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Preface

Scientists do not belong to any particular country, ideology, or religion, they belong
to the world community

THE FIELD OF Petroleum Characterization and Physical Properties has received significant
attention in recent decades with the expansion of computer simulators and advanced
analytical tools and the availability of more accurate experimental data. As a result of
globalization, structural changes are taking place in the chemical and petroleum indus-
try. Engineers working in these industries are involved with process simulators to design
and operate various units and equipment. Nowadays, a large number of process simula-
tors are being produced that are equipped with a variety of thermodynamic models and
choice of predictive methods for the physical properties. A person familiar with devel-
opment of such methods can make appropriate use of these simulators saving billions
of dollars in costs in investment, design, manufacture, and operation of various units
in these industries. Petroleum is a complex mixture of thousands of hydrocarbon com-
pounds and it is produced from an oil well in a form of reservoir fluid. A reservoir fluid is
converted to a crude oil through surface separation units and then the crude is sent to a
refinery to produce various petroleum fractions and hydrocarbon fuels such as kerosene,
gasoline, and fuel oil. Some of the refinery products are the feed to petrochemical plants.
More than half of world energy sources are from petroleum and probably hydrocarbons
will remain the most convenient and important source of energy and as a raw material
for the petrochemical plants at least throughout the 21% century. Other fossil type fu-
els such as coal liquids are also mixtures of hydrocarbons although they differ in type
with petroleum oils. From 1970 to 2000, the share of Middle East in the world crude oil
reserves raised from 55 to 65%, but this share is expected to rise even further by 2010-
2020 when we near the peak point where half of oil reserves have been produced. The
world is not running out of oil yet but the era of cheap oil is perhaps over. Therefore,
economical use of the remaining oil and treatment of heavy oils become increasingly
important. As it is discussed in Chapter 1, use of more accurate physical properties for
petroleum fractions has a direct and significant impact on economical operation and
design of petroleum processing and production units which in turn would result in a
significant saving of existing petroleum reserves.

One of the most important tasks in petroleum refining and related processes is the
need for reliable values of the volumetric and thermodynamic properties for pure hy-
drocarbons and their mixtures. They are important in the design and operation of almost
every piece of processing equipment. Reservoir engineers analyze PVT and phase behav-
ior of reservoir fluids to estimate the amount of oil or gas in a reservoir, to determine an
optimum operating condition in a separator unit, or to develop a recovery process for
an oil or gas field. However, the most advanced design approaches or the most sophisti-
cated simulators cannot guarantee the optimum design or operation of a unit if required
input physical properties are not accurate. A process to experimentally determine the
volumetric, thermodynamic, and transport properties for all the industrially important
materials would be prohibitive in both cost and time; indeed it could probably never
be completed. For these reasons accurate estimations of these properties are becoming
increasingly important.

Characterization factors of many types permeate the entire field of physical, ther-
modynamic, and transport property prediction. Average boiling points, specific gravity,
molecular weight, critical temperature, critical pressure, acentric factor, refractive index,
and certain molecular type analysis are basic parameters necessary to utilize methods
of correlation and prediction of the thermophysical properties. For correlating physi-
cal and thermodynamic properties, methods of characterizing undefined mixtures are
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xviii PREFACE

necessary to provide input data. It could be imagined that the best method of character-
izing a mixture is a complete analysis. However, because of the complexity of undefined
mixtures, complete analyses are usually impossible and, at best, inconvenient. A predic-
tive method to determine the composition or amount of sulfur in a hydrocarbon fuel is
vital to see if a product meets specifications set by the government or other authorities
to protect the environment.

My first interaction with physical properties of petroleum fluids was at the time that
I was a graduate student at Penn State in the late 70s working on a project related to
enhanced oil recovery for my M.S. thesis when I was looking for methods of estimation
of properties of petroleum fluids. It was such a need and my personal interest that
later I joined the ongoing API project on thermodynamic and physical properties of
petroleum fractions to work for my doctoral thesis. Since that time, property estimation
and characterization of various petroleum fluids has remained one of my main areas of
research. Later in the mid-80s I rejoined Penn State as a faculty member and I continued
my work with the API which resulted in development of methods for several chapters
of the API Technical Data Book. Several years later in late 80s, I continued the work
while I was working at the Norwegian Institute of Technology (NTH) at Trondheim
where I developed some characterization techniques for heavy petroleum fractions as
well as measuring methods for some physical properties. In the 90s while at Kuwait
University I got the opportunity to be in direct contact with the oil companies in the
region through research, consultation, and conducting special courses for the industry.
My association with the University of Illinois at Chicago in early 90s was helpful in the
development of equations of state based on velocity of sound. The final revision of the
book was completed when I was associated with the University of Texas at Austin and
McGill University in Montreal during my leave from Kuwait University.

Part of the materials in this book were prepared when I was teaching a graduate course
in applied thermodynamics in 1988 while at NTH. The materials, mainly a collection of
technical papers, have been continuously updated and rearranged to the present time.
These notes have also been used to conduct industrial courses as well as a course on fluid
properties in chemical and petroleum engineering. This book is an expansion with com-
plete revision and rewriting of these notes. The main objective of this book is to present
the fundamentals and practice of estimating the physical and thermodynamic proper-
ties as well as characterization methods for hydrocarbons, petroleum fractions, crude
oils, reservoir fluids, and natural gases, as well as coal liquids. However, the emphasis is
on the liquid petroleum fractions, as properties of gases are generally calculated more
accurately. The book will emphasize manual calculations with practical problems and
examples but also will provide good understanding of techniques used in commercial
software packages for property estimations. Various methods and correlations developed
by different researchers commonly used in the literature are presented with necessary
discussions and recommendations.

My original goal and objective in writing this book was to provide a reference for the
petroleum industry in both processing and production. It is everyone’s experience that in
using thermodynamic simulators for process design and equipment, a large number of
options is provided to the user for selection of a method to characterize the oil or to get
an estimate of a physical property. This is a difficult choice for a user of a simulator, as
the results of design calculations significantly rely on the method chosen to estimate the
properties. One of my goals in writing this book was to help users of simulators overcome
this burden. However, the book is written in a way that it can also be used as a textbook
for graduate or senior undergraduate students in chemical, petroleum, or mechanical
engineering to understand the significance of characterization, property estimation and
methods of their development. For this purpose a set of problems is presented at the
end of each chapter. The book covers characterization as well as methods of estimation
of thermodynamic and transport properties of various petroleum fluids and products. A
great emphasis is given to treatment of heavy fractions throughout the book. An effort
was made to write the book in a way that not only would be useful for the profession-
als in the field, but would also be easily understandable to those non-engineers such as
chemists, physicists, or mathematicians who get involved with the petroleum industry.
The word properties in the title refers to thermodynamic, physical, and transport proper-
ties. Properties related to the quality and safety of petroleum products are also discussed.
Organization of the book, its uses, and importance of the methods are discussed in detail



in Chapter 1. Introduction of similar books and the need for the present book as well as
its application in the industry and academia are also discussed in Chapter 1. Each chap-
ter begins with nomenclature and ends with the references used in that chapter. Exercise
problems in each chapter contain additional information and methods. More specific
information about each chapter and its contents are given in Chapter 1. As Goethe
said, “Things which matter most must never be at the mercy of things which matter
least.”

I am indebted to many people especially teachers, colleagues, friends, students, and,
above all, my parents, who have been so helpful throughout my academic life. I am partic-
ularly thankful to Thomas E. Daubert of Pennsylvania State University who introduced
to me the field of physical properties and petroleum characterization in a very clear and
understandable way. Likewise, I am thankful to Farhang Shadman of the University of
Arizona who for the first time introduced me to the field of chemical engineering research
during my undergraduate studies. I am indebted to them for their human characters and
their scientific skills. T have been fortunate to meet and discuss with many scientists and
researchers from both the oil industry and academia from around the world during the
last two decades whose thoughts and ideas have in many ways been helpful in shaping
the book.

I am also grateful to the institutions, research centers, and oil companies that I have
been associated with or that have invited me for lecturing and consultation. Thanks to
Kuwait University as well as Kuwait Petroleum Corporation (KPC) and KNPC, many of
whose engineers I developed working relations with and have been helpful in evaluation
of many of the estimating methods throughout the years. T am thankful to all scientists
and researchers whose works have been used in this book and I hope that all have
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