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Abstract 
 
The atmospheric pollution is one of the major causes for health problem 

leading to Asphyxiation, Nausea Bronchitis and Asthma. The major 

contributor to the urban atmospheric pollution is the automobile exhaust 

which contains harmful gases like CO, HC, NOx and even the Particulate 

Matter (PM). The authors of this paper discussed some of the issues related 

to the pollution due to automobile exhaust and tried to give possible solution 

for the same. The authors have developed a prototype catalytic converter and 

seven different monoliths were fabricated. Catalyst coatings of CeO2, ZrO2 

and TiO2 were given over a wash coat of Al2O3 on all these monoliths. They 

tested the models on a laboratory Diesel engine test set up and the collection 

efficiencies of all the models were calculated. The results obtained were 

around 50 to 80% for some models in reducing the CO, HC and NOx. 
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1 Introduction 

 
Post independence many foreign cars were used particularly between the 

years 1950-1970. Plymouth, Studebaker, Fargo, Morris Oxford, Austin, 

Buick – to name a few. Basic reason was fuel (gasoline) was cheap, costing 

about Rs. 5 per gallon (Approximately 4.5 Lit). Moreover private cars were 

affordable by rich people in society. These brands of cars from UK, USA, 

France, Germany used to guzzle fuel. A car giving about 6 miles per liter 

(10km) was supposed to be an economical proposition.  

After 1970, the price of gasoline shot up in leaps and bounds and hence 

people turned towards smaller cars. Moreover import restrictions caused the 

use of indigenous cars like Fiat, Ambassador, Standard etc. 

Next change in scenario was in the year 1984 when Maruti Suzuki 800 

hit the market.   It is highly fuel efficient and new car costing about 60,000/- 

was affordable by middle class families. The rich people used it as second 

car. Till about 1990 automobile exhaust pollution was not of any concern. 

Due to severe urbanization, the number of cars on road increased 

phenomenally. Added to that the perennial problem of population explosion. 

Hyderabad city had a population of about 1 lakh in 1970 and today after 50 

years it is  nearing to one crore. Parallel to this cars plying on roads increased 

causing tremendous pollution in atmosphere causing drastic fall in air 

quality.  

In 1975, USA brought a legislation restricting percentage of pollutants 

like CO, NOx, particulate matter and unburnt hydrocarbons. At that time the 

fuel used contained Lead and Sulphur in large quantities. As time progressed 

by turn of century, norms for pollutants became stricter and stricter. Europe 

used Euro norms and USA had their own norms Tier I, Tier II, Tier III and so 

on. India has adopted basically Euro norms and renamed as Bharat Stage I 

through VI.  (Table 1). 

 
              Table 1. Bharat Stage Diesel Vehicles Norms 

   

Emission Stds. 
CO 

g/km 

HC 

g/km 

NOx 

g/km 
PM g/km 

Bharat Stage IV 1.0 0.1 0.08 0.06 

Bharat Stage VI 1.0 0.1 0.06 0.0045 

Percentage of reduction 25% 92.5% 

  

In the present paper different issues faced by automobile industry are 

discussed with the help of published literature. 

Some issues: 

 

 Refining fuel by refineries 

 Fuel economy – reduction of engine size and car weight; 

 MPFI and EGR, Turbo chargers as added equipment 

 Development of catalytic converter 
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 Stringent pollution norms 

 NOx-PM trade off 

 Development of different catalysts for coating the monoliths 

 Optimization of flow of exhaust gases through catalytic converter using 

CFD techniques. 

 Real driving conditions resulting in high values of pollutants in exhaust 

 Problems faced by Auto industry today 

 What is definition of lowest pollutants vis-à-vis Electric Vehicles? 

In the paragraphs to follow some of the above issues are discussed and 

solutions offered by eminent researchers around the world are elucidated 

with the help of published literature in the new millennium.  

Fuel Refinement: Different petro chemical companies have improved 

upon fuel quality in the 80s. Particularly Lead is removed and unleaded 

petrol is sold by retailers. Further content of Sulphur in fuel is reduced. Prior 

to this the exhaust gases used to contain Lead, Sulphur and Mercury and a 

host of others. 

Improving fuel economy: This is achieved in two ways, namely 

reduction in car weight and reducing engine size.  Taking example of Maruti 

Suzuki 800, engine is 797CC capacity with only three cylinders. Engine 

drives front wheels unlike old cars where real wheels are driven using 

propeller shaft and differential. They are totally done away with. More over 

due to computer development using advanced software for computational 

fluid dynamics, automobile shapes are modified so as to permit smooth flow 

of air. Aerofoil profile shapes are adopted so that flow of air around the car 

body is stream lined laminar. Thus resistance to air flow is reduced. Thinner 

gauge metal sheets and fiber reinforced plastic allowed dead weight 

reduction in car body. These actors helped small cars to achieve an excellent 

fuel economy.  

Added equipment: Old model cars used carburetors. This used to give a 

rich air fuel mixture causing the car to guzzle fuel. This equipment was 

replaced by multi point fuel injection (MPFI) system in gasoline cars and 

common rail fuel injection in diesel vehicles. This equipment introduces 

correct air fuel mixture as required by engine from time to time depending on 

load and speed. Also the fuel is introduced at multiple points in engine. 

Further the fuel requirements are controlled by a microprocessor.  

Diesel engines were noisy and smoky and before turn of century they 

were not a good proposition for passenger cars. But design developments 

made it possible to produce passenger cars. Diesel being cheaper than petrol 

they are most sought after vehicles for taxis and other public transport 

vehicles. 

Catalytic converter was invented by the turn of the century. It is fixed to 

the exhaust pipe before the muffler. A two way catalytic converter eliminates 
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CO and HC from exhaust gas by oxidation. A three way catalytic converter 

removes NOx by reduction in addition to the oxidation of CO & HC. A four 

way catalytic converter has diesel particulate filter and hence all major 

pollutants namely CO, HC, PM and NOx are removed / reduced from 

exhaust gas. 

Nitrogen oxides are called NOx as a group, constituting Nitrogen 

monoxide (NO) and Nitrogen Dioxide (NO2). Compared to Nitrogen Oxide 

gas, toxicity of NO2 is five times higher. Due to high combustion 

temperatures diesel engines emit more NOx in comparison to gasolene 

engines. 

 

 

2 Present World Scenarios on Automobiles Exhaust 
Pollution Control 
 
2.1 NOx – PM Trade Off 
 

J. Hussain, Palaniraja et al. [2] (2012) while reviewing diesel engine 

emissions and their after treatment have given the importance of NOx – PM 

trade off adopted in Euro norms. 

Decreasing the combustion temperature (for ex. by exhaust gas 

recirculation) for lower NOx emission results in increase of PM. Then 

solution will be to have a cut off for both together. (Fig 1) 

    

 

                         
                                Fig. 1 NOx – PM Trade off 
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Euro 6 norms have stipulated stringent values of NOx and PM. 

Corresponding to this India is adopting Bharat Stage VI norms from April 

2020. [3]. 

Ketan Malhotra, Investment banking professional has studied effect of 

the norms of BS-VI on Indian automobile industry and published the article 

in internet.[3] (see table 1) 

The decision to leapfrog the emission norms has managed to disrupt oil 

and auto industries. Technology upgradation, its validation and assimilation 

of this technology by customers are some of the major issues faced by 

automobile sector. For example to comply with BS VI norms diesel 

particulate filters and selective catalytic reduction mechanisms should be in 

place to reduce existing PM and NOx levels respectively [4]. 

 

2.2 CO2 Emissions: Projected Changes by 2025 
 

In July 2012 the European Commission proposed a mandatory CO2 

emission target of 95 g/km to be achieved by 2020 [5]. In BEUC report it has 

been indicated that there is clear lack of post 2020 vision with a target of 70 

g/km emission of CO2 as CO2 ¬is a green house gas which causes global 

warming. Present environmental havocs are due to global warming, which 

everybody is aware. EU in collaboration with ICCT suggests that relative to 

2015 baseline of 130 g/km of CO2 to be lowered to 70 g/km would give fuel 

savings.  

However car manufacturers with IC engines are likely to increase car 

prices. Studies suggested that CO2 levels can be reduced to 75 g/km without 

the necessary to sell ultra low carbon vehicles. Despite higher price of ultra 

low carbon vehicles they will be preferred if they are CO2 compliant. The 

solution may be Hybridization of cars that means cars running with more 

than one type of energy. 

 
2.3 Real Driving Emissions 
 

According to European Union rules, for the cars registered from 1.9.2019 

the NOx emission that is measured in on road conditions shall be 2.1 times 

lessthan the maximum laboratory test limits. This factor is termed as 

conformity factor and is expected to be reduced to 1.5 by the year 2022. Fig 

2 [7] (2018). 

The testing apparatus is presented in Fig 3 [7] in which a Semtech DS 

analyzer, an AVL condensation particle counter are being used. The tests 

were carried out under different road conditions divided in to three routes as 

stipulated by EU. Route 1 led through main city roads, route 2 through a 

larger part of rural areas initially through city roads and route 3 was divided 

in to three sections namely urban, rural and highway. 
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Fig 2. Approval test requirements and real operating conditions for passenger 

vehicles in 2015 – 2022 [7]. 

 

 

 
Fig 3(a). System Diagram 
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Fig 3(b). Semtech DS – PEMS (Sensors)Fig 3: The RDE testing measuring 

systems [7]. 

 

When catalytic converter was invented and developed through 2 way, 3 

way and 4 way noble metals like Pt, Pd, Rh were coated on aluminum oxide 

wash coat on ceramic substrate support. Even today in expensive cars like 

BMW these catalytic converters are found. However as noble metals are in 

short supply and a ceramic substrate is very expensive, scientists and 

engineers search for alternative metal substrate. They conducted 

experimentally experiments on diesel exhaust and tried to determine 

collection efficiencies of CO, CO2, HC, PM and NOx.  

Table 2 gives a comparative statement of these efforts. Excepting a few 

combinations of ceramic substrate with Pt, Pd, Rh and Pervoskites which 

showed collection efficiencies in the range of 80%; other coatings and metal 

substrate showed around 40-50%.  

However subject discussion of this paper is regarding issues and 

solutions pertaining to atmospheric pollution, development of a cost effective 

catalytic converter is on issue, authors tired to conduct experiments on 

various monoliths and coatings. 

In the search for cost effectiveness, by studying economics of material 

(market rates) for monolith, cordierite / ceramic honey combs are not 

considered as they are expensive. Secondly noble metals being expensive and 

becoming a short supply, Pt, Pd, Rh are not considered.  

However from literature search it is evident that these combinations 

and/or Pervoskites (complicated in preparation – hence expensive) have 

given good collection efficiencies for CO, HC, NOx which are given in table 

2.  
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Table 2. Comparison of Collection efficiencies obtained by different researchers. 

 

S.N

o 

Monolith 

Substrate 
Coatings 

Collection Efficiency % Articl

e Ref 

No HC CO NOx  
CO

2 
Smoke 

1 
Copper plate 

Discs 
CeO2 55.4 62.9 40.4 - - 10 

2 
Ceramic 

Monolith 
CuO2 32 21 61 - 32 11 

3 Aluminum Mesh 
Gold Supported 

TiO2 & Co3O4 

41.4

5 

36.9

2 

33.0

2 
23.1 - 12 

4 
Metal 

Honeycomb  

Nano particles of 

Pd & Rh 
72.1 40 54.3 - - 13 

5 

Ceramic 

Honeycomb (in 

SI Engine) 

CeO2 36.2 50 - - - 14 

6 Stainless Steel Nickel 40 35 - - - 15 

7 
Aluminum 

Pellets 
AgNo3/CeO2/ ZrO2 - - 65 - - 16 

8 

Cordeirite - 

ceramic 

(Commercial) 

Pt, Pd, Rh 
63.3

3 
50 

87.

5 
- - 17 

9 Copper plates No Coating 55.4 62.9 
40.

4 
- - 18 

10 
Cordeirite - 

ceramic 

Pervoskite ABO3 

La, Sr, Mn, Pt, O3 

85.9

6 

82.0

9 

70.

63 
- - 19 

11 
Limestone Filter 

(CaCo3) 
No Coating - - 60 85 - 20 

12 
Zeolite AlO4, 

SiO4 
Coated on Ceramic - - 56 57 - 21 

13 
Ceramic 

Monolith 
TiO2 & CoO 82 89 93 - - 21 

14 

Spherical 

Aluminum 

Pellets 

Cu/Ag/CeO2/ ZrO2 62 64 60 - - 22 

15 SS Wire Mesh TiO2 & Co3O4 81 83 89 - - 23 

 

Based on the above requirement the authors undertook a project to 

develop a cost effective catalytic converter that can be fitted as retrofit to all 

old vehicles, like trucks and buses plying in urban areas. 

The authors selected copper, aluminum and stainless steel as monolith 

metal supports. Over these Al2O3 is used as wash coat, CeO2, ZrO2 and 

TiO2 have been used as oxidation / Reduction catalysts. The authors also 

tried clay marbles as monoliths. In total seven cases of Monolith & coating 

combinations are chosen and they are tested on the laboratory diesel engines.  
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The results of collection efficiencies of pollutants were compared, 

discussed and solution to get a cost effective retrofit was arrived at. 

 

3 Laboratory Testing 
 

Test set up: The test set up consists of a CI diesel engine with variable 

compression ratio. An eddy current dynamometer for loading the engine is 

connected to it. Across the exhaust pipe of the diesel engine, a gas analyzer is 

connected which gives values of CO, CO2, O2, HC and NOx see fig 4. 

 

  
 
                            

                       Fig 4. Test set up in Laboratory 
 

Laboratory setup of VCR single cylinder, 4 stroke water cooled Diesel 

Engine specifications:  

 

Make = Kirloskar  

Cylinder bore = 87.5 mm 

Stroke = 110 mm 

Cubic Capacity = 661 CC  

Loading = Eddy Current Dynamometer 

Capacity = 3.7 Kw  

Speed = 1500 rpm  

Compression ratio used = 13:1 

 

A four way catalytic converter was designed and fabricated and 

connected to the exhaust pipe with a diesel particulate filter for removal of 

soot/ smoke is shown in the figure 5 below. 

 

 

 



 
 

 

 
 

2824 K Srinivasa Chalapathi et al 

 

 

    
 

 
                           Fig 5. Four way Catalytic Converter 

 

The monoliths are assembled into catalytic converter housing and each 

case is tested one by one. The gas analyzer readings of CO, CO2, O2, HC 

and NOx (without catalytic converter) from exhaust gas of the engine are 

noted initially. After connecting the four way catalytic converter, these 

readings are noted for each case. The readings are tabulated in table number 

3 and 4. 

 

 

3.1 Case Study A: 10 mm clay marbles 
 

Pot maker’s clay with enough water is used to make clay marbles. 10mm 

diameter marbles are hand rolled and dried for a day at room temperature [9]. 

They are then calcined in a muffle furnace. Then they are dip coated initially 

in Al2O3 slurry and then with CeO2 Slurry. The coated marbles are enclosed 

in a canister with perforations. This forms monolith for oxidation in catalytic 

converter similarly another canister is fabricated with marbles coated with 

ZrO2 over Al2O3 which forms a reduction monolith. Both the canisters are 

inserted in to the catalytic converter housing. The catalytic converter is now 

connected to the tail pipe and the pollution levels of the exhaust emissions 

are checked.  

 

3.2 Case Study B: Stainless Steel discs 
 

SS 304 sheets are taken and cut into circular discs. These discs are drilled 

with 3 mm holes. The disc size is same as inner diameter of the casing [9]. 

The discs with holes are stacked and two such sets are made for oxidation  
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and reduction monoliths. The stacked discs are bolted and coated with wash 

coat and catalysts.  

They are introduced in to casing of the catalytic converter. 

 

3.3 Case Study C: Aluminum Discs  
 

In the similar way as in case B, Aluminum Sheets are purchased form 

market and discs are cut. The monoliths of aluminum discs are fabricated in 

the same way as in the stainless steel discs and dip coated with wash coat, 

CeO2 and ZrO2. 

 

3.4 Case Study D: Corrugated copper monolith  
 

Copper foil of 0.3mm thickness is used as monolith substrate material. 

These foils are crimpled on metal rollers obtaining corrugations with 

triangular channels [9]. The corrugated copper monoliths are dip coated with 

Al2O3, CeO2 and ZrO2 as described in earlier cases. 

 

3.5 Case study E:  Corrugated aluminum monolith 
 

In the same way as in case study D, aluminum foils of 0.3mm are 

corrugated into monoliths and coated with wash coats and CeO2 and ZrO2 

catalysts.  

 
3.6 Case study F: Corrugated aluminum with TiO2 

 

Aluminum corrugation is done as in case E but are coated with Al2O3 

and TiO2 as catalyst on both the monoliths. 

 

3.7 Case Study G: Clay marbles of 20mm 
 

Clay marbles of 20 mm diameter are prepared similar to case A, calcined 

and coated with wash coat, CeO2 and ZrO2. 

The collection efficiencies of the above cases are calculated and 

tabulated and are shown in table 3 and table 4.  

Graphical representation of the results in the way of bar charts is also 

given in fig 6 and 7. 
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                 Fig 6. Bar chart of Collection efficiencies of various models at 2 kg load 
 

 

 
Fig 7. Bar chart of Collection efficiencies of various models at 10 kg load 
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Table 3. Comparison of collection efficiencies of the pollutants in the various case 

studies at 2 kg load on dynamometer 

 

Case 

Monolith 

Material & 

Coatings 

With Catalytic Converter Without Catalytic Converter Collection Efficiency % 

CO 

% 

vol 

CO2 

% vol 

HC 

ppm 

O2 % 

vol 

NOx 

ppm 

CO % 

vol 

CO2 

% 

vol 

HC 

ppm 

O2 

% 

vol 

NOx 

ppm 
CO CO2 HC O2 NOx 

A 

10 mm Clay 

Marbles 

coated with 

Al2O3, CeO2 & 

ZrO2 

0.54 4.25 115 14.22 7 0.862 5.4 276 12.5 66 37.12 21.30 58.33 14.22 89.39 

B 

Stainless Steel 

Discs coated 

with Al2O3, 

CeO2 & ZrO2 

0.53 4.42 169 13.87 21 0.862 5.4 276 12.5 66 38.98 18.15 38.77 11.41 68.18 

C 

Aluminum 

Discs coated 

with Al2O3, 

CeO2 & ZrO2 

0.65 4.53 118 13.77 23 0.862 5.4 276 12.5 66 24.83 16.11 57.25 10.60 65.15 

D 

Corrugated 

Copper coated 

with Al2O3, 

CeO2 & ZrO2 

0.51 3.93 131 14.83 21 0.862 5.4 276 12.5 66 41.18 27.22 52.54 19.12 68.18 

E 

Corrugated 

Aluminum 

coated with 

Al2O3, CeO2 & 

ZrO2 

0.4 3.07 116 16.06 16 0.862 5.4 276 12.5 66 53.13 43.15 57.97 29.00 75.76 

F 

Corrugated 

Aluminum  

coated with 

Al2O3, TiO2 & 

TiO2 

0.43 3.28 112 15.97 11 0.862 5.4 276 12.5 66 50.00 39.26 59.42 28.27 83.33 

G 

20 mm Clay 

Marbles coated 

with Al2O3, 

CeO2 & ZrO2 

0.56 4.92 123 13.25 22 0.862 5.4 276 12.5 66 35.61 8.89 55.43 6.43 66.67 
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Table 4. Comparison of collection efficiencies of the pollutants in the various case 

studies at maximum load, 10 kg on dynamometer 

 

Case 

Monolith 

Material & 

Coatings 

With Catalytic Converter Without Catalytic Converter Collection Efficiency % 

CO 

% 

vol 

CO2 

% 

vol 

HC 

ppm 

O2 % 

vol 

NOx 

ppm 

CO 

% vol 

CO2 

% vol 

HC 

ppm 

O2 

% 

vol 

NOx 

ppm 
CO CO2 HC O2 NOx 

A 

10 mm Clay 

Marbles 

coated with 

Al2O3, CeO2 & 

ZrO2 

0.85 6.07 356 11.45 79 1.501 9.25 546 6.15 161 43.10 34.38 34.80 86.18 50.93 

B 

Stainless Steel 

Discs coated 

with Al2O3, 

CeO2 & ZrO2 

1.34 7.1 324 9.36 138 1.501 9.25 546 6.15 161 10.99 23.24 40.66 52.20 14.29 

C 

Aluminum 

Discs coated 

with Al2O3, 

CeO2 & ZrO2 

1.14 7.03 424 9.66 111 1.501 9.25 546 6.15 161 24.32 24.00 22.34 57.07 31.06 

D 

Corrugated 

Copper coated 

with Al2O3, 

CeO2 & ZrO2 

0.8 4.77 349 13.34 78 1.501 9.25 546 6.15 161 46.77 48.43 36.08 116.91 51.55 

E 

Corrugated 

Aluminum 

coated with 

Al2O3, CeO2 & 

ZrO2 

0.53 3.96 260 14.55 61 1.501 9.25 546 6.15 161 65.02 57.19 52.38 136.59 62.11 

F 

Corrugated 

Aluminum  

coated with 

Al2O3, TiO2 & 

TiO2 

0.55 4.04 281 14.8 68 1.501 9.25 546 6.15 161 63.49 56.32 48.53 140.65 57.76 

G 

20 mm Clay 

Marbles coated 

with Al2O3, 

CeO2 & ZrO2 

0.87 6.75 340 10.34 95 1.501 9.25 546 6.15 161 41.77 27.03 37.73 68.13 40.99 

 
 

4 Discussions of Results 
 

From the tabulated results in table it is seen that basically CeO2 and 

ZrO2 coatings which were selected substituting Pt, Rh, Pd coatings (which 

have become expensive) has been a good decision. In the table 2 of 

comparison of results published by researchers it is evident that, but for noble 

metal coatings on ceramic monoliths, others did not show interesting  
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collection efficiencies. Hence authors have selected CeO2 and ZrO2 

coatings on metal monoliths which are cost effective and proved effective in 

general.  

However, if observed critically it can be seen that Aluminum as monolith 

support metal with corrugated fabrication, showed good promise compared 

to other metals and clay. Further corrugated aluminum is appearing to be 

better compared to disc form. The reason may be that for corrugated 

monolith, the catalyst surface area is higher than in the discs. Also TiO2 

coating also showed better collection efficiency for NOx in comparison to 

CeO2 coatings. The tests were performed at low 2 kg load, which 

corresponds to automobile idling condition. Usually pollution under control 

certificate is issued at this condition, and hence authors selected this load on 

the laboratory engine. It is also seen that performance of Aluminum as 

monolith support metal appears acceptable even at maximum load on diesel 

engine (i.e 10 kg on dynamometer) as can be seen in table 4. 

 

5 Conclusions 
 

Corrugated Aluminum is the best monolith support which shown 

collection efficiencies of 65%, 57%, 52.38% and 62.11% for CO, CO2, HC 

and NOx respectively. CeO2, ZrO2, TiO2, are the cost effective catalytic 

coatings on Al2O3 wash coat.  

The coatings were made by dip coating methods. However using nano 

Powders of CeO2, ZrO2, TiO2 and using spray technique may contribute to 

better collection efficiencies and longevity of coatings. 
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