magnesium cordierite (2MgO.2A12O3.5SiO2) with a honeycomb 

structure, which provides a high geometric surface area, 

coated with γ-alumina wash coat. This wash-coat is designed 

mailto:syedaalam3386@gmail.com


   
INTERNATIONAL JOURNAL FOR RESEARCH IN EMERGING SCIENCE AND TECHNOLOGY, VOLUME-2, ISSUE-7, JULY-2015                                                      E-ISSN: 2349-7610 

VOLUME-2, ISSUE-7, JULY-2015                                                COPYRIGHT © 2015 IJREST, ALL RIGHT RESERVED                                                                                                     18 

to increase the specific surface area and is the support for 

precious metals, mainly palladium (Pd), platinum (Pt) and 

rhodium (Rh), which improve the catalytic oxidation and 

reduction of exhaust pollutant gases from IC engine to more 

harmless ones, like water, carbon dioxide and nitrogen. 

Zirconium and cerium oxides are used in the coating by their 

oxygen storage capability to improve catalytic efficiency [9]. 

Aluminum is a widely used energetic additive to energetic 

materials and an additive to fuel for air breathing propulsion 

[10]. In this investigation, conventional catalytic converter 

modified by coated with Al2o3 nanoparticles have been 

developed to oxidize/reduction emissions from the DI diesel 

engine and improve the performance of the catalytic converter. 

The advantages of this catalytic converter are stated as low 

cost and higher substrate area which is efficient to 

oxidize/reduction emission as compared to the conventional 

catalytic converter. 

 

2. METHODS AND MATERIALS 

2.2. Properties of Aluminium Oxide Nanoparticles 

Scanning electron microscopy provides the assessment of 

nanoparticles alignment and size of the particles [11]. The 

morphology of nanoparticles was investigated by field 

emission scanning electron microscopy (FE-SEM). The FE-

SEM images showed that the majority of the nanoparticles 

obtained from all the ablated laser energies has a spherical 

shape with a particle size of less than 100nm. Furthermore, it 

was observed that the particle size increased with increasing 

the laser energy [12]. SEM of aluminium oxide nanoparticles 

is shown in Figure 1. Surface and morphological 

characterization of aluminium oxide nanoparticles were 

carried out using scanning electron microscopy. Nanosized 

spherical shaped aluminium oxide nanoparticles obtained was 

confirmed. The diameter distribution of the nanoparticles 

varies from 38-54nm. 

 

Figure 1 SEM of Aluminium Oxide Nanoparticles 

2.2. Coating Process  

Sodium silicate solution was used in wash coat material to 

increase the coating strength. Ninety grams of sodium silicate 

solution were added into 10.0 gm of Al2o3 nanoparticles to get 

10% Al2o3 nanoparticles slurry. The slurry has been mixed by 

using a mechanical homogenizer for two hours. Coating of 

catalyst (Al2o3 nanoparticles slurry) is done by dip coating 

method, and it has been kept in an oven at 120˚C for 5 hours. 

Aluminium oxide nano particles, served dual functions: a 

reduction catalyst and an aluminium substance for the wash 

coat. Rutile form of Al2o3 was chosen because of its thermal 

stability from 600
◦
C and high durability. This property is 

suitable for catalyst embedment or catalyst. The summary of 

preparation of aluminium oxide nanoparticle catalyst in 

catalytic converter is given in figure 2. 

 

 

Figure 2 Summary of Catalyst 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=electron+microscopy
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2.3.  Reaction in Catalytic Converter  

Gases from engine exhaust port entered into catalytic 

converter are referred to as feed gases such as HC, CO, NOx, 

CO2. In the catalytic converter two chemical processes are 

occurring, such as catalytic reduction and catalytic oxidation. 

In the catalytic reduction process, nitrogen oxide gives up its 

oxygen to form pure nitrogen. Then the free oxygen reacts 

with CO to form CO2 emissions. In the oxidation process, 

hydrocarbons and carbon monoxide continue to burn. This 

occurs only if there is a sufficient amount of oxygen available 

for the hydrocarbons and carbon monoxide to form with. This 

chemical reaction results in oxidation of hydrocarbons and 

carbon monoxide to form carbon dioxide and water. Detailed 

of catalytic reduction and oxidation can be seen in figure 3. 

 

Figure 3 Oxidation and Reduction Process in Catalytic 

Converter 

 

3. ENGINE SETUP 

Experiments were conducted on Kirloskar TV1, four stroke, 

single cylinder, air cooled diesel engine. The rated power of 

the engine was 5.2 kW at 1500 rpm. The engine was operated 

at a constant speed of 1500 rpm and a standard injection 

pressure of 220 bar. Details of the engine specification are 

given in Table 2. The fuel flow rate is obtained by the 

gravimetric basis and the airflow rate is obtained on the 

volumetric basis. The AVL smoke meter is used to measure 

the smoke density. AVL five-gas analyzer is used to measure 

the rest of the pollutants. A burette is used to measure the fuel 

consumption for a specified time interval. During this interval 

of time, how much fuel the engine consumes is measured, 

with the help of a stopwatch. The experimental setup is 

indicated in Figure 4. 

 

 
 

Figure 4 Experimental Setup 

Table 1 Engine Specification 

Type : Vertical, water cooled, four 

stroke  

Number of cylinders : One 

Bore : 80 mm 

Stroke : 110  mm 

Compression ratio : 17.5:1 

Maximum power  : 5.2 kW 

Speed : 1500 rev/min 

Dynamometer : Eddy current  

Injection timing  : 23 (before TDC) 

Injection pressure  : 250 kgf/cm
2
 

 

4. RESULTS AND DISCUSSION 

4.1.  Carbon Monoxide Emissions (CO)  

The variation of carbon monoxide with brake power is shown 

in Figure 5. The carbon monoxide emission decreases with the 

quantity of coated aluminium oxide nanoparticles in the 

conventional catalytic converter. Generally, the CO emission 

is caused due to the poor mixing of air and fuel, and 

incomplete combustion of fuel. The aluminium oxide 

nanoparticles present in the catalytic converter promotes 
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oxidation of CO and convert into CO2. CO is to be found 

considerably reduced with the addition of aluminium Oxide 

nanoparticles with the diesel. The CO emission decrements are 

about 98%, 99% and 99.5% of the cases of conventional 

catalytic converter (CC), catalytic converter coated with 0.5g 

aluminium oxide nanoparticles (CC+AONP 0.5g) and 

catalytic converter coated with 1g of aluminium oxide 

nanoparticles (CC+AONP 1g), respectively, at the full load of 

the engine. 

 

Figure 5 CO Against Brake Power  

 

4.2. Hydrocarbon Emissions (HC)  

The variation of hydrocarbon emission with brake power is 

shown in Figure 6. The addition of aluminium Oxide 

nanoparticles reduces the HC emission when compared with 

neat diesel. The aluminium Oxide nanoparticles acts as an 

oxidation catalyst, thus enhances the hydrocarbon oxidation. 

The least HC emission is observed as 12ppm for the 1g of 

aluminium oxide nanoparticles coated with conventional 

catalytic converter at the brake power of 5.3kW. This is due 

high oxygen content present in the AONP and oxidize the HC 

into water and CO2. 

 

 

Figure 6 Hydrocarbon Against Brake Power   

 

4.3. Oxides of Nitrogen Emissions (NOx)  

The NOx emissions of the engine at different nanoparticles 

concentrations in the catalytic converter and the engine loads 

have been shown in figure 7. It is clear that, the NOx emission 

dramatically decreases, by means of aluminium oxide 

nanoparticles coated in the catalytic converter. This is because 

of the reduction of NOx into N2 and O2. The NOx emission for 

catalytic converter coated with 1g of aluminium oxide 

nanoparticles (CC+AONP 1g) is 780 ppm, whereas it is 

680ppm for catalytic converter coated with 0.5g aluminium 

oxide nanoparticles (CC+AONP 0.5g), compared to 1110ppm 

for neat diesel without catalytic converter, at the full load 

respectively. 

 

Figure 7  Oxides Of Nitrogen Against Brake Power  

 

4.3. Smoke Opacity  
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Figure 8 shows the variation of smoke opacity at different 

brake power. Reduced smoke opacity is observed in the case 

of catalytic converter coated with 1g of aluminium oxide 

nanoparticles (CC+AONP 1g). The smoke opacity for 

catalytic converter coated with 1g of aluminium oxide 

nanoparticles (CC+AONP 1g)  is 5HSU and catalytic 

converter coated with 0.5g of aluminium oxide nanoparticles 

(CC+AONP 0.5g)  is 22HSU , whereas it is 26HSU for 

conventional catalytic converter at full load. 

 

 Figure 8  Smoke Density Against Brake Power  

 

5. CONCLUSION 

In the present investigation DI diesel engine emission 

characteristics by using aluminium oxide nanoparticles coated 

catalytic converter are studied and based on the experiment the 

following conclusion are drawn,  

 

 The reduction in HC emission by using aluminium 

oxide nanoparticles coated catalytic converter. AONP 

coated catalytic converter (CC+AONP 1g) showing a 

92% reduction in HC compare with the conventional 

catalytic converter.  

 AONP coated catalytic converter (CC+AONP 1g) 

reduces CO emission is up to 99.5% compared with 

conventional catalytic converter, because the AONP act 

as an oxygen buffer and donates surface lattice oxygen.  

 NOx Emission dramatically decreases by using an 

AONP coated catalytic converter (CC+AONP1g) 

compare to the conventional catalytic converter.  

 The decrease in the emissions is proportional to the 

dosing level of AONP nanoparticles coated in the 

catalytic converter and optimum dosing level of 1g of 

catalytic nanoparticles was observed. 

 

Hence, aluminium oxide nanoparticles are efficient in 

reducing the exhaust harmful pollutants from the DI diesel 

engine. 

 

   REFERENCES 

[1]  Massa E. Saldiva C. D. Cardoso L. M. N. Silva R. 

Saldiva P. H. N. Bohm G.M. Acute toxicity of gasoline 

and ethanol automobile engine exhaust gases. Toxicol 

Lett Vol. 26, pp 187-192 (1985). 

[2]  G. Marland and R. M. Rotty, Carbon Dioxide Emissions 

From Fossil Fuels: A Procedure For Estimation And 

Results For 1951-1981, DOE/NBB-0036 TR-003, 

Carbon Dioxide Research Division, Office of Energy 

Research, U. S. Department of Energy, Oak Ridge, TN, 

1983. 

[3]  Kaspar J. Fornasiero P. Hickey J. N. (2003). Automotive 

catalyst converters: States of art and perspectives. 

Catalysis Today Vol. 77, pp 419-449. 

[4]  Jan Kašpar, Paolo Fornasiero, Neal Hickey, Automotive 

catalytic converters: Current status and some 

perspective, catalysis today 77 (2003) 419-449. 

[5]  Garin F. Environmental catalysis. Catal Today 

2004;89:255-68. 

[6]  Heck RM, Gulati S, Farrauto RJ. The application of 

monoliths for gas phase catalytic reactions. Chem Eng J 

2001;82:149-56. 

[7]  Nijhuis TA, Beers AEW, Vergunst T, Hoek I, Kapteijn 

F, Moulijn JA. Preparation of monolithic catalysts. Catal 

Rev 2001;43 (4): 345-80. 

[8]  Avila P, Montes M, Miro´ EE. Monolithic reactors for 

environmental applications: a review on preparation 

technologies. Chem Eng J 2005;109:11-36. 

[9]  Kruse A. Frennet J.M. Bastin (Eds.), Catalysis and 

Automotive Pollution Control, vol. IV, Elsevier, 

Amsterdam, 1998, pp. 507-511. 

[10]  E. Price, R.K. Sigman, in: Progress in Astronautics and 

Aeronautics (2000), Combustion of Aluminized Solid 



   
INTERNATIONAL JOURNAL FOR RESEARCH IN EMERGING SCIENCE AND TECHNOLOGY, VOLUME-2, ISSUE-7, JULY-2015                                                      E-ISSN: 2349-7610 

VOLUME-2, ISSUE-7, JULY-2015                                                COPYRIGHT © 2015 IJREST, ALL RIGHT RESERVED                                                                                                     22 

Propellants, Georgia Inst. Technol., Atlanta, GA, 2000, 

pp. 663-687. 

[11]  Veeradate Piriyawong, VoranuchThongpool, 

PiyapongAsanithI, PichetLimsuwan, Preparation and 

Characterization of Alumina Nanoparticles in 

DeionizedWater Using Laser Ablation Technique, 

Journal of Nanomaterials, Volume 2012, Article ID 

819403, 6 pages. 

[12]  V. SabariGiri, R. Sarathi, S.R. Chakravarthy, C. 

Venkataseshaiah, Studies on production and 

characterization of nano-Al2O3 powder using wire 

explosion technique, Materials Letters 58 (2004) 1047– 

1050.  


