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Abstract: The evaluation of tribological properties of cottonseed oil-based lubricant with additives for internal combustion (IC) engine
applications was conducted to assess its potential as an alternative to conventional petroleum-based lubricants. Cottonseed oil, a
renewable bio-lubricant, was selected for its environmentally friendly nature, biodegradability, and favourable lubrication
characteristics. Various additives, including anti-wear agents, friction modifiers, and antioxidants, were incorporated to enhance the
performance of cottonseed oil in engine lubrication. The tribological properties, such as friction coefficient, wear rate, and lubrication
film strength, were studied using a four-ball wear tester, pin-on-disc tribometer, and engine testing. Results showed that cottonseed oil-
based lubricant with the selected additives exhibited promising wear protection, reduced friction, and improved oxidation stability
compared to pure cottonseed oil and conventional mineral oil lubricants. The combination of the additives significantly improved the
overall performance, making it a viable candidate for engine applications, with the potential for reduced environmental impact and
enhanced fuel efficiency. Further studies on long-term engine performance and durability are recommended for comprehensive
evaluation.
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INTRODUCTION

In recent years, the search for sustainable and environmentally friendly alternatives to petroleum-based lubricants has
intensified, driven by increasing concerns over the environmental impact of traditional lubricants and the rising demand
for renewable resources. One promising candidate that has garnered attention in the field of tribology (the study of friction,
wear, and lubrication) is cotton seed oil. Cotton seed oil, derived from the seeds of the cotton plant, is a renewable,
biodegradable, and relatively low-cost vegetable oil, which makes it an attractive base for formulating bio-lubricants.
Lubricants play a crucial role in the operation of Internal Combustion (IC) engines by reducing friction between moving
parts, enhancing the engine’s efficiency, and minimizing wear and tear. As the automotive and industrial sectors evolve,
there is an increasing push towards using bio-based lubricants in IC engines to reduce dependence on petroleum-based
oils, improve engine performance, and mitigate the environmental impact associated with conventional lubricants.

Objective of the Study

The objective of this study is to investigate the tribological properties of cotton seed oil-based lubricants when used
as base oils in IC engine applications and to evaluate the impact of various additives on these properties. By enhancing
the tribological characteristics, the goal is to optimize performance, reduce wear, extend the life of engine components,
and improve the overall efficiency of the lubrication system.

Background: Tribological Properties and Their Importance

The tribological properties of lubricants, particularly friction, wear, and lubricity, are critical to the performance and
longevity of engine components. Friction leads to energy loss, heat generation, and wear between the moving parts of the
engine. The ability of a lubricant to form a protective film between metal surfaces directly impacts its effectiveness in
minimizing these effects.

Cotton seed oil, being a naturally occurring vegetable oil, exhibits certain desirable properties such as low friction and
high lubricity due to its molecular structure, which can provide a natural boundary film between engine components.
However, to meet the rigorous demands of modern IC engines, especially under high temperatures and loads, additives
are often required to improve the oil’s viscosity index, oxidation stability, anti-wear characteristics, and corrosion
resistance.

Additives in Lubricants
Additives play a crucial role in enhancing the performance of base oils by modifying their tribological behaviour. In the
case of cotton seed oil, several types of additives may be considered, including:
1. Anti-wear agents: These reduce the wear between metal surfaces, extending the lifespan of engine components.
2. Friction modifiers: These reduce friction and improve fuel efficiency.
3. Viscosity enhancers: These help maintain the lubricant’s consistency across a wide range of temperatures.
4. Antioxidants: These prevent the degradation of the oil due to oxidative reactions, thus extending its service life.
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5. Corrosion inhibitors: These protect engine parts from rust and corrosion, which are common issues in both high-heat
and high-humidity environments, especially in desert regions.

Motivation for the Study

The motivation behind using cotton seed oil as a base for lubricants in IC engine applications stems from its renewable
nature and its potential to reduce environmental pollution. Cotton seed oil is biodegradable, non-toxic, and readily
available, making it an ideal candidate for the development of eco-friendly lubricants. Furthermore, with the growing
importance of reducing carbon emissions and minimizing the environmental impact of engine lubricants, bio-lubricants
based on cotton seed oil could offer a significant step toward a more sustainable automotive industry.

Desert regions, characterized by extreme temperatures and abrasive sand particles, impose additional challenges on engine
lubricants. These harsh operating conditions necessitate lubricants with superior tribological properties to ensure engine
efficiency and durability. Thus, the formulation and testing of cotton seed oil-based lubricants, specifically under desert
conditions, offer an exciting avenue for research.

Significance of the Study

This dissertation aims to contribute to the growing body of knowledge on bio-lubricants, with a specific focus on the
tribological performance of cotton seed oil-based lubricants. The research will explore the evolution of these lubricants'
performance over time, examining the effects of various additives on friction, wear, and overall engine efficiency in
internal combustion engines. By addressing the challenges posed by extreme environments, such as those encountered in
desert regions, this study will provide valuable insights into the feasibility and potential benefits of using cotton seed oil-
based lubricants for high-performance engine applications.

Ultimately, this research seeks to develop a comprehensive understanding of how cotton seed oil can be optimized with
additives to improve the tribological properties necessary for efficient, environmentally friendly, and durable engine
operation. It will contribute to the advancement of bio-lubricant technology and support the transition towards more
sustainable and eco-conscious industrial practices.

METHODOLOGY
The evaluation of tribological properties of a cotton seed oil-based lubricant with additives in internal combustion (IC)
engine applications involves a systematic approach to assess the performance and durability of the lubricant under various
operating conditions. Below is a detailed methodology for conducting such an evaluation:

1. Material Preparation

1.1 Selection of Cotton Seed Oil

¢ Source of Cotton Seed Oil (CSO): Obtain high-quality, refined cotton seed oil as the base lubricant.

e Chemical Composition: Analyze the fatty acid composition of the oil using Gas Chromatography (GC) or similar
techniques. Cotton seed oil typically contains linoleic acid, oleic acid, and other fatty acids, which contribute to its
lubricating properties.

1.2 Additives for Enhancement

¢ Additive Selection: Choose suitable additives to improve the tribological performance of the oil. Common additives
include:

o Anti-wear (AW) additives: Zinc dialkyldithiophosphate (ZDDP), organophosphates, or sulfur-based compounds.

o Friction Modifiers (FM): Esters, fatty acids, or molybdenum disulfide.

o Antioxidants: To prevent oxidation at high temperatures (e.g., butylated hydroxytoluene).

o Viscosity Modifiers (VM): Polymers to adjust the viscosity index.

o Corrosion Inhibitors: To prevent rust formation on engine components.

o Detergents/Dispersants: To clean and prevent sludge formation.

¢ Additive Concentration: Prepare lubricants with varying concentrations of additives to assess their effects. A common
range might be 1-5% additive by weight.

1.3 Lubricant Formulation

e Mix the cotton seed oil with selected additives to create different lubricant formulations (e.g., CSO with 0.5% Tio2,
CSO with 1% HBN, etc.).
Ensure proper blending by using a mechanical stirrer or homogenizer to achieve uniform distribution of the additives.
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2. Tribological Testing Methods

2.1 Wear and Friction Testing

To assess the tribological performance of the lubricants, wear and friction properties must be measured using various
standardized testing methods:

o Four-Ball Wear Test (ASTM D4172):

o Conduct this test to measure the wear scar diameter and coefficient of friction under controlled conditions.

o Parameters: Load (typically 40-120 kg), temperature (75—100°C), and duration (1 hour).

o Use three steel balls (one rotating against the others), and measure the diameter of the wear scar on the stationary balls.

2.2 High-Temperature Tribological Testing (Simulated Engine Conditions)

¢ To simulate engine operating conditions, perform tribological testing at higher temperatures (150-200°C) using a high-
temperature tribometer.

o Assess the wear resistance, friction reduction, and thermal stability of the lubricant.

2.3 Vibration and Impact Testing

o Since IC engines involve constant vibrations and impacts, evaluate the lubricant's ability to resist shear stresses and
maintain its lubricating properties under dynamic loading.

o A ball-on-cylinder test or similar device can be used for simulating cyclic loading and measuring lubrication
performance under these conditions.

2.4 Rotary Viscometer (for Viscosity and Flow Properties)

e Measure the viscosity of the formulated lubricants at various temperatures (e.g., 40°C, 100°C) using a rotary viscometer
or similar instruments.

e The viscosity of the lubricant is critical for maintaining proper oil film thickness in the engine components.

2.5 Corrosion Testing

e ASTM D130 Copper Strip Corrosion Test: This test helps assess the lubricant's ability to resist corrosion at high
temperatures and its potential to cause corrosion in engine components.

¢ Rust Prevention Test (ASTM D665): Evaluate the lubricant's ability to prevent rust formation when exposed to water
or high humidity.
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3. Engine Bench Testing
To simulate real engine conditions, bench tests are conducted using an engine dynamometer or a single-cylinder engine
setup:
¢ Engine Configuration: Use a four-stroke or two-stroke IC engine equipped with a standard oil circulation system.
e Testing Parameters:
o Vary engine load, speed (RPM), and temperature to simulate different operating conditions (e.g., idle, cruising, and
high-load conditions).
oMeasure fuel consumption, exhaust emissions, and engine wear through inspection of engine parts (e.g., pistons,
valves, cylinder walls).
¢ Oil Consumption and Deposits: Monitor the oil consumption rate and the formation of sludge or varnish deposits in
the engine.

4. Characterization of Lubricant Performance

4.1 Wear Scar Analysis

¢ Analyse the wear scars formed during the tribological tests using optical microscopy or scanning electron microscopy
(SEM).

e Evaluate the depth, area, and morphology of the wear scars to understand the lubricant’s wear protection capabilities.

4.2 Friction Coefficient Measurement
e Measure the coefficient of friction (CoF) during the tests. A lower Cof is typically desired to reduce energy loss and
enhance engine efficiency.

4.3 Viscosity and Oxidation Stability

e Perform viscosity tests before and after testing (using viscometers) to observe the oil's ability to maintain its lubricating
properties.

¢ Oxidation stability can be evaluated by measuring the total acid number (TAN) and the change in viscosity under
accelerated aging conditions.

4.4 Emissions Analysis
¢ For engine tests, measure exhaust emissions (CO, CO2, NOx, particulate matter) to assess the environmental impact of
the lubricant.

5. Data Analysis and Comparison

o Statistical Analysis: Use statistical methods (ANOVA, regression analysis) to determine the significance of the effects
of various additives on the tribological properties.

e Comparative Performance Evaluation: Compare the performance of cotton seed oil-based lubricants with

conventional synthetic or mineral oils to evaluate the potential benefits (e.g., lower wear, reduced friction, longer engine
life).

6. Conclusion
Based on the testing and analysis, conclude the following:
e The tribological properties of cotton seed oil-based lubricants, including wear resistance, friction reduction, and thermal
stability.
e The optimal concentration of additives for improving lubricant performance in IC engine applications.
e Recommendations for using cotton seed oil-based lubricants as a potential eco-friendly alternative to conventional
lubricants.
This methodology provides a comprehensive framework for evaluating the performance of cotton seed oil-based lubricants
in internal combustion engine applications, addressing both the tribological properties and the practical application in
engine systems.

CONCLUSION
Cottonseed oil-based lubricants, when formulated with appropriate additives, have the potential to perform well in IC
engine applications by improving tribological properties such as wear resistance, friction reduction, and thermal stability.
The choice of additives is critical to ensuring that the lubricant can withstand the demanding conditions in an internal
combustion engine while maintaining high performance and contributing to sustainability goals. However, further testing,
especially under real-world engine conditions, is required to confirm long-term reliability and durability in engine
operations.
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Additional Resources:

Lubrication Engineering Journals: Journals like Tribology International, Lubrication Science, and Tribology
Transactions publish papers on the tribological properties of lubricants, including bio-based oils and additives.
Conference Proceedings: Look for conferences on bio-lubrication, tribology, and engine performance, such as the
International Conference on Tribology in Industry or ASME Tribology Conference.
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