
 

Name: Charula H. Patel 

Enrollment No: 129990919002 

Branch: Mechanical Engineering 

Title of the Thesis: Investigation of performance characteristics of 

catalytic converter made from selective transient metals under different 

engine operating conditions of four stroke petrol engine 

Abstract 

Vehicle numbers and their variants are on the rise with every passing day because of increasing 

population and an affluent lifestyle. These vehicles emit pollutants due to incomplete combustion of 

fuel air mixture in the engine and is sharing one third of total air pollution.  Carbon monoxide (CO), 

unburned hydrocarbons (HC), and nitrogen oxides (NOx) are the main pollutants from petrol engines. 

These pollutants cause adverse effect on air quality which results in damaging prospects of wellbeing 

creatures as well as nature. Hence it is required that strict vehicular emission norms are followed. 

To meet these standards the most widely used methods is Three-Way Catalytic Converter (TWCC), 

which contains Platinum group metals (PGM) as catalyst for emission reduction. Such catalysts, in 

order to work effectively, are required to reach at temperature of about 300°C for light-off to occur 

and they require to be working at stoichiometric Air/Fuel (A/F) ratio. Also because of higher cost of 

PGM, environmental effect of PGM and as considerable advancement has been made in metal oxide 

preparatory methods, metal oxide catalysts have gained more attraction recently. Transition metal 

oxides are less expensive than the noble catalyst. Among them, manganese oxide (MnOx) has 

displayed impressive oxidation reduction reactions at lower temperature, and seems to be as suitable 

contender of Oxygen Storage Capacity (OSC) and is environment friendly. Cobalt oxide (CoOx) has 

displayed excellent catalytic activity for HC and CO oxidation. This research investigates 

performance characteristics of catalytic converter made from cobalt oxide and manganese oxide as 

catalyst as a substitute to PGM. 

 

Experimentation work has been carried out in two parts, first catalytic converter development and 

second catalytic converter engine test. Ceramic monolith (2MgO.2Al2O3.5SiO2) having 600 CPI 

with active surface was coated with the cobalt oxide and manganese oxide (Co-Mn) catalyst. Ratio 

of cobalt oxide to manganese oxide catalyst was fixed based on intrinsic activity of Co and Mn via-

a-vis Pt and Rh and 5:1 ratio of Pt: Rh (oxidation catalyst: reduction catalyst), which is found to be 

the best in the exhaust catalytic converter. Mixed oxide catalysts were prepared by co-precipitation 

method. Co-Mn (Co:Mn =5:1) catalyst was taken for experimentation. Converter coated with PGM 



catalyst (commercially available) was prepared for base line data (reference) and to assess the effect 

of Ce and Pt doping on catalyst performance, converters coated with catalyst having proportion of 

Co:Mn:Ce = 5:1:1 (molar ratio), Co-Mn (Co:Mn = 5:1) doped with Pt  and Co-Mn-Ce (Co:Mn:Ce 

= 5:1:1) doped with Pt were also prepared. From the engine test results it was found that with Co-

Mn catalyst, 50% HC conversion was achieved at 195°C (LOT) in 120 s whereas PGM coated 

converter gives 50% HC conversion efficiency at 273°C (LOT) in 179 s. With Co-Mn-Ce coated 

catalytic converter, Pt/Co-Mn coated catalytic converter and Pt/Co-Mn-Ce coated catalytic 

converter, 50% HC conversion was achieved at 195°C (LOT) in 120 s, 190°C (LOT) in 108 s and 

189°C (LOT) in 106 s respectively.  Co-Mn catalyst lambda window is 0.294 for 80% conversion 

efficiency whereas with PGM coated converter lambda window is 0.147. With Co-Mn-Ce, Pt/Co-

Mn and Pt/Co-Mn-Ce coated catalytic converter the lambda window of 0.277, 0.294 and 0.279 were 

achieved respectively for 80% conversion efficiency. Higher oxygen storage capacity was indicated 

through widen lambda window with tested catalyst, however it was confirmed by upstream and 

downstream lambda wave form (O2S B1S1 and O2S B1S2) also. 

This PhD Thesis will help in developing a new catalyst for a three-way catalytic converter which 

can eventually lower emission at a minimum catalyst cost.  
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