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Preface

Almost five years ago, one of us (KHA) was approached by Marcel Dekker,
Inc. to write a new edition of an earlier work, Chromatography in Petroleum
Analysis. Instead we chose the topic of the present book, for two reasons:
(1) the rising economic significance of heavy crude oils and their residues
and (2) the recent progress in heavy crude oil analysis. This is a “hot”’
field, with great promise and not without controversy.

This field is economically important because most of the new crude oil
produced is heavy, with relatively small amounts of light (low-boiling)
components. On the other hand, the demand for light distillates is growing
rapidly. Thus, increasing amounts of low-boiling fuel must be produced
from high-boiling feed. Furthermore, sulfur, nitrogen, and even aromatic
rings must be drastically reduced. Compositional analysis of heavy (high-
boiling) petroleum fractions is an indispensible tool for the petroleum
chemist in the search for improved methods for the conversion of messy
heavy material to clean, low-boiling fuels.

Great progress has been made in instrumentation and methodology.
Sensitivity and speed of analytical instruments (e.g., mass, nuclear mag-
netic resonance, and infrared spectrometers) have greatly improved during
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iv Preface

the last 10-15 years. New approaches in the use and combination of an-
alytical methods have also been important. We strongly feel that careful
separation of heavy petroleum fractions before spectroscopic and other
measurements is mandatory for reliable results. Even the type and se-
quence of the diverse separation methods are crucial. The first step should
always be distillation, as discussed in the book. Depending on the task,
several chromatographic techniques in specific sequences may be neces-
sary. The right combination of separation and measuring techniques will
give optimal results at reasonable cost.

Another recent innovation is the introduction of the atmospheric equiv-
alent boiling point (AEBP) scale, which spans the entire boiling range of
a crude oil, including nondistillable residue. This concept enables us to
recognize the gradual change in composition from one boiling range to the
next. It helps the analytical chemist choose the appropriate methods for a
certain fraction based on the knowledge of the lower-boiling fractions. It
also allows the refining engineer to visualize the composition of an entire
crude oil in uniform terms. The AEBP concept is a major theme in our
book and its application and appeal will be explored.

We have tried to present an in-depth view of the current analytical
methodology. Also included is a survey of our present knowledge of the
composition of heavy petroleum fractions. For some readers, it may be
amazing to see how much detail is now accessible for certain fractions. For
others, it may be disappointing to recognize how limited our understanding
is of the highest-boiling fractions, especially the nondistillable residue, de-
spite the enormous efforts expended over the last 25 years.

We could not have succeeded in our endeavor without the support from
many people. First and foremost, we thank our families—especially our
spouses—for their heavily taxed (yet seemingly unlimited) patience despite
our extended neglect of their rightful title to our companionship in daily
life, joys, and chores.

We are also deeply indebted to our colleagues and friends from Chevron
Research and Technology Company, who have so willingly and ably as-
sisted us with reading our drafts and providing us with helpful comments,
corrections, and even written contributions. Dr. John Shinn read the entire
manuscript, a momentous task, and gave us innumerable, valuable sug-
gestions. Dr. T. H. Gouw rewrote major parts of our discussion concerning
the practice and theory of distillation (Chapter 3). Dr. Carl Rechsteiner
made many important improvements to our chapter on mass spectrometry
(Chapter 7). Dr. Don Wilson critically read our chapter on NMR tech-
niques (Chapter 8), and Dr. Don Young reviewed the section on IR
(Chapter 9).
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Our thanks also to the publishers and authors who gave us permission
to reproduce figures and tables from their papers, and especially to those
authors who kindly sent us high-quality copies of their original figures for
our book: Drs. Biggs, Cookson, Farrall, Green, Snape, and Swain. Finally,
Mr. David Grudoski introduced one of us (KHA) to the art of making
illustrative diagrams by Macintosh computer, which was both useful and
enjoyable.

We appreciate the patience and courtesy extended by our publisher,
Marcel Dekker, Inc. Finally, we thank the management of Chevron Re-
serch and Technology Company for permission to publish some of the
material developed under their sponsorship and for allowing one of us
(KHA) the use of their library and other facilities.

Klaus H. Altgelt
Mieczyslaw M. Boduszynski
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1

Introduction

. INTENT AND SCOPE OF THIS BOOK

We believe that compositional analysis of heavy petroleum fractions will
play a decisive role in improving refinery operations and will, thus, be a
significant aid in saving energy and resources and in mitigating pollution
problems. This book is an advocacy for its application as well as a guide
to its implementation. Here are some reasons for our belief in the impor-
tance of this issue.

According to recent reports, about 50% of the petroleum products con-
sumed in the United States at the present time are gasoline and an addi-
tional 40% are other distillate fuels boiling below about 650°F (345°C).
The Committee on Production Technologies for Liquid Transportation
Fuels (1) states that “the US transportation sector . . . will depend almost
completely for the foreseeable future on liquid fuels . . . and . .. any
transition from the use of liquid transportation fuels (to compressed natural
gas or electricity) is likely to be slow.” Therefore, we can expect a continued
high percentage of the petroleum products to be light distillate fuels boiling
below 650°F. On the other hand, an increasing amount of the petroleum
produced currently is of the “heavy” variety, containing large amounts of
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2 Introduction

material boiling above 650°F (2,3). At least 85% of the world proven
reserves of petroleum belong to this category (4). Figure 1.1 shows how
the average API gravity of all the crudes refined in the United States
decreased during the 10 years between 1980 and 1990. Related to this drop
in API gravity is a constant rise in the sulfur content as illustrated in Fig.
1.2. These trends mean that most of the crude oil produced now and in
the future must be converted from heavy material (>650°F) to light dis-
tillate products in multiple, complex refining steps (5).

Major conversion processes include catalytic cracking, hydrocracking,
and coking. The yield and quality of the products resulting from these
processes are quite variable and depend on feed type, process type, and
processing conditions. Sulfur-, nitrogen-, and metal-containing compounds
make the upgrading process difficult because of their propensity to poison
catalysts. Heteroatoms must be removed in several steps with different
catalysts. The ease of their removal depends on their chemical environment
and functionality [e.g., aliphatic versus aromatic, thiophenic sulfur versus
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33.00 1
32.80
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31.80
31.60

3140 1 1 | L 1 1 1 i 1 1 — 1 1
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YEARS
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Figure 1.1 Change in API gravity of crude oils refined in the United States
between 1980 and 1990.(From Ref. 5. Reproduced with permission of the publisher.
Original data from the U.S. Department of Energy.)
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Figure 1.2 Change in sulfur content of crude oils refined in the United States
between 1980 and 1990.(From Ref. 5. Reproduced with permission of the publisher.
Original data from the U.S. Department of Energy.)

sulfide sulfur, neutral versus basic nitrogen, metals in low-molecular-weight
(low-MW) free porphyrins versus high-MW structures]. The heteroatom
content of the crudes to be processed is expected to increase dramatically,
whereas the Conradson carbon residue content in the fluid catalytic cracker
(FCC) feed also is expected to double or triple (see Fig. 1.3).

Measurements of compositional changes from feed to product to assess
the effectiveness of an upgrading step for process optimization will involve
much more detail than is presently common. The application of new tech-
nology together with new computational tools will offer a more funda-
mental approach to unraveling the chemical reactions that occur in catalytic
processing of complex petroleum mixtures. Detailed compositional analysis
will be vital in developing reaction networks and kinetic models of refining
processes. Naber et al. (6) emphasize the need for detailed understanding
on the molecular level of the product composition and its effect on per-
formance properties in our efforts to improve product quality and process
integration.
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