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ABSTRACT 

Air pollution remains one of the most challenging environmental issues. 
Motor vehicle exhaust gases contribute around 70%–80% of air pollution, 
while industrial activities contribute only 20%–30%. Exhaust emissions from 
incomplete combustion include carbon monoxide (CO), hydrocarbons (HC), 
nitrogen oxides (NOx), and lead (Pb), which are harmful to health and the 
environment. One promising solution is the installation of catalytic 
converters. This study investigates the effectiveness of catalytic converters 
made of stainless steel coated with chromium and copper in reducing 
emissions from motorcycle exhaust systems. The experimental results show 
that the catalytic converter significantly reduced harmful gases: CO 
decreased by 44%, HC decreased by 63.65%, while CO₂ increased from 7.1% 
to 11.2%, indicating successful oxidation. These findings highlight the 
catalytic converter’s role in reducing harmful emissions and its potential to 
mitigate air pollution from motorcycles. 
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1. INTRODUCTION 

Indonesia is a developing nation with a 
significantly large population. According to the 
Central Statistics Agency (BPS), the country’s 
population in mid-2024 reached 281.6 million. This 
demographic size places Indonesia among the top 
six contributors to global air pollution. Motorized 
vehicle exhaust accounts for approximately 70%–
80% of total air pollution, while industrial activities 
contribute only about 20%–30% [1]. Emissions from 
motor vehicles are therefore one of the major 
causes of both air pollution and the greenhouse 
effect. The high number of vehicles leads to 
uncontrolled emissions, particularly since most 
Indonesians rely more on private transportation 
than on public transit [2]. 

Fossil fueled motor vehicles with the main 
elements of carbon (C) and hydrogen (H) in perfect 
conditions will produce CO2 and H2O. However, in 
reality, the perfect combustion reaction does not 
occur and what occurs is incomplete combustion 

with gases that still leave harmful emissions. Exhaust 
gases from the combustion of fossil fueled motor 
vehicles produce gas emissions containing Carbon 
monoxide (CO), Hydrocarbons (HC), Nitrogen oxides 
(NOx), and Lead (Pb) which can have a negative 
impact on the environment [3].  

The negative impacts caused by exhaust 
emissions depend on the gas content in the air. 
Gases contaminated with CO, NOx, SOx, dust, and 
Pb can harm human health, especially the 
respiratory organs, blood vessels, and irritation to 
the eyes and skin [4]. Air pollution in serious 
conditions can cause chronic bronchitis, pulmonary 
emphysema, bronchial asthma, and lung cancer. In 
addition, high levels of lead in the air and water 
cause poisoning that can inhibit enzymes in the 
formation of red blood cells, thus causing other, 
more serious diseases such as anemia, kidney 
damage, and so on [5]. 

Motor vehicle exhaust emissions resulting from 
imperfect combustion have a dangerous negative 
impact on all living creatures and the environment,  
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so steps are needed to control exhaust emissions. 
This control can be done using several methods such 
as modifying the vehicle's fuel system, modifying the 
engine and modifying the vehicle's exhaust gas duct 
[6].  

Modifications to the exhaust gas ducts of motor 
vehicles are expected to reduce the concentration 
of exhaust gas emissions in the form of CO and HC 
compounds caused by imperfect combustion from 
motor vehicles, by adding a Catalytic converter to 
the exhaust gas duct placed close to the exhaust, it 
is hoped that the hot exhaust gas can reduce the 
concentration of harmful exhaust gas emissions 
more optimally [7].  

Hazardous gases from motor vehicles such as 
hydrocarbons (HC), carbon monoxide (CO), and 
nitrogen oxides (NOx) are converted into safe 
compounds before being released into the 
atmosphere [8]. The process of converting 
hazardous gases into safe compounds is through the 
rate of chemical reactions in exhaust gases with the 
reaction results in the form of new compounds that 
are not dangerous when released into the 
environment so as not to cause air pollution. In the 
rate of chemical reactions, the influencing factors 
are cross-sectional area and temperature. A catalyst 
cross-section with a large area will further 
accelerate the rate of chemical reactions, this also 
applies to temperature. If the temperature received 
by the catalyst is high, the rate of chemical reactions 
will also be faster [9]. 

Catalytic converters use oxidation catalysts and 
reduction catalysts to create chemical reactions. 
Oxidation catalysts that can be used are platinum, 
plutonium, nickel, manganese, and chromium. 
While metals that can be used as reduction catalysts 
are nickel, copper, iron, and their alloys. In addition, 
several other metals that are known to be effective 
as oxide and reduction catalysts ranging from large 
to small are Pt, Pd, Ru > Mn, Cu >> Ni > Fe > Cr > Zn 
and oxides of these metals, oxidation catalysts Pt 
(platinum), Pd (palladium), and Ru (ruthenium) all 
three are noble metals and are supported by an 
alumina area that provides increased heat  

 

 

 

 

 

resistance so that it is efficient when placed in 
exhaust ducts that have high temperatures [10]. 

This research aims to provide additional 
catalytic converters on motorbikes by using stainless 
steel plate material coated with chrome and copper, 
stainless steel is an alloy of Fe ( steel ) and coated 
with Cr ( chrome ) which has resistance to heat and 
corrosion, the Fe element ( steel ), Cr ( chrome ), and 
Cu ( copper ) are types of metals that are included in 
the oxidation catalyst group in the Catalytic 
converter so that they can be used to absorb CO and 
HC gases contained in motorcycle exhaust gases, 
chrome plating functions to increase the oxidation 
reaction that occurs in the Catalytic converter 
catalyst so that the absorption of CO and HC exhaust 
emissions is maximized, while copper has the same 
function but Cu is a single oxide catalyst as a 
variation, in this study using chrome- plated stainless 
steel plates and copper, each with three pieces 
arranged alternately. The exhaust gas coming out of 
the combustion will pass through the copper 
catalyst and chrome- plated stainless steel so that a 
chemical reaction will occur by oxidation and 
reduction due to the presence of oxygen from the 
combustion residue. 

2. MATERIALS AND METHODS 

2.1 Materials 

This study uses a 2008 Yamaha Vega ZR 115 
cc motorcycle as the main object. The main 
instrument used to detect motorcycle exhaust 
emissions is the gas analyzer, which functions to 
measure the carbon monoxide (CO) and 
hydrocarbon (HC) content in the exhaust of the 
motorcycle object of the research object. Then, the 
materials used to make catalytic converters are 
stainless steel plates and copper plates. The 
stainless steel plate is then coated with chrome 
using the electroplating method. 

The creation  of the catalytic converter is 
done by modifying the  exhaust header  section by 
adding an enlarged space as the housing/cover of 
the catalytic converter. Then for stainless steel and 
copper plates, they are made in the form of circles 
with a predetermined size, perforated with an 
irregular pattern, then arranged interchangeably 
(Figure 1 and Figure 2). 
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Figure 1. Exhaust modification design with casing / cover of catalytic converter 

 
Figure 2. Design of chrome and copper plated stainless steel converter catalytic plate 

2.2 Experimental procedure 

This experimental procedure is carried out 
in three main stages: preparation, testing without 
catalytic converter, and testing with catalytic 
converter. 

 2.2.1 Preparation Stage 

The preparation stage was conducted by 
several steps: (1) Tune up motorcycles; (2) 
Installation of modified exhaust without catalytic 
converter; (3) Heating the engine for 5 minutes; (4) 
Exhaust leak inspection; and (5) Gas analyzer tool 
calibration 

2.2.2 Testing Without Catalytic Converter 

The testing without catalytic converter was 
conducted by several steps: (1) The engine is run at 
1500 RPM under working temperature conditions; 
(2) The sensor probe is inserted into the exhaust gas 
pipe; (3) CO and HC data are taken from the monitor 
or the results of the gas analyzer print-out; and (4) 
Recalibration is carried out after data collection is 
complete. 

2.2.3 Testing with Catalytic Converters 

The testing with catalytic converter was 
conducted by several steps: (1) The catalytic 
converter is inserted into the modified exhaust; (2) 
The engine was restarted and the test was carried 
out as before; and (3) CO and HC data are recorded 
from the results of the measurement of the tool. 

2.2.4 Final Stages 

The final stage was conducted by: (1) The 
gas analyzer engine and tool are switched off; (2) 
Sensor Probe removable; and (3) Equipment 
cleaned and tidied 

 

2.3 Methods of analysis 

Data analysis was carried out using an 
experimental method, used to evaluate the 
effectiveness of the use of catalytic converters in 
reducing exhaust emissions from motor vehicles. 
Emission concentration measurements are focused 
on three main parameters, namely carbon 
monoxide (CO), hydrocarbons (HC), and carbon 
dioxide (CO₂). All data were taken using the 
Instrument Gas Analyzer and compared between 
the conditions before and after the installation of 
the catalytic converter. The stages of analysis are 
described in the following subchapter. 

 

2.3.1 Experimental Process 

The research begins with a literature 
review to understand the issue of air pollution 
caused by vehicle emissions as well as existing 
catalytic converter technologies. Based on this 
review, a catalytic converter design is developed, 
followed by the manufacture of the catalytic 
converter. 

After the converter is fabricated, the next 
step is test preparation, where the motorcycle and 
instruments are set up. The testing is conducted 
under two conditions: with a catalytic converter and 
without a catalytic converter, in order to obtain 
comparative results. 

The results from both tests produce 
emission test data. These data are analyzed to 
determine whether there is a reduction in CO and 
HC concentrations. If no reduction is observed, the 
catalytic converter design is re-evaluated. If a  
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reduction is found, the research proceeds to the 
next stage. 

The subsequent stage is data processing, 
followed by data analysis to evaluate the 
effectiveness of the catalytic converter. The findings 
are then discussed in the discussion section, and the 
research concludes with the final conclusion. 

 
2.3.2 Analysis of Gas Emission 

Emissions testing is performed before and 
after the installation of the catalytic converter in the 
vehicle's exhaust system using a Gas Analyzer to 
measure CO, HC, and CO₂ levels. The results showed 
a significant decrease in CO levels from 8.44% to 
4.62% with a conversion efficiency of 44%, as well as 
a decrease in HC from 961 ppm to 386 ppm with a 
reduction efficiency of 63.65%. On the other hand, 
the CO₂ level increased from 7.1% to 11.2%, which 
indicates that the oxidation process in the catalytic 
converter successfully converts CO and HC into CO₂ 
and H₂O. This change proves the role of catalytic 
converters in suppressing harmful gas emissions and 
significantly reducing the potential for air pollution. 

 

2.3.3 Data Processing 

The data from the exhaust emission test 
obtained from the Gas Analyzer is then compiled in 
the form of tables and graphs to facilitate 
quantitative analysis. These values are compared 
between conditions without and with catalytic 
converters, and their efficiency is calculated for each 
type of gas. This processing process provides a clear  

 

picture of the direct effect of the use of catalytic 
converters on the quality of vehicle emissions. 

 

3. RESULTS AND DISCUSSION 

Table 1 shows the data resulting from the 
analysis of CO and HC gas testing in table form along 
with an explanation. 

Table 1.Gas test results data table. 

Information 
Concentration 

CO (%) HC (pph) CO2 (%) 

Without catalytic converter 8.44 961 7.1 

With catalytic converter 4.62 386 11.2 

  

Based on the results of the table and graph of the 
experiment above, it can be seen that adding a 
catalytic converter can reduce the concentration of 
CO and HC gases compared to exhaust without a 

catalytic converter. The decrease in CO 
concentration is caused by the oxidation reaction of 
CO by the catalyst, which converts CO to CO2. 

2𝐶𝑂 + 4𝐻𝐶 + 6𝑂2
(𝐹𝑒𝐶𝑟.𝐶𝑟)
→       4𝐶𝑂2 + 2𝐻2𝑂 

 

The efficiency of the catalytic converter in reducing 
CO gas levels is 44% at a distance of 0 km. In 
addition, the catalytic converter also reduces the 
concentration of  HC gas by 63.65% at a distance of 
0 km. This decrease in HC concentration is caused by 
the catalytic converter reacting with oxygen at high 
temperatures. The high temperature of the exhaust 
gas will be absorbed and stored by the copper plate 
on the catalytic converter with a temperature of 
approximately 250-300˚C so that from the hot 
temperature it can and decompose the long HC 
chain into C, CO2, H2O and unreacted HC. The CO2 
gas compound contained in motor vehicle exhaust 
gas has increased by 63.39%. This is because the HC 
and CO gases that come out of the combustion 
engine undergo oxidation and reduction reactions 

to produce CO2 gas. In this case, it can be said that 
the HC concentration will be small and the 
concentration of CO2 released will be more as seen 
from the data in table 1. The results of this study are 
still not in accordance with predictions from the 
literature, this is due to the imperfect coating 
process. 

4. CONCLUSION 

The use of chopper and chrome-plated 
stainless steel catalytic converters in motorcycle 
exhaust manifolds can reduce carbon monoxide and 
hydrocarbon levels. CO levels decreased by 45.26%, 
from 8.44% to 4.62%. Hydrocarbon levels also 
decreased by 59.83%, from 961 ppm to 386 ppm. 
The resulting reaction increased CO2 levels from  
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7.1% to 11.2%. Reducing the amount of CO and HC 
released into the atmosphere will reduce air 
pollution. 
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