SYNERGISTIC ADVANCEMENTS IN SUSTAINABLE
COATING TECHNOLOGIES: POLYURETHANE
MICROENCAPSULATION OF SOYBEAN OIL FOR
AUTONOMOUS SELF-HEALING AND
ANTICORROSIVE PAINTS

Mohamed Faleel Mohamed Rikas

Reg. No: 228354X

M. Sc. in Materials Science

Department of Material Science & Engineering

Faculty of Engineering

University of Moratuwa

Sri Lanka

April 2025



SYNERGISTIC ADVANCEMENTS IN SUSTAINABLE
COATING TECHNOLOGIES: POLYURETHANE
MICROENCAPSULATION OF SOYBEAN OIL FOR
AUTONOMOUS SELF-HEALING AND
ANTICORROSIVE PAINTS

Mohamed Faleel Mohamed Rikas

Reg. No: 228354X

Thesis/Dissertation submitted in partial fulfillment of the requirements for the degree
Master of Science in Materials Science.

Department of Material Science & Engineering
Faculty of Engineering

University of Moratuwa

Sri Lanka

April 2025
1



Declaration of supervisor

| declare that this is my own work and this thesis/dissertation does not incorporate
without acknowledgement any material previously submitted for a degree or diploma
in any other University or Institute of higher learning and to the best of my
knowledge and belief it does not contain any material previously published or written
by another person except where the acknowledgement is made in the text. I retain the
right to use this content in whole or part in future works (such as articles or books).

Signature: Date:
The above candidate has carried out research for the Masters thesis/dissertation under
my supervision. | confirm that the declaration made above by the student is true and

correct.
Name of the supervisor: Mr. S.V. Udayakumara

Signature of the supervisor: Date:



Dedication

To my academic teachers for their guidance and inspiration and to my colleagues in
industry, for their invaluable insights and collaboration.

To my parents, and spouse for their unwavering support and encouragement,

Thank you for helping me reaches this milestone.



Acknowledgements

| am deeply grateful to my supervisor, Mr. S.V. Udayakumara, Sr. Lecturer and QA
Coordinator of the Department of Material Science & Engineering, University of
Moratuwa, for his invaluable guidance, encouragement, and support throughout the
course of my research. His insightful feedback and constant motivation have been
instrumental in the successful completion of this thesis.

I would also like to extend my heartfelt gratitude to the academic staff of the M.Sc.
program at the University of Moratuwa for their excellent teaching and mentorship,
which have greatly enhanced my knowledge and research skills.

My sincere appreciation goes to the laboratory staff of the University of Moratuwa
for their assistance and support during my laboratory work. I am equally thankful to
Antler General Industries Pvt Ltd and its dedicated staff for their support in
conducting lab testing trials. Furthermore, | extend my thanks to the laboratory staff
of Macksons Paint Lanka Pvt Ltd for providing access to their laboratory testing
equipment, which significantly contributed to the experimental aspect of my
research.

Lastly, |1 owe a special debt of gratitude to my wife, whose unwavering support and
understanding have been my greatest source of strength throughout this journey. I am
also deeply thankful to my friends for their encouragement and companionship,
which have made this journey both enriching and memorable.

Thank you all for your invaluable contributions to this work.



Abstract

The objective of this thesis was to develop and characterize a sustainable, self-
healing polyurethane (PU) coating containing microencapsulated soybean oil for
improved anti-corrosion performance applicable particularly in automotive topcoats.
Soyabean oil microcapsules were synthesized with phases of 100 um to 7000 pm
based on the interfacial polymerization and particle size was confirmed via scanning
electron microscopy (SEM). Microencapsulation technique was successfully able to
generate spherical microcapsules however the particle size was difficult to control.
The largest of the microcapsules exceeded the required final dry film thickness of
>250 um, resulting in an uneven coating appearance. This made it visually
unappealing and compromised the need for a smooth finish, which is critical in
automotive applications.

The self-healing capacity was tested by introducing microcapsules into PU-based
paint at the content of 3, 5 and 7% wt of base pigmented PU composite on steel
substrate. Optical microscopy assessments of X-shaped scratches at 1 and 7 days
revealed that healing efficacy enhanced with higher concentration of microcapsules
while excessive dosages caused surface roughness. The self-healing function and the
surface properties of the coating were at odds with each other, showing that these
properties need to be optimally dosed for high-finish applications.

Corrosion resistance was assessed in a Neutral Salt Spray (NSS) test (1SO 9227) for
72, 168 and 240 hours, showing that increasing the dosage of microcapsules resulted
in a significant decrease in the formation of rust and improved the corrosion
resistance. Cross-hatch cross cut tape adhesion testing demonstrated consistent
adhesion performance between all samples regardless of content, showing that
incorporation of microcapsules does not appear to negatively impact adhesion.

The results from this investigation highlight the utility of microencapsulated soybean
oil for sustainable mitigation in PU coatings, which could lead to future self-healing
automotive topcoats with potential corrosion protection properties. The results pave
way for future efforts to focus on controlling the particle size and optimizing loading,
which shall target simultaneous improvements in functional properties as well as
aesthetic quality of protective coatings.

Keywords: Self-healing coatings, Polyurethane (PU) coatings, Microencapsulation,
Soybean oil, Corrosion resistance, Auto-motive topcoats.
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