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Petroleum

This book is written mainly as an introduction to the petroleum refining and manufacturing. It
doesn’t get into much technical content but presents as much chemistry as possible to make it more
mnteresting. Illustrations, flow charts and diagrams are used for vour convenience. The drilling and
economic aspects are mentioned only when they are relevant to the content.

Introduction

Oil formed so long ago that scientists cannot know for sure everything about it. The process by
which petroleum was formed is not yet known. One theory supposes that it was formed by
microscopic sized marine plants and animals acting on biocorganic matter. Yet another theory states
that it was formed by interaction of morganic substances such as mineral surfaces and dissolved
1ons with bioorganic matter, ie, an inorganic origin.
The overall picture is a lot more complicated. Scientists know this because they have searched tor
oil in almost every possible area. Formation of oil fields undoubtedly involved special conditions
within the strata. These conditions were geographical interfaces which allowed biogenic substances
to collect and chemical processes to go on. But we have advanced our methods of chemical, fluid
flow and formation water analysis to the extent that scientists can visualize the extreme complexity
of subsurface flow patterns and locate oil fields more efficiently than ever.

Getting the Crude

This part 1s concerned with two major problems of getting crude for refining, oftshore drilling
and economic constraint. Offshore production is about sixteen percent of the world’s crude oil total
and, on the economist’s level, U S imports which represent about fifty percent of the total oil
consumed must be lessened in order to decrease foreign dependence. The estimated oil reserves
represent twenty six percent of the world total. These facts are important because U S consumption
1s rising and we are encountering ditficulties and high cost in recovery of oil on land.

The harsh ecosphere and depth of some waters hamper operations offshore. A variety of



technological and engineering advances have been developed to allow drilling to continue under
these circumstances. Storms are frequent and unexpected and equipment must be secured quickly
and well, and sometimes crews must be transported to safer locations. Delivery of supplies,
equipment and workers must be done by helicopter or boats. Offshore drilling is not a simple
operation.

As o1l consumption continued to rise the only solution to meeting those demands was more
imported oil from the Middle East. As time went by this oil becam harder and harder to get. The
first shock to our supplies came in 1973 and early 1974. POEC stopped negotiating oil prices with
oil companies unilaterally. This marked the end of cheap oil. Then the second shock came in 1979
during the Iranian Revolution. This interrupted supplies of the ten percent of the world’s oil owned
by Iran. In the last six decades the Middle East has seen a dozen wars, eighteen revolutions and
mnumerable assassinations and territorial disputes. This makes the interruption of supplies and
price hikes even more likely. Politically antagonistic governments such as the Soviet Union have
also threatened our access to foreign oil.

The problems mentioned above are only the main ones. There are many more, some of which
are rising prices, economic growth rates of oil exporting countries which are regulated by
circumstances within the country and conservation restraints posed by other countries who use less
than us.

Our solutions to this are weak. They entail: coal, which involves labor management strifes and
uncertain environmental effects; nuclear power, which would involve only about seven percent of
America’s energy needs: solar energy, a very unconventional resource lacking development and
among others, natural gas which accounts for over a fourth of America’s energy needs.

Many of us are searching for better answers to the energy future. This is certainly a problem
that 1s effected by everyone and not to be solved in the near future. A gradual process of change

and adaptation will probably be the answer. In the mean time we can only hope that our life is
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The Petroleum Industry

Once crude 1s removed from the ground it is shipped to a refinery to be processed mto salable

products. The products obtained depend upon the type of crude oil and refinery and the demands of

the market.

Crude petroleum varies in composition with the region in which it is found. The major
producing regions are mainly Texas. Louisiana and California in the US, Alberta in Canada,
Venezuela, the Middle East, Indonesia, Russia and North Africa. Its comman colors are green,
brown, black and occasionally white or almost straw colored. It 1s almost all liquid with some solid
particles mixed in. The particles are either metals, minerals or inorganic substances that were
removed with the oil. These metals are mainly nickel, vanadium, iron, magnesium m the form of
sulfates and chlorides, sodium in the form chlorides and others. These metals are found only in
trace amounts. Also, other materials are found in oils which are sulfur, nitrogen and oxvgen in the
form of hydrocarbon derivatives. These are the less useful parts of oil. The primary constituent of
oil that we are concerned with is that in the form of hydrocarbons.

Physical Constants
Specitic Gravity and API

As we know gravities give us the measure of the weight of something. Specific gravity relates
the weight of a compound or a mixture of compounds to a reference substance, water. The specific
gravity of any substance is equal to the weight of a given volume of a substance divided by the
weight of an equal volume of water.

Specttic Gravity = weight of substance/weight of water

The chemical engineer in the oil industry uses another measurement that is related to the

specific gravity. This is called the APT gravity. API gravity, which 1s measured mn degrees, is

formulated by dividing 141.5 by the specttic gravity of a substance and subtracting 131.5 from the



quotient. The formula for API gravity follows:
(141.5/specitic gravity of substance) - 131.5
The higher the specific gravity of a substance the heavier the substance. The higher the API
gravity the lighter the substance. The chemical mdustry uses both API and specitic gravities in

laboratories today.

Viscosity

Viscosity of liquids is defined as the resistance that one part of a liquid offers to the tlow of
another part of a liquid. There are many ways to determine the viscosity of a liquid, two of which
are the Ostwald viscosimeter and the falling sphere viscosimeter. One apparatus that o1l companies
use consists of a cylinder on a torsion bar that is connected to a meter. Another cylinder is placed
outside of the first cylinder and filled with the fluid under exammation. By use of a reference liquid
such as water the viscosity can be measured. Most viscosities of crude range from 0.023 stokes to
0.23 stokes at 100 degrees F, though data for a large number of crudes indicates kinematic
viscosities ranging from 0.007 to 13 stokes.

Refinery Processing

Places where o1l 1s found, called oil patches. are mainly of three types depending upon the
amount of gas found in the accumulation. This natural gas may also be found separated from the
heavier hydrocarbons but in close proximity. It is composed of light paratfin compounds-
methane, ethane, propane and butane- plus some higher boiling paraffin compounds, mitrogen
carbon dioxide, and hydrogen sulfide. Sometimes the natural gas itself is recycled back into the
well to mantain a high pressure thus helping removal of the crude.

An underground reservoir may have a gas cap at its apex composed primarily of methane, but a



percentage at the bottom of the well is composed of natural gas and heavier hydrocarbons nto the
gasoline range or higher (C10 to C20).

A second type of well is composed of approximately the same substances except that the gases
are dissolved m the oil. Once the gases and the crude are removed mto pipelines or put nto
production they become cooled and more of the heavier hydrocarbons liquety.

The third main type of well contains only crude and 1s much more easy to transport.

The removal of excessive quantities of butanes, pentanes and acid gases is accomplished by
field separators of various types. A crude with very little gas in it 18 usually degassed by a single
large capacity separator. Other associated gases may be subjected to several separators depending
upon their composition.

Once the physical properties of a crude are known it is possible to calculate for each separation
vessel the pressure required to leave or remove a given quantity of butanes and pentanes in a crude.
These calculations also include the size and strength of a separator to be built. There are many
designs of single or multistage separators with capacities from a few hundred barrels a day to
10,000 barrels per day.

Modern separators are fully automatic. This is achieved by using an automatic back pressure
regulator. Series” of separators have pressure regulators that maintain a constant oil level in the
separator.

In many wells the production of salt water or water emulsions 1s a problem because of
corrosion of the pipelines and vessels. The major part of the emulsions can be removed by letting it
settle out in large vessels. Smaller portions must be removed by heat, chemical surface tension
reducing agents or electrostatic attraction may be used. Some other treatments may be necessary if
the salinity is still too high. Removal of water also helps in saving valuable storage space.

As mentioned above, the crude or gas may contain acid gas, hydrogen sulfide, m addition to

petroleum gas. This 1s very toxic and malodorous and must be removed in the least polluting way.



Some of it 1s removed with the natural gases in the separators but not all of it. The main method of
removing the gas is by what is called a “cold stripping” process. In this particular method the crude
1s passed mto the top of a tower or “stripping column™. The crude trickles down the column where
the acid gas is absorbed by an ascending acid free gas (sweet gas).

Another reason for removing sulfur is its many uses and sale value. Sulfur is used in many
chemical reactions and processes. Sulfuric acid, H2S04. can be used in the reduction of alkyl
halides, dehydration of alcohols, synthesis of alcohols, dimerization, alkylation, hydration of
alkynes, nitration and sulfonation of the benzene ring. hydrolysis of nitriles, oxidation of
methylbenzenes, formation of ethers, esters and epoxides and many more reactions requiring the
hydrogen ion or the HOSO3 ion.

A specific reaction mvolving sulfuric acid that has immense value in the downstream
petrochemical complexes is alkylation. This particular reaction is considered to be a modification
of the Friedel-Crafts reaction. By this reaction large amounts of 2,2, 4-trimethylpentane are
produced and used as high test gasoline. The use of sulturic acid 1s preferred over other acids
because it is easier to obtain and gives a higher yvield overall, though hydrofluoric acid is used also.
Isobutane and isobutylene are allowed to react in the presence of the acid which acts a s a catalyst.
This forms directly2,2,4-trimethylpentane or isooctane. As we shall see later the procedure for
rating gasoline uses isooctane as the reference liquid. Isopropane and isopropylene are also used in
the mixture. The formation of six and seven carbonned molecules reduces the octane rating but is
still a profitable route to turning excess quantities of butane and propane into gasoline. The

mechanism 1s shown below.
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In step 1 the most stable third degree carbonium ion is formed by addition of the hvdrogen ion. In
step 2 the carbonum 1on adds to isobutylene to form an eight carbonned carbonium ion. In step 3
the carbonium ion from step 2 abstracts a hydride ion from isobutene to form 2,2.4-
trimethylpentane and a new carbonium ion to continue the chain. This transter of a hydride ion 1s
similar to the well known 1,2-shifts accompanying rearrangement of carbonium ions to more stable
forms. The difference is that in the 1.2-shift the transfer was intramolecular whereas here it was
mtermolecular. Other things the carbonium ion could do in this reaction are:
1) elimination of a hydrogen ion to form an alkene.
2) combine with a negative ion or basic molecule
3) alkylate an aromatic ring
This makes the variables of a reaction such as time, temperature, volumes and purities of
reactants and acids and sufficient mixing in a reactor very important in obtaming the best yield.
In addition to hydrogen sulfide, there are several kinds of pollutants which the o1l companies

want to prevent from entering the environment. Furthermore, federal emission standards specify the






