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ENGINEERING,AHMADU BELLO UNIVERSITY, ZARIA. IN PARTIAL
FULFILMENT OF THE REQUIREMENTS FOR THE AWARD OF MASTERS 
DEGREE IN ENGINEERING MANAGEMENT SUPERVISOR: DR. D.O. OBADA
MAY, 2019 CHAPTER ONE INTRODUCTION 1.1 Background to the study
Emission manage catalysts constitute a crucial part of today’s automobiles
powered via inner combustion engines, mitigating the harmful
consequences of pollution inside the exhaust which includes carbon
monoxide, hydrocarbons, nitrogen oxides, and particulate be counted
(Heck et al, 2009). The increasing awareness of the impact that car
exhaust emissions have on the environment has led many countries to the
adoption of emissions rules. Most of these policies, that are becoming ever
stricter, dictate that at present exhaust catalytic converters are the best
practical solutions to the emissions problem (Clarksonet al., 2014). The
pollution have undesirable effect on air great, environment and human
health that hints in stringent norms of pollutant emissions. A numbers of
different technology like upgrading in engine design, fuel pre-treatment,
use of opportunity fuels, fuel flavors, exhaust treatment or advanced 
tuning of the combustion procedure etc. are taken to lessen the emission
degrees of the engine. Out of many technology to be had for vehicle 
exhaust emission control, a catalytic converter is determined to the
excellent option to be manipulate HC, CO and NOx emissions from petrol
pushed vehicles at the same time as diesel particulate filter out and diesel
oxidation catalysts have to this point been the maximum possible choice 
to control particulates emissions from diesel pushed cars. The catalytic
technology used nowadays is part of an integrated emission manage
generation system that regularly consists of more desirable engine and
gasoline management strategies (Mizanuzzaman, 2013) .A catalytic
converter is located within the tailpipe through which lethal exhaust gases
containing HC, CO, NOx are emitted. The feature of the catalytic
converter is to convert those gases into CO2, H2O, N2 and O2 (Patel et
al., 2012). Fleet control is the function that oversees, coordinates and
allows various transport and transport related sports. Latest generation
has been gaining attractiveness as more automobile users are getting
privy to the essential position sure gadgets play in the typical performance
of automobiles. Fleet management is utilized by agencies to ensure
accountable vehicle use, affirm safety amongst others, hence, effective
fleet control targets at reducing and minimizing basic expenses via most,
cost powerful utilization of assets along with vehicles, gas, spare parts and
the use of catalytic converters that's one component of fleet management
in vehicle upkeep (Patel et al., 2012). Over the years, an increasing
number of vehicle users and personnel of PAN have subscribed in large
part to the usage of those converters in that it ensures group of workers
protection, protection at the roads; automobile safety; and overall
performance control. 1.2 Problem Statement There has been a false
impression of using catalytic converter. Many see it as a gas reduction tool
whilst many don’t even are aware of it as a catalytic converter and many
others. During the last years, with the awareness of dangerous exhaust
gases growing because of old era cars with incorrect tuning, there was a
pressing need of reducing those effects which has been of super issue to
state and federal governments in Nigeria, as an instance, Kaduna state.
This has necessitated the usage of catalytic converters. Despite this effort,
there has been a misconception of the use of catalytic converters. Many
see it as gasoline lowering tool, whereas many don’t even are aware of it
as a catalytic converter. The inadequate awareness of catalytic converters
has hindered the use, the safety to automobiles and guarantees
environmental safety. 1.3 Aims and Objectives The aim of this study is to
carry out a study on the level of awareness and usage of catalytic
converter among vehicle users of Peugeot Automobile Nigerian Limited
Kaduna. The specific objectives are: i. To pick out the extent of awareness
of catalytic converters amongst automobile customers ii. To pick out the
belief of vehicle users on the usage of catalytic converters in PAN iii. To
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perceive the function of fleet managers in making sure retrofits of catalytic
converters 1.4 Research Hypotheses For the reason of reading the records,
the subsequent hypotheses have been examined: H01: there is no full-size
courting among the level of awareness of catalytic converters and
automobile customers. H02: there may be no considerable relationship
among the belief of vehicle users and use of catalytic converter in PAN
H03: there may be no widespread dating among the position of fleet
managers in ensuring retrofits and catalytic converters. 1.5 Research
Questions The look at intends to answer the subsequent questions: i. what
is the level of awareness of catalytic converters amongst car customers? ii.
what is the belief of automobile customers on the use of catalytic
converters in PAN? iv. what is the role of fleet managers in making sure
retrofits of catalytic converters? 1.6 Significance of the Study The findings
of this examine are predicted to assist become aware of elements that
restriction the use of catalytic converters with the aid of some car
customers. The have a look at is predicted to help to be greater proactive
within the use of such devices. It will cope with those observed to have
terrible attitudes in the direction of its use and they can encouraged to
create the means to make it a part of a maintenance way of life. 1.7 Scope
of the Study The examine included Peugeot car Nigeria in Kaduna state of
Nigeria. The emphasis is on level of focus of the usage of catalytic
converters in fleet management. CHAPTER TWO LITERATUREREVIEW 2.1
Review of Fundamental Concepts On this segment, standards fundamental
to the research, such as fuel combustion, exhaust pollutants, size of
pollutant, styles of catalytic converters, approach of operation, amongst
others are reviewed. 2.2 Combustion of Fuel In an internal combustion
engine, petrol is used as a fuel that provides power to power the vehicle.
There is a layout based totally air-fuel mixture that produces the vital
ignition. In a ‘perfect’ gadget, combustion could be whole so that the
simplest exhaust merchandise could be carbon dioxide and water /steam.
In practice, the complete oxidation of the fuel depends on a range of
things: one of the factors is the fact that there should be sufficient oxygen
present; similarly, there must be adequate blending of the petrol and air;
lastly, there ought to be enough time for the aggregate to react at high
temperature before the gases are cooled. Dongarrá et al., 2002 mentioned
that, in internal combustion engines, the time available for combustion is
restricted via the engine’s cycle to only some milliseconds. There is
incomplete combustion of the fuel and this results in emissions of the
partial oxidation product, carbon monoxide (CO), and an extensive variety
of volatile organic compounds (VOC), along with hydrocarbons (HC),
aromatics and oxygenated species. Those emissions are mainly high in
the course of each idling and deceleration, when inadequate air is taken in
for whole combustion to arise. Oxides of Nitrogen are produced as by way
of-merchandise of the combustion technique all through acceleration of the
vehicle. Such oxides includes nitric oxide (nitrogen mono-oxide NO) and
nitrogen dioxide (NO2). Conventionally, those oxides of nitrogen are taken
into consideration collectively and represented as NOX. On the high
temperatures concerned (in excess of one 500 °C) nitrogen and oxygen
inside the air drawn in with the gasoline may additionally combine
together to shape NO. On leaving the engine, this monoxide cools down
and is oxidized through oxidants within the ecosystem to shape the
dioxide. Despite the fact that the ‘solving’ of nitrogen from the air is the
primary source of NOX, it can also stand up from the oxidation of any
nitrogenous components in the gasoline (logo et al., 2000). All through
combustion, a ramification of pollution launched are either primary
pollutants or secondary pollutants. The primary pollution are defined as
those gases emitted immediately from the exhaust of a car. None of these
is a suitable addition to the atmosphere, but perhaps the most notorious
outcome of exhaust emissions is their function in the formation of
photochemical smog – a mixture of ozone, nitrogen dioxide, other
secondary products and small particulates. those secondary pollutants can
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reason extreme damage to human health. The position of an emission
manipulate catalyst is to concurrently put off the number one pollution 
CO, VOCs and NOX by way of catalyzing their conversion to carbon dioxide
(CO2), steam (H2O) and nitrogen (N2). 2.3 Exhaust pollutants 2. 3 .1
Hydrocarbons Hydrocarbon emissions result while gas molecules in the
engine do now not burn or burn most effective partially. Hydrocarbons
react within the presence of nitrogen oxides and daylight to form ground-
stage ozone, a chief factor of smog. Ozone irritates the eyes, damages the
lungs, and aggravates respiratory problems. It' s far our maximum
massive and intractable urban air pollution trouble. A number of exhaust
hydrocarbons also are toxic, with the capability to purpose most cancers
(Brandt et al., 2000). 2.3 .2 Nitrogen Oxides (NOx) Under the high stress 
and temperature conditions in an engine, nitrogen and oxygen atoms
within the air react to shape numerous nitrogen oxides, together referred
to as NOx. Nitrogen oxides, like hydrocarbons, are precursors to the
formation of ozone. In addition they make a contribution to the formation
of acid rain. 2. 3 .3 Carbon Monoxide Carbon monoxide (CO) is a made
from incomplete combustion and takes place whilst carbon inside the
gasoline is partially oxidized instead of absolutely oxidized to carbon
dioxide (CO). Carbon monoxide reduces the go with the flow of oxygen
within the blood flow and is in particular dangerous to folks with heart
disorder. 2. 3 .4 Carbon Dioxide In recent years, the U.S. Environmental
protection employer (EPA) has began to view carbon dioxide, a made of
“ideal” combustion, as a pollution situation .Carbon dioxide does not
immediately impair human health, but it is a “greenhouse gasoline” that
traps the earth’s warmness and contributes to the capability for global
warming. 2. 4 Measurement of Some Pollutants in Vehicle Exhaust The
energy saved in chemical bonds is converted by using vehicle engines into
mechanical strength at some point of the controlled combustion of
gasoline in air (G. Balaji et al, 2014) as shown; CxHy + O2 → CO2 + H2O
+ warmness ……………………………………...............................1 whilst there's
the precise stability of O2 and hydrocarbons within the combustion
chamber (i.e., underneath “lean” situations), complete combustion
happens and CO2 and H2O are emitted in the exhaust. While the
aggregate is not in balance, including the case whilst there may be too
much gasoline and no longer enough oxygen (i.e., beneath “wealthy”
situations), combustion is incomplete and the exhaust can comprise CO
and extra hydrocarbons. Given that each nitrogen and oxygen are found in
air used for combustion, the subsequent reactions might also take vicinity
inside the engine, specially while the combustion temperature is high: (G.
Balaji et al, 2014). O_2+heat→2O
…………………………………………………………………………………...2 
O+N_2→NO+N………………………………………………………………………………….. 3 
N+O_2→NO+O…………………………………………………………………..........................
4
2NO+O_2→2NO_2……………………………………………………………………................5
As a result, nitrogen oxides (NOx = NO + NO2) also are gift at excessive
concentrations in vehicle exhaust. Traditional untreated automobile
exhaust can also contain CO concentrations of one–2% via extent,
unburned hydrocarbons levels among 500-a thousand ppm and NOx
ranges between one hundred-3000 ppm. The unit of ppm, or elements-
per-million, is called a mixing ratio. In reality, scientists prefer to degree
the amount of hint pollution inclusive of NOx or ozone within the air in
phrases of ppm or even parts in step with billion (ppb), which might be
described as follows: 1 ppm = 1 molecule mentioned per a million
molecules of different gases within the air 1 ppb = 1 molecule mentioned
in line with 1,000,000,000 molecules of different gases in air. With
approximately 1million motors in Kaduna city, human health, agricultural
activities and natural places depends on human potential to lessen to a
few level or cast off emissions of toxic gases like nitrogen oxide (NOx),
carbon monoxide (CO) and hydrocarbons from automobile gadgets. One of
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the troubles related to those pollutants is the incidence of smog in city
regions. Photochemical smog is the brown, noxious haze that obscures the
view of humans the primary situations required for smog to increase
encompass the presence of; 1. Large amount of sunshine 2. Air with a
temperature greater than 290 K or 63 °F 3. Hydrocarbons, carbon
monoxide and nitrogen oxide sources 4. A steady air mass 2.5 Type of
Catalytic Converters Catalytic converters are labeled based at the variety
of simultaneous duties they carry out. Generally, catalytic converters are
categorized into two categories (Singhet al, 2016). 2.5.1 The two-way
catalytic converter A 2-way (or"oxidation", every so often called an" oxi-
cat") catalytic converter has simultaneous obligations: 1. Oxidation of
carbon monoxide to carbon dioxide: 2CO + O2→2CO2 2. Oxidation of
hydrocarbons (unburned and partially burned gasoline) to carbon dioxide
and water: CxH2x+2 + [(3x+1)/2] O2→xCO2 + (x+1) H2O (a combustion
response) this sort of catalytic converter is widely used on diesel engines
to lessen hydrocarbon and carbon monoxide emissions. They have been 
also used on fuel engines in American-and Canadian- marketplace motors
till 1981.because of their inability to control oxides of nitrogen; they were
outmoded with the aid of 3-way converters. Figure 2. 1: way catalytic
converter (Singh et al, 2016) 2.5.2 The 3-way catalytic converter three-
manner catalytic converters (TWC) have the additional advantage of
controlling the emission of nitric oxide and nitrogen dioxide (both
collectively abbreviated with NOx and now not to be burdened with
nitrous oxide), which can be precursors to acid rain and smog. in view
that 1981," 3- way" (oxidation-reduction) catalytic converters have been
utilized in car emission manipulate structures within the united states of
America and Canada; many other countries have also followed stringent
vehicle emission policies that in effect require 3-manner converters on
gas online -powered cars. 3-way catalysts may be implemented in
applications wherein the engine operates in a stoichiometric circumstance
(near perfect balance of available oxygen and unburned fuel). The discount
and oxidation catalysts are commonly contained in a commonplace 
housing; but, in a few times, they will be housed separately. A three-
manner catalytic converter has three simultaneous duties: 1) Reduction of
nitrogen oxides to nitrogen and oxygen: 2NOx →XO2 + N2 2) Oxidation of
carbon monoxide to carbon dioxide: 2CO + O2→ 2C 3) Oxidation of
unburnt hydrocarbons (HC) to carbon dioxide and water: CxH2x+2 +
[(3x+1)/2] O2→xCO2 + (x+1) H2O. These three reactions occur most
efficiently when the catalytic converter receives exhaust from an engine
running slightly above the stoichiometric point. For gasoline combustion,
this ratio is between 14.6 and 14.8 parts air to one part fuel, by weight
(Singh et al, 2016) Figure 2.2: Three- way catalytic converter (Singh et
al, 2016) 2. 5.3 Catalysts used in Catalytic Converters There are mainly
three catalysts that are used in a catalytic converter - i. Palladium (pd) -
it's far utilized in oxidation reactions ii. Rhodium(Rh) –it's miles used in
reduction reactions iii. Platinum (pt ) –it's far used is both oxidation and
reduction reactions as nicely. 2.6 Mode of Operation of a Catalytic
Converter Catalytic converters are located beneath the car between the
engine and the muffler. When the automobile is cold commenced (i.e.
“first begin”), the converter is bloodless and the catalyst does no longer
effectively dispose of the nitrogen oxide (NOx) and carbon monoxide (CO)
from the exhaust. When the engine warms up, the catalytic converter
warms as much as a high temperature to provoke the catalytic reactions
that eliminates the pollutants. The catalytic reactions occur
heterogeneously and convert deadly gases into less dangerous substances.
a number of the energetic components of catalytic converters are
treasured metals which include Rh, Pd and Pt, deposited on to the
excessive surface vicinity ceramic monolith that's honeycomb shape like.
The honeycomb support will have a diameter of 10 inches, length of 7
inches and containing about 10 to500 cells per rectangular inch, and is
housed interior a steel casing. The honeycomb structure manner that
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exhaust gases travel via the converter at the quickest possible price at the
same time as on the identical time hitting loads of catalyst blanketed floor
on their manner out. This design aims at preserving gas efficiency and
preventing a lack of power that would occur if the exhaust gases build up
stress going thru the converter. In a 3-manner catalyst (TWC), oxidation
of hydrocarbons and CO yields carbon dioxide (CO2) and water (H2O) as
shown: 𝐶𝑤𝐻𝑤 + (1 + 𝑤4) 𝑂2 ⟶ 𝑋𝐶𝑂2 + 𝑌2 𝐻2𝑂………………………………….
………………………6 CO + 12O2 → 𝑋𝐶𝑂2 + 𝑌2
𝐻2𝑂………………………………………………................................... 7 And nitrogen
oxide (NOx) is reduced to harmless nitrogen gas (N2); NO (or NO2) + CO
→ N2 + CO2 ……………………………………………..………………….8 NO2or (NO) +
𝐶𝑤𝐻𝑤 → N2 + CO2 + 𝐻2𝑂………………………………………….……………..9 those
reactions are unbalanced intentionally due to the fact the system of
catalysis is a complex one). The metals and steel oxides that gift inside the
ceramic monolith functions to adsorb each O2 and NOx, after which breaks
the nitrogen-oxygen or oxygen-oxygen bonds. The ensuing oxygen atoms
at the surface react with CO or hydrocarbons, whilst the Nitrogen atoms
recombine to form nitrogen gas (N2).The whole system is catalytic; that
means that the steel species do not themselves completely alternate their
identity during a single catalytic cycle, however serve to lessen the
strength barrier (Activation energy, Ea.) to the reaction and pace the
reaction up to shape more benign gases via their interplay with the
reactants,. The two conditions that have to be satisfied for the converter
to work properly include 1. The temperature of the catalyst must be large
enough. This stems from Arrhenius equation: Ea K = A(−RT) Which shows
the relationship between the temperature and the rate of a chemical
reaction, Where k is the rate constant of the reaction, A is the pre-
exponential factor, and Ea. is the activation energy for the reaction. 2.
The engine’s combustion chamber should be operated near the
stoichiometric air to-fuel ratio. This is feasible due to the fact there's a
slim range of air-to-gas ratios wherein each NOx discount and CO or
hydrocarbon oxidation occur quite simply at the floor of the catalytic
converter simultaneously. If there is an excessive amount of oxygen (O2)
gift, the nitrogen oxide reduction does now not arise. At the opposite, if
there is insufficient O2 gift, the CO and hydrocarbon oxidation will now not
arise. This quality stability to keep the gasoline combinations inside the
best range is constantly adjusted by an oxygen sensor and engine
comments device placed earlier than the catalytic converter in the exhaust
manifold. 2.7 Ageing control of a Catalytic Converter Ageing control is a
program that monitors and continues safety-related features and
additives, that are difficulty to put on and other age-related changes. The
purpose is to govern age-associated degradation and prevent system from
disasters due to growing older, via keeping this gadget in “as new”
circumstance so it continually operates at height overall performance
(Anton Erhard et al, 2010). Screw ups of catalytic converters because of
ageing of its components might also have a right away poor impact on
cars reliability and availability and also have an effect on lengthy-time
period car performance and safety. getting older management
technologies based at the prediction of disasters and getting old
mechanisms ought to permit the optimization of preventative renovation
activities and scheduling by assisting outline cost-powerful condition-based
totally preservation programs. 2.8 Review of works on Catalytic Converter
A whole lot of milestones had been achieved on the use of catalytic
converters for petrol pushed motors. Wojciech et al, (2002) supplied a
theoretical solution together with experimental paintings of an analyzed
exhaust system with catalytic converter in a two-stroke engine. The goal 
of the idea of application of catalytic converter in exhaust systems is to
apply the possibility of lower the engine emission inside the entire range of
engine pace without decreasing of engine performances. The following
observations were made within the studies; i. Application of large size
catalytic converter decreases considerably emission of carbon monoxide
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and hydrocarbons in steady work circumstance. ii. Growing old technique
lasted very quick approximately 100 s attaining discount performance
approximately 80%. iii. Leaner mixture assures less attention of CO and
HC and permits to apply of enterprise catalytic converters. iv. Longer time
of the usage of catalytic converter in -stroke engine without modifying of
lubrication machine can reason clogging of the cells. v. Simulation manner
can help to research chemical tactics taking place within the catalyst and
assessment of designed exhaust machine. Results received from
simulation do not deviate from experimental outcomes. Bharat et al,
(2012) review paper on catalytic converters for vehicle applications. of
their work, they said that through the year 2030, vehicular population
increases to 1300 million. because the pollution norms are becoming an
increasing number of stringent, quantity of change technology like
development of engine layout, fuel pretreatment or higher tuning for green
and complete combustion are being considered to reduce emission levels
further. They located that amongst all technology, catalytic converter using
platinum group of metals as catalytic materials were determined to be
greater powerful. Mohinuddin and Ataur Rehman, (2012) have discussed
approximately simulations for development of low value catalytic
converter. They mentioned use of non-precious metals in catalytic
converters to carry down expenses. Copper and nickel energy were chosen
as opportunity catalysts that have proven that they're powerful in 
reduction of NOx in wealthy air/ gasoline mixture and discount of CO and
HC in lean aggregate situations. They used business software program like
COMSOL and FLUENT and confirmed improvement in catalyst conversion
efficiency and reduction in back pressure on the engine. Gary, (2013)
mentioned regarding materials used in car catalytic converters. He said
that the middle is normally ceramic monolith with a honeycomb shape.
Steel foil monoliths are made of iron-chromium- aluminium combos, which
can be much less luxurious. Each these are designed to provide a high
floor place to support the catalyst wash- coats. The catalyst wash coat is a
carrier of catalytic substances, that's used to disperse them over a large
surface region. Titanium dioxide, aluminium oxide, silicon dioxide or an
aggregate of silica and alumina may be used. In some programs, cerium, 
iron and manganese are also used. Prashant, (2013) provided a review
paper on catalytic converter for car exhaust emission. His evaluate paper
deals with the car exhaust emission and its results, automotive exhaust
emission manage by way of use of catalytic converters, catalysts utilized 
in catalytic converter, production of catalytic converters, kinds of catalytic
converters, running of conventional catalytic converters. Additionally they
diagnosed that pollution have terrible outcomes on air great, surroundings,
and human health as nicely. He identified numbers of strategies like
improvement in engine layout, gas pre -remedy, fuel components, and
better tuning of combustion technique etc. as a way of minimizing the
emission of pollution to be able to reduce harmful emission. Juhi, (2013)
exact the function of engine design, car operating variables, gasoline high-
quality, and emission control gadgets in minimizing pollution identification
petrol and diesel pushed vehicles. In his paintings one-of-a-kind
measurement strategies used to degree pollution like, Non Dispersive
Infrared Analyzed (NDIR), Differential Absorption LIDAR (DIAL),
Chemiluminescence NOx detection, Orsat fuel analyzer and gasoline
Chromatography have been mentioned. He concluded that an intensive
analysis of electricity utilization and pollutants suggests that alternative
power structures are still an extended manner at the back of the 
conventional ones. Similarly developments in petrol and diesel engines,
mixed with upgrades in the automobiles, will make fuel consumption
discount of 40% or extra within the destiny cars. This, in turn, will reduce
the CO2 emissions, a gasoline that's liable for greenhouse effect. Srinivasa
et al, (2014) reviewed how the present day catalytic converter used in
vehicles has evolved in the remaining four a long time. In their paintings,
about one hundred fifty technical papers published in diverse journals have
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been studied. A few 52 papers had been defined in brief which indicated
the furtherance inside the stated studies. Essential conclusions drawn from
a few papers are mentioned ultimately. Anupam et al, (2016) recognized
the use of noble organization metallic just like the platinum group metal
as a way for decreasing the exhausts as an powerful way for powerful
combustion. With the assist of secondary measures efficiency of the
engine is advanced as nicely. They concluded that the strategies are
nevertheless underneath improvement due to the fact there are a few
boundaries of the catalytic converters which are had to be treated
however the application of this method has higher success factors as well.
Singh et al, (2016) illustrates the layout of pollutant manage system this
is catalytic converter having twin bed with air injection for application in
fuel engine. In their work, they evolved a catalytic combustion version for
a mixture of CO, NO and air, the usage of the stagnation-factor go with the
flow geometry .They concluded that the proposed chemical reaction
mechanism is able for lowering NO and oxidation of CO. Obada et al,
(2016) characterized industrial grade zeolites are expecting which has
extra suitable houses for use as environmental materials. There work was
inspired via the development of extremely-solid kind zeolites with lots
stepped forward thermal and hydrothermal stability, and such zeolites
display suitable ability for his or her use as wash coat substances. They
concluded that the thermal stability of these zeolite samples as
characterized by thermo gravimetric is because of the purity of the
industrial grade zeolites which is devoid of organic impurities and to
massive quantity bodily absorbed water. 2.9 Research Gap All the
literatures reviewed are normally concerned with popular aspects like
gasoline first-rate, widespread automobile layout and engine tuning,
design and production of catalytic converters, enhancing catalytic
converters among other popular issues. One crucial difficulty this is
additionally vital is the extent of recognition amongst automobile
customers which may be very crucial in identifying the function vehicle
person have performed in reducing the impact of environmental pollutants.
This study will inspect the humans’ degree of awareness on using catalytic
converters in cars in PAN. It will additionally identify approach via which
vehicle customers may be knowledgeable on the danger related to
neglecting the usage of catalytic converters and reluctance to replacing
broken ones. Judgmental sampling method might be adopted through
using information accrued from vehicle users in PAN. A complete of
80correspondences will be sampled from distinctive vehicle users the use
of sampling strategies and questionnaires as information collection tool.
Facts amassed can be analyzed through descriptive facts and the
hypotheses formulated might be examined the usage of chi-rectangular
check of independence. The study will identify whether or not the adoption
of the usage of catalytic converters has undoubtedly and significantly
stepped forward the overall performance of automobiles as well as reduced
problems associated with environmental pollutants. CHAPTER THREE
MATERIALS AND METHOD 3.1 Introduction This chapter presents the step
by step procedures which were adopted for and the study is as follows i)
Data collection through primary sources using questionnaires ii)
Descriptive statistics was to show relationship between data sets iii) The
chi-square technique was used to test the hypotheses in line with the
objectives of the study. The decision criterion for these hypotheses to be 
tested will be set at 0.05 percent level of significance. 3.2 Research 
Design The research design adopted for this paintings is survey studies 
design based totally on particular evaluation standards for figuring out the
notion on using catalytic converters. Sample of the population of the PAN
vehicle turned into drawn. The pattern of respondents was taken from the
population of the management and non-control workforce in the business
enterprise. These samples were drawn the use of suitable sampling
strategies and methods. The observe made use of questionnaire to gather
records on automobile customers. The questionnaire items have been
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finished via customers and had been supposed to evaluate elements that
have an effect on great use of the catalytic converters. The structure for
the studies layout is provided. The selection of design changed into
knowledgeable with the aid of the want to evaluate factors figuring out the
extent of awareness profiles. The observe was mainly quantitative,
exploring numerous questions and hypotheses. 3.3 Population of the study
and sampling technique The population of this study was members of
body of workers of PAN automobile in Kaduna State. The population
distribution of the respondents consequently includes essential staff of the
corporation. The issue considered for the sample population is automobile
ownership to allow the collection of dependable information. The
population of the observe became 80 personnel which consist of 30
management team of workers and 50 non-management personnel and
their percentages as provided in table 3.1. The selection of sampling was
based totally on nature of appointment and period of provider. i.
Management = 30 × 100 = 37.5 80 ii. Non-management= 50 × 100 =
62.5 80 Table 3.1: Population Distribution PAN AUTOMOBILE POPULATION
PERCENTAGE % Managementstaff 30 37.5 Non-management staff 50 62.5
Total 80 100 3.4 Sample size determination The selection of sample from
the population was through cluster sampling before a further random
selection of each tribe. Asika, (1991) identifies steps to be taken in cluster
sampling as follows: Step 1: identification of the population to be
sampled;Step 2: identification of salient characteristics such as gender,
tribe and school location that would enhance representation; Step 3:
location of areas where subjects with the characteristics are and to know
their respective sizes (population subsets); and Step 4: use of random
sampling procedure in selection of sample units or subjects from each
cluster. In determining the sample size of the study, Taro, (1964) formula 
was used. The formula is given thus: 𝑛 = 1 +𝑁( 𝐸 
)2……………………………………………………………………………….. 10 𝑁 Where N=
population size n= Sample size E= error limit or margin of error of level
of significant (accepted level of 5% i.e. 0.05) Therefore, 𝑛 =
1+808(00.05)2= 80 = 66 approximately 1+80(0.0025) Therefore the
sample size is 66. The determination of each of the category’s sample size
is presented as; iii. Management = 37.5 × 66 = 25 100 iv. Non-
management= 62.5 × 66 = 41 100 The sample size distribution of the
listed category is presented in Table 3.2 Table 3.2: Sample Size
Distribution PAN POPULATION PERCENTAGE % Management Staff 25 37 .5
Non-Management Staff 41 62.5 Total 66 100 3.4 Method of Data
Collection The data collection changed into predominantly done through
primary assets. The method of accumulating number one records and
techniques adopted consists of; 1. A have a look at on the notice and
usage of catalytic converters in fleet control system 2. Adults of both
ladies and men of the look at regions 3. In phrases of educational
qualification, human beings with national diploma and above have been
involved 3.6 Instrument for Data Collection The studies instruments used
turned into a researcher-designed questionnaire. Records have been
accumulated from staff thru questionnaire. The questionnaire changed into
evolved to comprise the relevant questions that would elicit important 
responses from the respondents and to help in efficient series of statistics.
It consisted of 25 objects to test vehicle users perceptions of the use of
catalytic converters of their automobiles and the dangers related to non-
utilization if any. The effect and level of recognition within the use of
catalytic converters has covered numerous regions with corresponding
quantity of variables (see Questionnaire in Appendix A). 3.7 The Chi-
Square Model The version examines the level of consciousness and use of
catalytic converters in fleet control gadget in Nigeria thru the usage of
statistical tool to test the hypotheses developed. First, evaluation was
performed to apprehend the connection amongst variables, and to provide
reliability analysis of the gadgets. To check the developed hypotheses, the
chi-rectangular take a look at turned into used. 3.8 Variables Measurement
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The study adopts the chi-rectangular layout analysis in which the
secondary source of statistics became employed via the usage of
questionnaires. The populace of the have a look at includes the 2 (2)
categories of group of workers of PAN car in Kaduna as at 2018.
Systematic sampling technique become used to reach on the sample size
of sixty six (66) participants. Chi-square approach is used for the analysis
after administering the questionnaire. 3.9 Reliability/Validity of test To
enhance reliability/validity of the statistics generated, the have a look at
best take into account the respondents who fall within the recognized
organization (i.e., PAN group of workers). This institution had been given
the questionnaire on the grounds that they are certain would provide the
relevant responses. Similarly to that, the sample size and plan as
empirically decided were saved. these kinds of, no longer -withstanding,
the studies has a tolerable blunders margin of 5%. Validity refers to
whether a take a look at or an instrument measures exactly what it
purports to measure (Hughes, 2003) but, validity can in no way be
“validated” however evidence of its attention must be provided. It turned
into intended to envision the content validity for the adequacy of content
material insurance of variables within the studies topic. CHAPTER FOUR
RESULTS AND DISCUSION 4.1 Introduction This chapter deals with the
systematic presentation of statistics, its analysis and discussions springing
up from the responses from the questionnaires, to access the level of
attention and usage of catalytic converters in PAN car in Kaduna 4.2 Data
Presentation and Interpretation The subsequent segment will gift the
statistics containing the facts of the respondent as well as their responses
to the variables within the questionnaires. 4.2.1 Demographic Data This
phase is describing the form of pattern, which took component within the
look at. The goal organization become body of workers of PAN automobile
in Kaduna nation. The variables that were addressed in the questionnaire
beneath the demographic records were: class, intercourse, Qualification
and the duration of carrier of employee. 80 questionnaires had been
administered and all of them had been retrieved from the respondents.
The questionnaires had been analyzed using frequency counts and tables
4.2.2 Background of the Respondents Table 4.1-4. 4 suggests the
distribution of respondents through class, qualification, period of service
and gender with their corresponding bar charts respectively. Fig. 4.1: Bar
chart for Category Number of Staff Staff by Qualification Fig.4.2: Bar chart
for Qualification Fig. 4.3: Bar chart for Duration 4.2.3 Data Presentation
The table in 4.5 presents the research questions to address the level of
awareness and usage of catalytic converters in fleet management. The
various responses in the form of Likert scale are presented for analysis. 30
25 Number of Staff 20 15 10 SA A 5 IN D 0 The use Aof A majorBpart of I
regularlyCcheck The usDe of EmphasisEon the SD catalytic the air
pollution my catalytic catalytic use of Catalytic converters is caused is due
to converters to converters converters does significant in vehicular avoid
reduce the not play a improving the emissions RmEaSlfEuAncRtiConH
QUhEoSrTseIOpoNwSer of significant role quality of fuel vehicles in
emission combustion control in PAN and so should not be a serious issue
Fig.4.4: Bar chart for frequency of responses Where A. The use of catalytic
converters is significant in improving the quality of fuel combustion B. A
major part of the air pollution caused is due to vehicular emissions C. I
regularly check my catalytic converters to avoid malfunction D. The use of
catalytic converter s reduce the horse power of vehicles E. Emphasis on
the use of catalytic converters does not play a significant role in emission
control in PAN and so should not be a serious issue 35 30 25 Number of
Staff 20 15 10 5 0 F G H I J SA A IN D SD RESEARCH QUESTIONS Fig.
4.5: Bar chart for frequency of response Where F. Vehicle users are yet to
fully buy into the use of catalytic converters in Peugeot Automobile. G.
Catalytic converters have experienced low patronage due to inadequate
awareness and education of the vehicle users. H. There is a ban on cars
without catalytic converters by the government as an emission control
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standard. I. Most users of catalytic converters in PAN are not literate
enough to understand the importance of catalytic converters. J. The use of
catalytic converters has not been enforced in other companies in fleet
management to the best of my knowledge 25 20 15 Number of Staff 10 5
0 Only moKdern The usLe of Use of cMatalytic The remoNval of The useOof
cars need catalytic converters has catalytic catalytic catalytic converters
increased the converters is converters help converters to should be
maintenance more beneficial in reducing fuel function well encouraged
only cost for vehicle to the vehicle consumption in modern owner in PAN
users than the rate vehicles RESEARCH QUpErSoTbIlOemNSarising from it
SA A IN D SD Fig. 4.6: Bar chart for frequency of response Where K. Only
modern cars need catalytic converters to function well L. The use of
catalytic converters should be encouraged only in modern vehicles M. Use
of catalytic converters has increased the maintenance cost for vehicle
owner in PAN N. The removal of catalytic converters is more beneficial to
the vehicle users than the problem arising from it O. The use of catalytic
converters help in reducing fuel consumption rate 25 20 Number of Staff
15 SA 10 A IN 5 D SD 0 The UsPe of The reQmoval of Cars doRn’t need
TestinSg and TherTe is a catalytic catalytic the catalytic inspection of the
reason for not converters converters converter, so presence of having a
improves vehicle possibly will give should work just converters is catalytic
performance better fuel fine without it part of the converter mileage
vehicle RESEARCH QUESTreIOgisNtrSation renewal process in Kaduna
state Fig. 4.7: Bar chart for Frequency of response Where P. The use of
catalytic converters improves vehicle performance Q. The removal of
catalytic converters possibly will give better fuel mileage R. Cars don’t
need the catalytic converters, so should work just fine without it S. Testing
and inspection of the presence of converters is part of the vehicle
registration renewal process in Kaduna state. T. There is a reason for not
having a catalytic converter 25 20 Number of Staff 15 10 SA A 5 IN D 0
SD Cost as anUissue There wVill be a FailurWeof a There arXe better
StrYict may jeopardize huge cost catalytic alternative for government the
use of implication for converter could reducing policies is a sure catalytic
incorporating prevent other emission in way to enforce converters catalytic
systems and petrol driven the use of converters in structures from vehicles
than catalytic your company RsaEfSetEyAfuRnCcHtioQnUESTtIhOeNusSe
of converters in vehicles performance catalytic vehicles converters Fig.
4.8: Bar chart for Frequency of response Where U. Only modern cars need
catalytic converters to function well V. The use of catalytic converters
should be encouraged only in modern vehicles W. Use of catalytic
converters has increased the maintenance cost for vehicle owner in PAN X.
The removal of catalytic converters is more beneficial to the vehicle users
than the problem arising from it Y. The use of catalytic converters help in
reducing fuel consumption rate TABLE 4.2: Mean score table of responses
S/ NO SA (5) A(4) Inff. (3) D (2) SD(1) ∑(FX) N X DECISION 1. 2. 3. 4. 5.
6. 7. 8. 9. 10. 11. 12. 13. 14. 15. 16 17 18 19 20 21 22 23 24 25 TOTA L
14 26 9 7 8 10 15 23 5 8 17 26 5 10 15 26 4 8 10 18 28 18 8 8 22 18 6
12 2 5 10 24 5 4 5 20 18 12 10 10 5 10 12 24 15 20 8 10 15 18 12 13 5
10 18 22 10 15 18 14 9 20 13 14 10 15 18 14 11 14 13 13 2 5 12 25 5 13
16 20 18 22 6 12 21 19 11 8 8 12 10 22 12 12 10 18 12 13 14 18 264
337 296 421 Sectional mean = 𝟕𝟏.𝟕𝟒 = 𝟏. 𝟕𝟕 𝟏𝟒 10 225 10 181 10 170 10
172 26 144 4 256 8 232 25 133 32 128 16 204 15 164 13 216 8 217 11
171 9 201 10 197 8 200 15 191 22 138 12 177 8 228 7 207 14 176 14
188 9 199 326 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66
66 66 66 66 66 66 66 3.41 2.74 2.58 2.61 2.18 3.88 3.52 2.02 1.94 3.09
2.49 3.27 3.29 2.59 3.61 2.99 3.03 2.89 2.09 2.68 3.46 3.14 2.67 2.85
3.02 Indifferent Indifferent Indifferent Indifferent Disagree Agree Agree 
Disagree Disagree Indifferent Indifferent Indifferent Indifferent Indifferent
Agree Indifferent Indifferent Indifferent Disagree Indifferent Agree 
Indifferent Indifferent Indifferent Indifferent From the table 4.2, we can
see that the sectional mean is 2.87, which are approximately 3.00. This
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means that the overall response of the section is Indifferent 4.3 Validity of
Variables To test the validity of each argument, question 1 to 25 is used
and the expression to determine the chi square test is presented as; 𝑋2 =
⅀ (𝐸𝑙−𝐸𝑐)2……………………………………………………………………………….11 𝐸𝑐 Where
X2 is chi-square Fo = observed frequency Fe= expected Frequency 𝐹𝑒 =
𝑐𝑙𝑙𝑟𝑙𝑙 𝑟𝑙𝑟𝑎𝑙×𝑅𝑙𝑤 𝑟𝑙𝑟𝑎𝑙………………………………………………………………….12 𝐸𝑟𝑎𝑙𝑐 𝑟𝑙𝑟𝑎𝑙
𝐹𝑒 = 𝐸𝑟𝑎𝑙𝑐 𝑟𝑙𝑟𝑎𝑙 Also …………………………………………………………..…..13 𝑁𝑙 𝑙𝑐 𝐼𝑟𝑐𝑙𝑟 
Decision Rule Reject Null Hypothesis (Ho) if the computed chi-square is
greater than the tabulated or critical value. Otherwise accept Ho. The 
degrees of Freedom in all case = (R -1) = (5 -1) = 4 and the level of
significance at 5% (0.05). 4.4 Testing of Research Hypothesis H01: There
is no significant relationship between the level of awareness of catalytic
converters and vehicle users. Table 4. 3Chi -square test on the level of
awareness of catalytic converter and vehicle users Value df Asymp. Sig.
(2- sided) Pearson Chi-Square Likelihood Ratio Linear-by-Linear
Association N of Valid Cases 146.405a 135.464 57.746 66 16 16 1 .000
.000 .000 a. 21 cells (84.0%) have expected count less than 5. The
minimum expected count is .36. The test revealed that 66 respondents
were sampled. The observed chi square calculated is 146.405 which is
greater than the chi square critical of 26.296 and the degree of freedom is
16. The probability level of significance observed in the test is 0.000 (P 
<0.05). This indicates that there was significant relationship between the
level of awareness of catalytic converters and vehicle users. Therefore,
the null hypothesis that there is no significant relationship between the
level of awareness of catalytic converters and vehicle user was therefore
rejected. H02: There is no significant relationship between the perception
of vehicle users and use of catalytic converter in PAN Table 4.4Chi-square
test on perception vehicle users and catalytic converter Value df Asymp.
Sig. (2- sided) Pearson Chi-Square Likelihood Ratio Linear-by-Linear
Association N of Valid Cases 132.000a 143.554 46.106 66 16 16 1 .000
.000 .000 a. 22 cells (88.0%) have expected count less than 5. The
minimum expected count is .36. The test revealed that 66 respondents
were sampled. The observed chi square calculated is 132.000 which is
greater than the chi square critical of 26.296 and the degree of freedom is
16. The probability level of significance observed in the test is 0.000 (P 
<0.05). This indicates that there is significant relationship between the
perception vehicle users and the use of catalytic converter. Therefore, the
null hypothesis that there is no significant relationship between the
perception of vehicle users and use of catalytic converter in PAN was
therefore rejected. H03: There is no significant relationship between the
roles of fleet managers in ensuring retrofits of catalytic converters. Table
4. 5Chi -square test on the role of fleet managers in ensuring retrofits of
catalytic converter Value df Asymp. Sig. (2- sided) Pearson Chi-Square
Likelihood Ratio Linear-by-Linear Association N of Valid Cases 118.528a
118.932 54.981 66 16 16 1 .000 .000 .000 a. 22 cells (88.0%) have
expected count less than 5. The minimum expected count is .48. The test
revealed that 66 respondents were sampled. The observed chi square
calculated is 118.528 which is greater than the chi square critical of
26.296 and the degree of freedom is 16. The probability level of
significance observed in the test is 0.000 (P <0.05). This indicates that
there is significant relationship between the role of fleet managers in
ensuring retrofits and catalytic converters. Therefore, the null hypothesis
that there is no significant between the role of fleet managers in ensuring
retrofits and catalytic converters was therefore rejected. 4.5 Discussion of
Research Hypotheses From the result shown in the chi-square tables , the 
calculated chi-square is seen to be greater than the tabulated value for 
the first and second hypothesis and less for the third hypothesisat level of
0.05(5%). So, the Hoi hypothesis is rejected in cases 1 and 2 while H1 is
accepted and Ho is accepted in case 3. The decision arising from this
statistical relationship is presented thus; Table 4.6: Decision table
Hypotheses N χ2 calculated χ2 table value Df Decision H(O1) 66 37.18
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36.42 24 H0 is being Rejected H(O2) 66 87.22 36.42 24 H0 is being
Rejected H(O3) 66 17.66 21.03 12 H0 is being Accepted Decision 1 Since
the computed chi-square of 37.18 is greater than the tabulated or critical
value of 36.42, we reject the null hypothesis (that there isno difference
between the observed and expected) in favour of the alternative
hypothesis (that there is a difference between the observed and expected)
and conclude that there is a significant relationship between the use of
catalytic converters and vehicle users. Decision 2 Since the computed chi-
square of 87.22 is greater than the tabulated or critical value from the chi
square distribution table of 36.42, we reject the null hypothesis (that
there is no difference between the observed and expected) in favour of 
the alternative hypothesis ( that there is a difference between the 
observed and expected) and conclude that there is a significant
relationship between the level of awareness and undesirable effect of
pollution on air quality, environment and human health. Decision 3 Since
the computed chi-square of 17.66 is less than the tabulated or critical
value from the chi square distribution table of 21.03, we accept the null
hypothesis (that there is no difference between the observed and
expected) and conclude that there is no significant relationship between
the type of vehicle and the quality of combustion 4.6 Summary This
chapter presented the data and its interpretation to help the researcher
draw a meaningful conclusion on the subject matter. Result from the data
analysis shown in the chi-square tables confirmed that the calculated chi-
square is seen to be greater than the tabulated value in cases 1 and 2and
so, the Ho hypothesis is rejected in both cases while in case 3, Ho is 
accepted since the p-value is less than 0.05. CHAPTER FIVE SUMMARY,
CONCLUSION AND RECOMMENDATIONS 5.1 Summary The topic of this 
study is the level of awareness and usage of catalytic converters in fleet
management in PAN Automobile, Kaduna. The purpose emanates from the
researcher’s desire to investigate, uncover and describe usage habits of
vehicle users with a view to improve the information level on the
contribution to limiting environmental pollution. The belief is that if vehicle
users have positive habits towards the use of catalytic converters, it will be
transferred to other individual who have every prospect of owning one in
the future. The investigation was carried out through formulation of three
research questions with their corresponding null hypotheses. The research
questions were designed to find out the vehicle performance, level of
awareness and type of vehicle with respect to the use of catalytic
converters. The research questions also sought to find out whether there
significant relationship between the use of catalytic converters and
performance of vehicle or not and the extent to which level of awareness
affect air quality, environment and human health is also investigated.
Three corresponding hypotheses were formulated for the study. Data
collection was carried out through administration of questionnaire and
observation. Eighty staff was randomly selected from each of the two
categories. The findings authenticates that there is no significant
relationship between the type of vehicle and the quality of combustion. It
also indicates that the use of catalytic converters improves the
performance of a vehicle, reduce fuel consumptions and the level of
awareness has a way of reducing environmental pollution contributed by
automobiles. Result also shows that there will be a huge cost in
incorporating the catalytic converters in vehicles that lack them. In an
organization like PAN, it will translate to a huge cost of production. Use of
catalytic converters has increased the maintenance cost for vehicle owner
in PAN and such additional cost users say is an issue which may jeopardize
the use of catalytic converters 5.2 Conclusion This final chapter
summarizes the study and its main findings. It discusses the implications
of the study for vehicle users, companies that are into fleet management
business, industries manufacturing catalytic converters and the general
public. The conclusion is based on the three findings which is in line with
the objectives and these are: i) From the findings there is high level of
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awareness of catalytic converters among vehicle users as shown in table
4.3. This means that vehicle users know the importance of catalytic
converter in the vehicles. ii) There is the perception of vehicle users and
the use of catalytic converter on vehicle fuel consumptions. iii) The roles of
fleet manager in ensuring retrofits of catalytic converters and the chapter
proposes solutions in the form of recommendation 5.3 Recommendations
The following recommendations are made to enable all the players make
decision that will be used to emphasize the need to either adopt the use of
catalytic converter or not. The recommendations are as follow; 1. Testing
and inspection of the presence of catalytic converters should be part of the
vehicle registration and registration renewal process. 2. Strict government
policies should be adopted as a way to enforce the use of catalytic
converters in vehicles 3. There should be a ban on cars without catalytic
converters by the government as an emission control standard 4. Several
studies should be conducted with emphasis on ageing management
system of catalytic converters. Table 4.1: Frequency Table on a study of
the level of awareness and usage of catalytic converters in fleet
management S/No Items SA A IN D 1. The use of catalytic converters is
significant in improving the quality of fuel 14 26 9 7 combustion 2. 3. 4. A
major part of the air pollution caused is due to vehicular emissions I
regularly check my catalytic converters to avoid malfunction The use of
catalytic converters reduce the horse power of vehicles 8 5 5 10 8 10 15
17 15 23 26 26 5. Emphasis on the use of Catalytic converters does not
play a significant role 4 8 10 18 in emission control in PAN and so should
not be a serious issue 6. Vehicle users are yet to fully buy into the use of
catalytic converters in 28 18 8 8 Peugeot Automobile 7. Catalytic
converters have experienced low patronage due to inadequate 22 18 6 12
awareness and education of the vehicle users 8. There is a ban on cars
without catalytic converters by the government as an 2 5 10 24 emission
control standard 9. Most users of catalytic converters in PAN are not
literate enough to 5 4 5 20 understand the importance of catalytic
converters 10. The use of catalytic converters has not been enforced in
other companies in 18 12 10 10 fleet management to the best of my
knowledge 11. Only modern cars need catalytic converters to function well
5 10 12 24 12. The use of catalytic converters should be encouraged only
in modern vehicles 15 20 8 10 13. Use of catalytic converters has
increased the maintenance cost for vehicle 15 18 12 13 owner in PAN 14.
The removal of catalytic converters is more beneficial to the vehicle users
than 5 10 18 22 the problem arising from it 15. The use of catalytic
converters help in reducing fuel consumption rate 10 15 18 14 16. The Use
of catalytic converters improves vehicle performance 9 20 13 14 17. The
removal of catalytic converters possibly will give better fuel mileage 10 15
18 14 18. Cars don’t need the catalytic converter, so should work just fine
without it 11 14 13 13 19. Testing and inspection of the presence of
converters is part of the vehicle 2 5 12 25 registration renewal process in
Kaduna state 20. There is a reason for not having a catalytic converter 5
13 16 20 21. Cost as an issue may jeopardize the use of catalytic
converters 18 22 6 12 22. There will be a huge cost implication for
incorporating catalytic converters 21 19 11 8 in your company vehicles 23.
Failure of a catalytic converter could prevent other systems and structures
8 12 10 22 from safety function performance 24. There are better
alternative for reducing emission in petrol driven vehicles 12 12 10 18
than the use of catalytic converters 25 Strict government policies is a sure
way to enforce the use of catalytic 12 13 14 18 converters in vehicles SD
10 10 10 10 26 4 8 25 32 16 15 13 8 11 9 10 9 15 22 12 8 7 14 14 9
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1231 ‐ 4005 APPENDIX A:(STUDY QUESTIONNAIRE) (A case study of some
selected vehicle users in Peugeot Automobile Nigeria, Kaduna State)
CONFIDENTIAL Dear sir/ma, This questionnaire is to seek your opinion
about the usage of catalytic converters in your car. Any information will be
treated confidentially and will be used for the purpose of recommendation
to relevant authorities after the completion of the study Thank you.
………………………… Tajudeen Muideen Bidemi APPENDIX A: (SAMPLE
QUESTIONAIRE) SECTION B :( PAN) Please tick accordingly Strongly
Agreed (5) Agreed (4) Indifferent (3) Disagree (2) Strongly Disagree (1)
1. The use of catalytic converters is significant in improving the quality of
fuel combustion 2. A major part of the air pollution caused is due to
vehicular emissions 3. I regularly check my catalytic converters to avoid
malfunction 4. The use of catalytic converters reduce the horse power of
vehicles 5. Emphasis on the use of Catalytic converters does not play a
significant role in emission control in PAN and so should not be a serious
issue 6. Vehicle users are yet to fully buy into the use of catalytic
converters in Peugeot Automobile 7. Catalytic converters have experienced
low patronage due to inadequate awareness and education of the vehicle
users. 8. There is a ban on cars without catalytic converters in PAN as an
emission control standard 9. Most users of catalytic converters in PAN are
not literate enough to understand the importance of catalytic converters
10. The use of catalytic converters has not been enforced in other
companies to the best of my knowledge 11. Only modern cars need
catalytic converters to function well 12. The use of catalytic converters
should be encouraged only in modern vehicles 13. Use of catalytic
converters has increased the maintenance cost for vehicle owner in PAN
14. The removal of catalytic converters is more beneficial to the vehicle
users than the problem arising from it. 15. The use of catalytic converters
help in reducing fuel consumption rate 16. Use of catalytic converters
improves vehicle performance 17. The Removal of catalytic converters
possibly will give better fuel mileage without sacrificing performance of the
vehicle 18. Cars don’t need the catalytic converter, so should work just
fine without it 19. Testing and inspection of the presence of converters is
part of the vehicle registration renewal process in Kaduna state 20. There
is a reason for not having a catalytic converter 21. Cost as an issue may
jeopardize the use of catalytic converters 22. There will be a huge cost
implication for incorporating catalytic converters in your company vehicles
23. Failure of a catalytic converter could prevent other systems and
structures from safety function performance. 24. There are better
alternative for reducing emission in petrol driven vehicles than the use of
catalytic converters 25. Strict government policies is a sure way to enforce
the use of catalytic converters in vehicles Thank you. APPENDIX B Chi-
square Distribution Table
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