DEPARTMENT OF CHEMISTRY
PAHER UNIVERSITY, UDAIPUR

Dr. JAYESH PRADEEP BHATT
Assistant Professor

CERTIFICATE

Its gives me immense pleasure in certifying that the thesis entitled
“STUDIES ON CHARACTERIZATION OF ECO-FRIENDLY
MATERIALS AND THEIR EFFECTS ON DIFFERENT PROPERTIES
OF RUBBER COMPOUNDS” and submitted by Mr. SHAMBHU LAL
AGRAWAL is based on the work research carried out under my guidance.
He has completed the following requirements as per Ph.D. regulations of the

University;

(1) Course work as per University rules.

(i1))  Residential requirements of the University.
Regularly submitted Half Yearly Progress Report.
Published/accepted minimum of two research paper in a refereed
research journal.

I recommend the submission of thesis.

(Dr. JAYESH PRADEEP BHATT)
Supervisor




DECLARATION

I, Mr. SHAMBHU LAL AGRAWAL S/o Late Mr. PURANMAL
AGRAWAL resident of HIG, I* Floor, Flat No. 29, Jeevan Anand Society,
Plot No. 1, West Enclave, Pitampura, Delhi — 110034, hereby declare that the
research work incorporated in the present thesis entitled “STUDIES ON
CHARACTERIZATION OF ECO-FRIENDLY MATERIALS AND
THEIR EFFECTS ON DIFFERENT PROPERTIES OF RUBBER
COMPOUNDS” is my own work and is original. This work (in-part or in full)
has not been submitted to any University for the award of a Degree or a
Diploma. I have properly acknowledged the material collected from secondary
sources, wherever required. I solely own the responsibility for the originality of

the entire content.

(SHAMBHU LAL AGRAWAL)




COPYRIGHT

I, Mr. SHAMBHU LAL AGRAWAL, hereby declare that the Pacific
Academy of Higher Education and Research University, Udaipur Rajasthan,
shall have the right to preserve, use and disseminate the thesis entitled
“STUDIES ON CHARACTERIZATION OF ECO-FRIENDLY
MATERIALS AND THEIR EFFECTS ON DIFFERENT PROPERTIES
OF RUBBER COMPOUNDS” in print or electronic format for academic/

research purpose.

(SHAMBHU LAL AGRAWAL)




ACKNOWLEDGEMENT

I take this opportunity to express my deep sense of gratitude to Dr.
SURESH C. AMETA, Prof. of Eminence, Pacific Academy of Higher
Education and Research, Udaipur, Dr. JAYESH PRADEEP BHATT,
Department of Chemistry, Pacific Academy of Higher Education and Research
University, Udaipur and Dr. ABHIJIT ADHIKARY, Elastomers Customer
Support Centre (ECSC), Reliance Industries Limited for guiding me during my

research work.

I would like to express my heartfelt appreciation to Prof. HEMANT
KOTHARI Dean, of P.G. Studies, and Prof. RAMESHWAR AMETA,
Dean, of the Faculty of Science for their visionary leadership and unwavering
support. Their commitment to fostering a conducive academic environment has

been instrumental in the successful completion of this Ph.D. thesis.

I am especially thankful to Prof. RAKSHIT AMETA, Prof. SEEMA
KOTHARI, Prof. NEETU SHORGAR, Dr. PARAS TAK, Dr. PRIYANKA
JHALORA, Dr. PURNIMA DASHORA and Dr. LALITA JOSHI for their
support in my work, suggestions, and helpful discussion from the start of my

research work.

I acknowledge gratitude to Mr. UNMESH NAYAK, Sector Head
(Synthetic Rubber), Reliance Industries Limited, who has given me the
opportunity to carry out my research work at Elastomers Customer Support
Centre (ECSC), Vadodara for giving permission for performing testing

activities.

I am thankful to team ECSC, Vadodara for their valuable co-operation,

advice and inspiration.




I express my sincere thanks to Dr. TAMALIKA DAS, Mr.
RAJNIKANT SALVI, Mr. PANKAJ KUMAWAT and Mr.
JAYVEERSINH JHALA for their co-operation during my research work.

I would also acknowledge the Jayant Agro-Organics Ltd. India and
Satguru Oils Pvt. Ltd. India for kindly supplying various vegetable oils for

testing purpose and Panama Petrochem Ltd. India, Jayant Agro-Organics Ltd.

India and Reliance Ind. Ltd. India for providing various testing support.

The final one, my distinctive thanks to Mr. SURAJ CHOUDHARY,
M/s SHORYA THESIS PRINTING & BINDING, UDAIPUR for their role
in shaping this research, creative design work and bringing out this document

meticulously, neatly and timely.

(SHAMBHU LAL AGRAWAL)




PREFACE

Sustainability is “Acting responsibly to meet the requirements of the
present without compromising the ability of future generations to meet their
own needs”. Sustainable development is basically use of renewable raw
materials for all kinds of products manufacturing as and when possible. Its aim
is to assure conservation of fauna and flora species. Because fossil reserves are
decreasing, and greenhouse gas emissions are increasing regularly day by day.
Carbon dioxide emissions can be minimized using these raw materials in

products of daily use. It also helps in reduction of toxicity of products.

However, it is a quite challenging task to use sustainable materials in
place of petroleum-based materials due to cost-performance compromise and
lack of knowledge about structure property relationship for these materials.
Few materials used by rubber industry are not sustainable like petroleum based
raw materials

Huge quantity of extender oil is used by the tire industry, so it is getting
attention. Several large oil manufacturing companies (traditionally blenders of
refinery products) have already jumped on the foray as the demand of some of
the naturally occurring vegetable oils are increasing and this trend is going to
continue. These vegetable oils are non-carcinogenic, better processing and are
shown to improve tire performance properties like rolling resistance, traction
and mileage in varied proportions as compared to mineral oil counterpart.

In the present work styrene butadiene rubber latex (normal and high
styrene content) was extended with various vegetable oils. Oil-extended
rubbers prepared with normal styrene content latex were evaluated in American
Society for Testing and Materials (ASTM) standard recipes and passenger car
radial (PCR) tire tread compound formulation. Oil-extended rubbers prepared
with high styrene content latex were evaluated in motorcycle tire tread
compound formulation. Detailed characterization of the compounds was done
with respect to processing, stress-strain, performance properties and dynamic

mechanical properties.




Few vegetable oils based SBRs exhibited improvement in processing,
performance and dynamic mechanical properties. These oils may be used for
commercialization to produce sustainable SBRs. Few vegetable oils based
SBRs exhibited slow cure behaviour in rheometeric characterization. These oils
extended SBRs based rubber compounds may be evaluated with higher dosage

of curatives to adjust the cure rate and crosslink density. Research work may

also be conducted with use of blend of oils in place of using single oil for

extension of SBR. This may further optimize the properties of the rubber

compounds.
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