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Preface

Research on environmentally friendly and biobased lubricants is increasing due to environmental
concerns, rapidly depleting petroleum reserves, and stringent government regulations. Vegetable
oil-based lubricants are finding applications in many environmentally sensitive and total loss appli-
cations ranging from hydraulic oils to grease. They possess excellent biodegradability, lower eco-
toxicity, higher viscosity index, good boundary tribological properties, lower volatility, and higher
flash points compared to petroleum base oils. The global lubricant demand is growing at about
2% per year and it will reach 42.1 million metric tons by 2017. Accoerding to a study done by the
Freedonia Group, the demand for biobased lubricants is on the rise, from a share of 0.3% in 1997
to 0.6% in 2010, with a projected share of 1.2% by 2017. Clearly, there is room in the market for
the expansion of biobased lubricants, where the annual demand is growing at a rate of 16.3% in
the European market. This contrasts with the much slower rate of increase of the consumption of
lubricants as a whole. Additionally, natural products have an inherent advantage in the food-grade
lubricant market, which is projected to expand at about 5% annually, with much of the growth in
the United States.

There exists a large amount of scattered information on environmentally friendly and biobased
lubricants. However, as in any field of scientific endeavor, there is a need for an occasional pause,
assessment, and refocus of research accomplishment and communication in terms of our research
paradigms. We hope to at least partially address this need for reflection and consideration through
this book. During the Society of Tribologists and Lubrication Engineers (STLE) annual meetings,
leading researchers from around the world are engaged in unraveling the importance and the rel-
evance of this area. They present their latest research findings in technical sessions on environ-
mentally friendly fluids and biobased lubricants. These technical sessions were always such a huge
success that the need to take the next logical step—a text that synthesizes the burgeoning knowl-
edge in this field—was born during the 2012 STLE Annual Meeting. Allison Shatkin, senior editor
of CRC Press/Taylor & Francis invited us to edit a book on this topic, and the editors enthusiasti-
cally accepted the challenge and immediately started working on the project.

Selected authors (who presented their work in the environmentally friendly fluids and biobased
lubricants technical sessions of STLE Annual Meetings) and other prominent researchers were
invited to submit manuscripts on research topics that have been shared at various technical sessions
for the past several years. After a thorough peer review process, 21 manuscripts were selected for
the current volume. Authors were encouraged to critically analyze respective chapters beyond sim-
ple reviews of existing research in their area of expertise. We hope the resulting array of viewpoints
provides a valuable tool for those interested in environmentally friendly and biobased lubricants.
Varying perspectives of research experiences and concerns have been gathered in this book in order
to provide the reader with a sense of both appropriate applications and development needs in the
field. Specific case histories demonstrating the uses and values of various commercially available
biobased lubricants are included. Laboratory development of newer environmentally friendly fluids,
field studies of mature biobased lubricants, biodegradability studies, and future research needs are
identified. Most importantly, the chapters provide a critical assessment of gaps and weaknesses in
the current state of knowledge on these subjects and also provide direction for future research.

This book offers a review, a synthesis, and a critical assessment of the major issues in the field
of environmentally friendly fluids and biobased lubricants by some of the leading scientists in the
field. It provides a collective review of developments and approaches being used in this emerging
area of lubrication. The 21 chapters are logically grouped into five sections. Section I consists of
five chapters examining advanced environmentally friendly base oils and feedstocks. This section
covers recent advances in farnesene-derived base oils, estolides, epoxidized soybean oils, isostearic
acid, and new plant oil-based monomers and polymers. Section I1, which is on biobased hydraulic
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lubricants and biodegradability, has four chapters. These give the readers a flavor of performance
and technical requirements of low-environmental impact lubricants along with their biodegrad-
ability and ecotoxicity evaluations; comparison of current standards for environmentally acceptable
lubricants to the actual requirements of the environment and reproducibility of biodegradation test
methods; and availability of different types of environmentally preferable fluids, their strengths,
limitations, and comparable performance; and recommend best maintenance practices for pro-
longed fluid and equipment life. Section III contains three chapters on chemically/enzymatically
modified environmentally friendly base oils. The first two chapters in this section explore the enzy-
matic route as a biocatalyst for biolubricant production, while the last one presents chemical meth-
odologies for producing ester-based lubricants. Section IV comprises four chapters dealing with
vegetable oil-based environmentally friendly fluids. The first two chapters in this section discuss
some of the drawbacks of vegetable oil-based lubricants, such as poor thermo-oxidative stability,
low-temperature flow properties, biological deterioration, and hydrolytic stability and ways to rec-
tify these issues. The last two chapters give specific examples of applications of vegetable oils for
producing lubricant additives by chemical modifications followed by their performance evaluations.
Section V contains five chapters on additives for environmentally friendly fluids. This section cov-
ers topics such as fatty acid friction in nanoscale contact, additives used in formulations of biode-
gradable lubricants, nano-TiO, as additive for solid and liquid lubricants, biodiesel as lubricant and
solvent, and anticorrosion effects of starch—oil dry lubricants.

This book will make an excellent reference for students, chemists, scientists, engineers, tribolo-
gists, professionals, and policy makers in the academia, the government, or the corporate world
working or entering the field of environmentally friendly fluids and biobased lubricants. With the
information contained in this book, it is our hope that future research will lead to more cost-effective
commercial biobased products with performance equivalent to or better than that of petroleum-
based ones. We are very grateful to a large number of individuals for their assistance with this book.
Special thanks to all the contributors, for their enthusiasm, commitment to, and cooperation in the
project and for sharing their original research or for their review of the current knowledge. Without
their commitment, encouragement, suggestions, and assistance, this project would not have taken
shape into this book. We sincerely thank each and every one of the contributing authors, who had to
hear our pleas to meet deadlines and worked hard to finally create this book. We are also grateful for
the invaluable comments and suggestions made by the reviewers, which significantly improved the
quality, the clarity, and the content of the chapters. Last but not least, we extend our sincere thanks
to Allison Shatkin, senior editor of CRC Press/Taylor & Francis, who conceptualized this idea, and
Jill J. Jurgensen, Laurie Oknowsky, and Hayley Ruggieri of CRC Press for their timely efforts in
publishing this book.

Brajendra K. Sharma

Illinois Sustainable Technology Center,

Prairie Research Institute,

University of lllinois—Urbana-Champaign, Illinois

Girma Biresaw

National Center for Agricultural Utilization Research,
Agricultural Research Service,

U.S. Department of Agriculture, Peoria, Illinois
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